LIFE 07NAT/IT/000502 – EX-TRA

IMPROVING THE CONDITIONS FOR LARGE
CARNIVORE CONSERVATION: A TRANSFER OF
BEST PRACTICES

FINAL REPORT
Annex XVI
Best practice manual about the use of electric fences
and LDG – D2

INDEX
1. INTRODUCTION
2. ELECTRIC FENCES
2.1 COMPONENTS OF AN ELECTRIC FENCE
2.2 MAINTENANCE OF THE ELECTRIC ENCE
2.3 PERMANENT AND TEMPORARY FENCES
2.4 FEATURES AND EFFECTIVENESS OF ELECTRIC FENCES FOR BROWN
BEAR EXCLUSION
2.5 FEATURES AND EFFECTIVENESS OF ELECTRIC FENCES FOR WOLF
EXCLUSION

3. LIVESTOCK GUARDING DOGS
3.1 INTRODUCTION
3.2 CHARACTERISTICS OF AN EFFECTIVE GUARDING DOG
3.3 SELECTING AN APPROPRIATE BREED
3.4 BEHAVIOURAL EVALUATION
3.5 MALE OR FEMALE?
3.6 HOW MANY DOGS
3.7 FROM PUPPY TO ADULTHOOD
3.8 TRAINING AND OBEDIENCE
3.9 TRANSFERABILITY
3.10 DOG HEALTH AND CARE
3.11 BENEFITS AND PROBLEMS
3.12 EFFECTIVENESS AGAINST WOLF ATTACKS

2

3
4
5
12
13
13
14
15
15
15
16
16
16
16
18
21
25
25
26
26

1. INTRODUCTION
The damage caused by large carnivore to human activities is the main reason for the conflict
situation registered in every country where wolves and bears are present.
The mitigation of this conflict continue to be the major problem in large carnivores
conservation
Depredations on livestock as well damages to crops, orchards and beehives by bears, are a
phenomenon documented worldwide. High levels of depredations area associated with
certain husbandry practices; in particular untended livestock in remote pastures sustain the
highest losses from large carnivores depredations both in North America and Europe.
The most critical situations have been documented in that areas where large carnivores have
never been present or where there is a recent recolonization after many years of absence. In
these territories livestock breeders are not used to face the predator attacks, or they have lost
the habit to use damages prevention methods.
The methods to prevent livestock damages caused by large carnivores are:
• Electric fences;
• Livestock guarding dogs.
In this manual we present in a simple manner the most important thinks to consider in the
use of electric fences and livestock guarding dogs. To realize this manual we take references
from different technical and scientific reports, and documents available also on the web.
In the last part of this manual we also briefly discuss the main results obtained and
experience gathered in the LIFE EX-TRA project and LIFE COEX project
(LIFE04NAT/IT/000144) about the implementation of these prevention tools.
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2. ELECTRIC FENCES
Electric fences are one of the most common methods used worldwide to protect livestock
against large carnivores attacks.
Electric fences are easily adapted to different livestock specie, and different livestock
operations; they can be used also to protect crops, orchards, and beehives. These fences are
relatively easy to install and economical to build.
In order to select and correctly plan the use of an electric fence it’s important to consider the
following aspects:
• Which predator should be excluded?
• Need of permanent or electric fences
• How big is the area that should be fenced?
The principle of operation of an electric fence is simple and can be summarized in this way
(fig. 1): For electricity to flow in a system such as an electric fence, there must be a complete
and uninterrupted (closed) circuit. The electrical current must travel from its source (fence
energizer) through the circuit (fence) and back to the source. This flow only occurs when a
charged wire of the fence becomes grounded.
Under normal operating conditions, an electric fence functions as an incomplete (open) circuit
with repeating pulses of electricity generated by the energizer sent through the charged wires
of the fence. When an animal touches a charged wire, it grounds the fence, creating a closed
circuit. An electric pulse travels through the animal and back to the energizer, delivering a
shock to the animal.
The electric shock is unpleasant but is not lethal, it’s sufficiently memorable that animal never
forgets, that’s why electric fence acts as a psychological barrier, so doesn’t need great physical
strength.

Figure 1. Scheme of functioning of an electric fence.
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The parameters need to be considered to have an efficient electric fence are:
Amperage
The measurement of electric current. Amperage is what you feel when you are shocked. The
higher the amperage the more intense shock you feel.
Resistance
Resistance of a material is a measure of the opposition to the flow of an electric current. The
unit of measurement of electric resistance is Ohm. A high ohms reading indicates a light fence
load, while a low ohms reading indicates a heavy fence load.
Voltage
Measurement of electrical pressure. Voltage “pushes” amperage down the fence wire. The
higher the voltage the more amperage it can push.
Watt
Measure of electrical power. Voltage x Amperage = Watts. Watts x Time = Joules.
Joule
The measurement of energy used to rate low impedance fencers. 1 joule = 1 watt of power for
1 second of time.

2.1 COMPONENTS OF AN ELECTRIC FENCE
The components of an electric are listed below:
•
•
•
•
•
•

Fence energizer
Conductors: wire, tape, mesh
Fence posts
Grounding system
Insulators
Fence testing equipment and accessories

Fence energize
The centre of any electric fence system is the energizer (fig. 2). The energizer stores energy
and delivers a pulse of electricity throughout the fence system. The stored energy is measured
in joules, which could be also defined as the power that pushes the electric pulse (or shock)
down the fence wire. Generally a minimum of 1Joule is required to protect livestock from
predators, but to select the right energizer you have to considered all the parameters listed
below.
Current research recommends approximately 5,000-6,000 volts needed to effectively shock a
bear or a wolf.
The energizer must be protected from weather, animals and curious people as much as
possible. The safest and most protected locations are inside barns, or other utility buildings, if
you can’t use such structure, build something to protect the energizer especially from wind
and precipitation.
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Figure 2. Fence energizer.
There are two types of energizers: mains operated and battery operated.
The main factors need to be considered when choosing an energizer are:
• fence location;
• fence lenght;
• animals to be controlled.
Fence location generally dictates the choice between a mains and battery powered energizer.
A mains energizer is preferable because it’s more consistent in it’s output, needs lesser
maintenance, and it’s cheaper compared to the battery powered ones.
Battery powered unit is the only choice in remote areas; the battery used for this scope
generally is a 9V or 12V researchable ones. In case of use of a rechargeable battery, the
battery will need to be recharged as necessary depending on the size of the energizer, battery
capacity and amount of use. It’s highly recommended to choose a battery that withstands
regular charge and discharge cycles without damage, such as marine or deep cycle type.
Battery duration is equal to battery capacity/consumption of the device.
In remote areas solar battery energizers are an optimum solution (fig. 3). A solar panel
charges the battery by converting light directly into electricity. The battery stores this
electricity to operate the battery powered energizer. This enables the energizer to operate at
night or during periods of low sunlight. In order to choice of the right solar panel it’s
necessary to consider the consumption of the device, the use during the 24 hours, the season
(winter or summer) the geographical location.

Figure 3. Solar panel to charge the battery.
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Fence length: in order to choose the proper energizer for your electric fence, you need to
measure the perimeter of the area that will be fenced and multiply that length by the number
of wires you plan to have in the fence. For example, if your electric fence perimeter is 500
meters, and the fence will have 4 wires, total length of your electric fence is 2 km, so the
energizer must be powerful enough to deliver an adequate charge over a long distance.
Animals to be controlled: different species of animals vary in their susceptibility to electric
fence shocks. Animals with fur generally require more energy capacity on the fence to receive
an effective shock because the coat of the animal provides effective insulation.
Body size is also important - the larger the animal the greater capacity needed.

Grounding system
The grounding system for an electric fence is a little like a radio antenna. With a radio, the bigger
the antenna, the better the reception. Likewise, your electric fence energizer requires a large
grounding system to collect enough electrons from the soil to complete a powerful circuit.
Poor grounding is the leading cause of electric fence problems.
There are two types of grounding system:
• All live wires system
• Earth wire return system
In an all live (hot) fencing system, all the fence wires are electrified, or hot. They are all connected
to each other and to the positive (+) or hot terminal on the energizer. The negative (-) ground
terminal is only connected to the ground rod. The animal needs to be standing on the ground and to
touch one of the wire simultaneously to receive a shock (fig. 4).
This system is good for areas with damp or moist soil that provide sufficient grounding. Areas
that are frequently watered, such as gardens or fruit orchards, or area that are seasonally
fenced during rainy/wet times of the year are suitable for this design.

Figure 4. All live wires system.
A live/ground fence consists of alternating hot (+) and ground (-) wires (fig.5). All hot wires are
connected to the positive terminal on the energizer and on all ground wires are connected to the
negative (ground) terminal on the energizer. The energizer’s negative terminal must also be
connected to the grounding rod. Rather than relying on the soil to complete the electrical circuit,
this design directly returns the current to the energizer through the wires. The animal must touch
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both a hot and a ground wire to receive a full shock.
This setup should be used in dry or rocky soils, in locations where there are poor grounding
conditions. The bottommost and top wires should always be hot (+), therefore it will be always
necessary an odd number of wires in a hot/ground design.

Figure 5. Earth wire return system

The ground rod is a stake of galvanized steel of at 2 meters; non galvanized metal ruts quickly and
causes resistance The ground rod must be placed all in the ground to reach the moist soil in order to
ensure a good conductibility.
It’s generally recommended to use one earth stake for every five joules of stored energy (as
mentioned before you have to consider the energizer size), but in dry, low mineral soils with poor
grounding more stakes will be required. When multiple rods are necessary, they should be spaced at
least 3 meters apart
In conclusion the number of earth stakes must be correlated to the power of the energizer and the
soil type: high powered energizer need more stakes than the low ones, and dry soils need more
stakes than wet soils.
Energizers should be connected to ground rods with 12-1/2 gauge wire attached with ground rod
clamps. The connecting cable should be insulated so that it does not come in direct contact with the
soil. Use one continuous wire to connect all ground rods

Conductors
A conductor is an object or type of material which allows the flow of an electric charge.
In electric fences typical conductors are: steel or aluminium wires, or polyethylene wire, rope
and tape (fig. 6). Steel or aluminium wires are used for permanent fences, while the others
conductors for temporary ones.
Most polywires and polytape are made up of steel and aluminium filaments interwoven with
polyethylene, or polypropylene fibres. The number of steel or aluminium strands varies from
3 to 9 depending on the product.
Voltage dropped sharply in steel/polyethylene wires when over 1 Km from the energizer.
Voltage in a fence with the aluminium or fibreglass material did not drop significantly when
measured 2 Km from the energizer under field conditions. Aluminium is a better electrical
conductor than steel. In addition, aluminium does not rust. In general the use of aluminium or
steel wires is recommended for permanent fences, indeed polywires and polytape are
8

preferable for temporary fences.

Figure 6. Different types of conductors.

In order to select the best conductor it’s important to remember that:
• the longer the wire, the higher the resistance;
• the larger the diameter of the wire the lower the resistance.
Another parameter needs to be considered is the visibility of the wires. If the animal don't see
the wire they can't respect it. Polywire comes in several colours and colour combinations;
even if there aren’t scientific data about the effectiveness of different colours for predator
exclusion, white seems to be the best choice, unless you have to deal with snow for part of the
year, in this case orange is preferable.
Polytape is more visible than polywire, however, polytape is slightly more difficult to rewind,
and it wears out more rapidly than polywire; polywire is also less expensive then polytape.
Another possible solution is electric netting (fig. 7). Electric netting combines traits of netwire and electric fencing, providing a formidable mental and physical barrier in a portable
format suitable for temporary or semi-permanent fencing of pastures.
It is constructed of polywires and plastic twines. It is usually supplied in fixed lengths of 50
m. long x 110-120 cm tall, with support posts
already
installed
Netting is lightweight and easy to install. Compared to other temporary fences, electric netting
provides greater protection from predators. However, with electric netting, there is some risk
of animal entanglement, especially young lambs and animals with horns.
This is a valuable solution for night confinement of sheep and goats in mountain pastures
where animals need to be moved frequently (every 3-4 days).
Fig. 7. Electric netting
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Insulators
Insulators are a fundamental component of any electric fence (fig. 8). They are made from a
non-conductive material, such as porcelain or plastic and form a barrier between the
electrified wire and its support material to prevent current leakage to the ground. Plastic
insulators are the most common type of insulator used on electric fences. They are cheap and
easy to fit. Porcelain insulators have the best insulation properties, and if good quality, are the
strongest. They are the most expensive. Plastic tube insulators are useful for taking a line wire
around a post. Off-set insulators are used to attach a wire to a new fence or a non-electric
fence. Cut-off switches are used to isolate parts of a fence without the need to turn off the
energizer.

Figure 8. Different types of insulators.
Posts
A fence normally requires two different types of posts: corner posts used where greater
tension occur in the fence line, such as corners and gates; and line posts, used to support the
fence wire between corners. Posts selection depends on the type of the fence (permanent vs
temporary) and also on the type of terrain (fig. 9).
The posts most common used are: wood posts, steel posts and fibre glass posts. The first two
types are mostly used for permanent fences, while the fibreglass posts are more practical for
temporary fences. Generally this last type of post has some sort of device at the lower end to
make it easier to put in the ground.
Wood and metal post need insulators attached to them which prevent the electric wire from
touching the post causing it to ground out. Plastic and fibreglass posts do not need insulators;
the wire may be affixed directly to these posts.

Figure 9. Different types of posts.
There is not a fixed rule for posts spacing, it depends on topography, fence length, livestock
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pressure, post size, number of wires and wire’s tension,. Anyway a post spacing between 4-5
meters is recommended.
As a general guide, the overall post length should be the depth driven into the ground (around
20-40 cm), plus the height of the top wire, plus at least 5 cm.
Position posts lines must be placed perpendicular to the surface of the ground, where the
contour of the fence line is flat, in the opposite case position of the line posts do not place
parallel to each other over contoured land; you won’t be able to maintain proper spacing of
wires.

Gates
Electrified gates may be constructed of a single straight wire, galvanized cable, or polytape
with a insulated spring loaded handle or other method and material that provides the same
voltage for the gate and meets the objectives of the livestock producer (fig. 10). The number of
wires shall be determined by the objective of the fence. The gate shall be constructed so that it
is non-electrified when the gate is open. Overhead or underground double insulated wires will
be used to carry electricity past the gate to the remainder of the fence.

Figure 10. Gates used in the electric fences.

Accessories
To install in a proper way an electric fence it’s necessary to have the following accessories:
Wire tightener: to ensure the right tightness of the wires
Joint clamp: ensure high conductivity, and provides connections between the wires;
Rope/Tape connector: for a secured and durable connection of polywire/polytape and
electrified rope/tape;
Fence reel: used to move portable fence line of polywire, or polytape;
Wire cutter: available in different models.
Warning sign: every electric fence should be identified by suitable signs clamped to the
conductor or fastened to the post at intervals not exceeding a fixed distance depending on the
country legislation. The size and the colour of the warning sign is also dependent by specific
regulations of each country (fig. 11).
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Figure 11. Different accessories (fence reel and warning sign) used to install the electric fence.

Fence testing equipment
It’s very important to check the correct functionality of the electric fence, thus a fundamental
instrument is the voltage tester. A fence tester (fig. 12) is indispensable for testing voltage
levels on the fence line and fence controller. It is also helpful for finding fence line faults. A lot
of different models of voltage are available on the market.

Figure 12. Voltage tester

2.2 MAINTENANCE OF THE ELECTRIC ENCE
Regular inspection of the fence should be part of an on-going management program.
A regular maintenance program should include:
• Clear you fence line of grass and weed growth. One of the most common sources of loss
of charge is grounding by wet vegetation
• Clear away bracken, branches or other stuff that may have fallen on the fence
• Battery maintenance for solar or battery powered energizer
• Testing for voltage drops along the fence to identify short circuits. To trace a fault
using a voltage tester travel along the fence line and check the voltage about every
100m. If the short is serious, the voltage will continue to fall until the fault is reached. If
the fault is passed the voltage will remain fairly constant. You should then backtrack to
find it.
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2.3 PERMANENT AND TEMPORARY FENCES
Permanent electric fence differs from temporary ones in how long the fence will be in place
and therefore in some of the materials used to construct the fence. The same general
components are found in both types of fence: posts, wires, energizer, grounding system and
insulators. Permanent fence is often constructed with large-diameter wooden posts which are
treated to prevent them from rotting too quickly. Permanent fence is generally constructed
constructed using a minimum 2.5mm high tensile galvanised wire, while in portable fence the
use of polywire or polytape is recommended.
Another major difference is that permanent fencing often involves securing a large area and
therefore requires the use of a stronger energizer to ensure that a sufficient flow of electricity
is present along the entire length of the fence.
The cost of an electric fence depends on many factors, and there are a lot of different
companies operating on this sector. In order to choose the best solution you must compare
the price taking in account technical characteristics of each component. On the web you can
find the catalogue of the products offered by the different companies, so turn on your
computer and lets’ start your research. The money spent for an electric fence represents
always a good investment!

2.4 FEATURES AND EFFECTIVENESS OF ELECTRIC FENCES FOR BROWN BEAR
EXCLUSION
Different types of electric fences are used worldwide to protect livestock, orchards, field crops
and beehives against brown bear attacks.
In this section we want to analyze some factors affecting the effectiveness of electric fences
include the type of wire, fence height, and spacing between wires.
Types of wires used include: high tensile wire, polywire, and polytape. Many researchers
indicate polytape as the best choice because of it’s visibility.
An height of 90-100 cm is generally reported as sufficient to deter brown bear; even if
different solutions with a total major height have been proposed.
Numbers of wires used vary from 3 to 5, the lowest wire is generally set between 10-30 cm
above the ground. In the 90 electric fences installed in Bulgaria, in the framework of Life EXTRA project 3 polywires have been used at 30-60-90 cm above the ground. Similar fences but
using polytape have been installed in Parco Nazionale d’Abruzzo Lazio e Molise during LIFE
COEX project.
The results obtained in the above mentioned LIFE PROJECT report an efficiency of electric
fences on damage reduction of 100% in Bulgaria, the same value was reported in Parco
Nazionale d’Abruzzo Lazio e Molise for the electric fences installed to protect beehives and
orchards.
As stated before in order to ensure the maximum efficiency of the electric fences it’ very
important their correct maintenance.
The use of electric fences to protect livestock is somewhat more complex because the animals
might damage the fence when frightened. For this reason it could be important to reinforce
corner posts.
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2.5 FEATURES AND EFFECTIVENESS OF ELECTRIC FENCES FOR WOLF EXCLUSION
Electric fences used to protect livestock against wolf attacks vary greatly between country,
domestic species need to be protected, and husbandry practices.
The most common types electric fences used against wolves are multi-wires electric fences
and the number of wires generally is 5, less frequently 7 or 9.
The lowest wire is placed between 10-20 cm above the ground, and total height of the fences
is generally comprised between 1,20 m and 1,50 m. A proposed spacing between wires is 2040-60-90-120-150 cm. The lowest wire must have the maximum conductivity. In the e-fence
for cattle protection, some authors recommended to use the polytape for the highest wire, due
to it’s major visibility, important for cattle containment.
Electric net: used for sheep and goat protection. It is supplied in fixed lengths of 50 meters
with support posts already installed. This system is particularly useful when the flock has to
be moved frequently. The height of the net above the ground is 110 cm, but now models of
electric net of an height of 150 cm area available on the market. About fence height it is
generally reported that wolves try usually to crawl or dig under a fence but rarely jump over
it. To overcome this problem some authors suggest to use a white cord or fladry stretched 2030 cm over the electric net fence.
During Life EX-TRA project efficiency of electric net on damage reduction was 67% in Parco
Nazionale dei Monti Sibillini, while in Spain during LIFE COEX project electric fences of 5
wires determined a damage reduction of wolf attacks of around 70%.
Anyway during this project the best results in terms of damage reduction was observed when
a combination of electric fences and livestock guarding dogs was used.
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3. LIVESTOCK GUARDING DOGS1
3.1 INTRODUCTION
The use of guarding dogs to protect livestock can be traced back many centuries B.C. in
Europe and Asia, but little was recorded about how the dogs were actually worked.
In general, acquiring a guarding dog does not offer immediate relief from predation because
mature and effective guardians are not available to most producers. Considerable time, effort,
and good fortune are required to bring a puppy to maturity. In some situations, a dog may be
ineffective. In others, a dog may be all that is necessary to stop predation.
Livestock guarding dog is generally used to protect sheep but it can work to protect goats and
also cattle, even if in this last case livestock guarding dogs are not so often used.
The Guarding Dog Concept
A livestock guarding dog is one that generally stays with sheep without harming them and
aggressively repels predators. The dog chooses to remain with sheep because it has been
reared from puppyhood with them. Its protective behaviours are largely instinctive, and there
is relatively little formal training required other than timely correction of undesirable
behaviours (e.g., chewing on ears, overplayfulness, and excessive wandering). The guarding
dog is not a herding dog but rather a full-time member of the flock. Success of the dog is a
result of a quality genetic background with an emphasis on proper rearing. Success may be
enhanced by viewing a livestock guarding dog as a tool to be incorporated into the overall
management of a sheep operation. Dogs do not perform automatically like a piece of
machinery, and their behaviour is variable. Livestock breeders who successfully use a dog
may need to slightly alter their management routine to take advantage of the traits of the dog.
This may include grazing sheep in different pastures, separating or grouping sheep moving
supplemental feed or sources of water, changing fence design and configuration, or
alternating schedules of checking flocks.
3.2 CHARACTERISTICS OF AN EFFECTIVE GUARDING DOG
An ideal guard dog is intelligent, alert, and confident. It must act independently and react
instinctively while protecting the flock. It will investigate and aggressively confront intruders,
but above all, it must be attentive to sheep and not harm them. An investigative and
aggressive dog is of little benefit if it will not stay near its flock. The dog should be physically
sound and of good conformation. It should be free from serious genetic defects such as hip
dysplasia or a poor bite.
It is important to understand the distinction between herding dogs and guarding dogs.
Herding dogs (border collies, Australian shepherds, and others) move sheep from one area to
another by biting, chasing, or barking at the sheep. Herding dogs work according to signals
(verbal and hand) from a handler, and they are generally not left alone with the sheep.
Guarding dogs usually do not herd sheep, are discouraged from biting, chasing, and barking at
sheep, and act independently of people.
The behaviour displayed by a mature guarding dog is a result of heredity (genetic factors) and
how the dog was raised. Most important are experiences during the dog’s first few months of
life.
Generally speaking, livestock guarding dogs mature slowly. They seem to reach a degree of
behavioural maturity at 18 to 30 months of age. During maturation, a dog experiences rapid
physiological and behavioural changes. The young dog may show strong desires for playful
1

The text is an extract of the pubblication: Green, S. J., Woodruff R. A. 1999. Livestock guarding dogs: protecting
sheep from predators. Agriculture Information Bulletin 588. United States Departement of Agriculture.
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activities and seemingly irrational behaviour. A puppy or adolescent dog should not be
expected to match the performance of a mature, experienced guardian. During the first
several months with sheep, a young dog will almost certainly make mistakes.
Another trait common to the guarding breeds is a predisposition for independent behaviour.
3.3 SELECTING AN APPROPRIATE BREED
There are different breeds of livestock guarding dogs. Each country has it’s own breed:
Abruzzo-Maremma sheepherd dog (Italy), Great Pyrenees dog (France and Spain), Anatolian
dog (Turkey) Carpathian shepherd dog (Romania) Karacachan dog (Bulgary), Greek
shhepherd dog (Greece) Cao de Castro Laboreiro dog (Portugal). It’s strictly recommended to
use the typical breed of the country, and not to use one from another country.
3.4 BEHAVIOURAL EVALUATION
It would be advantageous to be able to select a pup from a litter based on key behavioural
characteristics and have a reasonable assurance that, with proper rearing, the dog would
perform the guarding task well as an adult; generally the temperament of a dog can be
assessed at 6 to 8 weeks of age. Several points concerning puppy behaviour merit attention.
It’s advisable selecting a pup that is not timid but appears self-confident and alert. A pup
should bark as an expression of aggressiveness or suspicion but not fear. A dog that is shy
around people may show appropriate aggression to predators and have a strong bond with
sheep, but the chances for success are probably greater by selecting a self-confident pup.
3.5 MALE OR FEMALE?
There was no difference between the success of males and females. Making a selection on the
sex of the pup is a matter of personal preference. However, to avoid future problems, consider
the sex of other dogs used in the livestock operation. If all dogs are neutered, gender may
become unimportant. It’s strongly recommend spaying females at about 6 months of age
before the first heat cycle and neutering males at about 9 months of age. There is no
indication that neutering is detrimental to the guarding dog. Indeed, neutering is more likely
to be beneficial. The regular heat periods of the female can cause problems. Dogs attracted to
a bitch in heat may add to the predator problem. If a female is kennelled during heat periods,
late pregnancy, whelping, and nursing, she is not out protecting the flock. Neutering probably
lessens the usually undesirable behaviour of wandering in some male dogs and perhaps
females. There is no evidence that neutering males significantly decreases their effectiveness.
3.6 HOW MANY DOGS?
The characteristics of each farm will dictate the number of dogs required for effective
protection from predators. The performance of individual dogs will differ. Some experienced
dogs may effectively patrols several hundred hectares containing hundreds of sheep, while
younger dogs may not cover as much territory. The type and number of predators and the
intensity of predation help dictate how many dogs are needed. If predators are scarce, one
dog will be sufficient for most pasture operations. The topography and habitat of the pasture
must also be considered. Relatively flat, open areas can be adequately covered by one dog.
When brush, timber, ravines, and hills are in the pasture, several dogs may be required,
particularly if the sheep are scattered. However, as noted later, problems may be encountered
when establishing more than one dog in the flock. The behaviour of the sheep is important
also in determining the number of dogs needed. Sheep that flock and form a cohesive unit,
especially at night (a typical time of predation), can be protected by one dog more effectively
than sheep that are continually scattered and bedded in a number of locations.
However, it’s preferable starting with a single dog and adding a second dog after the first is
16
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well established. Once the experienced dog has developed an effective working pattern, it can
become a role model for an untrained (but previously socialized to sheep) dog. The younger
dog will mimic the older, more experienced dog and learn the routine of protecting the flock.

3.7 FROM PUPPY TO ADULTHOOD
Dog Rearing and Socialization
The goal with a new puppy is to channel its natural instincts to produce a mature guardian
dog with the desired characteristics. This can best be accomplished by early and continued
association with sheep to produce a bond between the dog and sheep. If this bond is not
developed, the dog may not stay with the sheep. The optimum age to bring the pup home is
between 7 and 8 weeks of age. Place the pup immediately in the pen you have prepared as
described below. The following discussion describes rearing one pup with sheep. Some people
report success rearing two pups together with sheep. The ideal place to rear a pup is in a
small pen or corral from which it cannot escape. A pup that has been removed recently from
littermates and the frequent association of humans may not want to remain in a pen with
lambs. If the pup is able to leave its designated area, the inclination of the pup to escape and
return to the kennel, home, and people becomes progressively stronger. If the pup is unable to
escape, the bond with sheep may develop more easily. Later as the dog is placed in larger
pastures where it can leave, the tendency to return to farmer house is minimized.
The pup’s pen need not be much larger than about 50 m2, although a bigger area is more
desirable as the pup grows. The pen should contain three to six sheep, preferably lambs
(orphans are ideal). If lambs are not available, pick sheep that will not be aggressive to the
young pup, for example, replacement ewe lambs. The sheep can be rotated through the pup
pen, thereby exposing a number of sheep to the dog that will eventually be living among them.
The pup should have a small area in the pen to which it can retreat to be away from the sheep.
This area should contain the dog’s food and shelter (if the pen is outside) and can be
partitioned from the rest of the pen by wooden panels such that the dog can crawl through
but not the sheep. It is desirable to have the water in an area common to both the pup and
sheep so that some mingling is forced. The pup should be checked several times a day for the
first few days and then at least daily thereafter to ensure that it can find food and water easily
and that the sheep and the dog are interacting properly. If a particular sheep is overly
aggressive to the pup, it should be removed and replaced with another sheep. During these
daily checks it is permissible to pat the dog, but excessive handling should be avoided. During
this socialization process, the emphasis is on the dog-to-sheep association. The dog-to-human
association should be minimized. Socialization in dogs is a developmental phase during which
permanent emotional attachments are easily and rapidly formed. Data from one study suggest
that the process begins at 3 weeks, peaks at 6 to 8 weeks, and levels off by 12 weeks. After 12
weeks, socialization may never be satisfactorily achieved. A dog left in kennels beyond this
time may be permanently shy and may have difficulty adjusting to later changes in its
environment (a syndrome often termed kennelosis). Some breeders allow 4-week-old litters
to be in the company of young lambs with good results. Body contact between dog and sheep
enhances the formation of a strong bond. Separating littermates soon after 7 weeks is
desirable. The lone pup seeks companionship from the sheep, and it is also removed from the
intralitter hierarchy. For pups that have been continually dominated by littermates, this
solitary experience, which, in effect, places them at the top of the social ladder, can encourage
the development of confidence. Some pups exhibit “pack” behaviour in groups of three or
more. A pack will often include sheep in its play; and torn ears, pulled wool, and even more
serious injuries can result. Rough play is detrimental to the sheep, and it promotes highly
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undesirable pup behaviour. It is a potentially serious problem and must be closely monitored.
However, some gentle play behaviour with sheep can be tolerated and may even enhance the
bond of the dog to sheep. If a pup plays too much or becomes too aggressive with the sheep,
several corrective measures should be taken. Pups learn rapidly at an early age, and a brief
shaking by the scruff of the neck and the command “NO” can be an effective reprimand.
Excessive playfulness can sometimes be controlled by using larger lambs that will not tolerate
as much playful puppy behaviour. If a pup can’t be trusted alone with sheep, another
alternative is to separate the pup from the lambs in a nearby pen. This should be viewed as a
temporary measure lasting from several days to several weeks. During this period, the pup
can be released with sheep under supervision.
After the initial socialization period (pup should be at least 16 weeks old), the pup and the
sheep it was raised with can be put into a larger area or with the rest of the flock in a pasture
operation. Again, monitor this change to ensure that the other nonsocialized sheep don’t
injure the dog. The dog will respond to this new freedom with enthusiasm and will “check
out” the new territory. The dog should always return to the sheep within a reasonable time. If
it doesn’t, the dog should be taken back and encouraged to remain. Repeat this process as
often as necessary. If the early socialization was done properly, the dog should prefer to be in
the area where the sheep are. It is important that the dog not be allowed to hang around the
house, the kids, or any area where the sheep aren’t. If the dog persists in staying away from
where it is supposed to be, return it to its small escape-proof area with sheep for the night
and try again the next day. Once the dog has a strong bond to sheep and remains with them
routinely it may include peripheral areas around the pasture in its scouting.

19

20

3.8 TRAINING AND OBEDIENCE
Teaching some obedience to dogs is important. A dog should understand what “NO” means
and should cease whatever it is doing when the command is given. Use this command (or one
similar to it) whenever the dog does something that is definitely wrong (e.g.,
chewing on a sheep, chasing a sheep or vehicle, and jumping on a person). You want the
command to be heeded promptly, so don’t use it carelessly.
A dog should also be taught to come when it is called or at least remain where it is so you can
catch it. There are few things more annoying to you and potentially more dangerous for the
dog than being unable to catch the dog when you need to. Maintaining proper health (i.e.,
vaccinations) and properly managing the sheep depend on being able to get your hands on the
dog when necessary. If you expect the dog to consistently respond to “Come,” make sure the
dog receives a pleasant experience when it obeys. Don’t use the command to call the dog to
you so you can reprimand it for some other misbehavior. If you need to reprimand the dog, go
to it and give the correction. It can be important that a dog be taught to walk on a leash. There
are times when you need to tie a dog, usually temporarily, while sheep are moved or loaded,
or to take the dog to a different location. A dog should always be restrained when it is riding
in the back of a truck.
Some owners teach their dogs additional commands. However, it is important to remember
that by nature guarding dogs are independent and are without human supervision during
most of their working life. Although they can be obedience trained, we question the value of
teaching commands that may have little utility for the working dog. Excessive or unnecessary
obedience training may tend to strengthen the dog to-human bond and disrupt the dog-to
sheep bond. Some owners teach their dogs no commands; this is a mistake, you should at least
be able to catch your dog.
Various methods of teaching obedience may provide satisfactory results. Several points are
noteworthy.
Owners should be consistent and decisive when giving commands and expect a consistent
response from the dog. In some instances a verbal reprimand is not sufficient to get the dog’s
attention; a light swat with a rolled-up newspaper may be in order. The intent is to get the
dog’s attention, not hurt it. Once a correction is given, the dog should be shown the correct
and desired behaviour, then praised when it responds properly. The handler should ensure
that a pleasurable experience (where praise can be given) follows a reprimand.
An important concept of correcting misbehaviour has been revealed in several studies. If
punishment is to be effective, it must be given within seconds of the undesired behaviour.
Reprimands given hours or even minutes after a misdeed has occurred are meaningless to
the dog. Also, punishment must be given at a high enough level to immediately stop the
offensive behaviour. Training should continue as the dog matures, but formal training need
only persist as long as it is necessary.
Guarding behaviour is largely instinctive. It would be difficult to train a dog without the
guarding instinct to perform some of the necessary functions, such as patrolling, barking, and
scent marking. Nevertheless, dogs will likely need direction in their development and will
need to be taught or shown what, where, and when they are to guard.
The guarding dog is a working animal and should be treated as such. It is not a pet, and
making this distinction at the outset is important.
Dog–Sheep Interactions
Most pups are submissive toward lambs, particularly during their first encounters. Later, as
the pups and lambs become accustomed to each other, some pups solicit play from the lambs.
The lambs respond either by moving away or by briefly butting or romping with the pups.
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Some dogs show a great deal of interest in grooming lambs and may spend several minutes
licking them, especially around the face, ears, and urogenital region. This grooming behaviour
of the dog may strengthen the dog-to-sheep bond.
Dog Age and Effective Guarding
Mature, experienced, and effective guarding dogs are generally not available to most sheep
breeders. Although there are exceptions, most farmers purchase their guarding dogs as
inexperienced pups and are obliged to assist in directing their development. When the dog
reaches a certain level of maturity, it will begin to display territorial and protective
behaviours toward predators threatening the flock. This level of maturity can vary; there is no
predetermined age when an adolescent dog can be expected to become an effective guardian.
There are several criteria that may indicate a dog’s readiness to assume the guarding role.
The following behaviours tend to increase in frequency as guarding maturity is reached:
(1) male dogs (and sometimes females) use raised-leg urinations rather than squat urinations
to scent-mark, (2) scent marking (urination and defecation) becomes more deliberate and
marks are concentrated near the periphery of a pasture, (3) barking at novel stimuli becomes
more predictable and direction oriented, (4) dogs are active more frequently and for longer
periods, (5) dogs become more interested in the sheep than in the handler, and (6) deliberate
patrolling activities increase in frequency and duration.
Dogs exhibit much of this behaviour as young as 4 1/2 months of age. However, before a
young puppy is placed where sheep losses to predators are high, it should have attained a
certain level of physical maturity. This level is difficult to define specifically, but the dog
should at least be large enough to defend itself if confronted by predators. As a dog becomes
more experienced, it may display certain behaviours (barking, scent marking, and patrolling)
more or less often, depending on various factors. As a dog becomes more familiar with its area
and the normal activities that occur there, random barking may occur less frequently. Some
dogs seldom bark. Successful guarding dogs have an appropriate mix of physical and
behavioural maturity, combined with experience with sheep. Dogs may respond with
uncertainty or even fear during their first encounter with a predator.
In most situations, it’s recommended moving the pup along with the sheep it was reared with
out to the main flock or band as soon as the dog is able to physically keep up and defend itself
if necessary. If people err on this point, it is usually by not putting the dog out with the flock
soon enough.
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Guarding Dogs During Lambing
What should be done with a new guarding dog during lambing? There are no definite rules to
follow, but several suggestions may be helpful. The ewe is more defensive and subject to
stress during lambing than at any other time. The playful behaviour of a puppy or immature
dog could be detrimental to sheep before, during, and immediately following lambing. Young
dogs, therefore, should not generally be in direct contact with the ewes but should perhaps be
kept in an adjacent area. Once lambing is completed and the ewes and lambs have been
turned into mixing pens, introduce the young dog under human supervision. Lambs will
quickly become accustomed to the dog, and the ewes will soon learn that the dog poses no
threat to them. If the dog acts calmly, it can be left alone for longer periods with the sheep
until it remains with them permanently. Care should be taken to ensure that the young dog
does not make any serious mistakes. Here, as in other situations, prevention of a problem is
better than finding a cure. Once the dog experiences a lambing season and proves it can
behave correctly, it may be allowed free access to the entire lambing operation. Owners
report some guarding dogs take a great deal of interest in lambing, protect lambs from
inclement weather, and even assist the ewe in cleaning newborn lambs. The dog owner must
decide how much freedom the dog should be given at this time. Even proven dogs can make
mistakes. Should the dog be allowed to eat afterbirth and docked tails or feed on dead lambs
or sheep? Most dogs will eat sheep remains, afterbirth, and tails. In our experience, this does
not make them inclined to kill sheep, but it may detract from their effectiveness because some
dogs become possessive of dead sheep. Where it is practical, we recommend removing
carcasses and not allowing a guarding dog to feed on them. There are potential parasitic and
bacterial health hazards associated with dogs eating sheep carcasses, particularly carcasses of
sheep that have died from disease. In addition, the presence of sheep carcasses may attract
predators.
Interactions Between Herding and Guarding Dogs
Herding dogs are an integral part of most sheep operations, particularly range operations. Can
the herding dog and the guarding dog coexist, and if so, what is their relationship? Generally,
guarding and herding dogs are able to work on the same operation. The guarding and herding
dogs should be familiar with each other but should be discouraged from playing together. In
range bands, the herding dogs remain with the herder and work at his direction. Social bonds
between the guarding dog and the herding dogs could cause the guarding dog to leave the
sheep and follow the herder to camp. The guarding dog should be taught that its role is
different from that of the herding dog. Immature guarding dogs may attempt to mimic the
herding dog as it moves the sheep. This should not be allowed. Juvenile guarding dogs can
interfere with a working herding dog and sometimes must be restrained (tied or held). As the
guarding dog matures, it will learn that there are times when the herding dog is in charge
(when the dominant position at all other times. Brief fights may result between the herding
and guarding dogs while they learn their respective roles. On rare occasions, guarding and
herding dogs may be incompatible, and a change of dogs may be warranted. Many people ask
if sheep still respond to a herding dog once they are accustomed to the presence of a guard
dog. Sheep recognize individual dogs and respond according to each dog’s behaviour.
Therefore, they learn to ignore a guarding dog that quietly approaches the flock but will
bunch and run from a dog that chases them. Unrestrained nonworking dogs are found on
many farms and ranches. These dogs can present a problem to a guarding pup that is being
trained to protect the flock. They are a source of distraction and at worst can involve the pup
in learning inappropriate behaviours. In some instances a choice has to be made between
rearing a good guarding dog and having unrestrained pets.

24

3.9 TRANSFERABILITY
If a dog is properly socialized to sheep, there is a high probability that it will successfully
guard sheep in a variety of conditions. Such a dog can be moved from one area to another,
even with strange people and surroundings, and its bond to sheep will help
make the transfer successful. In small farm-flock conditions where the sheep are not far
removed from the headquarters and people, the bond of the dog to sheep may not need to be
as strong for success to be realized. Although we have observed that transferring dogs from
one situation to another is practical, the success of a dog is enhanced as it becomes more
familiar with a particular set of conditions. If a dog is moved to a location that contains
unfamiliar livestock (i.e., a species the dog has not associated with), it may initially react
aggressively to them.

3.10 DOG HEALTH AND CARE
Purchase of a guarding dog represents a significant financial investment. The value of the dog
increases as it matures and is trained.
The successful, mature dog is not easily or quickly replaceable. Appropriate concern for
health and safety, therefore, is an important consideration. Consult a veterinarian for keeping
vaccinations current and for recommendations about worming. Breeders should have
administered puppy vaccines and sometimes worming medication. New owners should
periodically check teeth for soundness and proper bite, and ear canals should be kept free
from a build up of hair. Examine dogs routinely for cuts, abscesses, bone conformation, and
muscle development. Any change in behaviour, eating habits, or stools should be investigated
immediately. Serious health problems can develop with dogs belonging to even the most
conscientious and experienced people.
Guarding dogs particularly as pups, need proper nutrition. Generally, a high-quality dry dog
meal (puppy meal for pups) will meet nutritional requirements. However, supplements as
recommended by a veterinarian, are sometimes used. Although growing pups require large
quantities of feed, they usually eat only 900 gr to 1,8 Kg of food daily once they are fully
grown. Working dogs expend a great deal of energy patrolling and investigating. Food must be
readily available or they cannot be expected to function properly. Self-feeders are often used
for dogs working in pastures. A barrier is constructed around the feeder to prevent sheep
from eating the dog’s food. If this precaution is not taken, the sheep may quickly empty the
feeder, and consequently, the dog may go hungry for several days. If this occurs repeatedly,
the dog may become possessive of the food and spend its time guarding the feeding area. With
herded sheep, the herder has responsibility for taking food to the dog at least once a day.
Livestock guarding dogs are hardy animals and often do not use a dog house or shelter even in
inclement weather. They generally prefer to sleep in the open where they can easily observe
their surroundings. However, some form of shelter should be provided for dogs in pastures.
Some dogs regard their house and the surrounding area as their territory. The dog house may
serve as a point of contact for the dog and enhance the tendency to remain in that area. The
use of a dog shelter on rangeland where sheep move continually is usually not practical.
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3.11 BENEFITS AND PROBLEMS
In conclusion we can summarize the following potential benefits associated with using a
livestock guarding dog:
• Reduced predation
• Reduced labour
• If night confinement is discontinued, pastures can be more efficiently used and
condition of sheep may improve.
• Increased utilization of pastures where predators made grazing prohibitive prior to the
use of dogs.
• Dog alerts owner to disturbance (predators) near the flock.
• Increased self-reliance in managing predator problems
Although the majority of dogs that are reared to protect sheep are ultimately successful, there
are potential problems during the adolescent period of the dog as well as problems that may
develop with an experienced dog.
Some of the problems are considered minor by producers; others are serious We identified
the following potential problems:
• Dog harasses sheep (usually a play behaviour), resulting in injury or death.
• Dog is overly aggressive to people.
• Dog harasses other animals (livestock or wildlife).
• Expenditure of labour to train and supervise the dog
• Dog is subject to illness, injury, or premature death.
• Dog roams beyond farm boundaries causing problems with neighbours.
• Financial expenditure with no guarantee of the dog being successful.

3.12 EFFECTIVENESS AGAINST WOLF ATTACKS
Several projects clearly confirmed the effectiveness of LGDs. The LIFE - COEX project
provided 245 LGDs mainly to shepherds in Portugal (92), Spain (75) and Italy (78). In
Portugal the damages decreased in 72% of these farms and the overall reduction in damages
averaged 27% (13–100%), with an average of 11.08 animals killed per flock per year before
and 6.36 animals killed after adult LGDs were integrated. In Spain the number of attacks on
flocks decreased by 61% per year after the dogs were introduced (2.4 attacks / holding / year
before dogs, 0.9 attacks / holding / year after dogs), and the total number of animals killed
decreased by 65% (15.1 / year / holding before dogs, 5.3 / year / holding after dogs) .
A study carried out in France showed that LGDs are most effective if the flock is fenced during
the night. LGDs reduced the damages in Mercantour, France on 81% of the fenced pastures,
but only on 39% of the unfenced pastures.
In many areas a combination of electric fences and livestock guarding dogs seems very
effective. However, LGD programs need to be carefully managed to avoid problems with dogs
being inefficient or overly aggressive towards people. In many areas livestock keepers have
no traditional knowledge on the handling of LGDs. In these areas shepherds need advice on
the raising and training of LGDs. Simply providing them with dogs without any further
support can create more problems than it solves. LGDs that are not properly raised and
guided may become less trustworthy. Some dogs leave their flocks and chase game, or they
may exhibit excessive play behaviour and injure or even kill sheep. Others may become
overprotective, showing aggressive behaviour towards people or they attack dogs that are
walked near the flock.
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