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25 May 2018
Submission to Environmental Protection Authority Consultation
on the Application for a Modified Reassessment of Notification Area
for the Mass Execution of Cats via the Cat Poison PAPP filed by
Duncan MacMorran (CEO) of Connovation Ltd
Let us begin with the name of the adjudicating authority, 'Environmental Protection Authority'. If names are anything to
go by, in name this suggests that the primary mission of EPA is to protect the environment in general. We trust you each
understand that this task includes protecting the environment from the misinformed ideology and actions of overzealous
'environmentalists'.
New Zealand is presently suffering from induced environmental mass hysteria. This collective malady has been carefully
engineered by globalist socialists who follow directives contained in the United Nations Agenda 21 and the 2030 Agenda for
Sustainable Development (2030 Agenda). From an incessant ongoing social engineering campaign conducted by the
complicit mainstream media intended to indoctrinate citizens into politicised environmentalism, through to the
indoctrination of children into the demonisation of entire species and presenting killing as fun activity for our children to
engage themselves in, through to central government's announcement of the unattainable goal of 'Predator Free 2050'. If
you do not believe these processes are engineered, this would suggest you too may have been victim of the indoctrination
process and we urge each of you to look beyond appearances as presented in the media, by the government and certain of
it's ministrys and wise up, because micromanagement of nature is often not in the best interest of the environment.
Our understanding is there is presently no restriction on where the Cat poison PAPP may be deployed, from large
conservation estates through to residential and urban areas, it appears all locations may presently be targeted with
impunity providing appropriate notification is given to residents and land owners. Connovation simply applies to have the
notification area reduced sixfold, from the present notification area of 3 kilometers to one of 500 meters.

Spot the difference - Two different poisons, their usage in enforcement of totalitarian political policy is the
same.
Our view is Connovation wishes reduction in notification for three reasons: Cold hard profit comes first and foremost, the
less restrictions on usage and the smaller the notification area the more poison they hope to sell. Secondly, in seeking a
reduction of notification area Connovation and their customers hope for a minimisation of outcry and complaints from
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citizens who keep Cats and a minimisation of disgust from the general public once they become aware of wholesale
Cat 132
poisonings occurring in their localities. Thirdly, by seeking a reduction in notification area, Connovation and the other
environmental Nazis within our midst ultimately wish for deployment of the dedicated Cat poison PAPP on every small
piece of reserve land within urban and residential areas across the entire nation with the ultimate intention of a nationwide
Feline holocaust, the end result being the final solution of the total eradication of all New Zealand Cats in the interest of
politicised 'conservation'.

Referencing the DOC 'Operational Planning for Animal Pest Operations' document, in the section entitled
'Pre-operational phase step 3: Notify target audience of planned operation' (pages 38-40) we note DOC places 'PredaStop
for Feral Cats' in the same category as 1080. The section entitled 'Standards' on page 39 states: "For any operation
involving 1080 or PredaStop for 'Feral' Cats (para-aminopropiophenone), the pre-operational notification is ‘given with
sufficient prior notification but no more than 2 months before the pesticide is laid".
So far as we know, at this point in time neither DOC or district and regional councils use 1080 on reserve land in urban
and residential areas, neither should PAPP be deployed anywhere near cities and towns, and we implore the HSNO
committee to adjudicate on a basis of the highest moral and ethical standards as much as on the basis of whatever scientific
evidence is presented.

Companion Cats - Animal Welfare (Companion Cats) Code of Welfare 2007
Ministry of Primary Industries Companion Cats - Animal Welfare (Companion Cats) Code of Welfare 2007
https://www.mpi.govt.nz/dmsdocument/1413-companion-cats-animal-welfare-code-of-welfare-2007
As Connovation markets their Cat poison as being only for 'feral' Cats, we'd like to clarify the correct definitions of the
three types of Cats from a legal perspective as covered in the Ministry of Primary Industries Companion Cats - Animal
Welfare (Companion Cats) Code of Welfare 2007. (The Code) This is a code of welfare issued under the Animal Welfare
Act 1999. The Code defines the classification of Cats as follows:

'Feral' Cat
For the purposes of this code, means a cat which is not a stray cat and which has none of its needs provided by humans.
Feral cats generally do not live around centres of human habitation. Feral cat population size fluctuates largely
independently of humans, is self-sustaining and is not dependent on input from the companion cat population.

'Stray' Cat
For the purposes of this code, means a companion cat which is lost or abandoned and which is living as an individual or in
a group (colony). Stray cats have many of their needs indirectly supplied by humans, and live around centres of human
habitation. Stray cats are likely to interbreed with the unneutered companion cat population.

'Companion' Cat
Common domestic cat (including a kitten unless otherwise stated) that lives with humans as a companion and is dependent
on humans for its welfare. For the purposes of this code, will be referred to as "cat".

New Zealanders Are Awakening To The Threat Posed By Politicised 'Conservation' Extremisim
While there are some attempts by both local government and non-governmental organisations such as Predator Free New
Zealand to collapse the two definitions of 'unowned' Cats as defined under the Code into the single unofficial designation of
'pest Cats', citizens are now awakening to the threat 'conservation' extremism presents to our beloved Feline family
members and people are now actively engaging in protest action.
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Auckland Protest 28 March 2018 - The shape of things to come throughout the nation
Local government has no mandate to redefine the classification of Cats as defined under the Code, only central government
can do that. As to organisations like Predator Free NZ and the Morgan Foundation, we will be kind and simply refer to
them as zealots, some of whom are on record as stating openly they find killing for 'conservation' is addictive. The issue of
zealot 'conservationists' developing addictive behavior in relation to killing for 'conservation' has recently brought New
Zealand into international disrepute following the publication of an article by Professor Marc Bekoff in the journal
Psychology Today.
17 May 2018 - Psychology Today - Killing Animals Is Weirdly Addictive Says New Zealander
https://www.psychologytoday.com/us/blog/animal-emotions/201805/killing-animals-is-weirdly-addictive-says-newzealander
Poisons do not discriminate between the formal classifications of Cats, they neither read nametags or microchip IDs, they
kill indiscriminately. Our view is a reduction of the notification area for the usage of PAPP will allow regional councils and
others to deploy PAPP in urban and residential areas with the inevitable consequences of the deaths of countless Cats who
are classified under the Code as 'stray' and 'companion'. When sufficient beloved companion Cats have been killed by
Connovation's Cat poison that the public become aware of it, social unrest will be an inevitable consequence. This could
conceivably involve outraged citizens interfering with bait stations and the associated risks of such action if due to the
reduction in notification area PAPP were to be deployed in urban and residential areas.
We here at Feline Rights strongly discourage such action and would be the first to notify the authorities if we had
intelligence on citizens planning to break the law. However, we cannot monitor the entire nation and there is no telling
what some outraged citizens may do when they feel their family members are under a clear and present threat from
Connovation's Cat poison being deployed in their locality.

Regarding the EPA Media Release and Documentation Cited by Connovation
While EPA have made a fair attempt to notify the public via their media release dated 12 April 2018, it needs to clarified
that mainstream media outlets such as Stuff, NZ Herald and Newshub have chosen to remain completely silent in support
of the environmental extremist faction. The only media outlets which chose to publish and mention anything about
Connovation's application were Scoop, who published the EPA media release in it's entirety, and the Independent Herald,
which published a small news brief, which conveniently omitted the fact that the matter is up for public consultation.
Additionally, we note the EPA media release states:
"It was derived from a study that showed one cat travelled 2.29km from its owners' home. But the same study showed the
average distance cats travelled from home was just 200 metres. Connovation says data from a range of studies suggests a
500 metre notification distance is sufficient to protect domestic cats." Yet EPA have failed to provide an accurate reference
to the alleged 'study' cited. This suggests EPA believes citizens are not that smart and they will just accept that there was a
valid study as the media release suggests. To us this all appears to have elements of a whitewash on one hand and that EPA
may just be onside with Connovation's position from the outset.
This brings us to the matter of just how far can a companion Cat wander, and we state that during the course of some two
decades plus of hands on Feline welfare work we've recovered several lost companion Cats we were able to reunite with
their families who had wandered some 5km plus from their homes. This distance pales in comparison to the distance
traveled by the two Cats in the following recent media reports:
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17 Nov 2017 - Olly The Cat Found Almost 30km From Home On Other Side Of Auckland Waitemata Harbour

https://www.stuff.co.nz/environment/98965933/olly-the-cat-found-almost-30km-from-home-on-other-side-of-aucklandwaitemat-harbour
25 March 2018 - Matamata Pussycat Missing For Six Months Found In Taranaki
https://www.stuff.co.nz/life-style/cutestuff/102514873/matamata-pussycat-missing-for-six-months-found-in-taranaki
Of the 'scientific' documentation cited by Connovation in the application, Connovation have failed to append the actual
documentation cited or even provide links to where this documentation may be obtained. We've tracked down some but not
all of it and we've viewed those documents we have managed to find.
In the first example (Fitzgerald B.M. and Karl B.J. (1986) Home range of feral cats (FELIS CATUS L.) in forest of the
Orongorongo Valley, Wellington, New Zealand. Journal of Ecology, Vol 9) the total number of Cats involved amounted to
nine.
In example number two (Craig Gilles - Aspects of the Ecology and Management of Small Mammalian Predators in
Northern New Zealand) we see the total number of Cats studied via radio telemetry were only 11 'feral' Cats. This
particular thesis appears to concentrate on feral Cats and we could find no reference to the range of domestic Cats, in fact
it appears to concentrate more on what Cats have been selecting as prey rather than range.
Example 3 (Kays, R. W., and DeWan, A. A. (2004). Ecological impact of inside/outside house cats around a suburban
nature preserve. Animal Conservation 7) This appears to be research conducted in USA and therefore may not be
applicable to NZ Cats due to the ecology being quite different in NZ. The Cats from 8 households and one 'feral' Cat were
the subjects in this research.
Example 4 (Lilith, M., Calver, M., and Garkaklis,M.(2008). Roaming habits of pet cats on the suburban fringe in Perth,
Western Australia: what size buffer zone is needed to protect wildlife in reserves? In ‘Pest or guest: the zoology of over
abundance’. (Ed. D. Lunney.) pp. 65–72. (Royal Zoological Society of New South Wales: Sydney.) Here we have another
piece of overseas research. We can only cite the opinion of John Innes of Landcare Research who in a media statement
dated 15 January 2013 stated it was "absurd to look to Australia as a model for restricting cats, because the two countries
were so different ecologically". Total number of Cats tracked in this study amounted to a mere 18 Cats.
We could go on, but from the examples above we see the number of Cats in each study was quite insufficient for either
effective statistical analysis or extrapolation of data applicable to the entire population of companion and stray Cats in
New Zealand.
As to Connovation citing the 'unpublished PhD data' of the environmental extremist Heidy Kikillus, an individual well
known for engaging in pseudoscience, for example counting the number of references to native birds which appeared in
TradeMe property listings on behalf of Wellington City Council which WCC then used in one of it's communitarian
propaganda releases, well we just had to laugh. We're guessing as the data she provided to Connovation is unpublished it's
doubtful the data has been peer reviewed.

Cats As An Asset To Conservation Efforts

Which is better for the environment? Pest control the old fashioned way via the good
efforts of our Feline friends? Or the scourge of biological warfare via the RHVD virus?

The Mesopredator Release Effect
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In truth, Cats as the apex predator are valuable assets who contribute to the control of rodents, rabbits and mustelids.
Remove the apex predator from an ecosystem and this results in what is known as the mesopredator release effect. We
append a paper from the Journal of Animal Ecology entitled 'Cats Protecting Birds: Monitoring the Mesopredator
Release Effect' which covers the scientific perspective in detail. In New Zealand there are documented instances where the
removal of Cats from a locality has resulted in a explosion of the rat population which in turn has had a marked adverse
impact on birdlife. In 2013 in Raglan, persons known to be native bird enthusiasts took it upon themselves to kill all Cats
they could find in Raglan West. One resident had six of her Cats murdered for the cause of 'conservation'. The local vet
clinic documented a total of 16 missing Cats over a period of 12 months in Raglan West.

9 September 2013 - Raglan Cat Lover Wants Out As Killings Continue
http://www.stuff.co.nz/waikato-times/news/9142152/

Within three months, local ecological consultant Adrienne Livingston is on record in the media stating: "I am now
observing the effect the marked absence of Cats is having on this suburban ecosystem". She expressed concern about the
number of half-eaten eggs and dead chicks appearing, all killed by rodents the Cats would have dealt with were they still
around to do their job.
18 December 2013 - Raglan Cat Killings Annihilate Local Birdlife
http://www.stuff.co.nz/environment/9531706/
During winter 2016 DOC put the idea of a predator proof fence for Rakiura/Stewart Island on hold and decided they
would first go after Cats. Media reports at the time suggested the Morgan Foundation and Predator Free Rakiura were
involved in funding the mass execution of Cats on Rakiura/Stewart Island.

A vote in favour of reduction of notification area is a vote in favour of the Feline holocaust
12 June 2016 - DOC Puts Stewart Island Predator Fence On Backburner
https://www.stuff.co.nz/environment/80940208/
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Multiple Cat killer Phillip Smith claimed "Getting rid of all the wild Cats would change the dynamics of the island".
14 June 2016 - Stewart Island Residents Back DOC's Plan To Get Rid Of 'Feral' Cats
https://www.stuff.co.nz/environment/81014907/
Eight months after 'conservationists' began engaging in the Feline holocaust on Rakiura/Stewart Island, Phillip Smith was
proven correct. The ecological dynamics of the island had indeed changed, but not in the way intended. The following
column written by experienced trampers details their experiences on the Rakiura track and elsewhere on the island. They
stated they "found large rats were everywhere, not only around huts and campsites but on all parts of the tracks". DOC
staff confirmed a much higher rat count than seen for many years. While two successive rimu mast years and inadequate
'pest' control are cited as the causes, we have no doubt the wholesale execution of the islands Cats is a more likely cause of
the sudden increase in the rat population on Rakiura/Stewart Island.
21 February 2017 - Rats A Symptom Of Something Rotten In Protection Of Conservation Estate
http://www.stuff.co.nz/environment/89658201/
Documentation provided by the environmentalist movement claims it is "estimated that feral, stray and 'pet' cats kill up to
100 million birds in New Zealand each year". Estimate is the key word here, we have seen zero evidence based scientific
research to support this claim. The bottom line is this figure is likely a huge overestimate provided by private
environmental extremist and antifelinist groups such as Morgan Foundation, Forest and Bird and Predator Free NZ. Well
known animal advocate Bob Kerridge's recent opinion piece published in the NZ Herald covered the matter of 'research'
designed to demonise Cats in the interest of furthering the primary aim of the antifelinists which is the total eradication of
all Cats.
1 March 2018 - Campaign Against Cats Is Using Shonky Evidence
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=12003469
Many of the misconceptions of the alleged impact of Cats on 'native biodiversity' and the suggestions on what may be done
about it provided by the environmental extremist movement have been thoroughly refuted by competent common sense
ecologists such as wildlife ecologist John Innes of Landcare Research:
15 January 2015 - Cats Not NZs Main Culprit Killers
http://www.stuff.co.nz/environment/8180514/
22 January 2013 - Gareth Morgans Cats To Go Campaign Questioned
http://www.newshub.co.nz/environmentsci/gareth-morgans-cats-to-go-campaign-questioned-2013012300
Consultant ecologist Mark Bellingham, who at one point was North Island Conservation Manager for Forest and Bird
stated: "at night cats are actually really good at getting rid of rats and mice. That's the bulk of what they take."
10 July 2017 - Cat control - Are Councils Too 'Wimpy' To Do It Themselves?
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11888638

The Vacuum Effect
Engage in the removal of Cats from a locality and one is confronted by what is known as the 'vacuum effect'. What this
means is more Cats will move in to where the initial colony once was. We append a document by Alley Cat Allies which
covers the matter of the 'vacuum effect', and an article from Science Alert which demonstrates the vacuum effect in action.

EPA Board Chair - Potential Conflict of Interest
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Left: Gareth Morgan - NZ's number one antifelinist and Cat abolitionist
Center: Kerry Prendergast - Environmental Protection Authority Board Chair
Right: Geoff Simmons - Morgan Foundation GM, antifelinist and Cat abolitionist

Our research has revealed EPA Board chair Kerry Prendergast has business associations with two of New Zealand's most
outspoken antifelinists and Cat abolitionists. Ms Prendergast is on the Wellington community council of primary
healthcare organisation Compass Health, her sole associate in this task is none other than Morgan Foundation GM Mr
Geoff Simmons. Ms Prendergast is also a member of the board of Wellington Phoenix, the football team co-owned by
Gareth Morgan himself. We believe the association of the EPA Board Chair with outspoken Cat abolitionists amounts to a
conflict of interest and we formally request Ms Pendergrast stand down from any part of the decision making process and
act as observer only in the matter of this and any other case that involves Cat control measures.
While the minds of some citizens are ensnared by pest-free mass hysteria and others citizens are engaged in emotively
defending their companion animals, what we have is a divide and rule scenario. Undoubtedly there is other business going
on behind the scenes the hidden wannabe rulers of society are hoping we will not notice. It's the standard methodology of
the stage conjurer utilised on a mass scale.
When one sees business terminology such as "private-public partnership" and "management strategy", etc used in a
political context, that is a sure sign of the evolution of corporate power into a dangerous political form.
The present focus on environmental action at all costs is not about genuine conservation as such. It's a business model,
albeit a thoroughly flawed one. Restoration of 'native biodiversity' = more tourism = more revenue, and if it takes a series
of pogroms against any and all exotic species including our beloved Feline family members then from the perspective of the
'environmentalists', so be it.
A culture that does not grasp the essential interplay between power and true moral values, which mistakes management
techniques for wisdom, and fails to understand that compassion and inclusiveness, not profit, is the measure of a
civilization, condemns itself to death.
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Culling Feral Cats Actually Increases Their
Numbers, New Study Finds
Killing them only makes them stronger.
BEC CREW

8 APR 2015

A new study has found that trapping and culling might not be the best solution to
Australia’s feral cat problem - the practice can actually cause an increase in their
numbers.
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Of all the feral animals currently eating, stomping, and hunting their way through
Australia’s suburbs, cities, rural areas, and desert plains, none have been quite so
disastrous as the cat. According to the ABC, cats are estimated to eat 75 million
native animals every night in Australia, which is a rate we can’t possibly sustain.
Right now, we have the worst mammal extinction rate in the world, with 29 native
mammals having become extinct since European settlement, and on a global scale,
one in three mammal extinctions in the last 400 years have occurred in Australia.
Culling cats seemed like a pretty straightforward solution, and has become fairly
commonplace in the country's most problematic areas. For example, between 2012
and 2013, almost 6,000 of them were culled at a national park in far south-west
Queensland in an effort to protect a small population of wild bilbies.
But an accidental finding by researchers in Tasmania suggests that this isn’t the
smartest way to handle Australia’s feral cat problem at all. "You may be inadvertently
doing more damage than good," wildlife biologist Billie Lazenby, from the Tasmanian
Department of Primary Industries, told Anna Salleh at the ABC.
Lazenby said that the reason culling has been so widely used in Australia is that
studies have shown how effective it can be. But the problem is these studies have
really only been done on islands, rather than mainland areas such as Australia,
where as soon as one cat is removed, another will readily take its place from an
eternally self-replenishing population.
This realisation came from a recent study published in the journal Wildlife Research,
and conducted by Lazenby and her colleagues in the forests of southern Tasmania.
The team looked at populations of small native mammals in areas where feral cats
have been left to their own devices, and compared these to populations were cats

4/16/2018 3:22 AM

Culling feral cats actually increases their numbers, new study finds

3 of 4

https://www.sciencealert.com/culling-feral-cats-may-actually-increase-their-numbers-study-suggests
SUBMISSION 127142
Reference 132

have been reduced via culling.
And although the culling did what it was supposed to - initially lowered the feral cat
population - the researchers found that soon after, the population not only replenished
itself within 12 months, but actually ended up increasing.
"In the areas that I had tried to reduce cat numbers, I recorded an increase in cat
numbers. I actually had more cats running around on those sites than beforehand,"
Lazenby told Salleh at the ABC. "We recorded a 75 to 211 percent increase in the
minimum number of feral cats known to be alive in the culled areas."
While they’re still analysing the results of this study, the team suspects that culling
the cats upsets the power balance, and when you remove the dominant individuals,
more and more ‘subordinates’ move in to explore the area.
So what’s the solution? Sustained culling could work, because it does effectively
reduce feral cat numbers, but the government has to be prepared to keep it up so
populations aren’t allowed to be replenished. Otherwise, we need to figure out how to
live with the number of feral cats we have, and somehow reduce their impact on our
wildlife using strategies such as fences, or giving small mammals better places to
hide and shelter themselves.
"What we really should be focusing on when we talk about managing introduced
species like feral cats is reducing their impact," says Lazenby. "But it's really
important that we keep in mind that you don't always reduce impact by reducing
numbers, as one individual might cause 90 percent of the damage."
Source: ABC News
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Fact Sheet
THE VACUUM EFFECT:
WHY CATCH AND KILL DOESN’T WORK

R

emoving cats from an area by killing or relocating them is not only cruel—it’s pointless.
Animal control agencies and city governments have blindly perpetuated this futile approach

for decades. But years of failed attempts, scientific research, and evidence from animal control
personnel prove that catch and kill doesn’t permanently clear an area of cats.

Scientific evidence indicates that removing feral cat populations
only opens up the habitat to an influx of new cats, either from
neighboring territories or born from survivors. Each time cats
are removed, the population will rebound through a natural
phenomenon known as the “vacuum effect,” drawing the
community into a costly, endless cycle of trapping and killing.

The vacuum effect is a phenomenon
scientifically recognized worldwide, across
all types of animal species.
Well-documented among biologists, the vacuum effect describes
what happens when even a portion of an animal population
is permanently removed from its home range. Sooner or later,
the empty habitat attracts other members of the species from
neighboring areas, who move in to take advantage of the same
resources that attracted the first group (like shelter and food).
Killing or removing the original population does nothing to
eliminate these resources; it only creates a “vacuum” that will
inevitably draw in other animals living nearby.
Scientific research has observed the vacuum effect across many
species—herbivores, carnivores, and omnivores. When studying
mountain lions, for example, one researcher noted, “When you
remove resident lions that have established home ranges you

create a void.” He continues, “Other resident lions that have
home ranges that may overlap the individual you removed now
find that territory empty. This allows them to expand their
range, as well as create openings for transient lions to establish a
new home range.”1
Simply put, when mountain lions are removed from their
habitat, other mountain lions move in. This behavior has also
been documented in possums,2 badgers,3 and raccoons.4
A habitat will support a population of a certain size. No matter
how many animals are removed, if the resources remain, the
population will eventually recover. Any cats remaining after a
catch and kill effort will produce more kittens and at a higher
survival rate, filling the habitat to capacity. As one study found,
“populations greatly reduced by culling are likely to rebound
quickly.”5 Over time, the number of cats in an area where a
feral cat colony has been killed or relocated will simply recover
and return to its original size.

Removing cats from an area is a futile effort—
one that cannot succeed.
The only documented “successful” effort to remove a
population of cats occurred in a cruel program on uninhabited,
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sub-Antarctic Marion Island. It took two decades and ruthless
methods—methods that are impossible to replicate in areas
inhabited by people including poisoning, hunting with
guns, and introducing disease—to clear the island of cats. As
scientists tried each method, they noted “the recolonization of
preferred habitats, cleared of cats, from neighboring suboptimal
areas…”6 In other words, like the mountain lions, whenever
they killed cats in the best habitats, the cats next door simply
moved in. (See sidebar on page 3 for more information:
‘Marion Island proves that removing cats from an area is a futile
effort that leads to decades of cruelty.’)
The Marion Island example proves the vacuum effect while it
also proves the impossibility of permanently clearing an area
of an entire target population. Municipalities engaged in any
type of catch and kill efforts are fighting a cruel, endless, losing
battle against nature that is a gross waste of taxpayer dollars and
ends hundreds of lives.

Catch and kill is a costly, endless, inhumane cycle.

Years of failed catch and kill policies prove this
method’s ineffectiveness.
Animal control officers all over the country have observed the
ineffectiveness of lethal methods firsthand through years of
misguided policy.
Joan Brown, President and CEO of the Humane League of
Lancaster County (PA), says that her organization made the
switch to Trap-Neuter-Return when they started to realize that
they were never making any headway with catch and kill.

page 2 of 4

JASON PUTSCHÉ

THE VACUUM EFFECT: WHY CATCH AND KILL DOESN’T WORK,

“I finally went to the board and said, ‘Where in our mission
statement does it say euthanize? Because all we’re doing is
taking [feral cats] in to euthanize them…we’re not only doing
an inhumane thing, we’re actually contributing to the problem,
creating a vacuum effect that will just be filled again—and
probably at a faster rate than when we started,’” says Brown.
Brown says that they noticed it was a never-ending and growing
problem, draining their resources and their morale: “At the very
least, we were standing still. That was clear, and it seemed as if
we were running forward, but actually moving backward.”
Other animal control and shelter organizations nationwide
have also taken a stand after acknowledging the failed results of
their catch and kill efforts. Maricopa County, Arizona’s animal
control website says, “We have over 20 years of documented
proof that traditional ways of dealing with feral cats don’t work.
The catch and kill method of population control (trap a cat,
bring it to a shelter, ask that the cat be euthanized), has not
reduced the number of feral cats. The cat may be gone, but now
there is room for another cat to move in…So, catch and kill
actually makes the problem worse.”7 And the Humane Society
of Ochocos (Oregon) agrees: “…[W]e know now, that more
than 30 years of trapping and killing cats has done nothing to
reduce the feral cat population.”8
The National Animal Control Association amended its feral
cat policy in 2008 to be more supportive of Trap-NeuterReturn, in part because, as then president Mark Kumpf put
it, “[i]t’s recognizing that in some cases, certain jurisdictions
and communities are more interested in maintaining a stable
cat population than they are in simply bailing the ocean with
a thimble.”
He continues: “What we’re saying is the old standard isn’t good
enough anymore. As we’ve seen before, there’s no department
that I’m aware of that has enough money in their budget to
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simply practice the old capture and euthanize policy; nature
just keeps having more kittens.”9
If catch and kill had any long-term effect on cat populations,
animal control officers nationwide—and their leadership
organizations—would have observed it by now. Instead,
they are reading the writing on the wall and switching to the
method that works.

Trap-Neuter-Return is the responsible, humane
method of care for feral cats.
Trap-Neuter-Return stabilizes feral cat populations. The cats
are humanely trapped, vaccinated, and neutered, so no more
kittens will be born. They are then returned to their original
location to live out their lives in their outdoor home. Not only
is Trap-Neuter-Return the humane option for feral cats, it also
improves cats’ lives by relieving them of the stresses of mating
and pregnancy. In the end, unlike catch and kill, TNR works.

page 3 of 4

CASE STUDY: Marion Island proves that
removing cats from an area is a futile effort
that leads to decades of cruelty.
The only documented instance of a population of cats
being permanently, “successfully” removed from their
habitat occurred in an abhorrently cruel program that
proves just how impossible, impractical, and inhumane it
is to attempt to kill off a target population of cats.
In 1975, scientists set out to kill all of the 2,500 feral cats
living on Marion Island—a tiny, uninhabited sub-Antarctic
island measuring just 115 square miles, where there
was no chance that new cats could move in. In their first
attempt, researchers aerially sprayed feline distemper
virus over the island. Sixty-five percent of the cats
suffered and died painfully, but the other 35% developed
immunity and the population quickly rebounded.
Compounding this failed effort with further cruelty, they
next brought in dogs to flush out the remaining cats.
Between 1986 and 1991, the last cats were hunted with
guns and, when that also failed, trapped and poisoned.10
It took 19 years and ruthless methods to clear Marion
Island of cats. That’s nearly two decades to kill all of the
cats in an environment where no new cats could enter.
Even in this extremely isolated environment, scientists
noted “[T]he recolonization of preferred habitats, cleared
of cats, from neighboring suboptimal areas…”11 In other
words, they still observed the vacuum effect.

Trap-Neuter-Return stabilizes feral cat populations.

It’s time to stop the killing.
Cities and shelters across America have experienced great
success with Trap-Neuter-Return—it is now official policy for
feral cats in Washington, DC, Baltimore, and Chicago. It’s time
to learn from past mistakes and move forward instead of going
around in circles—it’s time to stop fighting the endless battle of
catch and kill and protect cats’ lives.

The outrageously inhumane methods used to kill the cats
of Marion Island were unacceptable 20 years ago and
they remain unacceptable today—not only because of
their horrific cruelty, but also because they are impossible
to replicate in populated areas like cities and towns.
Although often held up by opponents of TNR as an
example of successful feral cat control, all the Marion
Island example proves is the existence of the vacuum
effect and the futility of attempting to permanently clear
an area of cats by killing them.

www.alleycat.org • 7920 Norfolk Avenue, Suite 600 • Bethesda, MD 20814-2525 • ©2011

SUBMISSION 127142
Reference 132

Fact Sheet:
THE VACUUM EFFECT: WHY CATCH AND KILL DOESN’T WORK, page 4 of 4

McKinney, Billy Pat. “Mountain Lions, Deer and Predator Control.” The Role Of Predator Control as a Tool in Game
Management - Symposium Proceedings. Kerrville, TX: Texas Agricultural Research and Extension Center, 2001. 70-73.
1

Ji, W., S. D. Sarre, N. Aitken, R. K. S. Hankin, and M. N. Clout. “Sex-Biased Dispersal and a Density-Independent Mating
System in the Australian Brushtail Possum, as Revealed by Minisatelite DNA Profiling.” Molecular Ecology 10 (2001): 1527-1537.
2

Killian, Gary, Kathleen Fagerstone, Terry Kreeger, Lowell Miller, and Jack Rhyan. Management Strategies for Addressing Wildlife
Disease Transmission: The Case for Fertility Control. Staff Publication, Lincoln, NE: U.S.D.A National Wildlife Research Center,
2007.
3

Rosatte, Rick, et al. “Racoon Density and Movements after Population Reduction to Control Rabies.” Journal of Wildlife
Management 71, no. 7 (2007): 2372-2378.
4

Killian, Gary, Kathleen Fagerstone, Terry Kreeger, Lowell Miller, and Jack Rhyan. Management Strategies for Addressing Wildlife
Disease Transmission: The Case for Fertility Control. Staff Publication, Lincoln, NE: U.S.D.A National Wildlife Research Center,
2007.
5

Bester, M. N., et al. “A Review of the Successful Eradication of Feral Cats from Sub-Antarctic Marion Island, Southern Indian
Ocean.” South African Journal of Wildlife 32, no. 1 (April 2002): 65-73.
6

Maricopa County Animal Care & Control. “Feral Cats.” 2011. http://www.maricopa.gov/pets/pdf/livingwithferalcats.pdf
(accessed February 10, 2011).
7

Humane Society of the Ochocos. “Feral Cat Problem.” 2011. http://www.humanesocietyochocos.com/Feral.html (accessed
February 10, 2011).
8

“Taking a Broader View of Cats in the Community,” Animal Sheltering, September/October 2008. http://www.animalsheltering.
org/resources/magazine/sep_oct_2008/broader_view_of_cats.pdf (accessed February 10, 2011).
9

Bester, M. N., et al. “A Review of the Successful Eradication of Feral Cats from Sub-Antarctic Marion Island, Southern Indian
Ocean.” South African Journal of Wildlife 32, no. 1 (April 2002): 65-73.
10

11

Ibid.

Graphic illustrations by June Matics.

www.alleycat.org • 7920 Norfolk Avenue, Suite 600 • Bethesda, MD 20814-2525 • ©2011

SUBMISSION 127142
Reference 132

Journal of Animal
Ecology 1999,
68,282-292

Cats protecting birds: modelling the mesopredator
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Summary

1. Introduced predators account for a large part of the extinction of endemic insular
species, which constitutes a major component of the loss of biodiversity among
vertebrates. Eradication of alien predators from these ecosystems is often considered
the best solution.
2. In some ecosystems, however, it can generate a greater threat for endemic prey
through what is called the `mesopredator release'. This process predicts that, once
superpredators are suppressed, a burst of mesopredators may follow which leads their
shared prey to extinction.
3. This process is studied through a mathematical model describing a three species
system (prey—mesopredator—superpredator). Analysis of the model, with and without
control of meso- and superpredators, shows that this process does indeed exist and
can drive shared prey to rapid extinction.
4. This work emphasizes that, although counter-intuitive, eradication of introduced
superpredators, such as feral domestic cats, is not always the best solution to protect
endemic prey when introduced mesopredators, such as rats, are also present.
Key-words: bird conservation, feral cats, introduced mammals, control strategy, rats.
Journal of Animal Ecology (1999) 68, 282-292

Introduction
Most contemporary worldwide extinctions have
occurred, or are currently occurring in island ecosystems. As an example, of the 30 species of reptiles
and amphibians that have gone extinct since 1600,
more than 90% are island forms (Honnegger 1981);
93 % of 176 species or subspecies of birds (King 1985),
and 81% of 65 mammal species extinctions (Ceballos
& Brown 1995) that have occurred during this period
have occurred on islands.
The introduction of vertebrate species is one of the
most important threats to many endemic species in
many islands (Moors & Atkinson 1984; Atkinson
1989). Numerous rare or endemic vertebrate species
are currently endangered because of predation by
introduced invertebrates, reptiles, birds or mammals,
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or by competition from or habitat destruction by
introduced grazers such as rabbits (Oryctolagus cuniculus, Lilljeborg) or goats (Capra hircus, L.) (Moors
& Atkinson 1984; Atkinson 1989; Williamson 1996).
According to King (1985), predation by introduced
animals has been a major cause of 42% of island
bird extinctions in the past, and is a major factor
endangering 40% of currently threatened island bird
species. In particular, introduced feral cats (Felis
catus, L.) are known to be a major threat to many
island bird species. They are known to have been
introduced into at least 65 island groups where they
are responsible for the loss of many large land and
seabird colonies, populations or even species (e.g. Jouventin et al.1984; Rodriguez-Estrella et al. 1991; Monteiro, Ramos & Furness 1996); for example, a few
cats (around five) were introduced to the Kerguelen
Islands in the mid-century. They are now responsible
for the decline or extinction of several bird populations in these islands, killing more than 3 million
petrels per year (Chapuis 1995). Cats also constitute
a major threat to many endemic reptile species or
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subspecies (e.g. Iverson 1978; Case & Bolger 1991;
Arnaud et al. 1993) and mammals (Spencer 1991; Mellink 1992). Their impact has also been demonstrated
through competition towards endemic mammalian
predators such as island foxes (e.g. Urocyon littoralis
dickeyi, Baird), which they replace when uncontrolled
(Steve Kovach, personal communication).
Eradication of those alien cat populations is
required in many cases, has often been tried, sometimes achieved (Rauzon 1985; Veitch 1985; Domm
& Messersmith 1990; Cooper 1995) and several cat
eradication programmes are currently underway.
Paradoxically, in some particular situations, the presence of a controlled population of cats might be, at
least temporarily, more beneficial to their endemic
prey than its eradication. Such is the case on many
islands where rodents have also been introduced.
Indeed, it has been shown that the different species
of introduced rats (Kiore or Polynesian or Pacific rat
Rattus exulans, F., Black or Roof or Ship rat,
R. rattus, F. and Brown or Norwegian rat R. norvegicus, F.) have an extremely deleterious effect on
numerous species of amphibians (e.g. Thurley & Ben
1994; Towns & Daugherty 1994), reptiles (e.g. MacCallum 1986; Newman & McFadden 1990; Case,
Bolger & Richman 1992; Cree, Daugherty & Hay
1995), birds (e.g. Atkinson 1985; Konecny 1987;
Bertram & Nagorsen 1995) and even mammals (e.g.
Brosset 1963; Bell 1978; Atkinson 1985). This effect
can be indirect, such as through competition for shelter, nest-sites (Seto & Conant 1996) or food, as the
diet of rats comprises mainly berries, leaves, seeds and
invertebrates (Clark 1980, 1981). Rats can also have
a direct effect, through predation. Indeed, these three
introduced species of rat are known to prey on eggs,
chicks, juveniles and even adults of ground-nesting
seabirds and land birds (e.g. Kepler 1967; Bertram
1995; Brooke 1995; Lovegrove 1996) and even treenesting birds (e.g. Campbell 1991; Seitre & Seitre 1992;
Amarasekare 1993). In total, R. exulans predation is
documented on at least 15 different bird species,
R. rattus predation on at least 39 bird species, and
R. norvegicus on at least 53 bird species (for a review,
see Atkinson 1985). Not only do rats have a potential
impact on numerous species throughout the world
(they are known to have colonized at least 82% of the
123 major island groups, Atkinson 1985), but they
sometimes cause extremely rapid extinctions on newly
colonized islands. A well-known example is the establishment around 1964 of black rats on Big South Cape
Island, New Zealand, causing the local loss of three
New Zealand endemic birds, and the complete extinction of two more, and of one species of bat, in less
than 2 years (Bell 1978). Introduced house mice (Mots
muscidus, L.) also have a potential negative impact on
vertebrate species, by competition or direct predation
(e.g. Moors & Atkinson 1984; Johnstone 1985; Newman 1994).
The domestic cat is an opportunist predator (Fitz-

gerald 1988). When both bird and mammal prey are
available, it is believed that the domestic cat diet will
include mainly mammals (e.g. Konecny 1987; Nogales
et al. 1992; Nogales & Medina 1996). In some island
ecosystems, these cats maintain rodent populations
at low levels. Although they also often prey upon
endangered species, it is believed that, in some ecosystems at least, the beneficial effects of reducing the
rodent population could outweigh the damage done
to the endemic prey species (Fitzgerald el al. 1991;
Tidemann, Yorkston & Russack 1994). The threat
posed by introduced cats to the kakapo (Strigops habroptilus, Gray) on Stewart Island is a striking example.
Here, cats prey lightly on this highly endangered bird
species (remains were found in 5.1 % of 118 collected
scats, Karl & Best 1982), but even low predation pressure may be detrimental for fragile species (Rodriguez-Estrella et al. 1991). However, rat remains were
found in 93.0% of these 118 scats (Karl & Best 1982),
showing the indirect role cats might play in preserving
native fauna through reduction of rat predation pressure on the kakapo. Moreover, the elimination of feral
cat populations from such ecosystems could lead to a
more severe negative impact on the endemic species,
as a result of expansion of rodent populations once
their predators are removed. Attempted reduction of
the cat population of Amsterdam Island is alleged to
have caused a compensating rise in the number of rats
and mice, and so has been abandoned (Holdgate &
Wace 1961). This process, termed `mesopredator
release', had been described in fragmented insular ecosystems (Soul@ et al. 1988) and applies well to many
insular foodwebs (e.g. Schoener & Spiller 1987). Conversely, the eradication of rodents first (which has
now proven feasible, even on relatively large islands,
Taylor & Thomas 1989, 1993; Towns 1996) might
induce cats to switch prey, resulting in a brutal
increase in predation pressure on the threatened
endemic species, as experienced for stoats and rats in
New Zealand (Murphy & Bradfield 1992). Unfortunately (from the theoretical point of view), there is
little field evidence from island management either of
mesopredator release following superpredator eradication, or of predators switching prey following mesopredator eradication.
As the optimal control strategy is neither simple to
find nor intuitive, it is studied through the analysis of
a mathematical model which mimics the dynamics of
the three species in this system. In the study reported
here, the interactions of a prey species, such as a bird
species, a threatening alien mesopredator, such as a
rat, and an alien superpredator species, such as the
feral domestic cat, were examined through their
coupled dynamics. Through this model, the theoretical existence of `mesopredator release' and the effect
of the presence of a superpredator on the prey will be
investigated. It is assumed that the superpredator
preys both upon the prey and the mesopredator. For
the sake of simplicity, reference will sometimes be
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made to them as bird, rat and cat, instead of prey,
mesopredator and superpredator, respectively.

The prey/mesopredator (bird/rat) system is given
by:

ecosystems

d~ —
The models
THE PRELIMINARY MODELS

For the sake of simplicity, models are first presented
taking into account only two species, and only then is
the third species added and its implied complications
analysed. The construction and analysis of the models
are based on previous work (Courchamp & Sugihara
1999), to which the reader can refer for additional
details. The first two systems consist of two simple
coupled differential equations, each representing the
dynamics of one population. Each population is
described by a simple logistic equation, modified to
take into account its relationship with the other species. The other possible prey species populations are
not taken into account; it is assumed that all the prey
species form a single `bird' population, with average
characteristics. The realism of these assumptions has
been discussed previously (Courchamp & Sugihara
1999). The number of individuals at time t in the prey,
mesopredator and superpredator populations are B,
R and C, respectively. The intrinsic growth rates of
the prey, mesopredator and superpredator populations are ►•b, r, and rc, respectively. The predation
rate of the superpredator is Pb on the prey and µr on
the mesopredator. The predation rate of the mesopredator is nb on the prey and n, on other food items
(seeds, leaves, invertebrates). The carrying capacity of
the environment for the prey population is Kb. The
carrying capacities of the environment for the mesopredator and the superpredator populations are not
constants, but depend partially (rats are omnivores) or
totally (cats are carnivores) on the number of available
individual prey on which their populations can feed
at time t. For the mesopredator, the carrying capacity
of the environment is the number of mesopredators
that can live on food other than birds when there is
no prey, to which is added the number of mesopredators that can be fed by the total of available prey
at time t. The carrying capacity is thus the quantity of
non-avian food S divided by the consumption rate n„
plus the number of prey B divided by the mesopredator predation rate nb: S/n, + B/nb, that is
(INS + )I,B)/nbn,. For the sake of simplicity, it is
assumed that S is a constant (the carrying capacity in
the absence of prey is kept under the form S/►l, instead
of a constant, say K„ to conserve homogeneous
notation). Rats are opportunistic predators, and their
diet (proportion of avian and non-avian food consumed) depends on relative availability of food items
© 1999 British
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(Clark 1980). Accordingly, instead of nbR, the pre-

dation rate of rats on birds is: BnbR/(S+B). In the
two-species models, the rat/cat system is not
presented, because it is the same as the bird/cat system.

rbB(1 K
\

b)

eqn 1

S + B nbR

{

` dt
R

= r,R 1

1613

eq n 2

►165 + sB

There are several equilibrium points. The first two
equilibrium states, extinction of both populations [0,
0] and extinction of the rat only [ICb, 0] are always
unstable. The third state, extinction of the bird only,
(0, S/n,) is globally asymptotically stable if and only
if ►•b 5 nb/q,. These three points always exist. When
both populations coexist, the system teaches (B*,
S/n, + B*/►Ib). B* is given in the Appendix with the
analysis of the system.
The prey/superpredator (bird/cat) system is given
by:

dB

= rbB(I — K ) —µbC

eqn 3

b

` t = r~C(1 — U
J )

eqn 4

It is the same for the mesopredator/superpredator
(rat/cat) system (B is replaced by R and b indices are
replaced by ,indices). They have three stable equilibrium points only, as the predator cannot survive
alone: [0, 0], [K6, 0] and [Kb(1 — 1 /1-0,

THE COMPLETE MODEL

To take the three species into account simultaneously,
one needs to make further assumptions. First of all,
like the rat, the domestic cat is an opportunist predator, which switches prey species according to their

availability (Fitzgerald 1988). Accordingly, the number of birds and rats preyed upon by cats will depend
on their respective numbers. Instead of µ6C and µ,C,
one will find: µ6BC/(B+R) and µ,RCI(B+R) for the
bird and the rat populations, respectively. Potential
preferences of the cat for the indigenous prey over the
introduced predator are not taken into account (see

Courchamp, Langlais &Sugihara, in press). The cat
carrying capacity is: B/µb + Rlµ,. The compartmental
representation of the model is given in Fig. 1.
One has the following system:

dB—

rbB(1

B
A
Kb) S+B►1bR

B+RµbC
eqn 5

nb

t = r,R 1 — INS 1=
d
R R µ`C
+ R,B B +
eqn 6
dC

— r~C 1
dt _
C

µ 6µ,C

µ B +µ6 R/
eqn 7
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Fig. 1. Compartmental representation of the mathematical mode with three species (eqns 7, 8, 9). Each box represents one
population, symbolized by a letter and an animal: superpredator (C, cats), mesopredator (R, rats) and prey (B, birds). The
arrows represent the flux within and are between compartments: curved arrows are intrinsic growth rates; straight arrows are
predation rates. The intrinsic growth rates of the superpredator, the mesopredator and the prey are r,, r, and rb, respectively.
The predation rates of the superpredator on the mesopredator and on the prey are It, and Itb, respectively; the predation rate
of the mesopredator on the prey is 11b.

There are several states with this system: all populations go extinct [0, 0, 0], only the prey survives [Kb,
0, 0], only the mesopredator survives [0, S/q„ 0], only
the superpredator disappears [B*, S/tl, + B*/qb, 01 (B*
has the same value than in system (1-2)), only the prey
disappears [0, S/rl,(1 — llr,), S/µ,r1,(1 — I/r,)], only the
mesopredator disappears [Kb (1 — l/rb), 0,
Kb(I — lrb)/µb], and, finally, no species disappears [B6*,
R6*, C6*1. There can be between 0 and 5 stationary
states with the equilibrium value of B between 0 and
Kb, as solutions of an equation of the fifth degree. As
its expression is very long and complex for the last
point, it will not be presented here, but the authors
will provide the Maple file upon request. For the same
reason, the comparison between different points is
too complex to be presented here analytically. The
deterministic nature of the model allows, however, a
numerical study.
It can be noted that the fourth, fifth and sixth equilibrium points are equivalent to some from the models
1-2 and 3-4. The conditions of existence of these
points are described in the Appendix.
SUPERPREDATOR PRESENCE AND
MESOPREDATOR RELEASE
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The behaviour of the model is studied analytically (see
Appendix), but simulations are presented for heuristic
purposes. It can be seen from Fig. 2 that, under some
conditions, while the rat alone would extirpate the
bird (a) and the cat alone would not (b), the cat prevents extinction of the bird by the rat when both

predators are present by controlling rat (c), or even
by extirpating the rat (d).
One can see that, in some cases, the presence of the
superpredator can indirectly protect a shared prey

from a mesopredator. Even in circumstances where
this is not the case, the elimination of the super-

predator might be more harmful to the prey, through
the `mesopredator release', which arises when the pressure on mesopredators by superpredators is

suppressed. To mimic this process, the effect of the
suppression of the superpredator when the three species are present in equilibrium is studied. First one has
to find values for which the bird population does not
go extinct when the two other species are introduced.
A range of parameters must be defined at which all
three populations persist and reach an equilibrium
state. This range of parameters implies high values of
intrinsic growth rate of the prey (> 1.3) if it is to
survive the presence of the two predators. From this
equilibrium state ([B6*, R6*1 C6*]), the extinction of
the superpredator population can be simulated and
the outcome of the two remaining populations monitored: new simulations are run with the following
initial conditions: [B6*, R6*, 0]. This is repeated for
different values of sensible parameters, to obtain a
pattern displayed Fig. 3. This shows that prey extinction through mesopredator release does occur in this
system. Moreover, it is avoided only for higher values
of prey intrinsic growth rate (> 1.6). These correspond
to values too high to be biologically realistic, and will
not often be reached in natttra by insular bird species.
Indeed, in the absence of similar predation pressure,
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Fig. 2. Simulations showing the dynamics of the three population sizes plotted against time: (a) the model with only prey and
mesopredator (system 1-2); (b) the model with only prey and superpredator (system 3--4); (c) and (d) the model with prey and
both mesopredator and superpredator (system 5-7). The values used for the simulations show that the superpredator can
lower the mesopredator population, to such a point that it prevents the prey elimination [simple mesopredator control in (c),
total mesopredator eradication in (d)]. Values used are 1.5, 4.0 and 0.75 for rb, r, and r,, respectively, 100 000 for Kb and 10000
for S, 54 for Pb and 200 for µ„ 6 for IN and 365 for ii,. Initial conditions are in all cases 100 000 birds, 100 rats and 1 cat (which
corresponds to the introduction of 100 rats and/or 1 cat into a healthy population of 100000 birds). The scale is different for
the three species.

Mesopredators
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Prey
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Fig. 3. Phase portrait of the bird vs. the rat populations, displaying the effect of the eradication of the superpredator on the
prey, for different values of the prey intrinsic growth rate. Initial conditions are here the equilibrium point of the model where
all three species are present (cat population is set to zero to simulate its eradication). This point changes because different
values are used for the prey intrinsic growth rate leading to different equilibrium values. Elimination of the superpredator
without elimination of the mesopredator results in elimination of the prey population through `mesopredator release', when
the prey intrinsic growth rate is lower than 1.6 (curves in light grey).
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these endemic species seldom have developed antipredator life history traits, such as a high intrinsic
growth rate. These results show that the only endemic
species with intrinsic growth rates high enough to
survive the introduction of both a superpredator and
a mesopredator will normally be extirpated through
mesopredator release if the control strategy implies
only the superpredator eradication. The strategy of
control therefore appears essential in these particular
ecosystems.

CONTROL STRATEGY

Mesopredator release can occur following eradication
of the superpredator and the presence of the superpredator also has negative effects on the prey population, therefore a study of control strategies is necessary to determine an optimal strategy. If one applies
a control effort of Ar on the rat population and of A.
on the cat population, the model (5-7) becomes:

were taken as examples. Indeed, as Diamond (1989)
stated, `rats and cats are the most notorious killers
and island birds the most notorious victims, in this
regard [extinctions due to introduced predators].' This
work shows several interesting features of direct concern to conservation biology. First, the result of this
theoretical work shows that the presence of one predator only is sufficient to induce the extinction of the
endemic prey. This is not new, as indicated by too
many examples in natura. Second, when both the
mesopredator and the superpredator are present,
seven different situations may arise, among which is
the case where the three species are present with stable
dynamics. Interestingly, there is another case where
both predator species can coexist indefinitely, even
after the eradication of the prey species. Finally, and
most interestingly, is the case where the superpredator
causes the extinction of the mesopredator, but not of
the prey.
It has been shown here that presence of a super-

predator may have a global positive effect in insular

dB _
T,—

rbB

1

ecosystems in which an introduced mesopredator

Kb)

S+Bp

bR B + R llbC
eqn 8

dR _
dt — r

rR 1

llbUsR

IlbS + ljsB

R µ,C — A,R
B+R

eqn 9

dC

=r.C(1—
\\

bC R~ )`C

lIrB+lb

eqn 10
This provides the same number of equibrium points
as model (5-7), although with different values. Values
of these points are provided in the Appendix, together
with their conditions of existence and stability.
Analysis of this model shows that when superpredator control is high enough O, > r.), the superpredator disappears. As a result, the prey also disappears when the mesopredator control is not high
enough [Ar < r,(1 — rbl1slllb) < rr), because of mesopredator release. In contrast, and surprisingly, the
prey does not disappear when the superpredator control is below a certain threshold [i.e. r~(1 — rb) <
A~ < rj, provided the mesopredator control is high
enough [A, > r , — hr(1 — ),./a)1µ6]. This illustrates the
importance of the presence of the superpredator in
the system, and the need to take it into account in
control programmes.

Discussion
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This study examined, through a mathematical model,
the fate of a prey species in an insular ecosystem into
which both a mesopredator and a superpredator have
been introduced. Although other species could have
been considered, such as mongooses and reptiles (Case
et al. 1992), the rat, feral cat and endemic bird species

threatens an endemic prey. Indeed, in the model presented here the presence of the superpredator may

preclude the elimination of the prey by the mesopredator (or allow a larger prey population size). In
addition, it has been demonstrated that superpredator
eradication should be avoided, as a means to prevent
what has been termed `mesopredator release' (Soult
et al. 1988): a sudden burst of mesopredators, once
the superpredator pressure is suppressed. Rats have a
lower predation rate on birds than cats, but they are
much more numerous and can have a higher impact
on the prey (Newman & McFadden 1990). Moreover,
as they are omnivores, they can maintain a high population and a high predation pressure, even when the
prey population size is low, which the cat cannot. This
explains why rats alone eliminate the prey more easily
than cats alone in the model (Fig. 2), and why the cat
presence is sometimes beneficial to shared prey. In
fact, over the last 400 years, rats and cats are said to
be responsible for 54% and 26% of island extinctions
caused by predators, respectively (King 1985). The

study of the control strategies clearly shows that the
fate of the prey will depend on the superpredator

control level. Although counterintuitive, if the superpredator control is too high, the prey will disappear.
This may be a further argument in favour of the use
of biological control, especially with pathogens with a
steady long-term impact (see Courchamp & Sugihara
1999), which are unlikely to be too brutal.
Despite its mathematical complexity, this model
remains very simple in its representation of the biological reality. In particular, spatial and temporal
population heterogeneities, which are important components of insular ecosystems, were not taken into
account. Similarly, the fact that different prey species
are present in these ecosystems has not been taken

into account. Instead, only one species, which is sup-
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posed to represent the `average' of all prey species, was
considered. As the rats and the cats are opportunistic
predators, which switch prey species according to their
relative availability (Clark 1980; Fitzgerald 1988), it
would be interesting to study the effect of the presence
of several prey species. This model is robust enough
to be extended to other ecosystems that can be well
described by the prey—mesopredator—superpredator
trophic web. It therefore holds for systems where several prey species are present (e.g. landbirds, seabirds
and lizards) provided that they are prey of both the
mesopredator and the superpredator. Some changes
may occur in the solutions of the model according to
the characterics of the species (e.g. if they have different antipredation response), but the general conclusions should remain the same. Similarly, the results
will be the same if another superpredator, say a bird
of prey, is present. Different efficiencies in hunting
different preys would here again add more complexity.
In contrast, the model results will undoubtedly be
different if another species is present which does not
fully fit into one of these three trophic levels, because
it would describe a totally different system. It is the
case, for example, if a prey species (e.g. the rabbit) is
present which is not preyed upon by both the superpredator and the mesopredator: islands where cats,
rats and rabbits have been introduced should therefore be described by a different model. Despite these
possible improvements, this theoretical work shows
that it is crucial to take into account the presence of
other alien species when designing control programmes for one introduced species (see also Courchamp et al., in press for another example). Emphasis
is placed on the following important distinction that
should be understood from this work: in some ecosystems where rats are present, introduced cats might
play a positive role (implying that their removal could
have negative aspects on local fauna); however, their
introduction cannot be recommended, whatever the
circumstances.
Several points allow optimism about this particular
area of conservation biology. First, the recovery
and/or preservation of the ecosystems involved is not
in conflict with local economic or politic interests,
even if the governments of many concerned islands
can hardly afford costly programmes such as mammal
eradications. Second, eradication of introduced mammals such as domestic cats (Bloomer & Bester 1992),
rabbits (Flux 1993), rats (Taylor & Thomas 1993),
possums (Cowan 1992), foxes (Bailey 1992), goats
(Parkes 1990) or others, once thought impossible, is
now known to be feasible; for example, 120 successful
`pest' eradications have already been conducted on
New Zealand islands (Veitch et al. 1992). Third, many
studies show that, when the introduced species has
been successfully removed from the whole ecosystem,
the threatened species (plant or animal) generally
recovers, sometimes rapidly, from the effects of these
alien species (e.g. Cruz & Cruz 1987; Brothers & Cop-

son 1988; Towns 1991, 1994; Newman 1994; Cooper
et al. 1995). Fourth, in the cases where alien species
induced the complete extinction of the population,
local populations were often concerned; species or
subspecies extinctions are less frequent (Moors &
Atkinson 1984). Moreover, seabird populations are
not dependent on the land for food, and breeding
can continue on isolated islets and stacks free from
predators (Atkinson 1985). In most cases of colony or
population extinctions as a result of alien predators,
there are, in nearby islets, populations able to recolonize the ecosystem once the predator eradication
is achieved (Moors & Atkinson 1984; Case et al. 1992;
Jouventin & Micol 1995). Last, in some cases (as in
the well known case of the kakapo, Clout & Craig
1995; Powlesland et al. 1995) it is suspected that only
a small number of individuals (cats as well as rats)
have learned to kill the prey or eat the eggs (Grant,
Pettit & Whittow 1981; Moors & Atkinson 1984). In
these cases, when heavy programmes, such as complete eradication or long-term control, are not possible, selective control to eliminate these particular
individuals may be sufficient in the short term, and
should thus be implemented.
However, the situation is critical in many cases, and
the media and scientific coverage of the situation on
most islands does not seem to be proportionate to
the problems faced by these often unique ecosystems
(Crystal 1989). Despite numerous indications of catastrophic effects of introduced mammals on most oceanic islands, politically organized policies to resolve,
or even prevent these effects remain comparatively
few. Recent examples, and other older ones, show
that solutions do exist. It is often the high financial
constraints on eradication programmes that preclude
them (Powlesland et al. 1995), or that impose undesired priorities in the order of their attainment (Brothers & Copson 1988). In these cases, a predictive
study on the feasibility of the eradication and its
potential effects on the ecosystem is needed, especially
when there is more than one introduced species, in
order to maximize the efficiency of eradication programmes. Theoretical studies, such as mathematical
modelling could fulfil this task. This study shows that
the intuitively evident need for feral cat eradication
may not be the best solution in some specific cases,
such as when introduced rodents are present. This is
well illustrated by the case of Raoul Island, where it
has been said that eradication of feral cats might bring
little benefit to bird populations, because Norway rats
are present on this island and constitute a major part
of the diet of the cats (Fitzgerald et al. 1991). Empirical
examples remain, however, scarce regarding the effects
of eradication of predators (top predators or mesopredators) on population dynamics of coexisting
species.
The idea that top predators may be important species for conservation biology is not new. It has been
suggested that they have a disproportionate importance
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in food webs because their extinction can generate a cascade of unexpected secondary extinctions
(Paine 1966; Pimm 1980). For example, the extinction
of several prey species has been attributed to the
increase of generalist and/or medium-sized predatory
mammals because of the lack of top predators in
different ecosystems (Terborgh & Winter 1980; Diamond & Case 1986; Wilcove, McLellan & Dobson
1986; Diamond 1989; B61ning-Gaese, Taper &
Brown 1993; Goodrich & Buskirk 1995). With the
example of lynx, mongooses and rabbits, it has been
shown, both theoretically and empirically, that top
predators actually benefit their prey through intraguild predation on other smaller predators which
share the prey (Palomares et al. 1995). What is new
here is rather the application of this idea to an already
perturbed ecosystem, a rather counter-intuitive idea:
in some cases the removal of one of the causes of
perturbation may lead to increased damage. This is
the case with the mesopredator release (Sould et al.
1988). In some systems, only the direct negative effects
of the top predator on endemic threatened prey have
been examined, while in some cases greater positive
effects may be present on the same species. Obviously,
outcomes of changes of these already perturbed trophic webs are not intuitive, and intervention as dramatic as species eradication should always be preceded by careful empirical and theoretical studies of
the whole ecosystem. Indeed, in the present case, eradicating the rats before the cats (at first a seemingly
sound strategy) might in fact lead to another case of
mesopredator release, as shown by the recent example
of Bird Island in the Seychelles. Here, a recent eradication of the introduced black rat population led to an
explosion of the exotic crazy ant Anoplolepis lo» gipes,
Jerdon, which has been shown to be threatening the
bird colonies which rat eradication was intended to
protect (Feare 1998). As complete removal of those
alien predators is most of the time (and often rightly)
the only envisaged solution (Veitch 1985; Ashmole,
Ashmole & Simmons 1994; Rainbolt & Coblentz
1997), this idea of possible positive effects of top predators should be kept in mind in conservation biology.
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Appendix
SYSTEM (1-2)

There are several stationary states for the first system
(egns 1,2). The first two equilibrium states [0, 0] and
[Kb, 0] are always unstable. The third state [0, S/t1J is
globally asymptotically stable if and only if rb < rlb/rl,These three points always exist. When no populations
go extinct, the system reaches [B*, S/115 + B*//1b],
where B*, the bird population size at equilibrium, is
the solution of a quadratic equation and therefore one
can have 0, one or two equilibria with both populations present between 0 and Kb: B* _ [-t +
.,/w -4r1,rb11)]l2g,r'b, with t = ti,Kb - rhrb (Kb - S),
and 1t = 01b - t1,NXSKb). Numerically, when there are
two points with admissible coexistence, one only, at
most, is stable. If 0 < 11b < t1„ then there are two cases:
if gbhh < N, the point is stable, otherwise it does not
exist. If 0 < 11, < t1b, then there are two cases: if
rlbhh < rb, it is stable, if rb < 1 < 1101, it does not exist.
If 1 < rb < gb/q„ then if )lb > tlb*, it does not exist, if
qb = tlb*, it is stable, if rlb < t1b* there are two values
for this point. tlb* _ (r1,B_' + r'bgbSKb)/KbS, with
Bmaa = [(r b - I )K b - rbS]/21'b > 0.

SYSTEM (3-4)

The second system (eqns 3, 4) has 3 stationary states.
P134: [0, 0], P234: [KP, 0], and P314: [K p(1 - 1/rp),
(1/pp)K p(I - l/rp)]. The dynamic behaviour of this
system is given by four cases.
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1 Case 1: rc > 1: if rp < I the system reaches P134i
otherwise it reaches P3342 Case 2: 0 < rp 5 r, < 1: the system reaches P134•
3 Case 3: 0 < rc < 1, r, 5 rp: in this case, the dynamics
depend on the initial proportion of prey and predator.
If C(0)/P(0) > µP(rP - rJ/(1 - r.), then the system
reaches P134. If 0 < r~ 5 rp < 1, then the system
reaches P134. If 1 < rp, then: (i) if r~ + rp > 2, then
the system reaches P334; (ii) if ?.~ + 1-P = 2, then this
stationary state becomes a centre, all nearby trajectory
being periodical; (iii) if r~ + rp < 2, then this point is
unstable.
4 Case 4: r, = 1: if 0 < r < 1, the system reaches P134,
otherwise it reaches P334.

SYSTEM (8-10)
Several equilibirum points arise. Only the prey survive: [Kb, 0, 0]. This point is stable ifl, > rand Ac > r..
Only the mesopredator survives: [0, (1 - J,,II 1-)S/qs, 01.
This point is stable if A, < r„ Ac > rc and A, < r,(i 1'bil./Ilb). Only the mesopredator disappears: [Kb(1 1/1b + hc/rbrc), 0, Kb(1 - 1/rb

rc)S/q.

SYSTEM (5-7)
There are several equilibrium points for this system.
The two equilibrium points [Kb, 0, 0] and [0, S/1-1,, 0]
always exist but are never stable. There are 0, one or
two equilibrium points where only the cat population
disappears, since it is the solution of an equation of
the second degree [B*, S/qs + B*/qb, 0]. These points
are never stable when they exist. The point where only
the prey disappears [0, S(1 - 1/r,)/q„ (1/µ,) (S/tl,)
(1 - 1/r1-)] is admissible if rr > I and is stable if
?b < [Pb/P, + qb(I - I/r,)/qs] and r. + rr > 2. The
point where only the mesopredator disappears
[Kb(1 - 1/1-•0, 0, (1/µ6)K6(1 - 1/1-01 is admissible if
1-b > 1 and is stable if r, < µ,/µb and 1-c + 1- b > 2. In
numerical simulations, at least one equilibrium point
with persistence of the three species [B6*, R6*, C6*1 is
found if the above conditions are not fulfilled.

© 1999 British
Ecological Society

Journal of Aninml
Ecology, 68, 282-292

+ A,/rbrJ( 1 -Ac/rc)/hb]•

This point is admissible if: r~ > Ac > rc(1 - rb). It is
stable if rc > Ac > rc(1 - rb), 2, > >'r - hr/PO - )c/rc)
and A. > (2 - r, - rb)/(2 - rJ. The last condition
implies r. < 2, which is fulfilled by studied cat populations in natura (e.g. r, = 0.43-0.55: Derenne 1976;
or 0.233-1.171: van Aarde 1978, 1983). If not, one
would have to replace it by: (2 - rJ2, > (2 - r. - rb).
Only the prey disappears: [0, (1 - l/r, + ),lr,r, - AJ
(I - 1/1, + Adr'

c - )rP00 - Adr.)S/hills]•

This point is admissible if: r~ > 7c > r~(1 - A,1-,/
r~ - r,). It is stable if r, > A, > rc(I - A,1-,/ -~ - r,),
16 < µb(I

?

- , c/? c)/hc + ►lb(1 - 1/1-r + AcP d c - 41-01)1.
i s > rc(1.,+2 - rc - l,)/(2 - rJ. The same com-

and
ment holds for the last condition (rc > 2). Only the
superpredator disappears: as in the case without
control, there are 0, 1 or 2 points, given by the solutions of an equation of the second degree.
[-t ± ,I(t' - 41-,g51lbtt)/2i',11016, S/qs + B*/qb, 0], with
here t = 1,gsKb + 1-, [gsKb - gsrb (Kb - S)], and
It = 2dlbSKb + I', (qb - q,rb)(SKb). The point where
the superpredator disappears is unstable if 1, < rc
(new introductions lead to other states). Numerically,
this point can be stabilized by increasing the value of
7c (increasing the control of the superpredator). In
numerical simulations, at least one equilibrium point
with persistence of the three species [B6*, R6*, C6*] is
found if the above conditions are not fulfilled.

