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“…The feather from the raven’s breast

Falls on the stubble lea,

The acorns near the old crow’s nest

Drop pattering down the tree 

The grunting pigs, that wait for all,

Scramble and hurry where they fall…”

John Clare in Autumn (19th century poet)
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ABSTRACT
Damage to trees has been the main factor that has made foresters reticent to the reintroduction of pigs in forests. An experiment involving Oxford Sandy & Black pigs was set up in a deciduous woodland, in the British midlands. The rate of damage to the trees caused by the pigs was monitored over a period of 369 hours. This rate of damage was also compared with 3 different feeding regimes (high, medium and low). It was found that tree numbers decreased over time in all species as a result of the presence of the pigs (e.g. ANOVA between birch and time for plot 1: P value of 0.00677 or ANOVA between oak and time for plot 1: P value 0.000176).

It was also found that the pig feeding regimes had an effect on the pig damage of trees. High feeding levels are believed to lead to a lesser oak seedling mortality than on less well-fed plots (The percentage of oak seedlings destroyed at 148 hours for the better fed pigs is 25 % whereas the less well-fed pigs at the same time had destroyed about 69.2 % of them). 

Most weeds had disappeared after about 90 hours of pig presence while tree seedlings were still numerous even though the speed at which the pigs clear the land of weeds might depend on the density of brambles. 

The results are discussed in relation to strategies of managing pigs in forest and indeed the use of pigs as a silvicultural tool has been shown to be possible and the added benefit of using a rare breed, such as Oxford Sandy & Black pigs, adds to the positive points of the venture.

Chapter 1: INTRODUCTION

This dissertation will investigate the rate of tree damage by pigs, with regards to weed control in a silvopastoral agroforestry system, in “Hill Holt Wood”, a local woodland near Newark. Silvopastoral agroforestry systems, involving pigs, have been known for generations but very little modern research has been done on the subject. Use of pigs in nature conservation is very understudied (Tolhurst & Oates, 2001).

Examples of land use systems integrating domestic pigs or wild boars with trees can be observed throughout the world, where underlying motivations include opportunistic resource use, tradition, product orientation and service functions. Although there is considerable interest in such agroforestry systems in the UK, this is yet to be reflected in widespread practical application, and there is little research available on their biology and performance (Brownlow, 1994).

The owner of Hill Holt wood originally brought in the pigs to replicate the effect of wild boar in ancient forests, however he observed that the pigs preferred to feed first on the weeds before attacking the trees (Pers com: Nigel Lowthrop, 2001). Furthermore another woodland pig breeder, called Ray Harris, has observed that the pigs will feed through the undergrowth but leave tree and saplings to continue to grow (Broomhead, 2001). Pigs have been used as a weed control method for several years in parts of Austria (Brownlow, 1994). The forest manager needs more information concerning the feasibility of the operation before being able to use the animals as a weed control method as he is aware that tree damage can be the main drawback with silvopastoral systems. The advantages gained by the animal ground preparation can easily be outweighed by the destruction of natural regeneration by the pigs. 

The Oxford Sandy and Black pig was the breed used for this experiment. It originates from Oxfordshire and was sometimes known as the “Oxford Forest Pig” (Sheppy, 1986) therefore appearing to be an appropriate breed for this agroforestry experiment. 

The pigs were kept in a mixed broadleaf, community forest in Nottinghamshire at the border of Nottinghamshire. The woodland is called “Hill Holt wood” and covers approximately fourteen hectares on the side of a very busy road of roman origin. It is composed of species such as oak (Quercus robur), ash (Fraxinus excelsior) or birch (Betula pendula) and is a typical British deciduous woodland. The history of the woodland is worth introducing: 

Previous owners felled several hundreds of the highest quality oak trees, partly clear felled and partly under the selective system. The clear fell area was very badly replanted and apart from that no other replanting had taken place. The ground flora had disappeared under a carpet of bramble (Rubus fruticosus) and invasive alien rhododendron (Rhododendron ponticam) had spread through to the middle of the wood. This plant shades out all the ground cover, is poisonous and puts out a growth inhibitor from the roots, preventing other plant from establishing for a number of years after its removal. Furthermore a comprehensive ditch system of unknown but possibly ancient origin had been significantly damaged during timber extraction with a large crawler, leaving much of the wood waterlogged. This combined with endemic honey fungus (Armillaria mellea) has caused considerable dieback and death in the remaining trees.  Very old coppice stools could be found but they had not been managed since World War 2 and were in terminal decline (Pers com: Nigel Lowthrop). Despite all these negative points the owner turned it into a successful social forest where local communities are invited to contribute to the planning of the forest and its management. Many problems had to be faced and not one of the easiest one to solve was the clearing up of the ground floor…

A study was carried out on the timing of damage to the tree seedlings. To understand more about the pigs feeding pattern would allow the forest manager to rotate efficiently the location of his pigs throughout his woodland, maximise his production through effective weed control and minimise the damage to the tree seedlings caused by the animals. 

One of the aims of this research was to investigate the grazing behaviour of Oxford sandy & Black pigs in a woodland enclosure and to look into the relation between the animals and the forest in which they are kept. I have more particularly tried to answer the question as to how long can pigs be used as a method of weed control. How long does it take for the pigs to stop being an asset for the forester and start becoming a problem? When do they start damaging the trees? Providing useful managerial information to the forest manager is the ultimate aim of this dissertation.

To achieve these aims, a literature review has been carried out on silvopastoral systems involving pigs in the UK. A historical background was provided and the medieval practices of denbera (Old-English word meaning “swine pasture”) and pannage (Norman word succeeding to denbera, which relates maybe more to woodlands) was introduced (Brownlow, 1992). The medieval model was looked at with the possibility of its modern application. Indeed, the practice of grazing pigs in traditional woodlands is not a new idea, but when a thousand years ago pigs were essentially reared in the forest for basic commodities such as food, nowadays there is a more environmental and ecological base to the venture (Broomhead, 2001). 

A discussion was then presented where the advantages and the disadvantages of silvopastoral systems will be examined and where the value of pigs as a silvicultural tool will be looked at.

To find out the rate of attrition to the tree element in this silvopastoral experiment, piglets have been kept in fenced enclosures while damage to trees was recorded at regular intervals to assess grazing habits. 

It was then possible to understand more about the grazing patterns of the concerned pigs. Statistical tests were used to find out relationships and trends within the silvopastoral system. Damage to trees was plotted against time and quantity of added food in order to find out useful information concerning the timing of animal removal from the forestland and the quantity of added food necessary to minimise damage to the trees.

1. History of Silvopastoral systems involving pigs in the UK.

Historically, the pig has been a scavenger, living and foraging in the forests, woods and orchards. According to the legend in Britain, the keeping of large herds of pigs out of doors can be traced back to the middle of the ninth century BC (Thornton, 1990).

1.1 The Early Days

Agroforestry involving pigs has been used for a long time in the UK. Neolithic man probably kept swine in the profuse forest surrounding early human settlements (Brownlow, 1992).  In fact at that period there would have been much similarities between this domesticated pig and wild boar, and they would have fed from nuts, acorns and browse from the forest most of the time (Seebohm, 1976). The importance of pigs to the human population was beyond doubt. In fact in the UK, during the early Iron Age, it is documented that the, much valued, and domesticated, pigs were fed in the great forests of the Weald and guarded by fierce dogs (Seebohm, 1976).

For the early Celts it became customary to send them to the woods for mast and acorns from the feast of St. John until January 15th, between which dates were preserved for their use (Seebohm, 1976).

1.2 Denbera

During the Saxon period, it was reported that domesticated pigs were often turned out in public forests after having been bred in farms (Seebohm, 1976). A man was often designated to drive the whole village’s herd into the woods (Trow-Smith, 1951).

As the manorial system developed the lords of the manor seem to have annexed the woods as their property, and in the season of acorns and beechmast, between the feast of St. John and the New Year, only allowed the villagers to run their pigs there on payment of a certain proportion of the herd. The customary payment was known as denbera (Seebohm, 1976). “Den” is derived directly from the old-English word and is a village suffix from the original denbera, meaning a large clearing in the forest or a swine pasture (www.VillageNet.co.uk). A careful eye was kept on the benefit the pigs derived from their feeding in the woods and the contribution regulated accordingly: of those which had acquired three fingers thickness of fat one-third were taken at the end of the season, of two fingers fate one-quarter and of one thumb thickness one-fifth.

During most months of the year, in the medieval period, pigs ranged the woods for roots, wild pears, wild plums, crab apples, sloes, haws, beech mast, and acorns; the pigsties were usually built in the woods (Ernle, 1961).

A detailed record of woodland just after the Anglo-Saxon period comes from the Domesday Book statistics of 1086. The numerous records of woods in relation to swine numbers refer to the practice of pannage, or the taking of tame pigs into the woods to fatten them with acorns (Rackham, 1986). In fact denbera is nothing but the way the Saxon called the right of pannage. 

1.3 Pannage 

A good definition of pannage has been given by Rackham (1980): Pannage is often referred to as the seasonal practice of taking domestic pigs into the woods in autumn to fatten on acorns or beechnuts, before being slaughtered and salted down. However it properly means a payment by the pigs’ owners to the owner of the wood; it was extended to the activity itself and later other activities of pigs. 
In the Domesday Book the right of pannage, or running of pigs in the manorial woods, was a valuable privilege. Pigs fed on acorns, beech mast, bracken, ferns, roots, fruits and seeds from a wide range of vegetation (Thornton, 1990).

During the Norman day in the UK the pigs were daily collected and driven to grasslands or to woods according to the season and the villains paid certain dues for their feeding. A very usual payment for pannage was one pig in ten and at Belchamp on the St. Paul’s estates all the pigs were fed in the woods were driven to the hall of the manor to be taxed.

To the king pannage was only a minor bonus whenever there was an acorn crop. At this period, lack of pannage implied that there were no oaks big enough to produce acorns on which pigs might be sufficiently fattened (Rackham, 1986). That was the pig problem with pannage: The acorn crop varied enormously and unpredictably from year to year. In fact surveys valued pannage cum acciderit, “when it happens” (Rackham, 1980).

It is important to differentiate the records of pannage in parks, fields, stubble and even gardens from the regular pannage in woods. The last record of regular pannage in Eastern England appears to be in Hatfield forest in 1446 but the practice still survives in the New forest and possibly the Forest of Dean (Rackham, 1980).  

1.4 The decline in the practice

A decline in the practice has been observed in the UK. Under the Norman’s, the period during which the pigs were fed in the woods seems to have been about 6 to 8 weeks in October and in November, the pigs being killed in December. Under the Saxon’s the period stretched from August 29th to the New Year and under the Celts, it extended to January the 15th (Seebohm, 1976).

Rackham (1990) found that Hayley wood, Cambridgeshire, was used for feeding pigs but that this practice had disappeared by 1251 and belonged to the wood’s history.

Some sort of pannage endured in the sixteenth century as it is mentioned that pigs were still brought in the woods for the mast but the period only lasted 6 weeks (Seebohm, 1976). During the seventeenth century, as the woodlands decreased, less was heard of driving the swine out to mast in autumn.

In the eighteenth century Berkshires pigs became very popular. They were said to have the quality of eating “noxious weeds” (Seebohm, 1976).

Pig production changed dramatically in the eighteenth century, with the enclosure of land and the first major increase in human population (Thornton, 1990). In fact the decline is linked to a diminishing woodland resource, progressive land-use intensification and unacceptable damage to trees by the animals (Brownlow, 1992).

With the increase in population and urbanisation, there was less and less space for pigs out of doors, which led to a first step towards confinement. 

1.5 Revival?

A modern application of the medieval model can be found in several forests nowadays. Use of wild boar or domestic pigs for silvicultural purposes is not uncommon. The swine are usually used for ground preparation prior to commercial establishment of conifer plantations and more rarely for the cleaning of the woodland floor (Brownlow et al, 1993). As a matter of fact renewed interest in such integrated systems from both practitioners and policy makers stems from three sources:

· The growth of outdoor pig enterprises.

· The concern for animal welfare and marketing of animal products.

· A desire for alternative use and environmentally sensitive treatment of forest resources.

(Brownlow et al., 1993)

These are only a few examples of current use of pigs as part of a silvicultural system:

1.5.1 Burnham Beeches.

Pigs have been an integral part of Burnham Beeches for much of the history of the site. The Domesday Book describes the area suitable for 600 swine. In recent year, it has been found that Burnham Beeches were home to many Red data book species, a part of those linked with the grazing animals.  The pigs create structural diversity and by depositing dung provide the correct microhabitat for a different range of animals. The Berkshire pigs are turned out in Burnham Beeches for the pannage season and are kept on a small patch of woodland, out of the reserve, the rest of the time. This area is almost devoid of ground vegetation but most of the trees are still alive after more than 4 years of pig presence. 

On the reserve the pigs have eaten through bracken-dominated undergrowth and allowed a more diverse one, composed of heather and several types of grasses, to replace it. Bramble dominated areas were also dug up and replaced by a variety of ruderal plant species (Read, pers com, 2001). The greater availability of niches due to pig disturbance favoured environmental conservation in Burnham Beeches. The pigs were used as a conservation tool. 

 1.5.2 Rahoy Hills Reserve.

Rahoy Hills Reserve covers some 1,800ha in the centre of Morvern, the West Highland peninsula between Ardnamurchan and the Isle of Mull. On Acharn hill, one of the most degraded area on the reserve, there was relatively few light-seeded pioneering species, bracken and dense purple moor grass dominated the open ground and were not conductive to rapid colonisation. In order to encourage tree regeneration it was decided to use pigs to scarify the ground. Three young Tamworth pigs were introduced to conduct the experience. They attacked the bracken and other weeds but did not actually dig up any young trees, although they sometimes stripped leaves off the shoots of small saplings. Any damage they have done was more than compensated for by the enhanced ground conditions and vastly increased number of germination niches, which they have created. Since 1997, returning the pigs to the area is now being considered as an annual treatment to maintain the dynamic processes of disturbance, aeration and fertilisation on the developing woodland floor (Kennedy, 1998).

1.5.3 The Shenmore Estate (Herefordshire).

For the past 8 years the forester Ray Harris has been perfecting the rearing and management of Tamworth pigs in commercial and traditional wooded areas with the Shenmore estate as a base to develop his husbandry skills. Pigs are used to ease access to sites by clearing briars and undergrowth. Ray has been able to maintain a forest floor that is accessible to shooting activities and forestry operations while making a alternative benefit with the high quality meat (Broomhead, 2001).  

1.5.4 The Cranborne Estate.

On the Cranborne estate, the farm manager felt they should concentrate on value added foods, especially in the midst of agricultural crisis. A small slice of woodland was set aside and pigs allowed to forage, being kept as they would have been years ago. The pigs, mostly Tamworths, Large Blacks and Berkshires, run almost wild in large enclosures within the woods. They are allowed to mature slowly and are fed a supplement diet of homegrown barley. The farm managers were amazed at what pigs would eat: brambles, weeds, nettles are cleared allowing the trees to thrive (Prince, 2001). The superior meat allowed Lord Cranborne to make substantial benefits. 

1.5.5 Hill Holt wood.

The case of Hill Holt, Nottinghamshire, wood is unique, as pigs have been reintroduced to try to replicate the effects of wild boar on ancient broadleaf forests. Furthermore the chosen breed is a rare one, adding weight to the value of the experiment as it helps to promote traditional breeds of domestic animals. Further research is also being carried out in order to use the pigs as a weed control method. 

1.5.5.1 The Oxford Sandy & Black

The species shares connection with Tamworth and Berkshire breeds but are much more docile and quiet. Sometimes called the “Oxford Forest pig”, they are trustworthy and very hardy (Porter, 1987). The species has been put on the Rare Breeds list by the RBST (Rare Breed Survival Trust). It only exists thanks to a few dedicated breeders but there is some controversy about the Oxford Sandy Black as some say it became extinct in the 1970s and claim that those presented nowadays have been “recreated” by crossing several other breeds (Sheppy, 1986). A good way of recognising fakes is to look for their gentle and confiding temperament other breeds, such as the Tamworth, do not have (Sheppy, 1986). It is undeniable that the pigs in Hill Holt Wood have a very good temperament.  

Rare breeds like the Oxford Sandy & Black have an increasing role in “conservation grazing”. Good examples are Berkshire pigs in Burnham Beeches where they have been used to clear bracken and brambles, to disturb the soil surface and to promote natural regeneration in the woodland (Small, 1994). Could Hill Holt wood’s managers use pigs to both increase conservation and tree growth?
2. Advantages of Silvopastoral Agroforestry systems involving pig

2.1 A tool to enhance Species richness

Grazing pigs in woodlands might also enhance the ecology of the area and be an effective tool to increase biodiversity. 

It is common to find an ecosystem “choked” by a single species (often introduced) that usually takes over fault of natural predator. The reasons for these invasions to happen are often human related. By clearing the undergrowth, especially by attacking the roots of these plants the pigs could be an efficient way to allow a more “diverse” successional change. The aim to create natural variety through the animal’s disturbance is possible. After all, in the past wild boar foraged naturally in Britain’s forests, maybe these missing elements, which cause vegetation dynamics, should be reintroduced?

It has been shown that free ranging herbivores can provide the vegetation dynamics that prevent blanket succession. Geese for example can have a role to play as grazers, by affecting reed swamp numbers around lakes (Whitbread & Jenman, 1995). 

There is also evidence to show that grazing enhances the habitat for a considerable array of invertebrates (including dragonflies, grasshoppers and bush crickets) (Tubbs, 1997). In other words rooting by pigs may not only kill unwanted invasive species, but the bare ground created as a result may be suitable for colonisation by some preferred plant species and favoured by some invertebrates and reptiles (Tolhurst & Oates, 2001).

Reintroducing large herbivores, such as pigs in their natural habitat is positive for they could be used as a substitute to the now extinct wild boar. It is thought that each herbivore has its own specific niche (Kampf, 2000), thus it is meant to fulfil specific ecological functions that are now lacking, but which could be fulfilled by their substitute. 

Previously, wild boar occurred naturally in Britain and would carry out similar functions to traditional breeds of pigs on conservation sites (Tolhurst & Oates, 2001).

Grazing by large herbivores can help to achieve and maintain diversity in the structure and composition of vegetative communities, which in turn promotes diversity in woodlands fauna (Mitchell & Kirby, 1990). 

A reminder of the wildlife benefits of woodland pasture is given in the following list:

• Animal dung as insect habitat.

• Undisturbed habitat for fungi of unimproved pastures and of woodlands.

• Flora of grassland, heathland and woodland on one site. 

• Rare and uncommon trees and shrubs in a natural mix. 

• Open woodlands favours own suite of birds e.g. blacks grouse. 

• Open broad-leaved woods of small seeded species favour red squirrels. 

• A linkage habitat between semi-natural grasslands and woodland. (Quelch, 2000).

Unfortunately, it has been reported that pigs avoid rhododendron (Rhododendron ponticam), even when left with nothing else to eat (Pers. com: Read, 2001).

2.2 An alternative to methods that put the environment at risk

Two of the five main policy aims in UK forestry were an emphasis on non-wood forest benefits and the reduction of adverse environmental impacts (Kanowski & Potter, 1993). Incorporation of pigs into silvicultural regimes has potential to address both these aims (Brownlow et al., 1993). A system where herbicides would not be needed is positive, especially in a time where environmentally sound methods are becoming increasingly important. Use of chemical weeding methods can have serious environmental consequences if misused (Hart, 1994). Some countries, such as Sweden for example, have banned the use of chemicals in the forest for a long time.

2.3 Advantages to the animals

The pigs will benefit from being a part of a silvopastoral experiment as increased welfare is associated with the forest element in this silvopastoral system.

2.3.1 Welfare and health benefits

Outdoor herds of pigs have established an excellent track for health standards (Thornton, 1990). However, though perceived as “welfare friendly”, there is concern that pasture systems have their own particular welfare problems such as increased aggression and stress or health problems arising from the extremes of weather (Muirhead, 1983). It has been shown that the presence of trees will have an effect on the microclimate at the level of the sward (Bergez et al., 1995). By improving microclimate, providing cover and isolation and increasing the provision of natural behavioural stimuli, integration with vegetation cover is seen as a potential solution to this problem (Brownlow et al., 1993). In the windy climate of the UK, the main significant microclimatological impact of the trees is likely to be the shelter they provide from wind (McArthur, 1991). Although one possible result of increased animal activity close to trees will be greater soil compaction around trees, leading to poor tree development (Sibbald et al., 1997). 

Welfare should not only be judged solely on the grounds of stock having adequate food, water, shelter and freedom from fear. Another element is also very important: The ability to express natural patterns of behaviour (Oates & Tolhurst, 2000). What is more natural for a pig than foraging in the woods?

2.3.2 The benefit of being in a forest Environment

The Forest environment has been shown to be beneficial to the pigs. This is normal when one considers that pigs are descended from forest animals. In fact animal responses to tree-induced changes in climatic variables are important in terms of health, welfare, reproduction and growth.

In fact outdoor pig enterprises usually incorporate access to broadleaf woodland to improve the environment for the animals in terms of shelter and “contentment” (Brownlow et al., 1993). 

Trees have been shown to reduce the effects of climatic extremes. Climatic extremes contribute to reduced animal fitness (Brownlow, 1994). So pigs benefit from the forest environment.

2.4 Economical advantages

Silvopastoral systems can be economically attractive because it offers the potential for deriving two sources of revenue from the same site. There are many other economical advantages.

There are great assumptions that “forest” products are perceived by the public as more “environmentally” acceptable with consequent price premiums or preferential purchasing (Brownlow et al., 1993). 

Quality of such meat is also perceived as superior. It has been shown that flavour of the meat can be improved thanks to the natural fodder found in woodlands (Brownlow et al., 1993). One can easily foresee a near future where the public will demand healthier and better meat. With the recent scandals (mad cow disease, foot and mouth disease) the public is likely to ask for a quality of product that silvopastoral systems can offer. Increased animal health and welfare is often considered an important advantage with silvopastoral systems (FC Bulletin 122). This is likely to make such agroforestry systems more economically successful. 

The opportunistic exploitation of natural fodder, such as the one present in broadleaved woodland has a potential. However the annual variation in tree fruit or nut production does make that resource unreliable (Brownlow et al., 1993). In fact, if plenty of varied food is available there may be no need for supplementary feeding (Tolhurst & Oates, 2001).

The opportunity cost of forestland is less than for most agricultural land, possibly leading to cheaper rents for the animal unit (Brownlow et al., 1993).

As a whole profitability compares favourably with indoor pig herds, as labour costs are lower (Carruthers, 1986).  

Woodland pastures can also offer good grounds for sporting, hunting and recreation adding to the benefits of the owner (Quelch, 2000). 

The clearing of the undergrowth can give better access to a site, having significant economical advantages (Guest, 1996). 

 2.5 A managerial tool

In commercial forests pigs could be used as a biological pest control method. The ecological changes that result from the animals’ presence indicate they could also control weeds (Brownlow et al., 1993). Examples can be found in Austria where pigs were allowed in stands of Picea abies and caused an additional 35.2% mortality of a sawfly, Cephalcia abietis. The pigs are now maintained in the area as a preventive measure against future pest outbreaks (Fuhrer and Fisher, 1991). More intense rooting resulting from higher stocking densities can also be useful in forestry plantations for preparing the soil for planting or natural regeneration (Tolhurst & Oates, 2001).

Dunging, mechanical disturbance by rooting and treading will have an impact on the structure and nutrient status of the soil with consequences for tree growth. It would lead to improved soil quality and greater nutrient availability, affecting favourably tree growth. A drawback would be that after animal removal, weed growth would be enhanced as well. In fact Brownlow (1994) says that after pig removal, improved soil quality and greater nutrient availability would encourage weed growth.

All tend to lead towards the possible use of pigs as a silvicultural tool. Brownlow (1994) believes that there are promising systems that include the use of small pig herds as supplementary silvicultural tools for ground preparation, weeding, cleaning and pest control.

3 Disadvantages of Silvopastoral Agroforestry Systems involving pigs

3.1 Tree damage

It is true that ground disturbance by grazing animals may create niches for seedling establishment and that the reduction in the height of competing field layer vegetation enhances the tree’s chance for survival but grazing is also one of the factors that may be limiting natural woodland regeneration (Mitchell & Kirby). In fact every effort is made to exclude wild and domestic stock from commercial woodlands and current forestry incentives insist on stock exclusion (Forestry Authority, 1997).

Physical tree damage by pigs arises from scratching, marking and tusking of stems, consumption of roots and foliage and mechanical disturbance of roots and small stems through foraging and locomotory activities (Brownlow et al, 1993).

The key factors governing this damage appear to be tree size and species, animal pressure (or density); existence of an adequate feed source and a random element concerning the predilection of groups of individuals towards damaging behaviour. It seems not to be in the browsing behaviour of pigs though to attack tree seedlings (when offered the choice).

3.1.1 Stem damage

Grazing animals may severely injure trees by stripping bark (Mitchell & Kirby, 1990). In stands managed for timber production this can reduce timber quality by causing stem deformation, callousing or staining (Gill, 1992). Leaves of some trees are readily taken at certain times of the year (Tolhurst & Oates, 2001).

3.1.2 Root damage and disturbance

Rooting and chewing on the roots is also a danger to trees (Tolhurst & Oates, 2001). In fact damage to the roots often occurs as pigs dig up the site if the stocking levels are too high (Guest, 1996). The incidental damage involving mechanical disturbance of roots and small stems through foraging and locomotory activities can have consequences such as reduced growth rates, increased susceptibility to infection, reduced wind stability, reduced timber quality or tree death (Gill, 1992).

3.1.3 Foliage 

Foliage can be easily consumed by the animals thus reducing the tree’s photosynthesis ability.

3.1.4 A solution?

Individual tree shelters could be used but they may sometimes cause poor tree development and they have limited life span (Eason et al, 1996). Uses of other products such as bittering agents or paint-on abrasive substances are possible but add to the cost of the silvopastoral experiment. 

The artificial insertion of rings within the nose of the pig is known to reduce rooting (Brownlow, 1994) but this can have influence on the welfare of the animal.

3.2 Environmental disadvantages

Pigs have a considerable potential to alter the ecological character of their environment (Brownlow et al, 1993).

Surface plant cover is reduced through consumption and from mechanical disturbances and soil changes. This can result in a loss of diversity and changes in the relative population sizes of different plant species (Brownlow et al, 1993). In fact the entire floristic character of a woodland could be modified due to the pigs’ presence. Pigs of the early management period may have eliminated some bulbous or tuberous plants in Hayley wood (Rackham, 1990).

The risk of a potential loss of cover for ground dwelling birds and mammal can present ecological problems as well as sporting ones. In fact populations of small mammals will drop with grazing, due to the removal of their habitat and, in part, food supply (Hill, 1985). Populations of small predators, such as stoats or weasels will therefore suffer from the diminution of their food sources. Furthermore birds of prey that rely on small mammals are also indirectly affected by woodland grazing (Putman, 1986). 

Intensive grazing, which removes the Bramble and other flowering plant on which they depend evidently disadvantages nectar-feeding insects. The evidence of this has been best explored for butterflies (Tubbs, 1997). Wild flowers and species dependent on them are particularly vulnerable (Guest, 1996).

3.3 Economical disadvantages

A more intense and difficult management of both forest and pigs can lead to detrimental economic situation.

3.3.1 Low productivity

Compared to intensive indoor herds, low productivity should be expected (Carruthers, 1986). This is explained by the necessary lower stocking rates. Although the premium prices associated with such higher quality products and cheaper rent prices might counter balance this point.

3.3.2 Managerial difficulties

Designing, implementing and sustaining effective grazing regimes are some of the main challenges facing nature conservation in Britain. However such difficulties as the extra time and labour implications of managing slow-growing stock can pose significant problems (Oates & Tolhurst, 2000). Furthermore, the husbandry skills needed to manage animals in scrub or wooded environments where potentially poisonous plants such as Bracken (Pteridium aquilinum) and Yew (Taxus baccata) occur have died out in large areas of Britain and are doing so in others. Those who do have the skills seldom have the time or the finance to use them (Oates & Tolhurst, 2000).

Wooded environments are home to a number of predators such as foxes and raptors that could prey on the pigs or steal their food. There is also a risk of disease vectoring from wild animal populations. In fact woodland vegetation can harbour skin parasites (Brownlow et al, 1993). This means that there will be an increase labour demand for inspection, maintenance and establishment, and due to more frequent rotations.

Even though much has been learnt, there are very few situations in which the impact of different types of grazing animals can be confidently predicted (Oates & Tolhurst, 2000).

3.3.3 Fencing and other equipment may be expensive

Fencing and equipment purchase, maintenance and depreciation costs will increase as a consequence of lower stocking rates and partial inaccessibility  (Brownlow et al, 1993; Carruthers, 1986). However, against this, local timber can be utilised in fencing and buildings.

3.4 Uncertainty

A further constraint is the uncertainty concerning both enterprise design and performance. This is inevitable given the lack of appropriate models to follow (Brownlow et al, 1993).

4 The need for more research

Silvopastoral systems are very complex and before functioning at their best much research has to be put into them. It is believed that Agroforestry research must continue to develop a knowledge base that would make it increasingly possible to manage these complex systems to satisfy multiple-objectives (FC Bulletin 122). The rooting behaviour of the pig is the crucial point that needs to be tackled for it can either have beneficial or devastating effects, depending on the stocking density (Tolhurst & Oates, 2001) and also the length of time the land is subjected to their pressure. 

This research might improve the understanding of the functioning of the relationship between the animal and the tree component and therefore bring a lot to the current knowledge of agroforestry in the UK. Indeed, research carried out by the Forestry Commission in the UK demonstrated that because trees and animals affect each other, the management of these interactions lies at the heart of successful Agroforestry practices  (FC Bulletin 122).

Pigs have a potential to undertake a number of important silvicultural functions, possibly reducing the use of less environmentally acceptable practices, but skilled management would be required to produce successful outcomes to ensure that the balance between positive and negative interactions was favourable (Brownlow, 1994). Further practical research is also needed to allow foresters to use pigs to their full potential.

 The following scientific experiment will shed light on the appropriate timing of removal of the pigs and help the forester decide when Oxford Sandy Black pigs stop being an asset and start becoming a problem…

Chapter 2: METHODS

1 Study Area

The research was conducted at “Hill Holt Wood”, a small mixed broadleaf woodland of about 14 hectares. The forest is situated in Nottinghamshire (United Kingdom) and is composed of various tree species such as Oak (Quercus robur), Birch (Betula Pendula), Ash (Fraxinus excelsior), Hazel (Corylus avellana) or Willow (Salix alba). 

Previous management practices left the wood invaded by bramble (Rubus fruticosus) and rhododendron (Rhododendron ponticam). The area of the wood used for the experiment has been mostly choked by these weeds and bramble providing a hostile ground for the establishment of young trees. The great majority of the seedlings, on the site, belong to two species: Quercus robur and Betula pendula. Therefore the study concentrated on these two species and in the differences between their respective attrition rate.  

2 Design of the experiment

The objective of the experiment was to provide useful technical information to the owner of both pigs and woodland. 

The statement was as follows:

If pigs are left to graze a patch of woodland, does it have an effect on tree mortality? If the answer is yes, when does the damage become unbearable from a forester’s point of view? The rate of attrition to the tree element was tested in relation to another variable: A difference in feeding levels. 

The pigs were introduced in their plots in November 2001. This was a suitable time for the experiment to take place, as traditionally pigs were taken in the woods during this period to fatten on acorns or beech masts.

To find out the rate of attrition to the tree element in this silvopastoral experiment, piglets were kept in fenced enclosures while damage to was recorded at regular intervals to assess grazing habits. The differentiation between oak, birch and other tree species covering the site was important, as it was believed that differences existed between their respective rate of attrition.

Four 100 m2 plots were set up and electrically fenced, before ten-month old piglets were introduced into them. While keeping all animals above minimal subsistence levels, each group of pigs has been given additional food but in different proportions. 

The repartition was as follows:

-The pigs on plot 1 were fed medium quantities of food.

-The pigs on plot 2 were fed high quantities of food.

-The pigs on plot 4 were fed low quantities of food.

-Plot 3 was used as a control plot. Like the other ones it was electrically fenced but the rate of tree mortality was measured without any pig pressure.

It was hoped that information about the different effects of these different feeding regimes could allow the forester to minimise damage to trees.

Time was a very important variable in this experiment. This project was set up with the hope of finding the moment at which pigs’ pressure on trees became unbearable to the forester. Is there a precise timing when the pigs should be rotated in order to minimise tree damage and maximise weed destruction?

Because of the small size of the plots, the practicability of the operation and the kind of study it was decided to use objective sampling. Five Sub-plots, or sample plots, were taken in each of the plots. Each sample was a circle with a radius of one metre. Every tree has been recorded in every sample before the pigs were introduced in the electrically fenced plots. Tree number was then recorded on a regular basis and the information inputted the SAS statistical computer program while graphs were produced using Microsoft Excel. Damage to trees was plotted against time and quantity of added food in order to find out useful information concerning the timing of animal removal from the forestland.

Chapter 3: RESULTS

The data has been tested for normality and the resulting figures can be found in Appendix 5. Even if the distributions are slightly skewed, it has been estimated that they are very close to normality for the following statistical operations to be relevant.

Figure 1 illustrates the rate of attrition of birch tree seedlings on all plots. All plots are subject to tree mortality, even the control plot. There is a sharp reduction in tree number in the first few hours of the experiment, however this trend does not last for long. 

Even if tree number diminishes in plot 3 also, the rate of destruction is far from being as rapid than on plots subject to pig presence.

[image: image2.wmf]The rate of tree destruction on plot 2 is also slower than on plot 1 and 4. 
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Figure 2 illustrates the rate of attrition of oak seedlings on all plots. 

Tree numbers on plot 3 remain unchanged during the whole experiment.

The rate of tree destruction on plot 1 and 4 seems to be similar as the tree numbers plunge and remain stable at the same time. They form parallel “stair shaped” curves.

The rate of tree destruction on plot 2 is again slower than on plot 1 and 4. In fact oak seedlings on plot 2 did not experience any time of severe loss of trees as opposed to plot 1 and 4.
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Figure 3 illustrates the rate of attrition of all tree seedlings. It takes into account birches, oaks and the other, less encountered, species such as hazels, ashes or rowans. 

In figure 3, it can be seen that all plots are subject to a reduction in tree numbers, even though it is apparent that the reduction in plot 3 is not as marked as on the other ones. 

An important fall in tree numbers can be seen, for all plots with pigs, in the first two days of the experiment. Afterwards, even if the figure shows that those trees on plot 2 do not disappear as fast as on plot 1 or 4, it is apparent that the rate of tree destruction for plot 2 follows a similar pattern than for plot 1 or 4. 
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The R squared values in the table 1 indicate the goodness of fit of the curves for figure 1, 2 and 3. For plots with pigs (1,2 & 4), the R² values are good, as they are all above 91%. This means that the curves for plot 1,2 and 4 are good representations of the data. On the other hand the R² values for plot 3 are less credible than for the other plots, the maximum value being 79% for birch. 

Table 1: R squared values

	
	Plot 1
	Plot 2
	Plot 3
	Plot 4

	BIRCH
	0.9791
	0.9477
	0.7916
	0.9151

	OAK
	0.9572
	0.9611
	0
	0.9602

	ALL TREES
	0.972
	0.9502
	0.7867
	0.9202


Relevant equations and regression lines for these figures can be found in Appendix 1.

The following ANOVA table (table 2) gives the P-values for the experiment. When carrying out the One Way ANOVA test, it was assumed that all samples had the same distribution. This was calculated with Microsoft Excel and tested thanks to the SAS statistical system. 

Table 2: P-Values  

	
	Analysis of Variance between:
	P-Values
	Significant difference?

	1
	Plot 1 and 3 (birch)
	0.007041
	Yes

	2
	Plot 2 and 3 (birch)
	2.02E-05
	Yes

	3
	Plot 4 and 3 (birch)
	0.025709
	Yes

	4
	Plot 1 and 2 (birch)
	0.098027
	No

	5
	Plot 1 and 4 (birch)
	0.890582
	No

	6
	Plot 2 and 4 (birch)
	0.197252
	No

	7
	Plot 2 and 4 (birch)

Up to 43 hours 
	0.829582
	No

	8
	Plot 2 and 4 (birch)

From 43 to 369 hours
	0.01257
	Yes

	9
	Plot 1 and 2 (birch)

Up to 43 hours
	0.158105
	No

	10
	Plot 1 and 2 (birch)

From 43 to 369 hours
	0.021557
	Yes

	11
	Plot 1 and 4 (birch)

Up to 43 hours
	0.320503
	No

	12
	Plot 1 and 4 (birch)

From 43 to 369 hours
	0.675916
	No

	13
	Plot 1 and 3 (oak)
	0.005077
	Yes

	14
	Plot 2 and 3 (oak)
	1.65E-13
	Yes

	15
	Plot 4 and 3 (oak)
	8.86E-11
	Yes

	16
	Plot 1 and 2 (oak)
	0.194809
	No

	17
	Plot 1 and 4 (oak)
	0.014796
	Yes

	18
	Plot 2 and 4 (oak)
	0.021926
	Yes

	19
	Plot 1 and 4 (oak)

Up to 120 hours
	0.009164
	Yes

	20
	Plot 1 and 4 (oak)

From 120 to 369 hours
	0.006118
	Yes

	21
	Plot 1 and 2 (oak)

Up to 120 hours
	0.015942
	Yes

	22
	Plot 1 and 2 (oak)

From 120 to 369 hours
	0.547151
	No

	23
	Plot 2 and 4 (oak)

Up to 120 hours 
	0.267157
	No

	24
	Plot 2 and 4 (oak)

From 120 to 369 hours
	2.87E-05
	Yes

	25
	Plot 1 and 3 (all trees)
	0.149306
	No

	26
	Plot 2 and 3 (all trees)
	0.000696
	Yes

	27
	Plot 4 and 3 (all trees)
	0.350253
	No

	28
	Plot 1 and 2 (all trees)
	0.147131
	No

	29
	Plot 1 and 4 (all trees)
	0.825017
	No

	30
	Plot 2 and 4 (all trees)
	0.127529
	No

	31
	Plot 1 and 2 (all trees)

Up to 43 hours
	0.382494
	No

	32
	Plot 1 and 2 (all trees)

Up to 120 hours
	0.277026
	No

	33
	Plot 1 and 2 (all trees)

From 120 to 369 hours
	0.029949
	Yes

	34
	Plot 1 and 2 (all trees)

From 43 to 120 hours
	0.040282
	Yes

	35
	Plot 1 and 4 (all trees)

Up to 43 hours
	0.671136
	No

	36
	Plot 1 and 4 (all trees)

Up to 120 hours
	0.965699
	No

	37
	Plot 1 and 4 (all trees)

From 120 to 369 hours
	0.401123
	No

	38
	Plot 1 and 4 (all trees)

From 43 to 120 hours
	0.629511
	No

	39
	Plot 2 and 4 (all trees)

Up to 43 hours
	0.728828
	No

	40
	Plot 2 and 4 (all trees)

Up to 120 hours
	0.386818
	No

	41
	Plot 2 and 4 (all trees)

From 120 to 369 hours
	0.005476
	Yes

	42
	Plot 2 and 4 (all trees)

From 43 to 120 hours
	0.051709
	No

	43
	Plot 1 and Time (birch)
	0.00677
	Yes

	44
	Plot 2 and Time (birch)
	0.02199
	Yes

	45
	Plot 3 and Time (birch)
	0.001266
	Yes

	46
	Plot 4 and Time (birch)
	0.008465
	Yes

	47
	Plot 1 and Time (birch)

Up to 43 hours
	0.00043
	Yes

	48
	Plot 1 and Time (birch)

From 43 to 369 hours 
	8.19E-05
	Yes

	49
	Plot 2 and Time (birch)

Up to 43 hours
	0.00042
	Yes

	50
	Plot 2 and Time (birch)

From 43 to 369 hours
	0.00026
	Yes

	51
	Plot 4 and Time (birch)

Up to 43 hours
	0.001032
	Yes

	52
	Plot 4 and Time (birch)

From 43 to 369 hours
	6.96E-05
	Yes

	53
	Plot 1 and Time (oak)
	0.000176
	Yes

	54
	Plot 2 and Time (oak)
	0.000141
	Yes

	55
	Plot 3 and Time (oak)
	0.00027
	Yes

	56
	Plot 4 and Time (oak)
	0.000112
	Yes

	57
	Plot 1 and Time (oak)

Up to 120 hours
	0.04374
	Yes

	58
	Plot 1 and Time (oak)

From 120 to 369 hours
	9.77E-06
	Yes

	59
	Plot 2 and Time (oak)

Up to 120 hours
	0.023073
	Yes

	60
	Plot 2 and Time (oak)

From 120 to 369 hours
	1.01E-05
	Yes

	61
	Plot 4 and Time (oak)

Up to 120 hours
	0.019707
	Yes

	62
	Plot 4 and Time (oak)

From 120 to 369 hours
	8.2E-06
	Yes

	63
	Plot 1 and Time (all trees)
	0.014702
	Yes

	64
	Plot 2 and Time (all trees)
	0.043643
	Yes

	65
	Plot 3 and Time (all trees)
	0.004802
	Yes

	66
	Plot 4 and Time (all trees)
	0.013064
	Yes


The full ANOVA tables can be found in Appendix 2.

Table 2 answers this question: Is there any significant difference between the compared samples? For example, on line 13 of table 2, plot 1 and 3 were compared for oak and it was found that there was a significant difference between them (P-value<0.05) 

The following tables (3,4 & 5) give an indication of the speed at which trees were destroyed on each plot. Table 3 indicates for example that after 19 hours, 12.1 % of birch trees had disappeared on plot 1 whereas at the same time 42.2 % of all birches had disappeared on plot 2.

Table 3: Speed of birch destruction on all plots

	TIME (hours)
	PLOT 1
	PLOT 2
	PLOT 3
	PLOT 4

	0
	100 %
	100 %
	100 %
	100 %

	19
	-12.1 %
	-42.2 %
	-13.3 %
	-22.6 %

	23
	-20.6 %
	-46.7 %
	-13.3 %
	-27.7 %

	43
	-22.47 %
	-49.7 %
	-13.3 %
	-39.4 %

	92
	-38.3 %
	-56.2 %
	-13.3 %
	-51.1 %

	116
	-47.7 %
	-61.8 %
	-15.5 %
	-60.6 %

	120
	-47.7 %
	-61.8 %
	-17.7 %
	-62 %

	144
	-49.5 %
	-62.8 %
	-17.7 %
	-62 %

	148
	-50.5 %
	-63.8 %
	-17.7 %
	-62 %

	223
	-57 %
	-68.3 %
	-22.2 %
	-68.7 %

	292
	-69.2 %
	-72.3 %
	-22.2 %
	-79.6 %

	365
	-76.6 %
	-78.9 %
	-24.4 %
	-81 %

	369
	-80.4 %
	-83 %
	-28.8 %
	-92 %


Figure 4 gives a graphical representation of table 3.
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Table 4: Speed of oak destruction on all plots

	TIME
	PLOT 1
	PLOT 2
	PLOT 3
	PLOT 4

	0
	100%
	100%
	100%
	100%

	19
	-12 %
	-0 %
	-0 %
	-7.7 %

	23
	-28 %
	-16.6 %
	-0 %
	-15.4 %

	43
	-36 %
	-25 %
	-0 %
	-38.5 %

	92
	-44 %
	-25 %
	-0 %
	-46.5 %

	116
	-60 %
	-25 %
	-0 %
	-69.2 %

	120
	-60 %
	-25 %
	-0 %
	-69.2 %

	144
	-64 %
	-25 %
	-0 %
	-69.2 %

	148
	-64 %
	-25 %
	-0 %
	-69.2 %

	223
	-68 %
	-41.6 %
	-0 %
	-77 %

	292
	-80 %
	-50 %
	-0 %
	-84.6 %

	365
	-88 %
	-50 %
	-0 %
	-92.3 %

	369
	-92 %
	-58.3 %
	-0 %
	-92.3 %
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Figure 5 gives a graphical representation of table 4.

Table 5: Speed of destruction for all trees on all plots

	TIME 
	PLOT 1
	PLOT 2
	PLOT 3
	PLOT 4

	0
	100 %
	100 %
	100 %
	100 %

	19
	-12.8 %
	-39.3 %
	-9.5 %
	-21.9 %

	23
	-24.1 %
	-46.7 %
	-9.5 %
	-27.2 %

	43
	-24.1 %
	-48.1 %
	-9.5 %
	-39.7 %

	92
	-39.8 %
	-53.7 %
	-11.1 %
	-51 %

	116
	-50.4 %
	-59.3 %
	-11.1 %
	-61.6 %

	120
	-50.4 %
	-59.3 %
	-12.7 %
	-62.9 %

	144
	-52.6 %
	-60.2 %
	-12.7 %
	-62.9 %

	148
	-53.4  %
	-61.2 %
	-12.7 %
	-62.9 %

	223
	-59.4 %
	-66.4 %
	-15.9 %
	-69.5 %

	292
	-71.4 %
	-70.6 %
	-15.9 %
	-80.1 %

	365
	-79 %
	-76.7 %
	-17.5 %
	-82.1 %

	369
	-82.7 %
	-80.8 %
	-20.6 %
	-92.1 %


Figure 6 gives a graphical representation of table 5.
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Chapter 4: DISCUSSION & CONCLUSION

1 Analysis of results

The results in chapter 3 have many implications in relation to the management of woodlands with pigs as a weed control method. The different species (oak and birch) have been compared with relation to the speed at which they get damaged by the pigs. The different feeding levels were also compared for significant differences between them.

It was found that trees decreased in numbers. Indeed, all ANOVA results on Table 2 comparing the different plots to time (line 43 to 66) show a significant difference (P-Value<0.05) between them, confirming the fact that tree numbers went down and that pigs were probably responsible for that. However these results might be significant but they might not be relevant. One must go and look for answers below the surface of things.

The first question to answer is whether or not pigs are responsible for tree death. The answer is not simple: Looking at figure 2, it is clear that pigs are the main cause for tree death, as trees on plot 3 don’t reduce in numbers. However, looking at figure 1 it appears that another cause for tree death is possible. Table 2 (lines 25, 26 and 27) throws doubts on the relation between tree death and pig presence. Even though the comparison between plot 2 (plot with highly fed pigs) and plot 3 (control plot), for all trees, gives a significant result (P-value<0.05), the comparison between plots 1 (plot with medium fed pigs) and 4 (plot with low fed pigs) and plot 3 does not give a significant result (P-values>0.05). This would mean that the tree death rate for plot 1 and 4 (the less well-fed pigs) does not differ from death rate on plot 3. Why? Could there be another reason to tree death on plots with pigs on?

The sudden drop in tree numbers during the first 43 hours of the experiment is important when trying to confirm the responsibility of pigs in destroying the trees. Even plot 3, which was “pigless”, suffered a relatively severe tree loss during these first hours. An interesting point is that only birch trees seem to have suffered from this early high death rate on plot 3. As a matter of fact birch death was faster during the first 19 hours on plot 3 than plot 1 as can be seen in table 3. Over all plot 3 has a much lower tree death than the other plots but even this lower figure is important enough to be noted. This could mean that an unknown external factor, such as weather conditions or temperature for example, might have had an influence on tree mortality.

However the much higher death rate on plots 1,2 and 4 would indicate that pig presence is the main cause for this early death toll. This is confirmed by the ANOVA results in table 2 where plot 1,2 and 4 were compared to plot 3 for birch (lines 1,2 and 3) and for oak (lines 13, 14 and 15). Significant results were obtained (P-values<0.05) reinforcing the idea of a difference between the plots with pigs and the one with none. Furthermore signs of deer presence was observed on plot 3 at the time. This could be a plausible explanation for tree numbers loss on plot 3 during the first hours of the experiment. 

On the other hand, whatever affected birch numbers did not affect oak numbers at all. As can be seen in figure 2, oak numbers on plot 3 remain stable all through the experiment.

With regards to the plots with pigs, a very sharp decrease in tree numbers was witnessed on all plots. This was even more accentuated with birch but as can be seen on figure 3 this decrease is obvious when taking all trees into account. Table 5 gives the following figures: At 43 hours 24.1 % of trees on plot 1 were gone, 48.1 % on plot 2 and 39.7 % on plot 4. These results indicate that feeding levels do not influence tree mortality as expected, at least during the first part of the experiment. This is confirmed by the P-values in table 2: Lines 31, 35 and 39 in table 2 compare plot 1,2 and 4 up to 43 hours and every time the P-values are not significant (P-values>0.05).

In practical terms, this would mean that during the first 43 hours of pig presence, it does not matter what feeding levels are given to the pigs as damage to trees are similarly important.

This would seem to be true with birch, but oak however follows a different pattern. Plot 1 and 4 behave like birch and experience a sharp reduction in tree numbers during the first 43 hours. Plot 1 looses 36 % of its oaks and plot 4 38.5 %, as can be seen in table 4. Plot 2, whose pigs were given the most food, does not experience this sharp decline, as only 25 % of its oaks are lost during the first 43 hours. Why was there no sharp decline in oak numbers on plot 2? Could the higher quantity of additional food explain this phenomena? If so, why do birch numbers suffer a 42.2 % reduction in only 19 hours on the same plot (see table 3)? One explanation could be that oaks are simply tougher than birches. This is confirmed by the fact that no oaks were lost on plot 3 during the whole experiment.

It is believed that the pigs go through of phase of settlement, when they are introduced on a new site (See notes taken during the experiment in the Appendix 3). This period of settlement would be linked with severe uprooting of grasses, which seem to be the pig’s favourite. It was also observed that pigs almost never attack tree seedlings directly. The death of the tree is often due to the turfing up of the soil by the animal looking for grasses or bramble roots. The birch being shallower rooted than the oak would therefore suffer more and experience higher death rates.

In this paper the rate of attrition to the tree element was analysed and the differences between the tree species did not stop at the sudden fall during the first 43 hours. The way birch and oak declined differed also further throughout the experiment. This can easily be observed when comparing figure 1 (dealing with birch) and 2 (dealing with oak). The shape of the curves and the gradient of these curves were looked at and the differences between the two species were outlined.

After 43 hours, birch numbers underwent a change in death pattern. Birch numbers declined less rapidly, for all plots, 43 hours into the experiment. When looking at figure 1 a difference between the curve for plot 2 and those for plot 1 and 4 after 43 hours is apparent. Plot 1 and 4 seem to follow a very similar pattern. The P-value in table 2 (line 12) for the ANOVA testing between plot 1 and 4 from 43 hours is not significant (P-value>0.05) and thus confirms the similarity between the two plots. This would mean that whether the pigs are given low or medium food, birch seedlings die at the same rate. Additionally, if looking at figure 1, birch numbers on plot 2 seem to go down less swiftly after 43 hours than on plot 1 or 4. This difference between plot 2 and plots 1 and 4 after 43 hours would be confirmed by the significant results (P-values<0.05) at lines 8 and 10 on table 2. Furthermore in table 3 it can be seen that from 43 hours to the end of the experiment, plot 1 and 4 lost respectively 57.9 and 52.6% of their birch numbers whereas plot 2 only lost 33.3% of its birch numbers. 

The most logical explanation for this is that the added food was in sufficient levels to turn the pigs away from digging to deep for other sources of food.

Another notable moment on figure 1 is the phase starting at about 116 hours and lasting for about 32 hours. During that time, all plots with pigs on went through a stable phase where almost no birch trees disappeared. In parallel, the same thing happened with oaks as can be seen on table 4 and figure 2. Indeed, almost no oak trees were destroyed during these same 32 hours (from 116 to 148 hours in the experiment).  How is it possible that the pigs on all plots stopped destroying trees at about the same time and for such a long period? 

During the experiment it was noted that at about the same time, most of the weeds on all the plots were cleared. Indeed around 90 to a hundred hours, the 3 plots with pigs were almost totally clear of weeds, apart from a bramble patch on plot 2. This could mean that lower feeding regimes did not really accelerate weed destruction. It was also observed that the main way trees seemed to get damaged was through the turfing up of the ground by the animals looking for grass roots. Therefore, could it be that pigs stopped damaging trees during these 32 hours because there was no more weeds to make the ground turfing worthwhile? Are trees only in danger from pigs when they turn up the soil to look for grasses’ roots? Observations during the experiment would certainly tend towards this hypothesis, even though much later in the experiment pigs’ were witnessed eating trees 2 or 3 years old. On the other hand it has also been noted that the digging of the Oxford Sandy & Blacks often caused a mounding of the trees, which is beneficial to them (See the notes taken during the experiment in Appendix 3). It is a thin line though between the passage from a beneficial “weed-free” and mounded situation to being uprooted and trampled in the mud. This experiment indicates that this thin line lies at about 90 hours.
After 43 hours, oak numbers also underwent a change in death pattern. Plots with pigs experience a very stable phase where oak trees only go down slightly. In fact for plot 2 (the better-fed pigs) from 43 hours to 148 hours, not one single tree is lost. This coincides with the 32 hours, mentioned beforehand, where plot 1 and 4 experience a “death free” period. Only the higher feeding regime can explain the exceptionally long period of stable oak tree numbers on plot 2.  

Another interesting point is the similarity between the curves for plot 1 and plot 4 in figure 2 and figure 5. Both curves go through stable and declining phases at about the same time. Indeed both curves experience a parallel “stair shaped pattern”. Plot 1 and 4 experience a secondary peak in tree death starting at about 92 hours before entering a stable phase from 116 to 148 hours. They then enter a steadier phase, after 148 hours, where oak seedlings die at slower but continuous rate until the end of the experiment. 

On the other hand plot 2 goes through no such rapid tree decline, as oak trees die quite slowly up to 148 hours and steadily from 148 hours onwards, where the curve for plot 2 seems to enter a similar phase than for plot 1 and 4.  In fact, table 4 gives relevant results: from 148 hours to the end of the experiment plot 1 lost 28 % of its oak trees, plot 2, 33.3 % and plot 4, 23.1 %. These relatively low results (compared to the previous phase) could be explained by the lack of weeds at that time. Being almost no more weeds, the pigs wouldn’t dig the soil so much and thus fewer trees would be destroyed. 

However, for this analysis to provide an unbiased picture it is necessary to comment on the resemblance between figure 1, a count of tree numbers for birch and figure 3, a count for tree numbers for all tree species. Figure 3 is skewed towards the “birch side” of the experiment, solely due to the superior numbers of birch seedlings compared to other species. Other species such as hazel, ash or rowan were too few to be of any significance for this experiment and even though oaks are in sufficient numbers to carry out meaningful tests it is necessary to take the results, linked with oaks with more caution than those linked with birches.

Towards the very end of the experiment, around 365 hours, a general fall in tree numbers indicate its last phase. As can be seen on figures 1,2 and 3, in a few hours all plots with pigs, for both oak and birch lost a considerable amount of trees. As can be seen on table 5 all plots with pigs lost about 4 % of their tree numbers in only 4 hours. Even plot 3 lost about 3 % of its numbers during the same period. It could be a coincidence, but it is more likely that some climatic event had a role to play in this sudden drop in tree numbers. It was expected that tree numbers would gradually decrease towards zero, as it had done for many hours, on all plots with pigs. Even if that sudden fall had occurred only with the plots 1,2 and 4 it would not have been so surprising. When this fall in numbers occurred on plot 3 as well, it was deemed that pigs weren’t responsible for the general fall at that time on any plot. This could add to the argument that pigs would only cause great havoc in tree populations when weeds were present.

When one looks at the results overall, the meaning of testing different feeding regimes become apparent: Plot 4 is always the one that has lost the most trees (92 % for birch, 92.3 % for oak and 92.1 % for all trees). It is also clear in table 4 that oaks in plot 2 suffered less than on plot 1 or 4. Indeed, pigs on plot 2 have destroyed only 58 % of oaks whereas 92 and 92.3 % of oaks were destroyed on plot 1 and 4. The distinction between high levels and medium levels of food for birch is not so clear as can be seen in table 3. An explanation for this could be the high bramble density on part of plot 2. It has been observed that pigs take longer to eat brambles than grasses, so maybe the pigs prefer to attack birch trees than bramble plants?
2 Recommendations

The following list is composed of the most useful managerial information drawn from this experiment and is destined to the forest manager of Hill Holt Wood:

(Special care should be given to the ecology of the site before releasing the pigs on them. Pigs can alter dramatically the condition of a site, thus any species at risk should be either translocated or the experiment should not be allowed to continue.

(It is useless and wasteful of time and money to build pigsties as piglets do not use them and congregate together to keep warm.

(The trees the most at risk are the last year’s natural regeneration, as they have the shallower rooting system. Seedlings 2 or 3 years old are more resistant and will tolerate pig presence longer.

(To reach lower tree mortality it is better to give higher levels of added food to the pigs, especially if oak regeneration is important.

(On sites where the bramble is not too dense, pigs should be removed after approximately 90 hours (just under 4 days). Depending on the level of clearance the pigs can be left on site for another day but no longer than 120 hours (5 days)

(On sites where the bramble is prolific, pigs should be allowed to stay a bit longer but no longer than around 144 hours (6 days).

(It is believed that younger Oxford Sandy & Black piglets should have been used. The 10-month-old piglets used for this experiment were slightly too big as smaller piglets would probably have caused less damage to trees. An ideal age would have been between 6 and 8 months old.

3 Further work

Because of the lack of studies on agroforestry in the UK, it is felt necessary to direct where further work should aim at. Here are a few ideas:

-It would be interesting to compare the future growth of these trees “choked by weeds” on plot 3 to the other plots “free of weeds” and see if this freedom from weed competition does influence future tree growth.

-A study should be carried out to look at the effects of animal dung and other natural fertilisers on trees? How are the weeds going to be affected by this added fertiliser once the animals have been removed? Is there not going to be a “weed boom” the following year?

-What are the effects of animal ground disturbance on the following year’s seed implantation going to be like? Are tree seedlings going to proliferate? If so, will it be due to the added soil disturbance? 

-Different stocking rates should be tested with this pig breed to find out how that would affect tree mortality.

-Do very thick patches of bramble, such as there was in a corner of plot 2, have an effect on the rate of tree attrition by the pigs? More research should be carried out on this question as this experiment suggested that pigs might prefer birch than bramble. 

-An unexpected and unknown variable (temperature, precipitation level, deer grazing…) played a role during this experiment. Studies to look into it, whatever it is would be welcome.

4 Conclusion

It has been shown that pigs can indeed be a threat to trees if left on a site for too long. However it has also been shown that pigs can be of great help to clear weeds, grasses and brambles with minimal damage to trees at first. Silvopastoral systems are complex (Sibbald et al., 1997) and indeed more trials and errors will have to be made before one gains a good understanding of all the relationships existing between their different components.  

If this experiment can offer the base that will allow the forest manager, in Hill Holt Wood or in any similar situation, to control weeds with Oxford Sandy & Black pigs, my aim has been reached and purpose fulfilled. 
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Appendix 3: Notes taken during trial
	
	Notes taken on PLOT 1

	0
	High weeds, tall grasses with thick patches of grasses with clumps of high density trees (good Natural Regeneration)  intermingled with tall weeds

	19
	Most high and tall weeds are gone. The grasses are all turfed up and disturbed. Even if weeds are still pretty thick in some places, some patches are completely clear of weeds and grasses. 

	23
	Wake up and start foraging again earlier than on plot 2 (less food?)

	43
	A lot of trees are mounded (better position)

	92
	Numerous trees are left but most weeds are gone. The plot is mostly clear of weeds of any kind

	116
	Quite a few trees seem to be hanging on very loosely. Some bigger trees (2,3 years old) have been damaged

	120
	

	144
	Very much like the day before. Tree numbers are stable!



	148
	Roughly 50% of trees left

	223
	The ground has been turned up quite well. More and more trees suffer. For the first time, some 2/3 year old trees have been witnessed to be eaten by the pigs

	292
	The ground is getting muddy and a lot of trees at this stage are weekly rooted.

	296
	

	365
	The experience is approaching its terminal phase

	369
	


	
	Notes taken on PLOT 2

	0
	Weeds, light bramble, tall weeds, very tall grasses, some very thick bramble intermingled with some tall weeds. Seems to be some good Natural Regeneration by clumps where there is a bit of open space

	19
	Poorly cleared on many places. A couple of samples are completely cleared of weeds. The part of the plot with thick bramble is untouched.

	23
	S4 is completely cleared of weeds and several trees still stand healthy and firm.

The bramble dominated sample is untouched

	43
	Bramble is being attacked. On S3, some of the bigger saplings (2,3 years) have been uprooted, while many other trees are mounded

	92
	Bramble has definitely receded. More than half the plot is clear. 

Pigs are getting more aggressive.
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116
	Clear favourite sleeping ground (S3).

Getting quite muddy at some places(S4)        1 birch trampled in mud

	120
	Bramble gets eaten slowly but surely

	144
	Fewer brambles but still quite a lot present. About half the plot is getting really muddy. A few shallow rooted trees have been observed, on the verge of dying.

	148
	Freshly uprooted trees are lying there untouched.

	223
	Actual witnessing of trees being eaten, even if there is still bramble on this plot (bramble has reduced again)

	292
	Bramble has been heavily cleared and only a little remain

A lot of trees at this stage are weekly rooted

	296
	

	365
	S5 still loosely “bramble protected”

	369
	


	
	Notes taken on PLOT 3

	0
	More sheltered (some mature trees), some bramble with patches of grasses and thick weeds. Little bramble with some thick carpet of weeds and grasses. The Natural Regeneration seems to be good where there is some open space.

	19
	Deer damage has been observed. Can that explain the trees that have gone missing?

	23
	No change

	43
	No change

	92 
	No change

	116
	Many weeds present. Seem to choke the trees

	120
	No change

	144
	Untouched

	148
	

	223
	Can deers be the cause for tree loss ?

	292
	Weeds choke trees but tree number is stable

	296
	

	365
	No change in tree numbers

	369
	

	
	Notes taken on PLOT 4

	0
	Almost no bramble. It is a more open plot with a mature oak that brings shelter. There is some bramble and also some thick grasses and weeds but with a few open spaces. S5 is a complex mixture of a lot of weeds and a lot of seedlings growing together

	19
	The bramble hasn’t been attacked yet but most of the weeds have been eaten. Grasses still resist by clumps but most have been turfed out

	23
	Pigs keep foraging when the others rest? Need more food?

Brambles seem to get nibbled at.

Finally they go to rest after all the others

	43
	Almost all clear. Some severe holes. Some bramble is still present



	92
	Weeds and Bramble are almost all gone. Quite a few trees have been uprooted. Pigs are more nervous and more hungry 

	116
	The pigs have dug deep holes. 

Very little of any bramble or weeds left (98% cleared)



	120
	

	144
	Pigs are squealing a lot. Very hungry

	148
	

	223
	Pig sties are useless as the pigs do not use them

	292
	 Very Deep Holes. Erratic digging.

Some small trees endure (by clumps) when some bigger ones are put down? Is that haphazard? 

A lot of trees at this stage are weekly rooted

	296
	

	365
	Really hungry pigs with a severely dug up ground

	369
	


Appendix 4: Pictures taken during the experiment

Picture 1: Plot 3 with Plot 4 in the background
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Photo 2: Pigs clearing weeds on plot 2
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Data

		

		Speed of birch destruction on all plots

		TIME		PLOT 1		PLOT 2		PLOT 3		PLOT 4

		0		0%		0%		0%		0%

		19		12.10%		42.20%		13.30%		22.60%

		23		20.60%		46.70%		13.30%		27.70%

		43		22.47%		49.70%		13.30%		39.40%

		92		38.30%		56.20%		13.30%		51.10%

		116		47.70%		61.80%		15.50%		60.60%

		120		47.70%		61.80%		17.70%		62%

		144		49.50%		62.80%		17.70%		62%

		148		50.50%		63.80%		17.70%		62%

		223		57%		68.30%		22.20%		68.70%

		292		69.20%		72.30%		22.20%		79.60%

		365		76.60%		78.90%		24.40%		81%

		369		80.40%		83%		28.80%		92%

		Speed of oak destruction on all plots

		TIME		PLOT 1		PLOT 2		PLOT 3		PLOT 4

		0		0%		0%		0%		0%

		19		12%		0%		0%		7.70%

		23		28%		16.60%		0%		15.40%

		43		36%		25%		0%		38.50%

		92		44%		25%		0%		46.50%

		116		60%		25%		0%		69.20%

		120		60%		25%		0%		69.20%

		144		64%		25%		0%		69.20%

		148		64%		25%		0%		69.20%

		223		68%		41.60%		0%		77%

		292		80%		50%		0%		84.60%

		365		88%		50%		0%		92.30%

		369		92%		58.30%		0%		92.30%

		Speed of destruction for all trees on all plots

		TIME		PLOT 1		PLOT 2		PLOT 3		PLOT 4

		0		0%		0%		0%		0%

		19		12.80%		39.30%		9.50%		21.90%

		23		24.10%		46.70%		9.50%		27.20%

		43		24.10%		48.10%		9.50%		39.70%

		92		39.80%		53.70%		11.10%		51%

		116		50.40%		59.30%		11.10%		61.60%

		120		50.40%		59.30%		12.70%		62.90%

		144		52.60%		60.20%		12.70%		62.90%

		148		53.40%		61.20%		12.70%		62.90%

		223		59.40%		66.40%		15.90%		69.50%

		292		71.40%		70.60%		15.90%		80.10%

		365		79%		76.70%		17.50%		82.10%

		369		82.70%		80.80%		20.60%		92.10%
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		Speed of birch destruction on all plots

		TIME		PLOT 1		PLOT 2		PLOT 3		PLOT 4

		0		0%		0%		0%		0%

		19		12.10%		42.20%		13.30%		22.60%

		23		20.60%		46.70%		13.30%		27.70%

		43		22.47%		49.70%		13.30%		39.40%

		92		38.30%		56.20%		13.30%		51.10%

		116		47.70%		61.80%		15.50%		60.60%

		120		47.70%		61.80%		17.70%		62%

		144		49.50%		62.80%		17.70%		62%

		148		50.50%		63.80%		17.70%		62%

		223		57%		68.30%		22.20%		68.70%

		292		69.20%		72.30%		22.20%		79.60%

		365		76.60%		78.90%		24.40%		81%

		369		80.40%		83%		28.80%		92%

		Speed of oak destruction on all plots

		TIME		PLOT 1		PLOT 2		PLOT 3		PLOT 4

		0		0%		0%		0%		0%

		19		12%		0%		0%		7.70%

		23		28%		16.60%		0%		15.40%

		43		36%		25%		0%		38.50%

		92		44%		25%		0%		46.50%

		116		60%		25%		0%		69.20%

		120		60%		25%		0%		69.20%

		144		64%		25%		0%		69.20%

		148		64%		25%		0%		69.20%

		223		68%		41.60%		0%		77%

		292		80%		50%		0%		84.60%

		365		88%		50%		0%		92.30%

		369		92%		58.30%		0%		92.30%

		Speed of destruction for all trees on all plots

		TIME		PLOT 1		PLOT 2		PLOT 3		PLOT 4

		0		0%		0%		0%		0%

		19		12.80%		39.30%		9.50%		21.90%

		23		24.10%		46.70%		9.50%		27.20%

		43		24.10%		48.10%		9.50%		39.70%

		92		39.80%		53.70%		11.10%		51%

		116		50.40%		59.30%		11.10%		61.60%

		120		50.40%		59.30%		12.70%		62.90%

		144		52.60%		60.20%		12.70%		62.90%

		148		53.40%		61.20%		12.70%		62.90%

		223		59.40%		66.40%		15.90%		69.50%

		292		71.40%		70.60%		15.90%		80.10%

		365		79%		76.70%		17.50%		82.10%

		369		82.70%		80.80%		20.60%		92.10%






