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Introduction

he Game Conservancy Trust has undertaken

research on foxes and fox control in relation to
gamebird conservation since 1985. This research has
looked variously at:

® the impact of predation by foxes on gamebird
and mammal populations!-*

e  the methods and strategies used by gamekeepers
on sheoting estates to control fox predation-8

° the potential for non-lethal methods to control
fox predation?-10.11

® changes in fox numbers with time and variation

between regions

During 19953-97 we undertook a study specifically
designed to evaluate the overall impact of culling by
man on fox numbers in three large regions of Britain
(see Appendix 5. The 3-Region Study on page 34)12-14,
This report focuses primarily on statements that are
substantiated by this body of research.

Definitions

an’s treatment of wild foxes has become a
M controversial subject in Britain. Unfortunately
its many aspects easily become confused by a careless
use of English. In this report we adopt precise
meanings for a few common English words. By fox
culling we mean the deliberate killing of foxes by
man. Foxes are also killed accidentally by man,
particularly through road traffic. Although contral of
fox numbers (‘fox control’) is usually the chief aim
of culling, inadequate culling or an inappropriate
strategy may lead to ineffectual culling that fails to
achieve control. The aim of controlling fox numbers
may be common to many human interest groups
(farmers, game managers, conservationists, public
health officers, etc), each group having its own

Jonathan Reynolds ear-tags a fox in summer 1986

reasons (protection of livestock, game or wildlife;
rabies control, etc) to seek control. Given that there
need be little contact among individuals within or
between interest groups, there may be many separate
culling efforts within any region. The choice of
method (snares, rifle, hounds, etc) adopted by any of
these is limited by various statutes designed with
animal welfare and conservation in mind. Some
methods (like hunting with hounds and gun-packs -
see  Chapter 4 on page 8) are communally
organised, others (like spot-lamping and snaring) are
independent. The culling strategy may involve a
combination of methods used at different times or in
different places to produce the fox population level
desired. Other terms are defined in the text.



Chapter 1. Fox control in terms of fox biology

he fundamental aims of fox control are to reduce

fox numbers or prevent their increase. For this to
happen, losses of foxes (culling + other mortality +
emigration) must equal or exceed gains (births +
immigration). In a large geographical region (the size
of a whole county) immigration and emigration will
be minor relative to the births and deaths that occur
within the region. Rural fox populations produce
about two to three cubs per adult, every year. Thus if
the population of foxes before breeding was 100, the
population would increase unless 200 to 300 foxes
died each year. Theoretically, culling might account
for most or all such deaths. In reality, the aims of
culling may be achieved by a much lower level of
culling, because many deaths will also occur through
accidental (eg. road traffic) or natural causes (eg.
disease, starvation).

At a more local scale (eg. within the confines of a
single farm or shooting estate), two further aspects of
fox biology - territoriality (see Appendix 1 on page 30)
and dispersal (see Appendix 2 on page 31) - become
important. To reduce fox density on such a small area,
culling must remove not only any resident territory-
holding foxes and their offspring, but also any
‘replacement’ foxes that would normally have been
excluded by the territory-holders but which now
enter because the ground is undefended. These
individuals will be either foxes encroaching from
neighbouring territories or foxes dispersing from
territories farther away. As a result, culls can be
locally as high as 25 foxes per square kilometre, even
though rural fox densities are typically only 0.5 to 4.0
per square kilometre in autumn, after cub
production!3. High ‘bags’ like this are peculiar to
localised culling in autumn/winter (see Appendix 3.
The impact of local culling on page 32). It is a mistake to
assume that a high ‘bag’ of foxes taken on a small area
indicates effective control of numbers locally (see
Appendix 9. How NOT to judge the success of localised
culling on page 38). In fact, localised culling restricted
to spring and summer typically allows smaller ‘bags’ of
foxes, because dispersal and mating behaviour are not
taking place at this time of year. Either scenario may
be effective or ineffective in terms of the aims (see
Comparison of different methods on page 13).

Because it draws from a pool of potential
replacement foxes in the surrounding countryside,
intensive local culling does create a ‘sink” effect. But it
is wrong to imagine that local culling creates a

vacuum that sucks foxes in from far away. Foxes on
distant territories cannot be aware of the vacant space,
so the local culling effort increases their risk of dying
only if they are already committed to dispersal
behaviour and actually arrive in the culling area. In
spring/summer, when no dispersal occurs, the impact
of localised culling on fox numbers does not extend
more than a few kilometres outside the culling area.
How does local culling fit into the regional context?
The countryside must be pictured as a mosaic of
‘sinks” and ‘sources’. In sink areas culling ensures that
mortality exceeds the local fox productivity, while in
source areas culling is insufficient to prevent an
increase in fox numbers. Irrespective of whether a
local culling effort meets its local aims (eg. lower
inescapably a
component of fox mortality in the region as a whole,
Indeed, because dispersal allows high ‘bags’ to be
attained on quite small areas of land, localised fox
culling may contribute substantially to the total cull of
foxes in a larger region. If many local culling efforts
take place within a region, the impact of these alone

predation on gamebirds), it is

could amount to regional control of fox numbers (see
Chapter 7 on page 18).

Territoriality, involving both scent-marking and aggression, is
a fundamental feature of fox biology
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Chapter 2. Reasons to cull foxes

n the UK, anyone may kill or capture a fox by a

legal method, but they must have the authority to
be on the land to do this, otherwise they commit a
trespass (an armed trespass if carrying a firearm). Only
the landowner or tenant farmer is in the position to
grant this basic authority. Hence, whatever the
personal motivations of those who actually carry out
fox culling (eg. gamekeepers, hunts, pest controllers),
the motivation of landowners or tenant farmers to
cause or allow fox culling is paramount. (For
simplicity we now refer to these two sets of people
as farmers.)

In our 3-Region Study (see Appendix 5 on page 34),
we asked farmers to indicate their reasons for causing
or allowing fox culling on their land!*. Not
surprisingly, these reflected wvariation in land-use
between regions. Thus 94% of farmers in Mid-Wales
cited protection of livestock, but only 28% in
predominantly arable West Norfolk. Conversely,
although only 29% in Mid-Wales cited protection of
game, game interests motivated 75% of West Norfolk
farmers (see Figure 1).

Although on small farms recent experience of
livestock, poultry or game losses had often inspired
independent culling effort, it did not increase or
decrease the involvement of communally-organised
methods like hunting with hounds. On larger farms,
recent experience did not influence the decision to

Figure 1

Mid-Wales

East Midlands

cull in any way. Thus fox culling decisions seem to be
based on long-term personal experience, or on
collective experience embodied in regional culture.
Most culling 1is in reaction to a
current problem, but as a preventative measure. We

done, not

re-consider the case that fox culling is actually
beneficial to livestock, game and wildlife interests later
(see Chapter 9 on page 23).

Most farmers (62% to 75%, depending on region)
gave two or more reasons for culling foxes. Local fox
culling for the benefit of neighbours was widely cited
by farmers in all regions (35-54%), but only 6.5% of
this group gave ‘good neighbour policy’ as their sole
reason for culling, so the principal motivation for
virtually all farmers is self-interest.

Sport was usually cited in combination with other
reasons. In Mid-Wales, not a single farmer cited sport
alone. In the East Midlands 57% cited sport, but only
14% cited sport alone. No farmer claimed sale of pelts
as a reason for culling.

12% of farmers did not cull foxes or allow fox
culling. Among these, the commonest reason cited
was lack of necessity, followed by a perceived benefit
from the presence of foxes. Half of these non-culling
farmers stated that they would consider culling in the
tuture if the fox population increased. Only one fifth
of non-culling farmers (2.5% of all farmers) stated that
they did not approve of fox culling.

Reasons to cull foxes

West Norfolk

livestock sport game
good neighbour game good neighbour g;_
game livestock sport %’
disease good neighbour livestock
sport disease disease ¥
62 % 68 % 75 %

% farmers giving more than one reason for culling

Reasons cited by farmers for killing foxes in our 3-Region Study. The rank order of reasons like game, livestock and sport
reflected land-use in the three regions. Importantly, most culling was done for two or more reasons
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Chapter 3. Aims of fox culling

hat do people hope to achieve by culling

foxes? In our 3-Region Study, we asked
farmers to indicate from a prompt list the aims of their
culling policy (or to state other reasons):

® to eliminate losses of livestock, reared or wild
game, or other wildlife prey

to reduce losses to an acceptable level

to remove troublesome individual foxes

to reduce the fox population locally

to contribute to regional control of foxes

Aims proved to be related to both farm size and
region. The aim of totally eliminating losses was more
common on small (less than 200 hectares) farms, while
on larger estates (more than 200 hectares) reducing
losses to an acceptable level was more often the aim.

For small farms, regional differences were also evident,
with small farmers in the East Midlands more tolerant
of losses due to fox predation than their counterparts
in Mid-Wales and West Norfolk.

Importantly, only a quarter of farmers had purely
local aims: three-quarters cited regional control of fox
numbers as an aim of their culling regime.

In all cases, the expectation of culling is to achieve a
temporary effect. Although the complete eradication
of foxes may be a justifiable conservation aim on
continents or islands where foxes have been artificially
introduced (eg. Australia), very few people would
wish to see their extinction from DBritain. It is an
accepted aspect of culling that dispersal tends to even
up fox density, so that culling - like gardening or
farming - is a temporary management process.

Ameng gamekeepers, night-shooting using rifle and spot-lamp nowadays accounts for the greatest proportion of foxes killed



Chapter 4. Fox culling methods

ven in the 21st century, fox culling methods
E are dictated by the nature of foxes. The long
association of foxes with bigger predators, especially
man, has selected in favour of genetic characters that
contribute to a pronounced ‘wariness’. (This was
clearly demonstrated by Russian fur farmers who
managed to breed calmer, domesticated foxes by
imposing the opposite selection forces among their
stock animals, favouring ‘tameness’ rather than
wariness or aggression®3) On top of its innate
wariness, a fox, like a dog, has a considerable ability to
learn during its lifetime. Foxes are of course nocturnal
(see Figure 2), lying-up during the day in thick cover.
Adult foxes rarely spend much time underground,
except during particularly cold or wet weather or, in
the case of vixens, for a few weeks around the birth of
their cubs.

The methods used successfully to take adult foxes
therefore fall into two categories. Night-time methods
(see page 9) require either a lamp or image
intensifier to make the fox visible to the operator, or
else traps and snares that work in his absence. Daytime
methods (see page 11) require the fox to be flushed
out of cover. Additionally, the foxes’ need for an
underground earth to shelter cubs while they are very
young creates a vulnerable period during which it is
easier to locate both cubs and adults (see page 12).
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Because adults have to provide solid food to their cubs,
their activity may also extend further into twilight
hours during spring and summer, creating more
opportunities for shooting without spot-light or
image intensifier.

Most fox culling is done without conscious
selectivity, as it 1s difficult at any distance to distinguish
males from females, or young from old. From April to
August cubs can be distinguished from adults, but this
too becomes increasingly difficule as autumn
approaches. Different culling methods are believed to
address different sectors of the fox population, but
apart from obvious generalisations (such as a
preponderance of females among adults shot at
cubbing earths; and predominantly young foxes
caught in cage traps or shot after being attracted with
a squeak) few data are available to support this.
Systematic exploration of this is difficult, because
biologists too must use the same capture methods to
study the population.

Fox culling methods can also be categorised by how
they are organised and the geographical scale on
which they are practised. The decision to cull foxes or
not, and the choice of strategy and methods vary from
one estate to another according to the needs and
preferences of farmers. For individual estates,
independent culling efforts are most likely to involve

Fox activity

hours before/after sunrise

Activity in rural foxes is clearly synchronised with sunset and sunrise. This diagram is based on records of radio-tagged foxes in
north-east Dorset. Because night-length varies seasonally, the middle of the night is not shown. There is often a period of

inactivity around midnight during long autumn/winter nights.
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night shooting, trapping and snaring, often carried out
by professional gamekeepers. Other methods (mostly
daytime methods involving the use of hounds and
terriers) have to be organised communally and
require the consent of several or many farmers. In
upland areas especially, fox control groups exist with
the aim of controlling fox numbers over quite large
areas. These are often supported by subscriptions from

farmers. In Scotland, there is also limited financial
support from the state; similar support was abandoned
in England and Wales in 1979, and Northern Ireland
in 1977.

Lamping is difficult for a single operator

Night-time methods

Spot-lamp and rifle (‘lamping’)

Lamping describes the use of a rifle (usually high
powered centre-fire .22, .22/.250, or .243 calibre)
with telescopic sight, in conjunction with a powerful
spot-lamp, usually from a four-wheel-drive vehicle.
This is difficult for a single operator, so even among
professional gamekeepers it is usually carried out with
one or two assistants. Foxes are searched for by
scanning with the lamp, and detected by the reddish
light reflected back oft the retina. This can be seen for
over a kilometre when there is no mist. Detection
requires that the fox looks directly at the lamp, as it
normally does. However, before a shot is taken, safety
requires that the fox is close enough to see its body and
thus identify it as a fox: shooting at two points of
reflected light is extremely dangerous!®. If when
located the fox is too far off for a safe shot, squeaking

sounds will often bring it running towards the lamp.
This trick is most successful with young, naive foxes
during autumn, allowing rapid culling. (In autumn
45% of foxes seen with a lamp are killed. This falls to
a minimum of 28% in March.) If the fox will not
approach, it is necessary to manoceuvre the vehicle
closer to the fox.

A fairly common complaint among gamekeepers is
‘lamp-shy’ foxes that will not stop or look at the lamp
for long enough to take a shot. This behaviour
suggests that these individuals have previously been
frightened by the lamping method. Foxes become
frightened by near misses, cues associated with the
lamping vehicle, and (of course) by non-fatal injuries.
There are unfortunately no data on what proportion
of foxes shot at are killed, though this clearly depends
on operator skills.

The spot-lamp and rifle method is dependent on
good vehicular access, the absence of cover, and on
terrain that allows safe shots. Small fields, many gates
(as in pastoral areas), absence of tracks (in arable areas),
small farm size, rough terrain and steep slopes can all
make it unworkable as a control method. Safety is
primarily a matter of judgement and responsibility for
the operator, but many police firearms officers require
to inspect the ground with safety in mind before
issuing a licence. The number of foxes seen varies
seasonally with fox density and the height of
vegetative cover, from a maximum in August (after
cub production and arable harvest) to a minimum in
March. Roughly 30% of all foxes killed by
professional gamekeepers are taken by lamping,
though this proportion varies considerably by season
(50% during autumn/winter, 20% in spring/summer)
and by region. Major disadvantages of the spot-lamp
and rifle method are the anti-social hours required,
and a low return per unit effort. Although average
autumn/winter values are 0.2 to 0.6 foxes per hour
(dependent on region) the return dwindles towards
zero as the pool of replacement foxes dries up.
Maintaining fox density at such locally low levels
requires a resignation to many blank nights, or the use
of other methods, such as snares.

Spot-lamp and also be used
successfully on foot or from a stationary high seat. The
latter is probably the public perception of ‘fox culling

rifle can less

by an expert marksman’. Actually, night or day, the use
of a stationary high-seat away from cubbing earths is
extremely inefficient, because the likelihood of a fox
passing in range within a reasonable space of time is
very low. This is partly because rural foxes do not use
their territories all that intensively. (For instance, in an
area of Dorset with quite a high density of around
three adult foxes per square kilometre, a fox travelling
at normal speeds might circumnavigate its territory
once per night, but rarely does so. As a result, when
baits are placed within a territory and renewed daily,
any single bait site receives on average only one visit
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every three days by any fox, even though the baits are
eagerly eaten when found.) A second reason for poor
success from high seats is that the marksman cannot
predict the fox’s approach direction, so there is a risk
of the fox catching wind of the marksman and
avoiding him. (Similarly, it is far easier to film a fox
with an unmanned camera than with a manned
camera.) Lastly, the population is actually decreasing
during any culling exercise. Foxes can be called
towards a stationary operator by squeaking, but again
this is most successful with young foxes. In fact, most
foxes shot from high seats are either at a cubbing earth,
or are shot opportunistically during deer culling
operations.

Infra-red illuminators and scopes, and image
intensifiers, are legal for fox control but expensive and
uncommon. Neither method uses a visible light
source capable of attracting the fox’s attention. Hence
detection is primarily by body shape and on a
monochrome display, preventing detection at long
range. These devices are therefore less valuable than
visible light spot-lamps, except from a stationary
high seat.

The use of a spot-lamp with a running dog (large
lurcher or greyhound) rather than a rifle is popular in
some areas of the UK. This tends to be practised as an
unauthorised sport rather than legitimate fox control.

Traps and snares

Only live-capture traps and neck snares are allowed
under UK legislation. Live-capture traps depend on
the fox first entering a box or cage structure and then
triggering a door release mechanism. Innate or
learned wariness in the fox may prevent either of these
things happening. Live-capture traps are extremely
successful in an urban context, but rural foxes are
typically cautious of novel man-made objects,
severely limiting the efficacy of traps. Among
professional gamekeepers, live-capture traps account
for just 1% of all foxes taken. They are more successful
when set at poultry runs or release pens than
clsewhere, but it is illegal to bait a trap deliberately
with a live bird.

Snares are set on any route-way likely to be used by
a fox, and will catch only if undetected by the fox.
This is reasonably easy to achieve, making the snare a
powerful tool against wary adult foxes. In fact, this is
the only culling method available where prolonged
use cannot result in an untrappable population
through selective removal of unwary individuals. An
indication of this is that catch-per-effort for snares
peaks in mid-winter when dispersal is at its height,
rather than summer or autumn when the highest
proportion of the population is naive.

Legislation prohibits the use of ‘self-locking’ snares,
apparently with the intention of preventing the deaths
(by strangulation) of non-target species. The use of a
‘stop’ to prevent closure beyond a minimum diameter

Snares are highly effective in conditions where other
methods fail

is probably more important in this respect, but is not a
statutory requirement. Operator  skills  strongly
influence capture rate and non-target captures, and
whether captured animals are killed or held alive.
Caretul siting and frequent inspections can result in
close on 100% of captured foxes being held alive.
Wildlife biologists in the UK use neck snares as the
only viable way to capture rural foxes alive for
radio-tagging. Radio-tracking of tagged animals after
release reveals no detectable deviations from normal
behaviour.

About 25% of foxes killed by professional
gamekeepers are taken using snares, though this
proportion varies with regional circumstances. Snares
are unpopular in sheep-farming country during the
lambing season due to the risk of lambs being caught.
In upland regions, snares are most often set around a
buried carcass bait, with a surrounding fence that
keeps sheep out but allows free passage by foxes - this
arrangement is known as a ‘midden’.

Buieq uyor



Daytime methods

Hunting with hounds

The essence of hunting with hounds is that man
has taken the wolf - a natural predator of foxes -
domesticated it to make it manageable, and bred it in
two quite different directions. This has produced on
the one hand large, fast hounds with enhanced trailing
abilities that can pursue and catch a fox above ground,
and on the other hand very small terriers to locate and
corner the fox that has gone to ground. Combined use
of the two breeds of dog provides a unique daytime
method for culling a nocturnal animal.

Each registered hunt has an exclusive ‘country’
allotted by the Master of Fox Hounds Association,
within which it negotiates permissions to hunt from
individual landowners. Historically, the purpose of the
country was to avoid border disputes between
neighbouring hunts - it implies nothing about rights
of access, which must be negotiated individually with
each landowner. About one-fifth of England and
Wales 15 not included within any registered hunt
country, although there may be hunting by
unregistered packs there. Within each hunt ‘country’
there are ‘no-try’ areas where no attempt is made to
hunt or to seek permission, usually because the land is
unsuitable for hunting. On average, no attempt is
made to hunt 19% of each hunt country, usually
because it is deemed unsuitable (eg. too built-up). On
average, permission to hunt is sought but denied on
2% of the allotted ‘country’.

Several discretionary aspects of present-day fox
hunting influence the number of foxes killed. The
amount of land any pack attempts to hunt, the
number of meets per season, the distribution of meets
in relation to fox abundance, and the length of the
hunting season all determine culling intensity - as do
the decision as to whether to dig out foxes that have
gone to ground, and the proportion of the season run
under early season rules (limited field, early morning
meets), For many hunts, current choices on these
aspects can only be interpreted as a policy of
moderation, implying that the impact of hunting
could be increased if desired. The hunt’s moderation
ethic also influences the fox culling strategy of others,
so that for instance many shooting estates within
hunting countries have a sympathy towards this ethic
and refrain from intensive independent culling.

Gun-packs and standing guns

These methods involve the use of a small pack of
hounds or a team of human beaters, to flush foxes out
of cover towards a line of standing guns. This approach
is most often used in dense woodland, especially
commercial softwood plantations. The choice of
hounds or human beaters varies regionally depending
on availability, but hounds are clearly better in very

dense cover. Some foxes may be caught and killed by
the hounds before they reach the guns.

For safety, and because the opportunity to shoot an
emerging fox is usually brief, shotguns are almost
invariably used. At sufficiently close range the size of
shot used hardly matters, but as range increases so does
the risk of non-fatal wounding. (The number of shot
per unit area of the ‘pattern’ falls with increasing
distance. A cartridge can hold more small shot, giving
a denser pattern, but their momentum falls below a
critical threshold at a smaller distance than with larger
shot. Larger shot hold their momentum better, but
because there are fewer of them the ‘pattern’ will have
gaps. Either way, wounding can result.) For this reason
one code of practice recommends a maximum range
of 20 metres!3. If hounds are used, wounded foxes
may be trailed and caught by the hounds.

Digging with terriers

Digging out with terriers is widely practised by fox
hunts and other communal fox control groups, as well
as by small groups or individuals, such as gamekeepers.
As with other methods involving dogs, terrier work
has an enthusiastic following for its own intrinsic
interest.

The use of terriers is the only legal method for taking a fox
that is underground

sawi| bunooysseuuelbend ned
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For fox hunts registered with the Masters of Fox
Hounds Association, 37% of foxes killed are taken by
digging out (average for 145 hunts over four seasons,
1992-96; range for individual hunts 0% to 86%). Foxes
are not dug out unless this has been requested by the
farmer on whose land the fox has run to ground.
Known earths in the area to be hunted may be lightly
blocked prior to the meet. Where this is practised, it
will obviously influence the proportion of the cull
taken by digging. In our 3-Region Study, digging
with terriers accounted for 3%, 10% and 9% (East
Midlands, West Norfolk and Mid-Wales respectively)
of the independent (non-hunt) cull.

Terriers can be entered speculatively into any earth,
pile of straw bales, very thick cover, etc to locate and
either bolt or corner the fox. More usually, terriers are
entered only where hounds have marked a fox to
ground, where tracking in snow has shown that a fox
has entered, or where there is evidence of a cubbing
earth (see below).

Fieldcraft skills are critical, as it is illegal (and
undesirable) to enter a terrier or dig in any place in
regular use by badgers. This may be a very limiting
condition in hill areas where rock piles are commonly
used as shelter or cubbing earths, as neither species
leaves much surface evidence in these situations.

Foxes cornered by the terrier must be dug out. A
radio-transmitter collar on the terrier aids economical
and rapid digging. Once exposed by digging, the fox
must be dispatched humanely, for which a .22 pistol
firing a free round is recommended. In some cases the
fox may be killed underground by the terrier - this is
particularly likely with fox cubs. Foxes are usually
prevented from bolting by lightly blocking tunnel
entrances, and those that attempt to bolt can be
dispatched there. In straw stacks and elsewhere, bolting
foxes are either shot with a shotgun on emergence,
caught using large purse nets placed over entrances, or
caught by a lurcher dog.

Culling at the cubbing earth

The cubbing earth provides a focal point within the
territory where adults as well as cubs may be culled.
Foxes culled at the cubbing earth must be either shot
(with a rifle or shotgun), dug out or caught in nets
(after sending down a terrier to locate and bolt or
corner the fox), or trapped using cage traps set into the
tunnel entrance (effective only for cubs older than
eight weeks; usually ineffective for adults). Gassing
foxes in the earth is not forbidden in principle, but no
substance is currently licensed for this purpose. Any
such preduct would need to satisfy pesticide safety
standards on efficacy, humaneness, human safety and
non-target hazards.

Earths used for cubbing are difficult to recognise
early in the spring, but become more obvious as
evidence of occupation accumulates around them.

Among gamekeepers, the aim will be to destroy
resident breeding females as early as possible in the
season. About 24% of breeding earths are located
before cubs are active above ground. Correspondingly,
25% of vixens killed at the earth are killed before cubs
can be culled or even counted, unless by the use of a
terrier. Together, cubs and adults taken at earths
constitute about 25% of the annual cull for
gamekeepers, though this figure varies according to
the type of shoot (primarily wild or released birds) and
fox control strategy (see Chapter 5 on page 15).
Roughly 80% of adults killed at cubbing earths
are females.

Non-lethal approaches to
fox management

Physical barriers such as wire netting are valuable to
prevent loss of poultry, gamebirds or livestock held in
small areas, but are not practicable to protect them on
any wider scale. Electric fencing has been used with
partial success to protect wild ground-nesting birds on
nature reserves, but experience has shown that it must
usually be backed up by lethal control methods. It is
also applicable only to colonial nesting species (eg.
terns) whose nests are concentrated in small areas, or to
a very few individual nests (eg. stone curlews).

Physical barriers are valuable to protect birds or stock held in
small areas, but are not practicable on a wider scale.
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In rural areas, live-capture traps of all kinds have a low catch-per-unit-effort

Two other non-lethal approaches have been widely
discussed: manipulating foxes’ food preferences
(conditioned taste aversion or CTA) and fertility
control. CTA has been the subject of recent intensive
research by both The Game Conservancy Trust and
Central Science Laboratory (MAFF). It is now clear
that deployment difficulties and non-target hazards
make it non-viable for fox management in the UK.
Because reproductive biology 1s so similar in all
mammals, the only safe approach to fertility control for
wild animals is by exploiting the body’s immune
system (immuno-contraception). This too has been
the subject of intensive research over several years by
Australian and French government scientists, Again,
despite enormous expenditure, many practical
problems stand in the way of a workable methodology.

Comparison of different methods

Comparison of different culling methods can be very
misleading. Part of the problem is how to measure the
efficiency of a culling method. The comparison often
made is of foxes killed in a given time-span.
Unfortunately, this catch-per-unit-effort is a
confused measure of both the efficiency of the method
and the opportunity to cull. For instance, a high catch-
per-unit-effort is possible only where there are many
foxes to cull. Catch-per-unit-effort would be very low
indeed when no foxes were present! Fox density varies

three-fold within a year, and at least six-fold between
regions of Britain. This will clearly distort
comparisons of catch-per-unit-etfort
methods whose use differs between seasons and

between

regionally. The only reliable measure of efficiency is
how much effort is required to catch a fox that is
known to be present. Efficiency would then be
quoted as captures per fox-day, or fox-days per capture
(a fox-day being one fox present for 24 hours). To
measure this would be a testing assignment for any
wildlife biologist, but the point is not merely pedantic:
any other measure is misleading and an unsafe basis for
political decision-making.

For example, a gamekeeper in the south-east of
England who went lamping for three hours, two
nights a week, could shoot a fox almost every time
throughout the autumn and winter (see Appendix 9.
How NOT to judge the success of localised culling on page
38). This is possible only because dispersing foxes
replace those shot. Such a rate of culling could not be
sustained where the regional fox population was low,
offering a small pool of dispersing foxes (see Appendix
3. The impact of local culling on page 32, and Appendix 9
(Norfolk) on page 38). Nor would it be possible across
a large region, because on such a scale immigration
from outside will be minor compared with the size of
the ‘resident’ population - foxes that are killed are
likely to be replaced only by reproduction within the
region.
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The Eryri huntsman watches his hounds draw rugged country in north Wales. Remote and difficult terrain can severely limit the

practicality of methods effective elsewhere

Another part of the comparison problem is that time
may not be the best measure of effort. Neck snares, for
instance, have a low capture rate per snare and per day,
yet they function in the absence of the operator. Snares
also illustrate the problem of seasonal comparisons
described above. They are less suited to the winter
months when there is lictle vegetative cover in which
to conceal them, but in spring/early summer when
cover is higher the fox population itself is at its
minimum and capture rates will inevitably be lower.
Nevertheless, in spring/summer snares can contribute
substantially towards a focused and effective culling
strategy, not least because tall cover and short nights
diminish the value of spot-lamp and rifle at this time
of year.

Financial efficiency may be as important a
consideration as efficiency of time or effort. Because of
the number of followers, fox hunts have an apparently
low capture rate per unic effort. In fact most of the
followers are irrelevant to the success of the hunt,
except in as much as their subscriptions pay for the
upkeep of the hounds and hunt employees. The
essential cost of hunting with hounds amounts to those
sums, plus the time of essential volunteers like the

whippers-in. However, the cost to the farmer may be
zero or very small.

A further serious problem in comparison is that a
culling method is rarely used exclusively. Usually any
given fox is at risk of being killed by several culling
methods. But a fox killed by one method is no longer
available to be killed by any other method, and as a
result there is a degree of interdependence between
the culls obtained by each method. (If one method
were banned, the culls taken by the others would
certainly Biologists know this as
compensation.) Because of this interdependence,
comparisons of methods may be very confused by the
exact mix of methods used.

Finally, although economy of time, effort and
money are important, the number of foxes killed may
not be. Paramount is that the aims of culling are met
(see Chapter 3, page 7 and Chapter 5, page 15). For
some aims, the cost of not culling must also be
considered. For instance, if regional control of fox
numbers is the aim, the cost of not culling may be an
increased fox population causing greater damage

increase.

levels and requiring a greater effort to bring back
into control.
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Chapter 5. Fox culling strategies

Local culling strategy

C onsciously or not, the farmer (or his ‘man on the
ground’) adopts some strategy to achieve his
aims, determining the choice of culling method(s), the
amount of effort, and the timing of culling. Because
different methods are best suited to particular seasons
(see Chapter 4 on page 8), these aspects are closely
inter-linked.

Fox for fox, the greatest impact on population
growth is achieved by culling during the period early
February to late March when the fox populaton is
largely settled into territories, the highest proportion
of vixens are pregnant, and following the period of
highest ‘natural’ (non-culling) mortality associated
with dispersal. This also immediately precedes the
period when fox predation is most significant for
livestock, wild game (but not reared game) and
conservation interests, However, this window of
opportunity is generally insufficient to achieve the
level of culling necessary to control fox numbers.
Besides, factors other than efficacy - eg. cost,
practicality, opportunity, ethics - also influence the
choice of culling strategy.

Some forms of culling are free to the farmer if
he allows others to enter his land. Culling by
communally-organised groups is free because the
participants have an enthusiasm for the control

Sheep predation is a common motivation for fox control

method in its own right. Associated with this
enthusiasm is often a hunting ethic demanding
moderation (see Hunting with hounds on page 11).
Essentially, the bargain struck between farmer and
hunt is that the hunt is given privileged opportunity to
cull provided that fox numbers do not exceed
acceptable levels. Because fox hunts operate primarily
in autumn/winter when dispersal tends to even out
fox density, the service they offer the farmer is
regional in its effect. However, where required by
landowners, many hunts are prepared to operate
‘lambing calls” in spring to cull selectively those foxes
that kill lambs. Gun-packs, also communally
organised, are especially active in late winter/early
spring.

A farmer employing a professional gamekeeper in
the interests of game management may not share the
moderation ethic (although many do). A gamekeeper
costs around £30,000 a year, and this expenditure
must be considered worthwhile in terms of the
shooting generated. On wild bird shoots especially, fox
culling effort will be particularly intense during April-
July, when breeding earths are easily located and
gamebirds are nesting. If reducing predation on
nesting gamebirds were the sole aim, this should be a
sufficient strategy. However, predation on reared
game, and contribution towards regional control are
often additional aims, so most gamekeepers cull when
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they have the opportunity, accepting that culling
efficacy is lower at other times because dispersal
causes foxes to be replaced. Among gamekeepers in
general, roughly half the foxes culled are taken during
April-July. 80% of these are cubs.

Although logical and effective for a number of aims,
the strategy of culling during spring and summer has a
welfare cost not shared by culling in other seasons (see
Appendix 4. Culling at the breeding earth on page 33),
though this is no worse than in control of other species
such as rabbits, hares, squirrels, mink and many bird
species. The strategy may also not be practicable for a
gamekeeper who rears gamebirds for release. Rearing
neatly avoids the problem of nest predation by
removing that life-history stage into predator-free
conditions in captivity. However, the work of
maintaining a large rearing unit will prevent the
gamekeeper spending time at predator control during
spring/summer. Furthermore, rearing produces young
birds that have yet to learn about predators and must be
protected around the time of release. Hence both the
opportunity and the requirement to cull foxes shift

to autumn, when the size of the fox population and
dispersal substantially increase the task. These
circumstances favour the method of spot-lamping with
a rifle.

Regional culling strategy

Although a regional impact on fox numbers is an
aim for the majority of culling efforts (see page 6), few
people are in a position to organise a fox culling
strategy over large geographical areas. Communally-
organised hunts and fox destruction clubs are better
placed to do this than anyone else, but they do not
have exclusive command over fox culling. In ocur
3-Region Study, although organised groups operated
on 88% of farms with culling, 33% to 91% of these
farms (depending on region and farm size)
carried out additional fox culling independently!#. In
some regions, therefore, the net impact on fox
numbers is more the incidental result of local actions
than the outcome of regional planning.

The nesting season is the period when wild gamebirds are especially vulnerable to foxes
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Chapter 6. Prevalence of fox culling and different methods

In our 3-Region Study, fox culling took
place over 88% of land properties, but this
varied between the regions. As with the
reasons for culling and its aims, variation in
this percentage was attributable to obvious
differences in land use. In Mid-Wales,
virtually all farms had sheep and/or poultry
and perceived a need to cull foxes to reduce
losses. In West Norfolk - a predominantly
arable area - the decision to cull or not on any
farm depended primarily on whether there
was also a game shooting interest. The East
Midlands had a mixed agriculture and
showed an intermediate prevalence of
culling.

The prevalence of different methods also
varied with a distinctly regional character
(see Figure 3). Communal methods such as
hunting with hounds, gun-packs, and
digging with terriers were practised on
almost every farm in Mid-Wales, where
fewer than 10% of land properties had a
professional gamekeeper. Spring/summer
culling was uniquely important here, and was
reflected in high fox mortality during these
two seasons. Gun-packs (involving hounds to
drive foxes out of cover to standing guns)
were used only in Mid-Wales. In West
Norfolk, the bulk of culling was carried out
independently by professional gamekeepers
on large estates, hence shooting with a rifle
and spot-lamp, and snaring, were the
methods most commonly used.

Gamekeepers per 1000 hectares Y
W 031t00.8 _ ﬁ
BM02tc0.3
M 0.1t00.2 ",

MO to0.1 o

a

-

The number of gamekeepers reflects regional game-shooting interests

(data summarised by county)

Figure 3 Prevalence of culling methods
Mid-Wales East Midlands  West Norfolk
hunting hunting rifle
standing guns rifle hunting
rifle standing guns share 8
digging earths snares standing guns g
lurchers cage traps digging earths | &
snares digging earths cage trap
other! other! other! \
cage traps lurchers lurchers

Prevalence of culling methods in the 3-Region Study, ranked in order of prevalence. Choice of culling methods has a distinctive

regional character
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Chapter 7. Regional impact of fox culling

ur 3-Region Study (see Appendix 5 on page
34) was designed to evaluate the regional
impact on fox numbers of culling by all the various
interest groups. A simple comparison of the number

Figure 4 Fox abundance in

Fox abundance, measured
by spot-lamp survey, differed
markedly between our three
study regions.

of foxes culled with the size of the three fox
populations suggests that in all three regions the cull is
very large, and is probably the major cause of fox
mortality (see Figures 4 and 5).

the 3-Region Study

Characteristically, numbers

are high in autumn (early 3 1

September) after cub

production and low in spring

(late February) before NE

breeding, but the relationship kv

between the three regions o 2 € oS o

remained constant in o g = g =

two successive years. % = s e 5.
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Mid-Wales East Midlands West Norfolk

Figure 5

If culling is an important
determinant of fox numbers
across whole regions, the size
of the total cull must be 3
substantial compared with

the capacity of the foxes to
produce cubs. This figure
compares the cub production
of each regional fox
population with the cull as
reported to us by farmers.

Number of foxes

Mid-Wales

Cub production compared with cull

Solid colour = cubs born
Shaded colour = foxes killed

East Midlands West Norfolk



Reported cull figures contain reporting or recording
errors that are mostly unquantifiable, and are not in
themselves a reliable basis for conclusions. Instead, our
procedure was to use the comparison of cull with fox
density to construct a falsifiable hypothesis about each
population. We proposed that the Mid-Wales and
West Norfolk populations were suppressed by the high
levels of culling found there, whereas fox density in the
East Midlands was likely to be closer to some ‘carrying
capacity’ set by the resources available. Productivity
was used as the criterion to distinguish a population
that 1s crowded relative to its resources, from one that
is well below such a level (see Appendix 6. The
relationship between productivity, population density and
resources on page 35).

As well as the heavy cull on them, fox populations in
Mid-Wales and West Norfolk were at very low
density and had high productivity. The less heavily
culled fox population in the East Midlands was at high
density and had low productivity. The East Midlands
was in fact the only region of the three in which we
found vixens that had failed to produce any cubs at all
- 20% of vixens here fell into this category.
Reproductive under-performance in East Midlands
vixens happened at all stages of pregnancy, supporting
the interpretation that this was caused by crowding
effects.

We concluded that fox numbers in Mid-Wales and
West Norfolk were suppressed due to heavy culling

Figure 6
embryo
scars
per
REGION uterus
expected:
saturation density low
suppressed high
observed:
Mid-Wales 7.9
East Midlands 6.4
West Norfolk 7.8

pressure (see Figure 6). In the East Midlands, culling
pressure was not heavy enough to achieve this and fox
density was closer to the carrying capacity of the
environment. Even here, though, there was probably
scope for population growth, because productivity was
not as low as in some dense urban fox populations!®,
Other important implications of the 3-Region Study
are listed in Appendix 8. Conclusions and implications of
the 3-Region Study on page 37.

We caution against drawing the conclusion that
hunting with hounds and mounted followers is
inefticient (on the grounds that this method was most
prevalent in the East Midlands region, but that culling
intensity and the impact of culling were lightest there).
Compared with the other two regions, the intensity of
fox culling was deliberately restrained in the East
Midlands. Fewer farmers had livestock or game at risk
of predation, and the most vulnerable group (those
with farms smaller than 200 hectares) were more
tolerant of losses than in the other regions. Digging
was similarly restrained: although 40% of foxes were
run to ground during hunting, only 18% of the hunt
cull was taken by digging out. Where culling was
practised independent of the hunt - as on shooting
estates - its intensity (foxes killed per square kilometre)
was lower than in either Mid-Wales or West Norfolk,
despite fox density being over three times greater than
in Mid-Wales and over four times greater than in West

Norfolk.

Fox productivity

% intra-
uterine litter % non-
losses size breeders
high low high
low high low
6 6.4 0
31 4.5 20
18 6.2 0

Productivity is expected to be impaired in a fox population that is close to the saturation density determined by resources.
Conversely, a population suppressed well below that level - for example by culling - would exhibit much higher productivity.
Of our three study regions, Mid-Wales and West Norfolk conformed to the ‘suppressed’ model, whereas the East Midlands was

closer to the ‘saturation’ model.
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Chapter 8. Historical aspects

t is very difficult to census foxes. Before our

3-Region Study began in 1995, there was no direct
measure of fox numbers in any large area of Britain.
Prior to that, our sole sources of information were
from very localised censuses of breeding earths and
radio-tracking studies from the period 1970-9517. So
we will probably never be able to piece together the
ups and downs through history of fox numbers in
Britain. However, any reconstruction of earlier
centuries based on historical anecdote must run
something like this®18.

Forest clearance and the creation of an agricultural
landscape in Britain created conditions that were very
favourable for the fox, significantly enhanced by the
introduction of non-native prey species (brown hare,
rabbit, pheasant, domestic poultry). However,
conflicts with human interests in the peasant society of
medieval rural Britain would also have meant that fox
culling was widespread and intensive. In Tudor times
culling of ‘vermin’ became nationally subsidised
through a bounty scheme administered parish by
parish. The bounty on foxes was 12 times greater than
that on any other species. Until the 17th century,
hunting writers regarded fox hunting as a matter of
pest control with no intrinsic interest. By the early
18th century though, sporting interest in hunting had
developed to the extent that it was widespread and
even fashionable. Shooting estates, with their policy of

intensive predator control, came to prominence
during the 18th and 19th centuries. Increasing

Gin traps were outlawed in England and Wales in 1954

complaints by fox hunters about shortages of foxes,
and the development of moderation ethics, probably
reflect the fact that overall culling pressure on the fox
was very high.

The industrial revolution caused a substantial
movement of the rural population into towns. The
invention of wire netting towards the end of the 19th
century also made it easier to keep foxes and poultry
separate, while the increasing centralisation of food
production also decreased the importance of small-
scale poultry husbandry to the rural economy. These
developments probably decreased the need among the
rural population to cull foxes to protect their own
mterests.

In the 20th century, the predominance of shooting
estates was greatly upset by the two World Wars. The
number of gamekeepers in employment fell to one
tenth of its pre-war levels (from 23,000 to 2,500).
Throughout the 20th century, legislation has
progressively outlawed methods of fox culling that
were unacceptable on grounds of humaneness and
public or environmental safety: poison (1911), gin
traps (1954), self-locking snares (1981). Gassing
effectively became illegal in 1987 (see Culling at the
cibbing earth on page 12). These measures
undoubtedly made intensive local fox control more
difficult than it had been. The only significant
addition to legitimate control methods has been the
development of spot-lamps for night shooting, which
have become less cumbersome and more powerful.
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Figure 7 National Game Bag Census
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The National Game Bag Census is a historical collection of ‘bag" records from shooting estates. For most contributing estates,
predator records begin in the early 1960s. The overall trend in fox ‘bags’, expressed per unit area, has been a steady rise since
that time. Individual regions like Norfolk have all shown a rise, but at different rates and from different starting points.

Confusingly, ‘bag’ records from shooting estates
during the 20th century indicated a steady rise in the
number of foxes culled at least since 1960, when
predator records were first collected systematically!®
(see Figure 7). The majority of shooting estates in
mainland Britain showed a significant rise in 'bag' size
through the 1970s, *80s and 90s!8:1%, The scale of this
rise varied regionally from nearly two-fold in the East
Midlands to over three-fold in East Anglia, but it
began from a different starting level in each region.
Once again, Norfolk probably represents the extreme
in this, as foxes were said to be almost absent in the
early part of the 20th century, and average ‘bag’ size
was still close to zero in the early 1960s. Anecdotal
histories suggest that fox populations in other
regions of Britain (eg. Hampshire, Hertfordshire,
Aberdeenshire) followed similar paths a few decades
carlier.

At the end of the 19th century, a famous fox
catcher in Caernarvonshire and Merionethshire had
killed 175 foxes in her lifetime, a total noteworthy at
that time?3. In our own time, 10% of shooting estates
around Britain sustained an average cull of more than
100 foxes/year throughout the 1990524,

Our ‘best-guess’ interpretation of this confusing set
of observations is that there has been an increase in fox

abundance in most regions of Britain, as a result of
relaxation of earlier culling pressure®. This view
is supported by other interpreters!7.29.  The
documented colonisation and settlement of urban and
suburban areas with dense fox populations has also
taken place in the 20th century2!.

The time-scale of the suggested change in fox
numbers, spanning nearly a century, may seem slow. It
should be remembered that culling remains a major
mortality factor, and that accidental and natural
mortality is also substantial. Regions which had very
low fox populations at the beginning of the 20th
century, and where culling pressure has remained
intense may still have fox populations that are well
below the capacity of the environment. We believe
Mid-Wales and West Norfolk to be two examples of
this situation. Also, the rate at which (introduced) red
foxes colonised California since the 1930522 suggests
that - even in the absence of culling - foxes would take
around 70 years simply to colonise a favourable area
the size of our West Norfolk study area.

Denser fox populations may prove to be less stable.
In the last few decades there has been a substantial
increase in the prevalence and distribution of mange
epidemics in rural foxes, often causing a regional
slump in the fox population (see Figure 8 overleaf).
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Figure 8 Mange in foxes
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During the last four decades, an increasing
percentage of gamekeepers have seen a
rise in the incidence of mange among the
foxes they cull (chart). The distribution in
rural foxes in 1998 is shown in the map.
Small black circles indicate no mange
present, otherwise the size of the red circles
indicates increasing prevalence, with the
largest circles showing more than 75% of
foxes affected.
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Chapter 9.

The importance of regional
considerations

he conclusions that fox numbers in some regions

are suppressed by deliberate culling (see Chapter
7 on page 18), and in most regions have shown strong
changes through time (see Chapter § on page 20),
severely complicate any appraisal of the reasons that
motivate fox culling. They mean that any investigation
of the impact of foxes on human interests is specific to
the fox density prevailing in that region and at that
time. Where fox density is suppressed due to a history
of intensive culling, it is very likely that a reduction in
culling pressure would lead to an increase in conflicts
between fox and man.

Predation of livestock

Wherever sheep farming takes place around the world,
predation by canids (wolves, coyotes, foxes) is a
perennial and controversial complaint. It is an
extremely complex issue in which sheep breeds,
lambing conditions, predator density and individual
predator behaviour all appear to influence the
outcome. Despite a number of careful studies no
consistent picture has emerged. The following
observations are restricted to that aspect of research

Figure 9

Reasons and aims revisited

where we have first-hand experience, namely the
perception among farmers of lamb and poultry losses.

In our 3-Region Study, 24% to 61% of sheep
farmers, depending on region (because husbandry
practices, fox culling practices and fox density all
varied between regions) had experienced lamb
predation during the preceding 12 months that they
attributed to foxes (see Figure 9). However, the losses
reported amounted to only a small percentage of all
lambs, in line with an earlier study in an upland area of
western Scotland?®, Maximum values for any single
farmer were 5% to 15%, depending on region.
Because subsidies are paid on ewes rather than lambs,
these losses will translate directly in losses of profit for
the farmer. We do not presume to comment on the
significance of such losses against the economic
background of the farming industry. The pattern of
lamb losses among regions did not mirror fox
abundance, but more likely reflected the vulnerability
of lambs under the regionally diverse lambing
practices. Thus, losses were most commonly reported
in Mid-Wales, where much of the lambing happens
on unenclosed hill ground with minimal shepherding.
In West Norfolk and the East Midlands, most lambing
takes place either indoors, or out of doors under
intensive supervision. Across all regions, the effect of
having a gamekeeper was to halve reported lamb losses.

Reported lamb losses due to

foxes in the 3-Region Study

Mid-Wales East Midlands West Norfolk

risk (% of flocks
suffering fox predation) 61

% born indoors 41

% lambs killed by foxes
- all lambs 0.6

= flocks where fox losses occur 1.0
(maximum) (14.5)

49 24
7i78 57
0.4 0.0
1.3 1.1
(5.2) (8.3)

NB. It should be borne in mind that these losses take place against a background of
current and historical fox control, and could be higher in the absence of culling.
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Figure 10 Reported poultry losses due to foxes

(small flocks only, fewer than 200 birds)

Mid-Wales East Midlands West Norfolk

24

risk (% of flocks

suffering fox predation) 54

% birds killed by foxes

= all birds 18

= flocks where fox losses occur 50
(maximum) (100)

78 49

25 0

50 15
(100) (100)

NB. It should be borne in mind that these losses take place against a background of
current and historical fox control, and could be higher in the absence of culling.

Among farmers with free-range poultry (excluding
large commercial flocks) 49% to 78% reported losses in
the preceding 12 months (depending on region, see
Figure 10). For poultry, the regional incidence of
losses (percentage of flocks affected) did mirror fox
abundance, so that West Norfolk had the fewest
occurrences, the East Midlands had the most, and
Mid-Wales was intermediate. Again, presence of a
gamekeeper significantly reduced reported losses. It is
noteworthy that, among the three regions, large-scale
commercial free-range poultry units occurred only in
Norfolk. Such operations may be feasible there only
because of the low regional density of foxes, but each
operator also put considerable independent effort into
fox control.

Although we made no attempt to verify reported
losses on the ground, farmers would be expected to
over-estimate rather than under-estimate losses. In this
respect it is encouraging to find that reported losses of
lambs were similar to those found in western Scotland
where attempts were made to verify the number of
lambs lost and the cause of loss. In our study, though,
we know that fox density was extremely low in the
Mid-Wales and West Norfolk regions as a result of the
heavy culling regime (see Chapter 7 on page 18). It
seems very likely that losses would increase if culling
intensity declined for any reason. This is quite clear for
gamekeepered estates in all three regions.

Predation of released game

Hand-rearing of gamebirds is itself a way of avoiding
predation (and other causes of mortality) at a
vulnerable life-history stage. It is recognised that while

hand-rearing avoids these problems it does create
others. Those that relate to fox predation include:

e  Concentrations of birds on the rearing field and
in release pens. Both must be securely fenced
against incursions by foxes, but any breach can
be catastrophic?.

Hand-reared game present an attractive and vulnerable food
supply for foxes
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The contents of a single fox's stomach illustrate the diversity of its diet. Clockwise from left: wood mouse, brown rat, domestic

chicken, chicken egg, beetle wing-cases.

e  Increased wvulnerability to fox predation
following release as poults?©-28, Reared birds
that survive do become ‘street-wise’ about
predators, and after their first adult year in the
wild are functionally indistinguishable from
wild-reared birds2?.

° Unexplained non-genetic vulnerability to fox
predation in released birds during nesting in
their first vear after release, compared with
wild-reared birds or older released birds?9-30.

° High populations of birds made possible by
hand-rearing and releasing are a valuable food
resource for foxes®. In the absence of effective
fox control these may attract substantial
predation, and allow higher fox density, higher
cub production and improved cub survival.

Predation of wild game

The fox is implicated as a key predator in many
ecosystemsS. This is particularly true in the heavily
altered man-made ecosystems of western Europe.
Since our wildlife has to exist in these ecosystems, it is
important to understand the relationship between
predators and prey. Usually, evidence of the
importance of any single predator species is
circumstantial: a study of a prey species - usually
investigating poor productivity or population decline -
finds high predation levels. Studies of this kind
identifying the fox as a major predator exist for all
British gamebirds. Accumulated evidence of this kind

can be very persuasive that high predation is associated
with population decline. Unfortunately, it remains
ambiguous: the predation could be the cause of
decline, or it could be merely symptomatic of some
other cause.

Unambiguous evidence about the impact of foxes
on wild game populations was specifically sought
through research by The Game Conservancy Trust.
This evidence is of two kinds. First, an experimental
study on Salisbury Plain, in which a suite of common
predators, including foxes, were intensively culled on a
six square kilometre ‘removal’ site for three years. A
similar site nearby had no predator removal and acted
as a ‘comparison’ area. After three years, ‘removal’ and
‘comparison’ treatments were switched between the
two areas. Throughout the six years of the experiment,
and for one year before and after, wild grey partridge
numbers and productivity were monitored on both
areas. The results were conclusive: under the predator
control regime, autumn partridge densities increased
by 75% year-on-year, finishing 3.5 times greater at the
end of three years, compared with the non-removal
comparison regime. These improved autumn numbers
also carried over to build up spring breeding stocks,
which increased 25% annually, to finish 2.6 times
greater after three years.

The Salisbury Plain experiment provided decisive
evidence of the importance of predators for game, but
it was not helpful to indicate which predator species
contributed most to the effect. After predator removal
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ceased, we demonstrated by radio-tagging partridges
that foxes were by far the most important of the suite
of predators removed. By radio-tagging foxes and
analysing their diet, we were also able to show their
food requirements far exceeded what the partridge
population could supply. Even if foxes had eaten all the
partridges present, partridges could never be more
than a few percent of fox diet. Thus partridges were
probably not very important to foxes, but foxes were
very important for partridges. The food resources that
allowed foxes to maintain such high numbers relative
to partridges were rabbits and hares, which together
made up 85% of fox diet.

The second type of evidence was not experimental,
but was equally important. It is very rare for any field
study to quantify predators, predator diet and prey
numbers simultaneously. But if foxes really are
important to game, it must follow that the number of
game they eat makes a significant dent in the game
population. We undertook this research in a mixed
agriculture area in north-east Dorset with
unremarkable populations of both game and foxes. We
showed that the proportion of gamebirds taken by the
resident foxes was indeed substantial compared with
the number of birds, their productivity and the

Figure 11

shootable surplus. For hares, which were not shot,
foxes effecgively wiped out the annual reproductive
gains of the population. This supplemented many
earlier studies of hares that had provided circumstantial
evidence of the importance of foxes as hare predators.
The foxes in north-east Dorset had a more diverse diet
than those on Salisbury Plain, and hares comprised just
11% by weight of their food intake (see Figure 11). As
with partridges on Salisbury Plain, the fox’s influence
on the hare population was far greater than the hare’s
importance to the fox.

These studies not only illustrate the importance of
foxes for game populations, they also explain how
foxes can be in such a commanding position. In the
absence of culling, fox numbers are related to the
availability of all their food resources, not just one prey
species. Many of the fooed resources that foxes exploit
are the result of human interference. For instance
rabbits, brown hares and pheasants are all introduced
species, and their population size depends closely on
human activides. It is important to remember, too,
that big predators (wolf, lynx, eagle owl) that would
once have had a negative impact on fox numbers have
been exterminated. The whole assemblage of animals
is in fact under the influence of man3!.

Fox diet in north east Dorset




Predation of other wildlife

Many studies of ground-nesting birds other than
gamebirds have found nest predation by foxes to be
common, often alarmingly so. As with gamebirds,
most of this evidence is circumstantial - no predator-
removal study similar to the Salisbury Plain
experiment has been carried out. It is uncertain how
significant high nest losses are to bird species that are
typically
Furthermore, there is an attractive argument that

much longer-lived than gamebirds.
native predators cannot - surely? - be critical to native
wildlife, because for thousands of years the two have
demonstrated their ability to coexist. This presupposes
that fox and prey, and the relationship between them,
have remained unchanged. As described above, one
conclusion of our research is that the relationship
between the fox and its prey has changed considerably,
through both the deliberate and the unintentional
influence of man,

West Norfolk - one focus of our 3-Region Study -
provides a well studied example. Predation by foxes has
become an increasing problem on coastal bird reserves
in Norfolk, and many reserve-owning conservation
bodies have carried out or commissioned fox culling
to safeguard vulnerable bird populations32. In most
cases this has been a reluctant and controversial policy.
Foxes were apparently absent in West Norfolk early in
the 20th century, probably the result of the very large
workforce of gamekeepers (there were 1,202 in
Norfolk in 1911). Although today there is only one
tenth of that number of gamekeepers, the proportion
of land with professional gamekeepers remains very

Figure 12

A high proportion of
Norfolk is managed for
game by professional
gamekeepers (shown in
green). As a result, this
area has a very low

fox density which also
benefits nature reserves
on the north-west
coastal strip.

King’s Lynn
n

In modern conditions, predation by foxes is a major concern
for conservation of ground-nesting birds, such as these
Sandwich terns

high compared with the rest of Britain (see Figure 12).
It 1s easy to see that coastal reserves in North Norfolk
may have been protected against foxes by a cordon of
shooting estates and by the intensity of regional fox
control. Furthermore, some reserves are actually on or
adjacent to shooting estates. As we have seen (see
Appendix 8. Conclusions and implications of the
3-Region Study on page 37), the present-day fox
population in Norfolk is very low and well below
carrying capacity, while the cull is also extremely high.

Areas managed by gamekeepers in Norfolk

Dereham

u NORWICH
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Chapter 10. Hunting with dogs

What does hunting with dogs
contribute to the regional cull?

uestionnaire returns from farmers in our
Q3—Regi0n Study indicated that methods
involving dogs were responsible for 73%, 18% and
11% of the regional cull for Mid-Wales, East Midlands
and West Norfolk respectively, indicating clear

regional variation in the importance of these methods.

What would happen if the use of
hounds and terriers was banned?

Even knowing the above results, it is not possible to
predict reliably what would happen to fox numbers in
these three regions if hunting with hounds and
terriers was banned. There are several reasons for this.

Different culling methods are almost certainly
‘compensatory’ to some extent: ie. in the absence of
hunting with dogs there would be more foxes alive at
risk of culling by other methods (see Chapter 4 on page
8). Without any increase in effort, the culls obtained
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Hill pack in the Lake District

by these methods would rise to some extent,
appearing to compensate partially for the lost method.
A similar effect would of course occur if rifles and
snares were banned, leaving increased opportunities
for foxes to be killed by hunting with dogs. There is
also likely to be compensation between hunting
mortality and non-culling mortality such as road
traffic casualties and disease.

The difficulty is that we do not know how much
compensation would take place. Thus if hunting with
dogs was banned and nothing else changed, anything
between 0 and 812 extra foxes (the number culled
using dogs) might survive the first winter of the ban in
our Mid-Wales region. Given that the spring breeding
population of the region was about 560 adult foxes
during our study, there is the potential for breeding
numbers and cub production to increase up to 2.5
times (ie. (360+812)/560) in the first year alone. By
the same argument (but missing out the details), fox
numbers in the East Midlands and West Norfolk
might increase by a factor of 1.1 in both cases (ie. a
10% increase) in the first year of a ban.
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Lowland fox hunting

It is likely that other things would change, although
it is difficult to predict how. Most causes of mortality
mntensify with increasing density (are density-
dependent). Thus ‘natural’ causes of death like
epidemic disease are facilitated by higher population
density. Dispersal is also more common at higher
densities, and leads to increased mortality (see
Appendix 2. Dispersal on page 31). However, the very
high productivity observed in Mid-Wales and West
Norfolk suggests that there is plenty of space for more
foxes in those regions, and density-dependent
‘natural’ mortality factors may not increase much until
numbers built up considerably. Thus unless checked
by culling, numbers could build up rather fast.

We already know (see Chapter 6 on page 17) that a
further 5% of all farmers would begin culling if fox
numbers increased. We do not know to what extent
farmers who already cull would intensify their efforts,
nor to what extent those increased efforts could make
up for the lost cull formerly taken with dogs. It is
probable that there would be an increase in shooting
and snaring effort. In Mid-Wales, 95% of farms had
some form of fox culling, and 69% relied exclusively
on communally-organised methods that involve dogs.
Given that this 1s intensive sheep-farming country
where snaring is difficult and unpopular, 573 farmers
might therefore wish to acquire firearms certificates.
For the East Midlands and West Norfolk, the
equivalent figures are 347 and 186 farmers.

In Mid-Wales, given the nature of the landscape and
farming, there is considerable doubt whether rifle and
snares are efficient enough to make up for the lost cull.
Any increase in snaring would also bring an increase in
non-target captures.

In the East Midlands and West Norfolk, where 35%
and 50% of farms (respectively) have a professional
gamekeeper, it seems likely that a 10% regional
increase in fox numbers could be absorbed through an
increased cull uvsing rifle and snares. However, this
assumes that the extra foxes would make themselves
available to gamekeepers on shooting estates by
dispersal. This is more likely to happen in the East
Midlands where fox density is already high. In West
Norfolk, a more plausible scenario is that fox density
outside of shooting estates would increase somewhat.
This might not affect game management interests
unduly, but it would have consequences for livestock
and poultry farming, and of course for wildlife outside
of shooting estates.

What about the rest of England and Wales? Our
three study regions were chosen for their variety of
conditions, not for their representativeness. We cannot
say how much of England and Wales is like any of
them. What is clear is that appreciating the regional
variation in land-use, fox density and fox culling
practices is crucial to a proper understanding of
fox control.
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Appendix 1. Territoriality

dult foxes establish territories, which they hold

as ‘social groups’ - either a male/female pair, or
an extended group in which a dominant male and
female tolerate other subordinate individuals
(especially females, often from a previous litter),
‘Ownership’ of the territory is advertised by scent
marking, backed up by considerable aggression
towards any intruding foxes. Boundaries between
adjacent territories are probably determined through
‘push-and-shove’ by the social groups on both sides.
As a result most adult foxes remain within the confines

of their territory and do not make long-distance
movements. If territory-holders are removed by
culling, foxes occupying neighbouring territories are
quick to encroach on the undefended ground, and so
become exposed to the risk of culling in turn.
Territories are relatively stable during spring and
summer, but come under considerable pressure during
autumn and winter, when foxes may travel across
‘foreign’ territories for two reasons: dispersal (see
Appendix 2 on page 31) and mating.

The exclusivity of fox territories revealed
by radio-tracking adult foxes
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Diagrams A and B show the same part of rural north-east Dorset in 1985 and 1987 respectively. Dots indicate
known fox locations, accumulated during July to September, with each tagged fox shown in a different colour.
Each territory is held jointly by a male with at least one female. (Blank areas of the map also had resident foxes,

but none of these were radio-tagged.)
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Diagrams C and D illustrate encroachment by one vixen (blue dots) after three foxes on her neighbouring
territory were killed around 19 September (the radio-tagged male shown here in green). White outlines, shown
for visual comparison, are computer-generated areas enclosing 90% of all locations for the first time period.
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D ispersal (movement away from the place of birth)
takes place in most animals. Among mammals, it
is particularly striking in foxes and related dog-like
species because they are so mobile. In North America,
dispersal movements as great as 394 kilometres by
foxes have been recorded’? (equivalent to London to
Newecastle). Dispersal is an innate behaviour, and a
feature of all fox populations, but is most likely to be
expressed in certain individuals and in particular
conditions. Foxes are most likely to disperse during
their first winter, and males are more likely to disperse
than females. Dispersal is more common in all sectors
of the population where the ‘producing’ population is
crowded. Explanations for dispersal - both in an
evolutionary sense and in seeking immediate causes

Dispersing foxes suffer higher mortality from all causes

Appendix 2. Dispersal

for individual behaviour - relate exclusively to
conditions in the producing population, not
elsewhere.

Dispersal is concentrated in the season September-
January. It may involve initial exploratory forays,
step-wise movements, or a single one-off movement.
Mortality is much higher among dispersing animals
than among resident territory-holders. Dispersal
should therefore be understood as a gamble both for
the individual fox and for the species, because each
dispersing animal has a relatively small chance of
discovering free space somewhere in which to set up a
territory. Observed dispersal distances are related to
mortality risks and the density of foxes in the
receiving population.
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Appendix 3. The impact of local culling

Spring control

r IMPACT

certainly

<8 km
-

adults adults

The fox population of a region can be pictured as a tray of sand. Local culling effectively pulls out a plug,
creating a depression in fox numbers. In spring/summer culling, foxes from neighbouring territories may
encroach and be culled in turn, so that the impact of culling extends beyond the boundaries of the estate.
But the number of foxes liable to replace culled individuals is small. For a typical gamekeeper operating on a
beat of six square kilometres, the effects of culling on either foxes or prey will not be detectable eight
kilometres away.

Autumn / Winter control

cubs cubs

adults adults

In autumn/winter culling, juvenile foxes act like an extra layer of finer, more free-flowing sand, liable to
disperse and replace culled foxes from much further away. As a result, in this season localised culling draws on
a much bigger pool of potential replacement foxes, and the number of animals culled will be bigger to achieve
local suppression of numbers. Because foxes are usually committed to dispersal before travelling large
distances, the impact of local culling on fox numbers will again be local.

Regional impact of many local culling efforts

Finally, many local control efforts within a region may potentially amount to a regional suppression below the
natural carrying capacity of the region.
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Appendix 4. Culling at the breeding earth

Cu]]ing in spring/summer is especially effective
because, fox for fox, it has the greatest impact on
population growth at this time; also because fox
predation on lambs, wild game and other wildlife is
concentrated during this period. In common with
many similar pest control policies (eg. rabbits, hares,
squirrels, mink and many bird species), a spring/
summer culling policy does carry a welfare cost
associated with the failure to locate and destroy some
orphaned cubs.

The following example illustrates the likely scale of
this cost. Of 707 vixens killed in 1996 by a sample of
60 gamekeepers, 179 were killed during the period 10
March to 21 June in which most births occur, and
roughly half of these would have given birth by the

5332019 W(OIBIN

time they were killed. 39 were killed at the earth, and
attempts made to destroy the cubs. 88% of cubs seen at
the earth were killed. The average litter size counted
was 3.74. A further 31 litters were destroyed, but no
vixen associated with them was killed at the earth.
From this we can calculate that 162 cubs are likely to
have died through lack of maternal care due to a cull
of 179 vixens.

This calculation takes no account of the existence of
sub-dominant vixens who may nurse and provision
the litters of dominant vixens, though it is unlikely
that more than one-third of vixens killed were
non-breeding helpers in this way. Arguably the loss of
sub-dominant vixens - and of adult males, who also
provision cubs - would also reduce cub survival.

Culling adults during spring and summer has the greatest impact on fox populations, but it requires good field work to ensure
that dependent cubs are also killed humanely
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Appendix 5. The 3-Region Study

34

uring 1995 to 1998, The Game Conservancy

Trust undertook a study to determine the
impact of culling - by all the interest groups involved
- on fox numbers across large regions, the size of a
whole county. Previous studies of fox culling had con-
sidered individual methods only, and on either a very
local scale or on a national scale that ignored regional
variations.

The three large regions - in Mid-Wales, the East
Midlands, and West Norfolk - were chosen to
illustrate a range of landscapes, land-use and fox
culling traditions, rather than to be representative of
Britain as a whole. The study used three principal
sources of data:

° Questionnaire survey to all farmers and
landowners to determine numbers culled,
reasons for culling, aims, and methods used.
After posting a questionnaire to every farm
property, we checked for bias by telephoning a
random sample of the non-respondents. In all,

MID-WALES In the hills and valleys of Mid-Wales, sheep
farming is the primary motivation for fox culling. Fox density is
low and most culling involves the use of hounds and terriers.

we obtained data from an unbiased 51% of farm
properties, giving excellent representation.
(Opinion polls and other studies have typically
covered less than 1% of farms in their survey
areas.) We also obtained cull data directly from
communally-organised culling groups, such as
fox hunts and gun-packs.

e  Field survey of fox density. Fox numbers had not
previously been estimated on this kind of
geographical scale. We developed and used a
new technique for doing this, checking its
reliability against other index data.

e  Dead foxes. We collected and examined culled
foxes from many sources to obtain measures of
reproductive performance in each region.

The outcome of  this research is discussed
throughout this document, but see especially Chapier
6 (page 17) and Appendix 8. Conclusions and implications
of the 3-Region Study (page 37).

> - &

EAST MIDLANDS This is an area of mixed agriculture and
land-use. It has a mixed regime of fox culling, but hunting with
hounds and mounted followers holds centre place.

WEST NORFOLK Here, game conservation is the commonest
motivation for fox culling, carried out by professional
gamekeepers. The flat landscape and low fox density are well
suited to culling with rifle and spot-lamp.



Appendix 6. The relationship between productivity,
population density and resources

It is widely believed among fox biologists that fox
populations that are dense relative to food resources
are less productive than those that are less crowded.

This generalisation derives from evidence of several
kinds.

1. Comparing among populations, lowest average
litter sizes and highest proportions of non-
breeding females tend to occur where fox density
is high34.35,

2. The greatest year-to-year variation in productivity
occurs where food supplies are characteristically
variable - for instance in the boreal forest of
Scandinavia, where the principal prey follow three
to four year cycles of abundance and alternative
foods are scarce35-39,

3. Insuch a fox population, productivity is related to
the varying food supply?). The mechanism is
clear: vixens in good condition at the end of
winter are more fecund, and lose fewer foetuses
during pregnancy>?,

4. A small scale experiment suggested that the low
productivity in a fox population following a poor
vole year could be prevented by artificial over-
winter feeding*1.
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A ‘natural experiment’ in which an epidemic of
Sarcoptic mange reduced a fox populaton to
about 60% of its original level, and led to a higher
proportion of juveniles in the winter
population*2#3; the same happens as a result of
heavy culling effort.

. Where productivity is low, details indicate that

performance is depressed consistently at all stages
of the reproductive process!2.

A hormonal mechanism whereby stress leads to
lowered productivity has been identified*7.

Social stress in crowded conditions similarly
reduces productivity of captive foxes in fur
farms*S.

Rivalry between vixens within a social group
expresses itself in bullying of subordinates,
infanticide and cannibalism of subordinate vixens’
cubs, and even infanticide of their own cubs by
harassed subordinate vixens.

Similar evidence of reduced productivity in
relation to density and resources is found in a wide
variety of other mammal species (eg. arctic fox*?,
racoon dog®, badger!, white-tailed deer3?, etc).
This is significant because the hormonal processes
governing reproduction and reactions to stress are
basically the same in all mammals.

Dissection of culled
foxes in many
studies has shown
how reproductive
performance

| declines when

~ foxes are crowded
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Appendix 7. Fox reproductive biology

early all vixens come into season from their first
N adult year onwards35.30, Virtually all are mated
and conceive young. Its from here on that vixens
differ in reproductive performance,

To begin with, the number of embryos conceived
varies among vixens, reflecting body condition and
stress, perhaps even the number of times she gets
mated. Then, at any time between conception and
birth (normally a period of 52 days) individual
foetuses may die. Dead foetuses are re-absorbed. The
depletion of a pregnancy in this way is a normal aspect
of reproductive biology in foxes and many other
mammals.

Loss of foetuses can be severe, even to the extent
that the vixen loses her entire pregnancy. Although
not infertile, such vixens may show no external signs

Within any fox population individual vixens may produce
large litters. This uterus has 12 dark scars and only one light
scar, implying that the vixen successfully gave birth to 12
cubs. This vixen represents the upper end of the spectrum:
average litter size varied in our three study regions between
4.5 and 6.4, depending on region

of suckling cubs, and on examination may be
categorised mistakenly as ‘barren’. Others that have
lost their entire litter may carry on to suckle the cubs
of a more dominant vixen - these vixens will appear to
have bred successfully, but they have not.

When a cub is born, the placenta - which takes the
form of a ‘life-belt’ around the foetus - leaves a
puckered scar around the uterus. This quickly darkens
and persists for some months, allowing biologists to
‘read’ the number of cubs born. Where embryos have
died and been reabsorbed the scar is paler, so these
deaths can be recognised and counted too.

The natural attrition of cub production continues
after birth, as desertion and infanticide appear to be
fairly common in dense fox populations.

This vixen had five dark scars and five light scars, implying a
loss of 50% of her litter during pregnancy. We found such
losses to be very rare in low density populations with heavy
culling pressure
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Appendix 8. Conclusions and implications

Fox culling takes place on the vast majority of
land properties in rural areas.

Fox culling does not merely have a local impact
on fox numbers. In some regions, the impact of
culling, most of it uncoordinated, can be
regional suppression of fox numbers.

Fox density and culling practices have a regional
character, linked to terrain and land-use.

In some regions, the fox density currently found
is not determined by resources, but is the result
of a history of intensive culling.

Stone curlews do best where fox numbers are rigorously controlled

of the 3-Region Study

Culling 1s mostly carried out to prevent losses,
not in reaction to losses.

Losses of livestock, poultry, game and other
wildlife must be assessed in the view of the fact
that in some regions fox density is suppressed.
Here losses would certainly be higher if culling
intensity decreased.

Hunting with dogs accounted for 73%, 18% and
11% of the regional cull for Mid-Wales, East
Midlands and West Norfolk respectively.
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Appendix 9. How NOT to judge the success

38

of localised culling

For any local fox control effort, success is often
judged on the number killed. But the number
removed often reflects the effort put in and the size of
the background fox population much more than it
reflects the number of foxes left.

This figure contrasts a gamekeeper in south-east
England operating over 8.1 square kilometres
(left-hand side) with one in West Norfolk operating
over 6.1 square kilometres (right-hand side). The
upper graph in each case shows a dot for each occasion
the keeper went out with a spot-lamp and rifle (once
or twice a week in both cases); the lower graph
indicates the accumulating ‘bag’ of foxes (killed
through this and other methods), from August to
March. The keeper in south-east England saw on
average about three foxes per hour (the variation
between successive occasions is characteristic and is
due to chance) and gradually accumulated a ‘bag’ of
60 foxes. But there was no indication that this cull had
made any difference to the large number of foxes
present. Despite flatter terrain, the keeper in Norfolk
typically saw foxes at a rate of less than one per hour.
As a result, despite similar effort, his ‘bag’ only
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amounted to 20 foxes, and by the latter half of the
period (January-March) foxes were essentially absent.
These examples probably represent extreme situations
tor the UK, but they illustrate how ‘bag’ size is a poor
indicator of culling effectiveness.

The number of foxes killed is not a good measure
of effectiveness

E England

2 -

_h_-'ou'. g,y o by, mgm

L ]
e ¢ enaEe Wee & & O OO NN 20 0OD DD

60

40
20 '_’_’H_/_,/—/—

0
August > March

J1adde] uaydayg



Scientific references

1.

!.\.)

6.

10.

Reynolds, JC & Tapper, SC
(1995) Predation by foxes Vilpes
vilpes on brown hares Lepus
enropacts in central southern
England, and its potential impact
on population growth. Wildlife
Biology 1: 145-158

Reynolds, JC & Tapper, SC
(1995) The ecology of the red fox
(Vitlpes vulpes) in relation to small
game in rural southern England.
Wildlife Biology 1: 105-119

Reynolds, JC, Dowell, S,
Brockless, M, Blake, K &
Boatman, IN (1992)

Tracking partridge predation.
The Game Conscervancy Review 23:
60-62

Tapper, SC, Potts, GR &
Brockless, MH (1996)

The effect of an experimental
reduction in predation pressure

on the breeding success and
population density of grey
partridges (Perdix perdix). Journal of
Applied Ecology 33: 965-978

Reynolds, JC, Goddard, HN &
Brockless, MH (1993)

The impact of local fox (Vidpes
vulpes L.) removal on fox
populations at two sites in
southern England. Gibier Faune
Sauvage, Game Wildlife 10;
319-334

Reynolds, JC & Tapper, SC
(1993) Are foxes on the increase?
The Game Conservancy Review 25:
94-96

Reynolds, JC (1995)

Winter lamping for foxes. The
Game Conservancy Review 26:
111-113

Reynolds, JC & Tapper, SC
(1996) Control of mammalian
predators in game management

and conservation. Mammal Review
26: 127-156

Reynolds, JC & Nicolaus, L
(1994) Learning to hate
gamebirds! The Game Conservancy
Review 25; 97-99

Reynolds, JC (1999)

The potential for exploiting
conditioned taste aversion (CTA)
in wildlife management. In: (eds
DP Cowan & CJ Feare) Advances
in Vertebrate Pest Management:
267-282. Filander Verlag, Flirth

11.

12

16,

17.

18.

Cowan, DP, Reynolds, JC

& Gill, EL (2000) Manipulating
predatory behaviour through
conditioned taste aversion: can it
help endangered species? In: (eds
LM Gosling, W] Sutherland & M]
Avery) Behaviour and Conservation:
281-299

Heydon, MJ & Reynolds, JC
(2000) Demography of rural foxes
(Vitlpes vulpes) in relation to cull
intensity in three contrasting
regions of Britain. Journal of
Zoology 251: 265-276

. Heydon, MJ, Reynolds, JC

& Short, MJ (2000) Variation in
abundance of foxes (Filpes vulpes)
between three regions of rural
Britain, in relation to landscape
and other variables. Journal of
Zoology 251: 253-264

. Heydon, MJ & Reynolds, JC

(2000) Fox (Viipes virlpes)
management in three contrasting
regions of Britain, in relation to
agricultural and sporting interests.
Journal of Zoology 251: 237-252

. Anon (1998) Lamping (Night

Shooting). A code of practice.
British Association for Shooting &
Conservation, Rossett, Clwyd

Harris, S & Smith, GC (1987)
Demography of two urban fox
(Vitlpes vulpes) populations. Journal
of Applied Ecology 24: 75-86

Harris, S Morris, P Wray, S

& Yalden, D (1995) A review of
British mammals: population
estimates and conservation status
of British mammals other than
Cetaceans. Joint Nature
Conservation Committee,
Peterborough, UK

Tapper, SC (1992) Gaine
Heritage. An ecological review
from shooting and gamekeeping
records. The Game Conservancy
Trust, Fordingbridge, Hampshire,
UK

. Reynolds, JC, Tapper, SC,

Heydon, MJ & Aebischer, NJ
{Unpublished) Regional
variation and temporal trends in

the fox populations of Britain,
1960-1995

(5%
=

. McDonald, R, Baker, P

& Harris, S (1997) Is the fox a
pest? The ecological and economic
impact of foxes in Britain. Bristol,
UK: School of Biological Sciences,
University of Bristol

. Harris, S & Rayner, JMV

(1986) Urban fox (Viilpes vulpes)
population estimates and habitat
requirements in several British
cities. Journal of Animal Ecology 55:
575-592

. Lewis, JC, Sallee, KL &

Golightly, RT Jr (1993)
Introduced red fox in California.
Sacramento, California; California
Department of Fish & Game.
93-10, Nongame Bird and Mammal
Section Report

23, Dale, TF (1912) The Fox.

27

28.

Spottiswoode & Co., London.
Reprinted 1995 by The Signet
Press.

. The Game Conservancy Trust

(Unpublished) National Game
Bag Census data

. Hewson, R (1984) Scavenging

and predation upon sheep and
lambs in west Scotland. Journal of
Applied Ecology 21: 843-868

. Krauss, GD, Graves, HB

& Zervanos, SM (1987) Survival
of wild and game-farm cock
pheasants released in Pennsylvania.
Journal of Wildlife Management
51(3): 555-559

Brittas, R, Marcstrom, V,
Kenward, RE & Karlbom, M
(1992) Survival and breeding
success of reared and wild
ring-necked pheasants in Sweden.
Journal of Wildlife Management 56:
368-376

Putaala, A, Turtola, A &

Hissa, R (1997) Mortality of wild
and released grey partridges in
Finland. Gibier Faune Sauvage,
Game Wildlife 14

. Hill, DA & Robertson, PA

(1988) Breeding success of wild
and hand-reared ring-necked
pheasants. Journal of Wildlife
Management 52: 446-450

39



40

30

31.

33

34.

36.

37.

38.

39,

40.

41.

Leif, AP (1994) Survival and
reproduction of wild and pen-
reared ring-necked pheasant hens.
Journal of Wildlife Management 58:
501-506

Tapper, SC (ed) (1999)

A Quiestion of Balance. Game
animals and their role in the British
countryside. The Game
Conservancy Trust, Fordingbridge,
Hampshire, UK

. Reynolds, JC (1998) Foxes and

wildlife tourism. The Game
Conservancy Review 29: 86-91

Ables, ED (1965) An exceptional
fox movement. Journal of
Manmmalogy 46: 102

Harris, S & Lloyd, HG (1991)
Fox Vulpes vulpes. In: (eds GB
Corbet & S Harris) The Handbook
of British Manunals. Blackwell,
Oxford

. Englund, J (1970) Some aspects

of reproduction and mortality rates
in Swedish foxes (Vidpes vulpes),
1961-63 and 1966-69. Viltrevy 8:
1-82

Lindstrém, E (1982) Populaton
ecology of the red fox (Vitlpes
vilpes L.) in relation to food
supply. Doctoral dissertation,
University of Stockholm

Lindstrém, E (1988)
Reproductive effort in the red fox,
Vitlpes vulpes, and future supply of
a fluctuating prey. Oikos 52:
115-119

Chirkova, AF (1955) The
dynamics of fox numbers in
Voronezh Province and forecasting
of fox harvests. Toprosy Biologii
Pushnykli Zverery, Moscow 13: 20

Lindstrém, E (1983) Condition
and growth of red foxes (Filpes
vulpes) in relation to food supply.
Journal of Zoology, London 199:
117-122

Lindstrém, E (1989) Food
limitation and social regulation in
a red fox population. Holarctic
Ecology 12: 70-79

Lindstrom, E, Angelstam, P,
Widén, P & Andrén, H (1987)
Do predators synchronize vole and
grouse fluctuations? - An
experiment. Oikos 48: 121-124

42.

43.

44,

45,

46.

47.

48.

48.

50.

Lindstrom, ER (1992) Diet and
demographics of the red fox
(Virlpes vulpes) in relation to
population density - the sarcoptic
mange event in Scandinavia. In:
Wildlife 2001: Populations:
922-931. (Eds: DR McCullough
and RH Barrett). Elsevier

Lindstrsm, E (1998) An
epizootic of sarcoptic mange in
Swedish red fox populations -
pattern of spread and effects on the
fox populations. Transactions of the

Congress of the International Union of

Game Biology 18: 104

Clark, WR & Fritzell, EK
(1993) A review of population
dynamics of furbearers. In: Hildiife
2001: Populations: 899-910:

(Eds: DR McCullough and

RH Barrett). Elsevier

Harris, S (1977) Distribution,
habitat utilization and age structure
of a suburban fox (Vlpes vulpes)
population. Manmal Review 7:
25-39

Pils, CM, Martin, MA

& Lange, EL (1981) Harvest, age
structure, survivorship, and
productivity of red foxes in
Wisconsin, 1975-78. Department
of Natural Resources, Madison,
Wisconsin. Technical Bulletin

No. 125: 1-19

Hartley, FGL, Follett, BK,
Harris, S, Hirst, D & McNeilly,
AS (1994) The endocrinology of
gestation failure in foxes (Virlpes
vulpes). Journal of Reproduction and
Fertility 100: 341-346

Bakken, M (1993) The
relationship between capacity and
reproduction in farmed silver-fox
vixens, Filpes vulpes. Journal of
Animal Breeding and Genetics 110:
147-155

Angerbjérn, A, Arvidson, B,
Norén, E & Stréomgren, L
(1991) The effect of winter food
on reproduction in the arctic fox,
Alopex lagopus: a field experiment.
Journal of Animal Ecology 60(2):
705-714

Helle, E & Kauhala, K (1995)
Reproduction in the raccoon dog
in Finland. Journal of Mammalogy
76: 1036-1046

53.

. Cresswell, W], Harris, S,

Cheeseman, CL & Mallinson,
PJ (1992) To breed or not to
breed: an analysis of the social and
density-dependent constraints on
the fecundity of female badgers
(Meles meles). Philosophical
Tiansactions of the Royal Society,
London, Series B 338: 393-407

. Swihart, RK, Weeks, HP,

Easter-Pilcher, AL &
DeNicola, AJ (1998) Nutritional
condition and fertility of white-
tailed deer (Odocoilests virginianus)
from areas with contrasting
histories of hunting. Canadian
Journal of Zoology 76: 1932-1941

Belyaev, DK & Trut, LN (1975)
Some genetic and endocrine
effects of selection for
domestication in silver foxes. In:
The wild canids. Their systematics,
behavioural ecology and evolution:
416-426. MW Fox (Ed). Robert E
Krieger Publishing Co Inc,
Malabar, Florida.



RN S e R Do D s ]




6 THE GAME
Vj CONSERVANCY
+7+ TRUST

Fordingbridge, Hampshire SP6 1EE Tel: 01425 652381
ISBN 1 901369 07 2




