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Executive summary (maximum 2 sides A4)

Having been extinct for over 300 years, three small populations of wild boar have become established in southern England
following escapes from farms, abattoirs and wildlife parks. Escapes continue to occur. Population size is estimated to be below
500 individuals and the rate of spread appears to be slow. The total range of the current boar populations is between
approximately 310 and 543km® The number of 5km squares with confirmed signs of occupation since January 2002 is 16 —
giving an alternative range estimate of 400km?.

Wild boar are a key woodland species whose numbers are increasing throughout their range in continental Europe probably due
to agricultural change and lack of predators.

Both boar and feral pigs are highly invasive outside their native range due to their rapid reproductive rate, broad ecological
requirements and good dispersal abilities. In Europe boar are the most significant mammalian species that causes agricultural
damage, impacting on a wide variety of crops. Economic concerns to agriculture focus on crop damage, lamb predation and the
transmission of livestock disease, particularly Classical Swine Fever (CSF) and Foot and Mouth Disease (FMD).

If the feral English populations are composed of ,pure” wild boar, conservation issues are raised as they are a former native
species. Alternatively, if they are hybrids or feral pigs, they should be classed as exotic invaders.

The genetics of the feral British boar was examined by comparing mitochondrial DNA from Sussex boar with both domestic pigs
and wild boar. Further analysis compared genomic DNA with wild boar samples from Continental Europe and some domestic
pigs. Overall, the results were inconclusive. MtDNA analyses showed that feral English boar were within the range of variation
of other wild boar populations. Genomic DNA analysis showed that English boar are most closely related to Dutch and French
boar and were not especially distinct from the European populations examined. Phenotypically, none of the boar trapped or
observed had obvious signs of hybrid features, apart from 10-20% of the Sussex population which had pale coat colour.

Agricultural damage levels in the Kent/E. Sussex boar population were low, except in the immediate area where the boar
population was highest. Here damage was influenced by shooting, crop type, presence of livestock and proximity to woodland
but not influenced by proximity to roads and field size. Damage was mainly to pasture fields and new woodlands (but a wide
variety of crops did sustain some damage). Damage levels varied between seasons — most taking place in autumn, winter and
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spring. The current low level of damage reflect the small and local nature of the existing boar populations. If boar were to
become more widespread and common it is likely that damage levels would increase substantially.

Four designs of live-capture traps were tested, ranging from small collapsible traps to large multi-capture traps. Trapping success
was high overall, with regular multiple captures (mean of 1.8 boar per successful trap-night). Boar were most difficult to catch in
summer.

A total of 44 boar were trapped, and 31 of these were anaesthetised and tagged. Of these, 27 were juvenile, three were adult/sub-
adult females and one was a sub-adult male. No adult male boar were trapped, probably due to their scarcity in the population
and their general trap-shy nature.

Radio-transmitters were deployed on 27 animals (23 of which were juveniles). Of these, 18 were effectively tracked for up to
one year. Mortality rates were high with most (over 80%) of the known mortality due to shooting.

Mean home range size was 4.7km? but ranged up to 9.6km®. Range overlap between individuals was generally high (mean 54%,
range 1.3-99.5%), including use of core areas (means of 29-41% for different years, range 0-97%). Boar used relatively discrete
core areas which were mainly in woodland and used livestock fields relatively infrequently. One juvenile male dispersed almost
20km from the study area. Overall ranging behaviour was similar to that reported for many Continental boar populations.

Woodland was the preferred habitat with all animals spending over 65% of their time there, particularly in daytime (as resting
areas). Usage of woodland and the area within 50m of the woodland edge accounted for 92% of fixes. The species of canopy
tree was unimportant but boar preferred areas with a dense understorey to provide cover.

There was significant seasonal variation in where boar spent their time. Peak use of farmland (both areas close to woodland and
more distant from it) was in the summer and use of orchards only took place in summer. This more frequent venturing from
woodlands is probably due to greater levels of cover in farmland at this time of year.

Feeding stations were set up to assess population structure and see if it were possible to use these to target the boar population in
the event of a disease outbreak. Compared to trapping, feed rides attracted greater numbers of adult sows. Animals responded to
feeding rapidly but rides were readily disturbed by human interference.

Breeding biology was similar to Continental wild boar, farrowing took place between February and June and mean litter size was
4.3 piglets (range 3-6). There was a high rate of juvenile (8-10 month) pregnancy - almost 60%.

A Sussexgame-deal er *“s records were examined to assess the
showed a preponderance of adults, including several adult male boar. In comparison, the population structure indicated by
trapping was heavily juvenile biased, while that shown by observations at bait stations was also dominated by juveniles.
Following the fate of several cohorts of tagged juveniles also showed low survivorship in the population.

A stochastic population model indicates that the Sussex population may not be self-sustaining given current rates of mortality and
fecundity. However, very slight reductions in mortality rates would be sufficient to ensure a stable or increasing population.
Indeed these are within the measurement error of current data. Changes in fecundity rates had relatively little effect.

An epidemiological model using data from the Sussex population and disease transmission data from Pakistan indicates that CSF
is not sustainable in a population below 400 individuals. The risk of current populations becoming a reservoir of CSF is thus low.

age
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Distribution

The natural range of the wild boar (Sus scrofa L.) stretches from Western Europe and North Africa eastwards to Japan, India and Java
(Spitz, 1986; Mayer & Brishin, 1991). Boar and feral pigs have also been widely introduced outside their natural range including
Norway, Sweden, Africa, the Americas and Australia as well as many oceanic islands (Lever, 1994; Manlius & Gautier, 1999). Wild
boar population size and geographic distribution have both increased substantially in recent decades throughout their range in
continental Europe (Saez-Royuela & Telleria, 1986; Apollonio et al., 1988; Boitani et al., 1995; Fruzinski, 1995; Geisser, 1998; Hahn
& Eisfeld, 1998; Schley et al., 1998). This may be due to reduced predation, supplementary feeding, re-introduction, increased
protection, regulated hunting, or land use changes (Genov, 1981; Saez-Royuela & Telleria, 1986; Fruzinski, 1995; Okarma, 1995).

Taxonomy

As the ancestor of domestic pigs, wild boar freely interbreed with both domestic and feral pigs. Chromosome number differs between
populations — there appears to be an East-West cline in chromosome number - those in the east (Japan-central Europe) possess 38
chromosomes, whilst most wild boar in Western Europe possess 36 (Bosma et al. 1991; Porter, 1993). Domestic pigs have 38. As a
species that has been hunted for millennia, animals have been widely moved about and most Continental boar populations are
probably genetically mixed. Breeding with escaped or pannaged domestic pigs has also altered the genetic composition of some
populations (Singer, 1981; Tisdell, 1982; Apollonio et al., 1988; Tikhonov & Bobovich, 1997). The genetic makeup of the English
population is important as feral pigs and hybrids tend to have higher reproductive rates than true wild boar (Booth, 1995), are more
likely to predate lambs (Choquenot et al., 1997) and are unlikely to be regarded as a former native. However, determining the genetic
composition of boar is not straightforward as there is no simple test to differentiate between pure-bred and hybrids (Kyle, 1995).

Social groups and behaviour

Wild boar generally live in small social groups described by Spitz (1986) as organised around a core of two or three mature
reproductive females with their most recent litters, plus the sub-adults from previous litters. Group sizes up to 42 animals have been
recorded (Volokh, 2002). Mature males tend to be found in the vicinity of the group only during the breeding season. Wild boar are
primarily nocturnal (Boitani et al., 1994; Lemel et al. 2003), during the day they tend to lie up in dense cover (Spitz, 1986) and use
sunset as the cue for arousal (Lemel et al., 2003). Wild boar population density varies enormously between populations and between
years (0.2 — 47/km®) but it is usually below 10/km? (Spitz et al., 1984; Smiet et al., 1979; Ickes, 2001). Feral pigs can live at even
higher densities — up to 52/km? being recorded in Hawaii (Diong, 1980).

Breeding and development

Wild boar are seasonal breeders (Spitz, 1986), the sows being seasonally polyoestrus. Farrowing generally takes place between late
winter and mid summer although it is highly variable and in some populations boar breed throughout the year (Boitani et al., 1995;
Moretti, 1995). Feral pigs tend to breed throughout the year (Barrett, 1978; Choquenot et al., 1996) and they also regularly breed at
an age of 6-8 months (Hone & Robards, 1980; Choquenot et al., 1996) whereas female wild boar less than one year old tend to breed
only in favourable conditions (Boitani et al., 1995). Despite this, pregnancy rates of up to 63% of juvenile females have been
recorded from boar in Switzerland (Moretti, 1995). Pregnancy lasts 115-120 days and piglets are born in farrowing nests (Welander,
2000). There is great inter-annual variation in reproductive rates correlated with food availability the previous year (Aumaitre et al.,
1984; Massei et al., 1996). This results in wide inter-annual fluctuations in population size.

Wild boar litter sizes average 4 - 6 piglets (Boitani et al., 1995; Peine & Farmer 1990). Feral pig litter sizes are typically 5-7 piglets
but up to 10 can be born in good conditions (Choquenot et al., 1996). Litter size tends to be positively correlated with age and weight
—younger and lighter sows produce fewer piglets (Boitani et al., 1995; Nahlik & Sandor, 2003). Wild boar are sexually dimorphic in
size with males up to twice the weight of females within a population.

Home range

Home range size for wild boar and feral pigs varies widely throughout their geographical range — for males 2.8 — 25.7km? and females
1.4 —54.1/km? (Mauget, 1980; Singer et al., 1981; Spitz & Janeau, 1990; Gerard et al., 1991; Boitani et al., 1994; Cargnelutti et al.,
1992; Cousse et. al., 1992; Janeau et al., 1995; Jullien et al., 1990; Maillard & Fournier, 1995; Spitz & Janeau, 1995; Russo et al.,
1997; Hahn & Eisfeld, 1998).  Some individuals have annual home ranges up to 154km? (Maillard & Fournier, 1995). In Italy,
Boitani et al. (1994) recorded mean monthly home ranges of 1.1 - 3.9 km? and Massei et al. (1997) 4.6 - 16.4 km” Boar tend to use
some parts of their home r #picgllg conam prdfeerad reshing areasl (Boiyani et al. h1894).eMale
ranges overlap female core areas, implying that males were most interested in the areas frequently occupied by females (Boitani et al.,
1994). Seasonal ranges in Italy were smallest when food was abundant. Wild boar sows tend to be more faithful to their resting areas
and in general show a preference for more dense habitats than do males, which spend more time in the open (Spitz & Janeau 1995).

Dispersal
Most boar appear to be sedentary, although compared to other European ungulates wild boar disperse more frequently (Cargnelutti et
al., 1992). Males tend to disperse farther than females (Boisaubert & Klein 1984) and most dispersal occurs in juveniles (7-16

co
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months) (Truve and Lemel, 2003). Wild boar can disperse long distances and one Polish animal was reported to have moved over
250km (Andrzejewski & Jezierski, 1978).

Mortality and longevty

Most boar populations have high mortality rates. Neo-natal mortality tends to be high but varies considerably, 9 - 71% being reported
in the literature (e.g. Jezierski, 1977; Fruzinski, 1995; Nahlik & Sandor, 2003). In one Swedish population, mortality was 50% in the
first four months of life (Nahlik & Sandor, 2003). Average life span in many populations is short e.g. only 1.5 years in one Polish
population. Hunting is the most significant cause of mortality in many boar populations e.g. in Germany hunters kill over 200,000
animals each year and in France hunters Kill over 165,000 (Kyle, 1995; Boisaubert & Sand, 1994). Over most of their range boar and
feral pigs are considered important game animals. They are stalked on foot, shot at feeding stations, driven towards waiting guns or
located with tracker dogs.

Diet

Wild boar are omnivorous and consume a large variety of food items (Schley & Roper, 2003). However diet is generally dominated
by plant material which typically constitutes around 90% of the diet, with animal matter constituting around 10%. Animal material
includes both vertebrates (amphibians, reptiles, birds and mammals) and invertebrates of many taxa (Genov, 1981a; Coblentz &
Baber, 1987). Plant material includes a large amount of nuts and fruit, bulbs, tubers, tree bark, leaves and a wide range of agricultural
crops (see below) (Henry & Conley, 1972; Genov, 1981a; Massei et al., 1996).

Ecological impact

As a key woodland species, wild boar impact on woodland ecosystems at many trophic levels. They impact by direct predation (of
seeds and animals), direct consumption of vegetative parts of plants and through their rooting activity. Boar can reduce insect pests
by eating their larvae (Schmid-Vielgut et al., 1991). Wild boar also feed on bracken (Pteridium aquilinum) rhizomes and can reduce
cover of this noxious weed. Boar and pig rooting activity can cause an increase in plant species diversity (Arrington et al., 1999;
Welander, 2000). On the other hand, wild boar and feral pigs can have serious negative impact on flora and fauna, particularly where
they have been introduced. They can reduce forest understorey (Bratton, 1975) and accelerate leaching from the leaf litter and soil.
They also negatively impact on ground nesting birds e.g. woodcock Scolopax rusticola due to nest predation (Nyenhuis, 1991) and
may impact on a range of (particularly) small mammals.

Agricultural impact

The agricultural impact of wild boar and feral pigs includes direct damage to agricultural crops, pasture land and fences from rooting,
trampling and breaching fences; predation of domestic livestock and interbreeding with domestic pigs and acting as a vector of
disease to domestic livestock.

Crop damage

Throughoutthewil d boar " s ies&eg as asigiificant pept ef agriculture and a wide variety of crops have been reported
damaged. In Europe, boar are seen as the most significant mammalian pest of agriculture, indeed, crop losses attributed to wild boar
are substantial enough for some countries e.g. Poland, Italy, France and Luxembourg, to adopt compensation schemes to re-imburse
farmers for economic loss (Andrzejewski & Jezierski, 1978; Boitani et al., 1994; Boisaubert & Sand, 1994; Schley et al., 1998). In
parts of Poland, 70% of crop damage is attributed to wild boar (Mackin, 1970). In general, maize, wheat and oats are preferred
among cereals, rye and barley are avoided. Potatoes and other root crops (e.g. beet) are also preferred as are grapes. Damage tends to
be related to population density, proximity to large woodlands and the availability of beech and acorn mast (Genov, 1981a; Dardaillon
1987). Proximity to human habitation and roads reduces the risk of damage. Examples of wild boar damaging agricultural crops can
be found throughout their range e.g. sugarcane in Pakistan (Shafi & Khokhar, 1986), young coconut plantations in Indonesia
(Schmidt, 1986), oil palm, banana, cassava, sweet potato and yams in India (Jacob, 1993). Compensation for boar damage in France
was between £5-12million p.a. between 1984 and 1992 (Boisaubert & Sand, 1994) while in Australia, feral pigs are responsible for an
estimated minimum loss of Aus$100 million per annum (Choquenot et al., 1996).

Livestockpredation

Feral pigs have been observed to predate lambs (Choquenot et al., 1997; O"Brien, 1985; Plant et al., 1978) particularly in Australia
and New Zealand, where even healthy lambs are attacked (Pavlov & Hone, 1982). Lamb predation was directly related to pig density
and twin lambs were predated 5-6 times more frequently than single lambs (Choquenot et al., 1997). No examples could be found in
the literature which related to wild boar. Male wild boar also break into domestic pig enclosures to mate with domestic sows,
frequently causing injury (Gipson et al., 1998).

Livestock disease

Wild boar and feral pigs can carry several diseases fatal to domestic stock. These include economically important diseases such as
FMD, rinderpest, African and classical swine fever and Aujeszky“s disease (Tisdell, 1982). Classical swine fever virus has spread in
the wild boar populations of Germany and France, and it is also endemic in parts of Italy (Artois et al., 2002). The main source of
primary infection in the German domestic pig CSF outbreaks was wild boar (Fritzmeier et al., 2000). Oral vaccination , using repeat
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vaccination delivered via bait vaccines, of wild boar appears to be effective at reducing infection rates (Kaden et al., 2000; Kern &
Lahrmann, 2000). Sero-conversion rates are reported as reaching 30-60% and were highest in older animals.

Zoonotic disease

Wild boar can also harbour parasites and infectious diseases transmissible to man (Gibbs, 1997). Trichinella spiralis is a serious
human parasite (a roundworm) that can be caught by eating infected boar meat. It causes trichinosis, a moderately debilitating disease
caused by the larvae infesting muscle tissue, which may require hospital treatment. In the US, 24 cases of trichinosis in humans were
contracted from the consumption of feral pig meat between 1974 and 1978 (Wood & Barrett, 1979; Greenbloom et al., 1997).

Control and management techniques
Various control techniques are used to reduce or eradicate local populations. These are outlined below.

Poisoning

Successful reductions in feral pig numbers have been achieved by poisoning, particularly in areas of Australia (Hart, 1979; Mcllroy,
1983). Poisoning is particularly suitable to the extensive agricultural systems as it is low in cost and can be implemented over a large
area. Sodium monofluoroacetate “1080” is commonly used and is considered to be the most effective poison. It is not appropriate for
use in the UK due to its lack of species specificity and the potential for secondary poisoning of scavengers and predators.

Shooting

Shooting is also widely used as a control measure. Problems with shooting include animals dispersing at the sound of the shot, the
difficulty of shooting in wooded, wet or marshy terrain, and the inherent danger of using high-powered, large-calibre weapons. In
open Australian terrain, shooting from helicopters has proved effective in reducing numbers (Hone, 1990) and does not affect the
behaviour of the surviving pigs (Dexter, 1996). Ground shooting of feral pigs, using dogs to track them, also did not affect the
movements of surviving pigs (Mcllroy & Saillard, 1989). Conversely, in French woodland, shooting with tracker dogs was found to
be the main cause of wild boar disturbance movements (Maillard & Fournier, 1995). In Europe, wild boar hunting for sport has also
served as a control method. Hunting takes 40% of wild boar numbers in southwest France anually (Spitz et al., 1984) and the French
government relies heavily on amateur shooting to keep its boar population in check. However, Boitani et al. (1995) note that recent
population increases of boar in Italy can no longer be controlled effectively by traditional hunting methods.

Trapping

Wild boar enter baited traps and this method has been employed in control operations. Trapping success can be improved by trapping
at a time of year when food is in short supply (Coblentz & Baber, 1987). Trap shyness may be a problem, however. In one Australia
feral pig population, 38% of individuals were not trapped due to trap shyness: these animals ate the food outside the baited traps but
did not enter them (Saunders et al., 1993). Choquenot et al. (1993), also in Australia, found that trapping of feral pigs preferentially
removes Sows.

Exclusion fencing

Fencing (both electric and non-electric) has been successfully used to exclude wild boar from areas where their presence was not
desired. Fence strength, height and design are important: ideally it should be dug into the ground or fitted with a snout-wire (a length
of barbed wire running along the ground at the bottom) to prevent them pushing under. A disadvantage with fencing is that regular
and proper maintenance is vital.

Supplementary Feeding

In forested areas, supplementary feeding, carried out when crops are most at risk, can be effective in reducing crop damage (Mackin,
1970; Vassant, 1994). Sacrificial crops are also grown in some areas although these appear to be less successful than supplementary
feeding. Both these techniques may serve to increase future boar density and subsequent damage.

Wild boar farming

Wild boar farming has become popular in the UK in the past 20 years but the number of farms is still comparatively low (Booth,
1988; Kyle, 1995). France has the largest wild boar meat farming industry in Europe with 1,200 farms producing approximately
38,000 piglets per year (Kyle, 1995). In Germany, wild boar farming places more emphasis on breeding animals for release into
managed hunting forests (Kyle, 1995). The total annual UK wild boar market is estimated at 500,000 kilos by volume and £2m by
value. The market for stock is estimated at £100,000 annually (BWBA). The total number of boar farms in the UK was over 40 in
1998 (Goulding et al., 1998).

Methods

Study Areas
The majority of the research and monitoring was carried out on the Kent and East Sussex boar population (Figure 1). Additional work
was done in the Dorset population although, to avoid unnecessary overlap, most of the monitoring was done by RDS staff. Most of
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the intensive research (trapping and radio-tracking) was conducted in a 40km? area of East Sussex ( her eaf t er cal
a r ewvehére)the largest population of wild boar was present. Some work was also carried out in Herefordshire, just south of Ross on
Wye, due to sustained interference from poachers in the East Sussex area. Both study areas are well wooded, interspersed with mainly
pastoral farmland. In both cases the woodlands were a mixture of conifer and broadleaved trees. Both study areas are adjacent to
large tracts of wooded country (Forest of Dean in Herefordshire and much of East Sussex).

Boar distribution surveys

An initial trial of survey techniques took place in winter 2001-02 in the Beckley area of East Sussex. The techniques trialed included
hair trapping using differing lengths of sticky tape and different types of Velcro attached to fences for variable lengths of time.
Walking transects in the field to search for boar signs was also investigated. The two most promising techniques (Velcro hair traps
and transect surveys) were used in subsequent surveys. Surveys were carried out in late winter/early spring (the best time to see boar
sign) in 2002, 2003 and 2004. The majority of transects were in woodland areas or adjacent to woodland. In 2003 a total of 233.7 km
of transects (n = 57, range 0.2 — 17.2km) were walked by six field staff in February/March. The transects covered an area of c.
975km?.  All signs (mainly rooting but also footprints and hair) were noted to provide an index of relative density — at least in
comparison with the high-density population in the main study area near Beckley. Velcro hair traps (n = 40; 20 in Beckley wood and
20 in four other 5km squares) were deployed on fenced crossing places and retrieved after two weeks. These were examined for boar
hairs.

A repeat survey was carried out over most of the potential boar range in Kent and E. Sussex in February/March 2003 (area covered:
775km? giving a total area of 1,275 km? for both years). A total of 40 transects (0.7 — 12.0km long) covering a total length of 166.7
km, were walked. A further eight transects were walked in west Dorset in early spring 2003 and 2004. These were 29.8km long and
covered an area of 225 km® In March 2004, 24 transects totaling 83.5km in length and covering a total area of 400 km? were walked
in the Ross on Wye area (Appendix 1).

Bait stations

To assess population structure and investigate phenotypic appearance of boar in the Sussex study area nine different bait stations were
deployed between January 1999 to July 2000. Whole maize was used as bait and prebaiting was carried out for several days. When
boar were observed, both coat colour (normal or pale) and the presence of any other features associated with hybridisation was noted
for all individuals. The number of animals and their approximate age-class was also recorded (based on size, colour and general
appearance (Dardaillon, 1989; Fernandez-Llario & Carranza, 2000). The age classes used were striped piglet, juvenile (first year of
life) or sub-adult/adult (Dardaillon, 1989). Litter sizes were determined by recording the number of sightings of sows with
accompanying piglets (Massei et al., 1996; Fernandez-Llario & Carranza, 2000). Chance sightings of sows with striped piglets in both
the Sussex and Hereford study areas were also recorded opportunistically.

Trapping assessments
Wild boar (N=44) were trapped between January 1999 and February 2004 (with an 20 month hiatus in trapping due to difficulties with
the use of anaesthetics). Four designs of trap were used:
1. Single capture 1: these were welded steel-mesh box traps (1.2m high x 1.2m wide x 1.8m long) with a wooden treadle plate
as a trip mechanism.
2. Single capture 2: these were similarly constructed but were narrower and with a guillotine door (1m high x 0.5m wide x 1.5m
long).
3. Single capture (portable): these were also made of wire mesh and were 0.8m high x 0.8m wide x 1.8m long.
4. Multi-capture traps consisted of panels made of tubular steel. The overall area covered by the traps was 6m x 1.5m but due
to its panelled nature the length could be varied. Boar enter the trap by pushing up the finely balanced door. Work
commenced in 2002 in Sussex but had to be abandoned due to interference with the traps.

Traps were placed in woodland or on farmland adjacent to woodland where there had been signs of recent wild boar activity. Trapped
animals were anaesthetised (using a dart gun) with Immobilon or a cocktail of Vetalar, Rompun and Torbugesic. All captured wild
boar were aged by appearance and tooth eruption pattern (Fernandez-Llario & Carranza, 2000; Boitani & Mattei, 1992) as either
juvenile, yearling or adult. The animals were weighed and sexed and their general condition was recorded. All anaesthetised animals
were fitted with numbered ear-tags for individual identification. After 1999 all darted boar were fitted with an ear-tag warning that the
animals were not fit for human consumption.

Mortality

All of the 31 wild boar which were trapped and anaesthetised were ear-tagged with an identification number, a further 13 were
trapped as part of the trapping assessments but were released without being anaesthetised and tagged. To improve the chance of
discovering the fate of a radio-tagged wild boar whose signal could no longer be detected, the ear-tag of the animals captured after
1999 also gave a contact telephone number. Furthermore, specific enquiries were made with local hunters, butchers and game-dealers
to investigate the fate of missing animals. These methods resulted in the determination of the fate of most of the trapped animals. The
record book of a local game-dealer was also examined. This detailed 40 boar that had been butchered between 1994 and 2002. Data
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included the date shot, the weight and sex of the animal. The age of each animal was estimated by comparing the weight of a
butchered animal to the weight classes compiled by Boitani et al. (1995).

Population and disease modelling

A boar population growth model was produced as a stochastic spreadsheet model in Excel® with Crystal Ball®. The model ran on an
annual time-step, with three age categories (under one year, 1-2 years and over two year old). Survival rates and breeding productivity
were defined with uncertainty bounds (using Sussex data where possible), which include the effect of hunting (Table 1).

Table 1 Boar population model parameter values.

Model parameter Minimum Most Likely Maximum Uncertainty shape
Juvenile proportion 0.00 0.57 0.63 triangular
breeding

Adult proportion 0.89 0.99 1.00 triangular
breeding

Juvenile litter size 1.0 25 4.1 triangular

Adult litter size 14 4.3 5.6 triangular
First-year survival 0.15 0.40 uniform
Second-year survival 0.20 0.90 uniform

Adult survival 0.10 0.90 uniform

The above population parameters were then input into a deterministic non-spatial classical swine fever model written in STELLA.

Radio-telemetry equipment and procedure

Radio-collars weighing approximately 100g were fitted to seven animals trapped in January 1999. However, all the collars fell off
within two weeks. Subsequently, most of the trapped animals were fitted with a radio-transmitter mounted on an ear-tag. Animals
were radio-tracked either on foot or from a vehicle with off-road capability.

Tracking methods

Location fixes on the tagged animals were taken throughout the 24-hour period. Locations were defined by triangulation. All fixes

were input into a GIS (Arcview 3.2a) and home ranges calculated by constructing a minimum convex polygon (MCP) on 100% of

fixes (Kenward, 1987). To investigate the day-time resting areas used by each wild boar Kernel analysis (using the 50% isopleth)

was used to highlight areas where the majority of day-time fixes were clustered. Only the 1999 and 2001 hoar were used in this
analysis due to their larger number of fixes. To assess preferred areas within each ¢k
90% cluster of fixes is used in this non-parametric methodology. The percentage overlap between the core areas (preferred areas in

which animals are repeatedly located) of individual boar was also calculated.

To assess the distances travelled and pattern of movement by individual wild boar over a 24-hr period, six individual boar were
followed and two fixes obtained every hour during the hours of darkness. The frequency with which radio-tracked wild boar
potentially came into contact with domestic livestock was calculated, by recording the number of fixes in fields known to contain
livestock at the time the fix was taken. To assess the potential for disease transmission between boar, the home ranges (100%MCP)
for all simultaneously tracked boar were overlaid and the amount of range overlap between pairs of wild boar was quantified.

Habitat selection was assessed at two levels:

1. Selection of home range within the study area. The Sussex study area was divided into three broad habitat categories: ,woodland®,
-agricultural land" and ,orchard®. To determine the amount of time spent by the wild boar in each habitat, the number of fixes
recorded in each habitat type was calculated using the GIS. This was done for: all fixes, daytime fixes only and nighttime fixes only.
Compositional analysis was used to assess whether boar located their home ranges randomly or non-randomly with respect to the
habitat available in the study area as a whole This was defined as a circle, the centre of which was the main trapping area and the
radius was the farthest distance a boar travelled from this point while being tracked.

2. Selection of habitats within home range. Compositional analysis was also used to determine whether the animals used the available

habitat within their respective home ranges randomly or were selecting particular habitats.

Agricultural Damage assesments
Data on agricultural damage were collected over 26 months using the following methodologies:
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1. All reports of alleged wild boar crop damage received from farmers or local people were investigated by ground-truthing the scene
of the alleged damage. All boar crop damage seen by chance when carrying out other investigations (e.g. radio-tracking) was also
recorded.

2. Ten farms were chosen randomly within the175km? area where the presence of wild boar had been confirmed in 1997 and 1998
(see map on page 9 of this report). The farms were visited bi-monthly between January 1999 to December 1999 inclusive, and
evidence of crop damage by boar was recorded. Surveying involved walking the perimeter and centre of every field. This survey
failed to find any crop damage, and damage surveying was therefore refocused on the 40km? main study area (see page 6, above).

3. The factors influencing damage at ten farms within the main study area were identified and all fields on these farms were surveyed
monthly from September 2000 to February 2001.

Damage to agricultural crops by boar (rooting or trampling) was scored as either “negligible”, “minor”, “moderate” or “severe”.
Negligible impact consisted of less than five small isolated patches of rooted earth or trampled crop; minor impact consisted of
several (>5) isolated patches of rooted earth or trampled crop; moderate impact consisted of a sufficient number of patches of rooted
earth or trampled crop to give the field an unsightly appearance; and severe impact indicated a field that had so much earth overturned
by the wild boar that all or most of it had a ,ploughed" appearance. Field size, crop type, presence of livestock, whether or not wild
boar shooting was permitted and how many the sides of each field bordered woodland or public roads were noted for each field.

Damage scores were recorded on a 5-point ordered scale: 0 = none, 1 = negligible, 2 = minor, 3 = moderate, 4 = severe. These ordinal
categorical data can be modelled using an appropriate Generalised Linear Model (McCullagh & Nelder, 1989). This model uses a
logit (log-odds) link function as for a binary logistic model but with multinomial errors as there are more than two categories. The
simpler binary (0/1) model can be thought of as modelling the cumulative distribution of the data with a cumulative distribution that
has one “cut point” for the transition bet weéleunhpoittshnderets wtae
number of scores. This is a very natural model for such data and allows inferences in terms of the proportion of the population in
each score category for any level of a covariate or factor included in the model. Models were fitted in GenStat® (Payne et al., 2003)
and graphical output provided by the procedure DORDINAL from the Biometris Library (Goedhart & Thissen, 2004). Covariates
tested include: Crop (Arable, Pasture, New Wood), Adjacent Woodland (binary =1 if wood adjacent to field), number of sides with
Adjacent Woodland, Stock (Sheep, Cattle, Horses, or none), Shooting (binary = 1 if field is shot over), area (m?). The models
presented are those for the cumulative damage scores. A combined stock factor was calculated for this analysis with three levels:
stock never present, stock sometimes present, stock always present.

Genetic analysis

To produce a more complete picture of genetic variation in feral British boar and to compare them with other boar populations and
domestic pigs, analyses of both the mitochondrial and nuclear genomes were carried out. Initial work concentrated on mitochondrial
DNA (mtDNA) while later work concentrated on nuclear DNA (microsatellite analysiss/DNA fingerprinting). For the mtDNA
analysis, DNA was extracted from tissue samples from 12 feral boar from Sussex, seven domestic pig breeds and one farmed boar.
The DNA sequences, covering 1,011 bases of the mitochondrial cytochrome b gene, were obtained from all of the above samples
using standard techniques. These sequences were compared with Genebank database entries for wild boar. The second mtDNA
analysis involved a comparison of the cytochrome b and D-loop sequences of six domestic pigs and 20 feral Sussex boar with
information on genebank.

For the micro-satellite work, 220 tissue samples were collected from England (n = 26) and Continental Europe (n = 194) following
the hunting seasons of 2002-03 and 2003-04. All European samples were stored and transported in 70% ethanol and imported into the
UK under licence TAY/03/1070. The European tissue samples were taken from nine different sampling areas in four countries in
Western and Central Europe. There was one sampling area in France (FR) and one in Western Switzerland (WS). There were two
areas from The Netherlands (Uchelen-Hoenderloo and Kroondomeinen). The s e wer e grouped as one
There were five sampling areas in Spain: Collserola, Barcelona, Spain (C); Zona Volcanica de la Garrotxa and Aiguamolls de

P

I'emporda, Gerona-gr ouped as one “popul at i o,Mlava{gG)o uagpredd Muwsr goinae a‘npdo pN

gave a total of six Continental European populations for analysis, three of which were in Spain.

Microsatellite analysis involved five loci and the allele sizes generated were analysed using Microsatellite Toolkit program which
tests for invalid alleles and formats data for input into Genepop 3.3 software. Here the data were checked for a heterozygote deficit
and excess at each locus, linkage dis-equilibrium and Hardy-Weinberg equilibrium by estimation of exact P- values in GENEPOP
(Raymond & Rousset, 1995).
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Results and Discussion

1. Population ecology and potential management techniques

Overall there are three established breeding populations of boar in England (Figure 1) with reports of breeding in at least one other
location (near Gateshead). Boar have also escaped at many other locations throughout England and these escapees are being
monitored primarily by RDS staff. The current (post January 2002) combined range of the boar populations (defined by joining the
outer points of distribution of all substantiated reports) is between 310 and 543km?. The largest overall area is still in Sussex and
Kent (257-490km?) followed by Dorset (28km?) and Herefordshire (25km?: Figure 1). Overall, for the Sussex and Kent population
both the 2002 and 2003 transect survey suggests that here is a locally high-density population in the study area near Beckley in East
Sussex but that outside this immediate area numbers are low. The hair traps confirmed this with 70% positive in the Beckley area but
none positive outside this immediate area. In both years signs of boar were confirmed close to Bedgebury Forest (17km to the north
west of Beckley) but overall only six of the 40 transects outside the Beckley study area showed boar signs (Table 2). The mean
density of signs was 0.09/km in 2002 and 0.04/km in 2003 (compared to Beckley where the density was 30/km in 2002 and 120/km in
2003). Overall, the mean density for all Sussex and Kent transects was 0.5/km. Indeed in some parts of the area where boar were
confirmed in 1997-98 there were no boar signs in either 2002 or 2003.

Deciduous woodland
Coniferous woodland
Canfirrmed evidence of breedimg wild boar

o Extont of recent evidenxe of o breoding population ;
wrens Extent inclinding evidence confirmed by RDS
o = Historical extent of confirmed evidence
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Figure 1. Distribution of boar within the two main study areas (data from CSL and RDS, 1997-2004).

In Dorset signs of boar were seen at two of the eight transects walked in 2003 and 2004. The mean number of signs was 1.0/km (see
Appendix 2 for Dorset distributions). Of the 24 transects walked in the Ross-on-Wye area in March 2004, four (16.6%) had boar
signs. The positive transects at the center of the known range had up to 47/km while the mean overall was 1.08/km (Table 2). Boar
signs were located up to 8.5km from the known population center. In total, therefore, using primarily transect data for Sussex and
Ross and data from RDS for Dorset (Wilson C.J. Pers. Comm.) boar have been confirmed (since January 2002) in 16 5km squares
(total area 400km?): seven in Sussex/Kent, four in Dorset and five in Herefordshire.
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Table 2 Summary of the transect survey results.

Area Transect Number  of | Area Mean sign | Range
length (km) transects covered frequency
(km?)
Kent/Sussex 400.4 97 1275 0.5 0-120
Dorset 29.8 8 225 1.0 0-16
Ross on Wye 83.5 24 400 1.1 0-47

Population structure

Three methods of assessing the population structure are used, namely trapping returns, game-dealer records of shot animals and
observations at bait stations. These can also be compared with survivorship of the tagged animals, although a substantial proportion
of these simply disappeared (for unknown reasons).

Trapping

In total 31 wild boar (18 males and 13 females) were trapped and tagged, a further 13 animals (some probably recaptures) were
trapped and released without fitting tags. Of the 31 animals which were anaesthetised, all appeared to be in good condition and 27
(87%) of the animals were juveniles (6-12 months old). The other 13% (n = 4) were three older females and one male in his second
year (Figure 2). The largest trapped animal was 92kg compared to a range of 40-52 kg for the 27 juvenile animals. No fully adult
males were trapped.

Game-dealers records Trapping
23+ 23+
13-22 13-22
5-12 512
r T T T 1
070 035 000 035 070 0.70 0.35 0.00 0.35 0.70
Observations at bait stations Following tagged cohorts
23+ 23+
13-22 13.99
5-12
5-12
0.70 0.35 0.00 0.35 0.70 ‘ ‘
0.70 0.35 0.00 0.35 0.70

Figure 2. Age class profiles of the Sussex population based on shooting records, trapping, observations and following of marked
individuals. Males are shown on the left hand side. The units are proportions of the total sample which each age/sex class comprises.

Shooting records from gamedealer

In contrast to the trapping sample, the age profile of the 40 animals (24 males and 16 females) that were shot was not dominated by
juveniles (Figure 2). Of these, nine (22.5%) were classed as under one year old, 12 (30%) between one and two years and 19 (47.5%)
over two years old. Despite the number of males being 50% above that of females there was no significant sex bias (x\DZ 1.6, d.f. = 1,
NS). Overall, there were large numbers of adults present, including several fully adult boar. This is backed up by the reports of
several large boar being shot in the area since the mid-1990s.
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Survivorship of tagged individuals

Twelve of the tagged Sussex animals were shot by local hunters or farmers and two animals were killed in road traffic accidents
(RTASs). The 12 shot animals represent 86% (12/14) of animals which were proved to be dead (as against those simply missing). All
of the shot animals were killed within the main study area. The two RTAs included one animal that had moved 17km from the study
area. Following the tagged cohorts (all except one a juvenile) allows us to build up an age profile and this is more similar to the
trapping and observation data than the shot sample with few if any animals surviving to their second birthday. Overall, 60% of tagged
individuals survived from when they were trapped to their likely first birthday but none survived to their second.

Observations at bait stations

Boar were seen at bait stations on 65 nights. These data show yet another different age profile, with more juveniles than the shot
sample but less dominated by juveniles than the trapped sample (Figure 2). Most of the adults could not be aged and some may be
older than Figure 2 suggests.

Litter size and farrowing period

In Sussex a total of six identifiable sows with their piglets were seen and their mean litter size was 4.33 piglets (range 3-6). In
Hereford, one litter of four piglets was seen in March 2004. Mean litter size overall is thus 4.29. Farrowing occurred between April
and July in Sussex and in February in Ross on Wye.

Group composition
The largest number of wild boar observed simultaneously at a bait station was 28 (2 males, 8 females and 18 piglets). The largest
number observed, excluding piglets, was 26 animals (2 males, 3 females and 21 juveniles).

Future population trends: modelling

The model, using values for the parameters derived from the Sussex population showed that at the current estimated fecundity and
mortality rates the population is of doubtful viability. Runni ng t he model results in a fini
(s.d. 0.07) and a 19% chance of population extinction by the year 2020 (assuming all of the population is subjected to the same level

of hunting: Figure 3). However, a numberof mean par ameter values can give a st al
within the error of measurement e.g. increasing the survival rate of juveniles from 0.3 to 0.34. Overall the sensitivity of the annual
growth rate is greatest for adult survival (49%), second-year survival (24%) and juvenile survival (15%), rather than productivity.

This shows that even small changes to the mean annual mortality (e.g. due to changes in hunting pressure) could result in an annual
growth of between 0.70 and 1.01. If part of the population continues with a reduced hunting pressure then this sub-population will
continue to act as a source for the remainder of the population which will usually be declining.

Forecast: population size in year 2020
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Figure 3. The results of 4,000 simulations of the population model run over 16 years. Population size (number of individuals) at
2020 is on the X axis. The Y axis shows both frequency (the actual number of the 4,000 simulations which resulted in a given
population size by 2020) and the probability (the frequency/4,000) of achieving each final population size. Almost 20% of the
simulations result in extinction by 2020.

The results of the epidemiological model of CSF based on population data from Sussex are outlined below. Introduction of an
infectious animal in a population of 200 boar did not result in an epizootic, as predicted by Hone et al. (1992). When the population
size was increased to 400, a CSF epizootic occurred lasting about 180 days, which resulted in 170 dead boar. The maximum number
of infectious boar peaked at about 10 individuals. The time course of the epizootic is shown in Figure 4.
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Figure 4. The epizootic of CSF in a wild boar population of 400 animals. The total population size is shown in black and the diseased
population in grey (lower line).

Trapping assessments

Overall, cage trapping was a highly successful method of catching boar - at least animals under one year old. However, the work in
both Sussex and Hereford was badly hampered by interference with the traps (both stealing and removal of parts) and was suspended
for variable lengths of time. Despite this, the mean number of trapnights per boar caught was 2.7 in Sussex and 32.0 in Ross on Wye.
Trapping appears to be most successful between autumn and early spring (Figure 5).
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Figure 5. Seasonal trapping success for the Sussex population.

Despite being designed as single-capture traps there were regular multiple captures with a maximum of three individuals caught
together. Indeed, the mean number of individuals per successful trap-night was 1.8 (44 boar in 25 successful trap-nights). In virtually
all cases these were juveniles but one trap did catch an adult female and two juveniles at the same time. Unfortunately, we were
unable to fully test the multi-capture trap due to human interference.

Discussion
Population size, distribution and density
The overall ,range® of boar ha-=d90kexvp 864koh?aid the Ross Bopudatior has/bdéema t

established while in Dorset the range may have contracted (28km? vs. 50km?). However, the number of 5km squares with recent
signs of occupation (a more accurate indication of range) is the same in both Sussex (seven in 1998 and seven post January 2002) and
Dorset (four in 1998 and four post January 2002). Overall, signs of boar were detected in 16 5km squares in the three breeding
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populations and the estimated total occupied area is thus 400km?  For all three populations densities in the areas currently occupied
by boar are highly variable, ranging from a locally high density in the wooded parts of the main study area to very low densities over
much of their ,r ange®mainstudyhbre is drebably mitd-way through tthé general Bukopean range of 0-
10/km? (see Leaper et al., 1999). Assuming a density of 5/km? would give a population estimate of 200 animals (pre-breeding) in the
main study area. For the rest of the Kent and E. Sussex population, density (as measured by signs) was several orders of magnitude
lower and most signs probably related to single individuals. Wilson (2003) has estimated the Dorset population at less than 50
individuals while that in Herefordshire is probably also less than 50. As is the case in Sussex, in both the Ross and Dorset populations
much of the ,range" is occupied by boar at extr emel yatesl ow
gives a total pre-breeding population of c. 300 individuals. With an estimated sex ratio of 1:1 (from European literature) this would
give c. 600 piglets produced annually. As with all estimates of wild ungulate numbers this estimate is crude but, despite the
widespread reports of individual boar, it is highly likely that the population is less than 1,000 individuals and probably substantially
S0.

It is clear that two different processes need to be considered: 1. escapes followed by potential establishment of populations and 2.
what happens to the populations once breeding commences. Escapes continue to occur and at least one more population has become
established (to some extent) since 1998. This process is likely to continue while boar continue to be farmed. The second process —
population spread from existing foci, is more difficult to predict and probably depends on the availability of suitable habitat and the
shooting pressure. A population in a heavily wooded area with low shooting pressure is likely to build up rapidly.

Population structure

It is clear from the results of following tagged individuals, observations, trapping and shooting that each method of sampling suffers
from different biases. The trapping, in common with other studies on boar and feral pigs (e.g. Choquenot et al., 1993; Saunders et al.,
1993) is biased towards naive juveniles and failed to catch any of the wary adult males, which are clearly present in the population, as
shown by the shooting returns. However, following several cohorts of tagged animals showed that mortality was high, at least in the
trappable element of the population. Overall 60% of tagged individuals survived to their probable first birthday but as most of these
were 6-9 months old when tagged there is likely to have been substantial pre-trapping mortality in the cohort.

As in most of its worldwide range, hunting appears to be the main cause of mortality in all three English populations (this study and
Wilson, 2003). In Sussex, over 80% of the tagged animals whose fate was discovered were shot by farmers and local hunters. Due to
their high fecundity (exceptional for a large ungulate) wild boar populations are capable of surviving high hunting-induced mortality
rates e.g. in parts of Poland, the number of wild boar harvested through hunting exceeds the pre-breeding population size (Fruzinski,
1995). Indeed, the age structure of the population assessed from trapping and shooting returns is almost identical to that of other
heavily hunted populations reported in the literature (e.g. Debernardi et al., 1995; Moretti, 1995). Wild boar do respond to high
mortality by increasing their reproductive rate through increased fecundity and higher frequency of breeding juveniles (8-10 months
old females). However, hunting in the English populations is completely unregulated and occurs throughout the year. Furthermore,
all three populations are small and it does appear that hunting is restricting a build-up in numbers and inhibiting their further spread.

The modelling work, using estimates of fecundity and mortality derived from the Sussex population, shows a negative growth rate and

a 20% probability that the current population will go extinct by 2020. It is likely that the Sussex situation at least is being driven by a

l ocally protected popul ation acgt ianrge aa sa cat i,nsgo uarsc ea® ,asnidn knio s
On the other hand, it is possible that the population in Sussex is slowly expanding its range and establishing new population foci
which may reach some threshold and have rapid expansion in numbers and population size. This is often seen in invasive species: a

long lag phase followed by an explosive logistic phase of expansion. However, compared with the predictions made in 1998
(Goulding et al., 1998) it appears that the lowest growth rate scenario has been followed with little population expansion and limited
spread.

Breeding biology

The average litter size reported here (4.29 based on observations) lies within the range (1.87 - 5.60) of litter sizes reported for other
studies and similar to that based on observations in Dorset (4.57: Wilson, 2003). It is rather high, particularly considering that piglet
mortality in the first few weeks of life is not accounted for. Litter sizes in wild boar do vary considerably and are dependent on food
availability in the autumn (Groot Bruinderink & Hazebroek, 1995; Massei et al., 1996) and the age and body mass of the sow (Saez-
Royuela & Telleria, 1987; Groot Bruinderink et al., 1994). As well as high litter sizes a substantial proportion of the juvenile Sussex
female boar were breeding (57%, compared with a maximum of 63% reported in the literature: Moretti, 1995). In these establishing
populations with food not limiting it is likely that this is the main cause of the high litter sizes and early reproduction observed.
Alternatively, hybrid genes would also serve to increase litter sizes and produce higher earlier fecundity.

Although wild boar are capable of farrowing all year round (Braza and Alvarez, 1989; Moretti, 1995) breeding is usually seasonal,
peaking in the spring and early summer (Durio et al., 1992; Massei & Tonini, 1992; Boitani et al., 1995; Fruzinski, 1995). This
appears also to be the case for boar in Sussex and Dorset (Wilson, 2003) and probably also in Ross on Wye. There has been no
evidence of breeding in late summer or autumn.
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Possible management techniques

Overall, this work has shown that trapping is extremely effective at removing large numbers of individuals, at least in populations of
relatively high density. Trapping also seems to be effective for much of the year. The single-capture traps were strongly biased
towards catching juveniles (compared to shooting), which is highly relevant to any management programme involving trapping.
Unfortunately the multi-capture trap was not tested for sufficiently long to assess its effectiveness but multi-capture corral traps have
been shown to be effective in capturing mature animals elsewhere (Sweitzer et al., 1997). Other studies have shown that trapping is
female-biased and likely to remove only 60% of the population (Choquenot et al., 1993; Saunders et al., 1993). There is also a lag
time before animals discover bait during which trapping is not effective. As males have larger home ranges, their removal is
important to help reduce the risk of disease transmission.

The use of bait stations to target individuals may also be effective, large numbers regularly congregated at bait stations in the Sussex
study area. While at bait stations boar can be shot (a technique used by hunters in Sussex), doped or netted or given oral vaccines
(Kern & Lahrmann, 2000; Moening et al., 2003; van Oirschot, 2003). However, other studies have shown that baiting, like trapping,
appears to target a similar (female-biased) segment of the population (as they both rely on animals being attracted to food). In Sussex,
this appears to be similar with observations at bait stations and trapping giving relatively similar age profiles (compared to shooting).
In the high-density Sussex study area, animals regularly visited bait stations and on only one occasion did no animals appear once
observations had begun. One of the main problems with bait stations, however, is potential disturbance by members of the public
which can lead to early abandonment.

Shooting would certainly target elements of the population which appear to be trap shy. In particular, adult males are difficult to trap
but are known to exist in the population from RTAs or being shot. There are, however, problems with shooting, particularly in
response to a disease outbreak when shooting animals may help disperse individuals, thus helping spread the disease. Currently,
shooting does appear to be extremely effective in controlling all three populations and limiting their spread.

2. Ranging behavour and habitat use

Tracking

All seven boar which were fitted with radio-collars in January 1999 shed their collars within one week, so no data were collected. The
animals with ear-tag transmitters were all successfully tracked for varying lengths of time until they died or disappeared. Two
modified collars fitted to boar in 2002 were also successful. However, there was a gap in data collection in 2001 from mid-February
until mid-April due to the FMD outbreak.

The time radio-tracked averaged 25 weeks per animal (range 4 - 48 weeks) with the mean number of weeks tracked 30 weeks in 2001
and 12 weeks in 2002. The mean number of fixes per animal was 132.4 fixes overall (range 15 — 472), the mean for 2001 was 162
and 61 in 2002 and 54.5 for the two Ross-on-Wye animals. This large variation was mainly due to tagged boar being shot by local
hunters and farmers. In addition, two animals died as a result of RTAs, one lost its tag and yielded too few fixes to be included in
analyses and eight animals went missing, either due to transmitter failure, shooting or emigration from the study area. Repeated
efforts to locate missing animals by searching the study area in ever-increasing circles proved fruitless. The two Ross-on-Wye
females were still alive at the end of the study in March 2004, however, little can be concluded from this as they were only followed
for 4-6 weeks.

Home range

Detailed home-range analysis was carried out on data from a total of 18 individuals, 16 animals in Sussex (six females and 10 males —
all juveniles) and two females (both adults/sub-adults) in Hereford. The mean home range size for Sussex boar (using 100% MCPs)
was 4.65 km? (range 1.02-9.60 km?), but was higher (mean 5.47 km?) for animals tracked in 1999 and 2001 (which were tracked for
longer than those in 2002). The home ranges of the two Hereford boar were 2.08 and 1.67 km?. This is below the mean for the
Sussex animals but this is probably due to the shorter time they were tracked (only seven weeks). However, despite the large number
of fixes for many animals, stability estimates, made by plotting cumulative range size against number of fixes, showed that home
range size only reached an asymptotic value in the case of one animal.

Night ranges were significantly larger than day ranges (median: night = 3.39 km?, day 1.82 km?; Wilcoxon Matched Pairs Test, Z = -
3.413, N = 16, P = 0.001). However, despite the fact that boar move relatively little during the day, their day-time ranges, although
smaller, were still quite extensive and covered a mean of 52% of the full home range. There was no significant difference between
the home range sizes of males and females (total MCP U = 9.0, n = 10, NS; daytime only U = 7.5, n = 10, NS and night-time U = 4.0,
n =10, NS) for the 1999 and 2001 boar combined.
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Larger-scale movements

At least one of the tagged boar moved out of the main study area and was found dead having been involved in an RTA 17km from its
previous location in the main study area. An unknown other number of boar may also have dispersed from the study area (n = 8) but
are simply noted as ,missing". It is likely, however,

Home range overlap

The overlap between the two females in Ross was substantial — overall 82.3% of their MCPs. Overlap in home range was also
extensive for Sussex boar, with an overall mean of 54.1% (range 1.3 — 99.5%). This was relatively similar between the
simultaneously tracked boar for each of the three years: 61.4% for the two 1999 boar, 47.4% for the nine 2001 boar and 77.2% for the
five 2002 boar. There was no significant variation in this overlap between the seasons (only five boar from 2001 were compared due
to small sample size for the rest).

Seasonal changes in home range

Overall there was large variation in range size between individual boar throughout the year and pooling all the Sussex boar showed no
difference in range size between seasons (Fz3, = 2.12, P=0.116). Comparisons using the proportion of their overall home range
occupied in any season gives a similar result (F3 3, = 2.01, P=0.134). If data for the five 2002 boar are excluded (due to lack of data
after early summer) there was a significant difference between seasonal home ranges (F3,; = 3.82, P=0.021 using absolute range size
and F3 6 = 5.23, P=0.006 using proportion of total home range area). This appears to be due to smaller ranges in spring compared
with summer and autumn (Table 3).

Table 3. Seasonal home range sizes for a) all Sussex boar pooled and b) the eleven 1999 and 2001 boar only.

Range Size (krf)

Season N Mean | Std. Error
All years combined

Spring 16 1.70 0.26
Summer 11 2.54 0.67
Autumn 6 3.40 0.49
Winter 5 2.20 0.05
1999 and 2001 boar only

Spring 11 1.22 0.27
Summer 9 2.94 0.75
Autumn 6 3.40 0.49
Winter 5 2.20 0.05

Day-time resting areas

Animals rested during the daytime in many different locations but fixes tended to be clustered - the kernel analysis gave a mean
number of daytime resting areas as 2.36 (range 1-4) per boar. There was no significant difference between number of resting areas
used by males and females (U = 11.5, n = 11, NS). The mean distance between resting areas used by individual boar was 1.93km
(range 0.68 — 3.37km). The mean area covered by these resting areas was 1.33km? (range 0.11 — 3.51km?) and this did not vary
between the sexes (U = 14.0, n = 11, NS).

Core areas and core area overlap

Many of the boar had substantially overlapping core areas (defined by the 90% cluster of 24-hour fixes) as well as overlap in their
overall home range. For the Ross on Wye boar this was 36.4% and the mean for the simultaneously tracked Sussex boar was 28.9%
for the 2001 boar and 41.2% for the boar tracked in 2002. There was much variation in this with overlap ranging from 0—97.2%.

Habitat usage

Boar throughout their range are strongly associated with cover, in particular woodlands and the radio-tracked individuals in the
Sussex and Hereford populations showed similar behaviour. Overall, for Sussex boar, a mean of 83.4% of the fixes were in woodland
and 92.1% were either in woods or within 50m of the woodland edge. The range in this between individual boar was relatively low
(67.0 — 95.6%) - all boar were strongly associated with woodland. A simple comparison of woodland use with use of all other
habitats shows use of woodland is far higher that use of all other habitats combined (day: Z = -5.235, N = 36, P<0.001; night: Z = -
4.464, N = 36, P<0.001). Use of agricultural land varied greatly between individuals (4.3 — 30.2% of fixes) with a mean of 16.2%.

There was significant seasonal variation to the use of woodland by boar (H=13.3, df = 3, P<0.005) for daytime usage (summer was
lowest) but the differences were only close to significance for night-time and all fixes combined. Use of other habitats varied greatly
between seasons, in general use of agricultural land was highest in summer although this seasonal difference was only significant for
daytime fixes when use of agricultural fields was between 2.5 - 8 times greater than in the other seasons (H=9.4, df = 3, P=0.025).
Use of agricultural land adjacent to woodland also peaked in summer but this was not so marked and, like other agricultural land was
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only significant for daytime fixes (H=7.9, df = 3, P<0.05). Boar were never found in orchards in daytime but their use at night varied
significantly between seasons, peaking in summer (H=13.1, df = 3, P<0.005). On the level of individual animals, five of the Sussex
boar (out of nine still alive) moved out into farmland to a far greater extent in July, resting in high pre-harvest cover in the fields.

Compositional analysis of habitat usage

The compositional analysis, which examines use of a habitat relative to its availability, looked at boar habitat selection in greater
detail. For this three habitats were defined: woodland, orchards and other agricultural. ~ This showed firstly that boar were not
choosing habitats according to their availability in the landscape (Wilks | = 0.104, c? = 32.8, df = 2, P<0.0001). Relative to the
composition of the overall study area boar were preferentially choosing woodland habitats in which to locate their home ranges -
overall woodland cover in the study area was 21.7% but the mean proportion of woodland in boars MCPs was 55.3% (Table 4). Ona
smaller scale, relative to the habitat composition of their home ranges, boar were preferentially spending their time in wooded habitats
and avoiding agricultural habitats (Wilks | =0.128, ¢* = 36.2, df = 2, P<0.0001).

Table 4. A comparison of the habitat composition of the study area, the mean home ranges and number of fixes for the Sussex boar.

Percentage
Study area Home range (MCP) No. Fixes
Woodland 2L.7% 55.1% 83.4%
Agricultural 75.0% 43.7% 16.2%
Orchards 3.3% 1.0% 0.5%
Movement pattern

For the six animals followed continuously through the night, the mean number of fixes was 9.67 (range 6 - 13). Mean distance
travelled was 2.9km (range 1.59 - 5.57). Four of the animals moved in a circular pattern returning to the same resting place they had
occupied the previous night. The other two used different resting places, the farthest was 1.1km from that of the previous night.

Potential contact with livestock

In the Sussex population, wild boar were located in fields that contained sheep and cattle infrequently. The mean number of fixes per
tagged boar in livestock fields was 1.3% of the total fixes (range 0 - 3.1%). Of the 44 fields that contained livestock, each radio-
tagged boar visited a mean of 1.6 (range 0 - 4). Overall 20% (9/44) of the livestock fields were visited by at least one radio-tagged
boar on one occasion. The two females tracked in Ross on Wye were never located in livestock (sheep only) fields but clearly used
them to commute between woodlands.

Discussion

The sample size of tracked boar reported here (18 boar with usable data) is one of the largest samples of radio-tracked boar in the
literature. Interpretation is, however, hampered by the fact that virtually all the animals were juveniles, although, given the high
mortality rates the population is likely to be dominated by juveniles. Furthermore, a substantial proportion of the juvenile females
were part of the breeding population. Both in Sussex and Ross, the tagged boar were closely tied to woodland habitat, particularly
during the daytime when they were mainly resting. This is very similar to what is seen in most other European populations (e.g.
Gerard et al., 1991). The Sussex boar also appear to be relative unselective in their choice of woodland habitat, both conifers and
broadleaves were used so long as there was dense understorey vegetation to lie up in. They clearly also use farmland and this use was
highly influenced by season particularly during the day. This summer agricultural use was also influenced by cover as the peak use of
farmland was when cover was high prior to harvest, which is similar to the pattern of use reported in southern France by Gerard et al.
(1991). This seasonal pattern is interesting as high summer usage occurred when damage levels were lowest (see below). Contact
with livestock appeared to be low, boar tending to spend little time in fields with livestock present. This is also reflected in the fact
that the probability of agricultural damage is lower in fields containing livestock (see below). Boar did not appear to avoid human
habitation and one spent a considerable length of time close to Rye. Clearly towns of this size will not significantly inhibit their
spread.

Overall range size is at the lower end of that of other reported studies. This may be influenced by many of the tracked animals being
juveniles which were killed before they had reached their stable adult range. Home range is influenced by a range of factors, notably
food availability, density (Massei et al., 1997) and, in most populations, hunting (Jullien et al., 1990; Maillard & Fournier 1995;
Boitani et al., 1994; Sodeikat & Pohlmeyer, 2002; 2003).

It is well known that boar are capable of long-distance dispersal (one Polish animal moved 250km) and at least one of the young
Sussex males moved a substantial distance before being killed. How many of the others that went missing actually dispersed is
unknown. Many disappeared at the probable peak dispersal time (Truve & Lemel, 2003) of 7-16 months. It is probably that most of
these were shot given the high rate of mortality from this cause and the fact that in general most boar are relatively sedentary (e.g.
Boisaubert and Klein (1984) report that 85-92% of males and 96-98% of females are recovered within 10km of where they were
trapped). However, one cannot rule out the possibility that a number of other individuals also dispersed from the main study area.
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The degree of overlap in home range was considerable, both in terms of overall range and preferred or core areas. This is not
surprising as wild boar are highly social animals. This overlap would facilitate the transmission of communicable diseases within the
population. However, all the animals that were tracked in Sussex were juveniles and most were caught within a relatively restricted
area (of approx. 7km?), as suitable trapping locations outside this area were limited. It is probable that most of the individuals tracked
at any one time were from a small number of social groups. The two sub-adult females tracked in Hereford however also had a large
degree of overlap in range, despite both probably farrowing about the time of capture. These high range overlaps clearly lead to high
densities in suitable areas. Unfortunately, the ranging behaviour of mature females and males remains largely unknown in the English
populations but it is likely that adult males in particular have larger ranges than those shown by the juveniles tracked here. How
animals in low population densities range is also unknown, the closest situation to this examined was in Ross on Wye.

3. Agriculture damage

The lack of damage on the initial sample of r ando mllogalisedh o s
nature of boar damage even in the largest population. All the rest of the boar damage results reported below relate to damage in a
limited area of approx. 50km?

Confirmed sightings of damage

A total of 92 incidents (76 involving different fields) of wild boar damage to fields were confirmed between January 1999 and August
2000. Of these 76 fields, 58 were damaged on one occasion, 16 on two occasions and two on more than two occasions. Altogether
69% (n=63) of damage incidents were on pasture and 16% (n=15) were in fields of new farm woodland. Thirty-eight percent (n=35)
of all incidents had only negligible damage and 45% (n=41) had minor damage. Only 3% of incidents (n=3), all pasture fields, had
severe damage. The vast majority of damage was rooting (94%, n=86) with only a small amount of trampling in wheat crops (4%,
n=4). Two turnip fields (2%) had both trampling and rooting damage. The majority of damage incidents (89%, n=82) occurred in
fields with one or more sides bordering woodland. Damage was highly localised, all but six fields that sustained damage were in the
main study area. These six other fields were in the neighbouring parish of Udimore, immediately to the south.

The seasonal pattern of damage showed a strong bias towards autumn, winter and early spring (Figure 6). In summer, damage was
rarely seen, probably mainly due to the lack of moisture in the soil making rooting difficult. It is also probable that the higher cover in
summer makes detection of rooting damage more difficult.
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Figure 6. Seasonal pattern of agricultural damage in the main Sussex study area.

Factors influencing damage

For the revised survey method, a total of 83 fields belonging to 10 farms in the main study area were surveyed over six months. Forty-
one percent (n=34) of all fields surveyed showed evidence of wild boar damage. The severity of damage was expressed as the
cumulative effect of wild boar damage at the end of the six-month survey period. Eight fields (24% of damaged fields) had negligible
cumulative damage, 29% (n=10) had minor, 24% (n=8) had moderate and 24% (n=8) had severe damage. Severe damage was only
recorded in the fields of new farm woodland. Of the 22 damaged pasture fields surveyed, 36% (n=8) had negligible damage, 36%
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(n=8) had minor damage and 27% (n=6) had moderate damage. Most damage occurred to both the middle and edges of fields (68%,
n=23). Twenty-seven percent (n=9) of all damaged fields were damaged in only one month, 41% (n=14) were damaged on two
occasions and 24% (n=8), all fields of new farm woodland, were damaged by wild boar during every month of the six-month period.
Considering individual crops, 36% (n=22) of 61 pasture fields surveyed were damaged and 73% (n=11) of 15 fields of new farm
woodland were damaged. In the farm woodlands only the ground vegetation was impacted, there was no actual tree damage

The logistic regression analysis showed that, using cumulative damage as the dependent variable, the probability of a field being
damaged was strongly influenced by shooting on the land (P<0.001; Figure 7). There were substantially lower levels of damage
where shooting was allowed. Crop type also had a highly significant effect on the probability of damage (P<0.001), with new
woodlands being the most damaged, followed by pasture and finally arable fields. The presence of livestock (sheep, cattle and horses)
was also highly significant in the model, both for all fields combined (P<0.001, grazing occurred on arable and new woodland fields
as well as pasture) and pasture fields only (P<0.02). There was less damage where livestock were present, although the relationship
was complex, fields which had livestock intermittently had significantly less damage than those with none or those which had
livestock throughout the six months. The presence of woodland adjacent to the field was also significant (P<0.05) but the number of
field sides surrounded by woodland was not significant (P=0.25). Neither field size nor proximity to roads were significant as factors
influencing damage.

Multinomial logit model with Shooting
Cumulative Damage

0.00
-0.7 0.3 1.3 2.6
None NealinihMinor Maoderate Severe

Figure 7. The influence of shooting on cumulative damage using the multinomial logistic regression model. No shooting is
represented by 0 and shooting by 1.

Discussion

To date, within the Kent and Sussex population, agricultural damage has remained localised and mainly confined to pasture.
However, this is primarily because the main boar population is confined to one area which is predominantly pasture. Boar were also
causing damage to a wide range of other crops and new farm woodlands (although the latter is probably beneficial as it serves to
inhibit weed growth and cause Nitrogen mineralisation and thus benefit the trees establishment). Of the factors influencing damage,
shooting, crop type, adjacent woodland and presence of livestock were all significant but, perhaps surprisingly, having adjacent
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woodland was less so that the other three. Neither proximity to roads nor field size was significant. Clearly boar, as in most of their
extensive range, will impact on a wide range of crops if they have the opportunity, particularly where these are close to cover and if
shooting pressure is light. To date, much of the damage (though unsightly) has been minor and of little economic significance.
However, if boar continue to spread, their most economically significant impact is likely to be to arable crops or high value fruit-
vegetable establishments particularly if these are in close proximity to woodland.

As with most reports of agricultural damage in the literature there was a marked seasonal pattern to it. The pattern reported elsewhere
varies between crop types and locations but the pattern in Sussex was similar to that reported for Dorset (Wilson, in press) but there
was more damage in autumn in Sussex. The majority of the damage was also rooting with very little direct consumption of crops or
trampling being reported. This preponderance of rooting over the autumn to spring period is facilitated by the greater levels of
moisture in the soil at these times of year. Lower soil moisture in summer inhibits rooting, as the ground is too hard. What boar were
rooting for is unknown but it may have been plant tubers, fruit such as acorns/mast or invertebrate larvae and pupae. It is interesting
that the period with lowest reports of damage (summer) is that with the highest usage of agricultural land. It is probable that some
damage was overlooked in summer when cover is generally high. In other European populations boar often consume cereals at this
time of year.

Throughout their range, despite the wide range of crops boar consume they show a clear preference for particular crop-types. In
general, maize and wheat are preferred while rye and barley are avoided. Potatoes, beet and grapes are also preferred crops in Europe
while pasture, though regularly rooted, is actually less preferred. As well as crop species, boar also choose particular varieties of crop
—e.g. Genov (1984) found damage ranged from 0-70% for different potato varieties and Jezierski and Dubas (1984) found similar
results. As well as crop type, damage tends to be related to boar density, amount of woodland and negatively related to proximity to
habitation and roads (Genov, 1981a; Dardaillon 1987).

Chemical, auditory and visual deterrents are not effective in reducing damage levels (Vassant & Boisaubert, 1984; Vassant, 1994;
1994a). However, provision of supplementary food can reduce damage to high value crops and in one report supplementary feeding
with maize in woodland reduced the damage to wheat by 70% but was costly (Vassant, 1994a). Planting vulnerable crops away from
woodland also helps while less palatable ones (e.g. barley) can be planted close to woods (Vassant, 1994). Use of sacrificial crops
appears to be less successful than supplementary feeding (Vassant 1994a). Electric fences are also effective but overall in many
populations a combination of population management and other management techniques (e.g. fencing or supplementary feeding) are
required (Vassant 1994a).

4. Genetic composition

Phenotypic appearance

Most of the animals observed at bait stations had the typical shape and colour of wild boar: a bristly coat with a thick underlying
brown pelage. Head and shoulders large and body weight lies forward of small hind quarters. Snout is narrow, long and straight, and
ears are small and erect. Tail is straight with long hairs at the end. Boars are generally larger than sows. Piglets are born with a coat of
brown and yellow longitudinal stripes (Mayer & Brisbin, 1991). However, 18% of sightings were of animals with an unusually pale,
creamy white coat colour. Three of the captured wild boar (10.3% of the Sussex boar captured and anaesthetised) also had an
unusually pale coat colour by comparison with normal. The paleness of these coats varied from almost pure white to a light sandy
colour. However, no animals were seen to possess any other features that were indicative of hybridisation between wild boar and
domestic pigs. Pale coat colour was also observed in the striped piglets. Out of a total of 50 piglets observed from 13 identifiable
sows, 14 (28%) were of animals with pale pelage.

Genetic analysis

Full mitochondrial DNA sequence analysis was possible for all samples except for four of the 12 feral boar samples where only part
(97,98,98and 86 % respectively) of the sequence was deter min
wild boar was identical to some sequences for wild boar entered in the Genebank database. This sequence was, therefore, used as the
standard for comparison of the other DNA sequences. The results for the domestic breeds and free-living Sussex boar are shown
below and compared with the genebank data.

Genuine Farmed wild boar “Genuine” wild boar (Standard) sequence.

Feral Sussex boar

ed.

N=2 ldentical to “genuine” wild boar sequence.

N=10 2 bases different

Domestic pig breeds
Gloucestershire Old Spot |l dentical to “genuine” wild boar sequenc
Meishan 15 bases different

e .
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Yorkshire 16 bases different

Duroc Il dentical t o rSqguenceui ne” wild boa

Pietrain |l dentical to “genuine” wild boar sequence.
Large White 1 base different

HC White 15 bases different

Genebank Database Entries for fAwild boaro

Sus scrofa (no origin) l dentical to “genuine” wild boar sequence.
Bulgarian (1) 1 base different.

Bulgarian (1) 2 bases different.

Sardinian 1 base different.

Japanese 5 bases different.

Maremma 8 bases different.

The results of this initial work indicate that there was a variation of up to eight bases among the farmed and genebank ( , ge nu
wild boar. There was, however, a large degree of overlap with domestic pigs, three breeds were identical to wild boar but some had up

to 16 bases different. The feral English medr wfiéldl bwalrl
two identical and the other 10 with only two bases different.

Further sequencing of cytochrome b and the hypervariable loop D of the mitochondria was carried out on six domestic pig DNA
samples and 20 feral Sussex and Kent boar samples. This identified two haplotypes, one associated uniquely with the pig samples and
one with the putative wild boar. The second cytochrome b haplotype associated with the putative wild boar has not been recorded in
any of the sequences present in the genebank database. Sequencing with the hypervariable loop D region of the mitochondria did not
yield any consistent differences between the two types of samples.

Genomic DNA

Fingerprinting based on the analysis of five microsatellite loci from the continental European populations and feral Sussex boar
showed differences in the frequencies and the types of alleles. In total, 176 of the 220 samples (169 European and seven English)
worked sufficiently well to be analysed. Sample size was lowest for the Sussex boar due to a lack of tissue samples (most had been
used for the mtDNA work) and the difficulty of extracting DNA from long-stored blood samples. Despite this, all groupings were in
Hardy-Weinberg equilibrium, apart from Netherlands (NE) and Gerona (Spain), where there were heterozygote deficits at one and
two loci respectively. Therefore pairr-wi se esti mates for these “popul ations”
loci were used to generate RST Calc values (Goodman, 1997). This gives pair-wise estimates of genetic distance between locations
(Table 5).

mu

Table 5. Matrix of RHO (RST Calc) values (averaging variance components) for five loci. Figures in parenthesis indicate number of
individuals sampled per group.

Sussex (7) | W. Swiss | Collserola | Netherlands | Alava France (25)
©) (25) (60) (13)
W. Switzerland 0.3369
Collserola (Spain) 0.3396 0.5611
Netherlands 0.1400 0.3158 0.2700
Alava (Spain) 0.2126 0.3705 0.3208 0.1911
France 0.1938 0.2024 0.4773 0.2349 0.3802
Gerona (Spain) (37) | 0.2711 0.2963 0.2246 0.2411 0.0949 0.2565

RST Calc values range from 0 to 1.0. The nearer to 1 the greater the genetic differentiation between populations. Values less than
0.05 are generally considered to indicate all animals are from one population. Values between 0.05 — 0.25 represent moderate levels
of divergence between populations while those >0.25 represent high levels of genetic divergence between populations.

The RST Calc values in this range indicate that each group sampled is fairly genetically distinct from the others analysed. The Sussex
samples do not appear to be any more genetical | greftbnsathant
other, indeed the range of genetic distances is significantly less than that between some of the Continental populations (0.19-0.34 for
Sussex vs. 0.20-0.56 for the Swiss samples and 0.22-0.56 for the Barcelona population). The English boar appear to be most closely
related to the samples from the Netherlands and France and most distant from the Swiss and Barcelona boar. Indeed, the Barcelona

city park population appear the most genetically distinct when compared to the other populations. This may due to their location
within the city which may inhibit mixing with other boar populations. The most closely related groups appear to be those of Alvara

and Gerona (two of the Spanish groupings), however with a RSTCalc value of 0.0949 they would still be considered to be two
separate “populations”
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Discussion

Typically wild boar coat colour varies between light brown and black with white or tan distal tips on the bristles (Mayer & Brisbin,
1991). However, some variants have been reported in the wild, e.g. a population of pale-coated wild boar is reported to exist in Chizé,
France and 2.5% of one Polish population is described as being a creamy colour (Andrzejewski et al., 1975). The existence of a
substantial number of pale-coated boar in Sussex may be the result of ancestral cross-breeding with domestic pigs or simply a genetic
mutation resulting from the low size of the founder population. Genetic composition is an important management issue since hybrid
animals have greater fecundity than pure-bred wild boar. It is also crucial for deciding whether the feral boar are a returned former
native species or merely escaped feral pigs. However, no other variations in coat colour (e.g. spots, saddles or collars) or other
physical characteristics of hybridisation, such as curly tails, floppy ears, short snouts or large hind quarters were observed (Mayer &
Brishin, 1991).

The results of the DNA work were somewhat ambiguous. This is not surprising given the complicated genetics of boar and domestic
pigs. Pigs appear to have been domesticated twice — in Europe and Asia (i.e. from very different boar populations) and there has been
extensive introgression of Asian pig genes into European pig breeds (Okumura et al., 2001). As game animals wild boar have been
moved about for centuries and have also interbred with pannaged domestic pigs. For the mtDNA sequences examined here there was
much overl ap between domestic pigs and wild boar wi bohbr.
However, sever al pig breeds were also identical to th
showed differences between the Sussex boar and domestic pigs although this would be expected even if the animals were hybrids.
The genomic DNA analysis, which compared English boar with several European populations, was also inconclusive. Sussex boar
do, however, appear to fall within the range of variation shown by the Continental boar populations examined. Interpretation of the
work was inhibited by the small sample size of Sussex boar from which DNA could be extracted which limits the reliance on any
interpretation. Furthermore, all the European samples were from Central and Western Europe and while much of the original English
farmed stock were from France, Eastern European boar have also contributed to the gene pool of the farmed stock since then
(Goulding, 2001).

Given that the Kent and Sussex boar are probably derived from unregistered (and thus more likely to be hybrid) stock it is likely that
the current population has some domestic ancestry. This is supported by the unusual coat colour of 10-20% of the Sussex population,
their high litter size and the high proportion of juvenile females breeding. However, the mitochondrial and genomic DNA work does
tentatively suggest that the Sussex boar at least are no more genetically mixed than many European populations.

Conclusions and recommendations

The free-living boar populations in England originated from farmed stock imported from Europe and overall, the feral populations are
similar in behaviour and ecology to those of Continental populations. Home range sizes, use of core areas and habitat preferences as
well as the pattern of movement all fall within the range of boar behaviour reported in the literature. The importance of cover (mainly
woodland), particularly for daytime resting areas, is also clear from this work as it is for most other populations. Breeding behaviour,
including litter sizes and the seasonal farrowing pattern (February to July) also resembled those of wild boar populations on the
Continent. The extended farrowing period seen in feral pigs was not evident in the Sussex population at least and does not appear to
be in the Dorset population either.

Despite these similarities, the genetic composition of the English boar remains uncertain. Phenotypically, they resemble pure-bred
wild boar, having no obvious hybrid features, with the exception of the pale-coloured individuals in the Sussex population (these have
not been seen in either the Dorset nor the Hereford populations). This trait may indicate domestic pig ancestry or may be merely a
mutation (perhaps induced by the genetic bottleneck of the founder population). Sussex boar (at least) also seem to be not any more
genetically distinct than any of the European populations examined.

Long-term viability of existing boar populations

The main influence on the long-term survival of the existing English populations appears to be hunting pressure. Animals are being
shot throughout the year (including pregnant and lactating sows) and it appears that hunting is reducing population growth and
inhibiting spread in all three populations. However, these three populations have persisted to date despite this pressure. Whether this
will continue is unknown and whether boar have or are establishing new population foci close to their current known range (e.g.
Forest of Dean, Bedgebury Forest in Sussex) will have important implications for the possibility of long-term establishment. It is
possible that boar are following a typical pattern for invasive species where there is a long lag phase before the population begins to
grow and spread rapidly. Clearly, boar in all three populations have not reached this phase yet. The alternative, extinction in one or
all of the populations, is a distinct possibility as shown by the modelling of the Sussex population.

Current impact
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In Continental Europe, wild boar are one of the most economically significant mammalian pests of agricultural crops. However, in
Sussex and Kent, agricultural damage was only locally distributed and even then, most of the damage was to pasture and was not
severe. Compared to other mammalian pests, wild boar are currently not a significant agricultural pest in England. However, if the
population expands then the potential for conflict with agriculture will become far greater. In particular, areas with sufficient
woodland to support a population which is in close proximity to arable crops are at those most at risk. A far more serious risk,
however, is the potential of boar to act as a reservoir for livestock diseases such as FMD, CSF, Auj esky*“s di sease
Wild boar frequent fields containing livestock, have large, highly overlapping home ranges, good dispersal abilities and can reach
relatively high densities. They are known to be a reservoir of CSF in Germany, France and Italy and all the traits outlined above help
facilitate transmission of disease between wild boar and livestock. Currently, however, all three of the English populations are below
the threshold for a CSF epizootic. The economic implications of the establishment of a large and widespread boar population as a
disease reservoir would be considerable. In terms of animal welfare, outdoor pig units would be particularly vulnerable to disease
transmission and a population of wild boar with endemic CSF would greatly inhibit the use of outdoor pig units.

Implications for human safety

Wild boar are generally shy, retiring animals that bolt to cover when disturbed, spending most of their daylight hours in dense cover.
However, sows become aggressive after farrowing (Eguchi et al., 2000) and a particular concern is people exercising dogs. In Britain,
confrontations between the public and wild boar have been reported but human injury resulting from boar encounters have been
confined to boar escaping from abattoirs and RTAs. Road traffic accidents have also claimed the lives of several wild boar in each of
the three populations. Areas of particular risk are where roads bisect areas of woodland, indeed several of the radio-tracked Sussex
boar had core areas straddling minor roads. If the population grows the potential for serious RTAs involving human injury and
fatalities will undoubtedly rise. On the Continent, boar (with deer) are a major source of wildlife-induced RTAs.

Wild boar are vulnerable to parasitic and bacterial infections and several of these are transmissible to man (Wood & Barrett, 1979).
Shot wild boar in Kent/East Sussex have been butchered and skinned in an unregulated environment. Trichinosis is probably the most
important zoonotic threat to human health from consuming wild boar/feral pig meat, but trichanella is currently not present in the UK.

Economic benefit

In the existing boar populations many animals are shot and local game dealers and butchers have profited from this, since boar
shooting is prized and the meat commands a high price. Wild boar thus have a significant resource potential as a sporting target and
food source and there have been numerous articles on boar hunting in the shooting press. In Britain, the fact that wild boar shooting is
unregulated raises animal welfare and human safety issues. The lack of a close season results in lactating sows being shot, any
unweaned piglets being left to starve. Animals are also shot in all stages of pregnancy and shot with weapons of inadequate calibre -
carcasses skinned prior to butchering have been found with lead pellets embedded from a previous shooting. Public safety issues are
also raised as wounded animals can be dangerous. Thus, if the boar population persists, some form of regulation of hunting would be
desirable.

Ecological implications

The impact of wild boar on (particularly) woodland ecology is complex and has still to be fully understood. Rooting through the
surface layers causes a disturbance regime that favours some species but not others. The intensity of rooting is likely to vary from year
to year due to fluctuating boar numbers and natural food supply. Wild boar are a former native species of the UK, so our woodland
ecology would have evolved in conjunction with wild boar. They are thus more likely to be beneficial overall but undoubtedly will
impact negatively on some habitats and species (e.g. bluebell beds, ground-nesting birds and perhaps dormice).

Potential management techniques

As boar and feral pigs are a widespread pest species in many parts of the world there are a large number of potential management
techniques which may be used to manage them on a local or population scale. Many of the techniques which are used would not be
suitable to the English situation. For instance, wide-scale poisoning (which is extremely effective for feral pigs in Australia) would
not be acceptable in the UK due to humaneness concerns and the likelihood of poisoning non-target species. Hunting with dogs, used
in Australia and parts of the Continent would also not be acceptable in the UK and in any case it would cause significant disturbance
and may aid in population or disease spread.

Shooting is clearly effective, especially in conjunction with baiting animals but also has humaneness concerns for much of the year
(January to June) as sows may be farrowing. Trapping is also effective but tends to target juveniles preferentially as does baiting onto
feed rides (but to a lesser extent). Trapping caught relatively few non-target species (some badgers and sheep) and could be used for
delivery of vaccines or contraceptives. Baiting could be used in conjunction with netting (nets suspended above bait area triggered to
fire when boar are feeding), doping using stupefying bait or the oral delivery of vaccines.

Given the precarious population status of all three existing populations, with negative growth rates predicted in the largest there may
be further scope to influence the growth rates of particular populations. Novel techniques such as contraception may also warrant
further investigation given the small population size, limited range and limited growth rates.
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In terms of responding to rapid contingencies, such as a CSF or FMD outbreak, the first priority is to identify where boar are present
and then to remove as much of the population as rapidly as possible. Trapping is likely to be effective for much of the year but this
needs further investigation. Bait rides may also be useful for identifying the presence of boar in an area and are likely to target a
greater proportion of the population than trapping alone. Their use by boar may also be influenced by season — they are most likely to
be effective when alternative food is scarce.

If any national management is to be conducted, clearly the reduction/halting of further escapes is an important pre-requisite to prevent
the establishment of further populations. This is particularly important for establishments which contain hybrid boar X domestic pigs
which breed faster and can exist at higher density. Areas with large domestic pig populations, particularly where there are outdoor
units, should also be priorities for the prevention of escapes or the establishment of feral populations.

The results of this research will be used to inform a Defra consultation exercise which will also be informed by a review of potential
options by RDS.

Recommendations for further research

Assessment of seasonal trapping success of single and multi-capture traps.
Assessment of the use of bait stations, particularly in low-density populations.
Assess the feasibility of alternative methods of management.

Monitoring of existing populations and new escapes.
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Appendix 1. Locations of transects walked in Kent, East Sussex, Dorset and Herefordshire.
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Appendix 2. Map of records of wild boar in Dorset (compiled principally from records by C. Wilson) for: a) pre March 1998 and b)
post January 2002.
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