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Abstract

The aim of the thesis was to assessdhological impacts of wild boar rooting for up
to three years on above and belowground community attributes and processesnatseahi
habitats in southern England. The research tested the hypothesis that wild boar are important
allogenic ecosystem gimeers.

Plant species richness, percentage cover and diversity were significantly
greater from rooted than neooted treatments across woodland, grassland and woodland
ride habitats. Abundance of various plant functional groups was differentiallgtedféy
rooting within different habitats. Protection from-nating by fencing had a significant
positive impact on recovery of several plant functional groups and total plant cover.

Numbers of Hyacinthoides nestripta individuals and flowering stemwere
significantly lower in rooted than newoted treatments in woodland, although the
proportional change in H. nestripta cover over three growing seasons was significantly
greater in rooted than nanoted treatments, illustrating substantial recgvBooting had no
impact on H. nosscripta seed weight although seed viability and total numbers of seeds per
capsule and per plant were significantly greater from rooted thanooted treatments.

Rooting significantly altered the viable seed bankermis of overall abundance,
species richness, diversity and functional group responsiveness measured by seedling
emergence from soil of woodland and grassland habitats. It was suggested that the seed bank
density was greater in rooted than fmrooted soil ad, through altered soil properties,
dormancy breaking mechanisms and germination were increased. It was suggested that
emergence from the viable seed bank could largely contribute to #satgishment of
plants in rooted areas.

Leaf litter decompositin rate in woodland, soil NG&oncentration in woodland and
grassland, soil NH4+ concentration in grassland were significantly greater from rooted than
nonrooted soil. Further, belowground live plant biomass was significantly reduced in rooted
than norrooted soil in woodland and grassland. These belowground community attributes
are fundamental determinants of productivity, performance and dynamics of the whole
community.

It was concluded that the ecological impacts of rooting are patchy and fluatuate i
distribution. Rooting transforms biotic and abiotic material from one physical state to another
and fundamentally contributes to modifying the structure and dynamics of the whole
community. It was concluded that wild boar are important allogenic ecasgstgineers.
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Chapter 1

General Introduction

1.1 Introduction

Extinct in Britain for at least three hundred years (Yalden, 1999; Goulding, 2003a),
wild boar Sus scrofahave reestablislked a frediving population within the Weald of Kent
and Sussex, in southern England. Once an integral feature of British woodlands, this former
native animal has returned to a profoundly different environment. Around six and a half
thousand years ago, Bain was covered by a vast expanse of wild woodland, and home to
the wild boar (Rackham, 1997). By approximately two thousand years ago, little wild wood
remained, and the majority of woodland present was actively managed as, for example,
coppice or wood gsture (Rackham, 1997; UK Agriculture, 2006). With the advancement of
civilisation, modern woodland has become extremely fragmented and is actively managed,
covering only around 11% of England (Rackham, 1997). This novel situation has only
previously occured in Sweden where, as in Britain, a wild boar population that became
extinct (around the turn of the ®Zentury) reformed from captive escapees during the
19706s (Welander, 2000a). The environment al
Englandis visually dramatic although localised and seasonal (Goulding, 2003b; Wilson,
2005; pers. obs.), but ecological repercussions are likely to be significant. Although un
guantified, the overall proportion of ground disturbed by boar is likely to be dmalyhere
it does occur, the impact can be severe. This novel situation now poses a very important and
interesting question: what effects are these animals having on the ecology ofaserai

habitats in Britain?



1.2 Ecosystem Engineers

Animals that have large and widespread impacts on the environment could act as
ecosystem engineers. Whilst direct ecological interactions such as competition and predation
have been the subject of much research effort for over a century, the role of organisms in the
creation, modification or maintenance of habitats had rarely been defined, identified or
studied. Consequently Jones et al. (1994) proposed a concept of how species, by shaping their
habitats to their own needs, change the availability of resources andittate the fates of
ot her speci es. They call ed this process o]
responsi ble OEcosystem Engineersoé (Jones et
1995; Gurney and Lawton, 1996; Jones et al., 1997; Alper, ID9&nas et al., 1999).
Ecosystem engineers ar e defined as 6organi
availability of resources (including, in some cases themselves) to other species by causing
physical state changes in biotic or abiotic materialsoldoing, they modify, maintain and/or
create habitats (Jones et al., 1994). Ecosystem engineers have been shaping our ecosystems
since life began. Jones et al. (1994) suggested ecosystem engineers might be so fundamental

to ecology that all habitats onréasupport them and are influenced by them.

Two types of ecosystem engineer have been c|
environment via their own physical structure

engineered environmerAllogenic engineers change the environment by transforming biotic

or abiotic materials O6from one physical sta
are not necessarily part of the permanent p
1997).



Trees epitomise the autogenic engineer. The development of a forest results in physical
structures that change the environment and modulate distribution and abundance of resources.
Trees alter nutrient cycles, soil stability and hydrology, temperatunaidity, windspeed

and light levels. The many occupants of forests are largely dependent on physical conditions
modulated by autogenic engineers and on resource flows that they influence (Lawton and
Jones, 1995; Jones et al., 1997). A good examplenddllagenic engineer is the beaver
(Castor canadensis) (Lawton and Jones, 1995; Pollock et al., 1995; Nummi and Poysa, 1997,
Alper, 1998; Wright et al., 2002; Wright et al., 2003; Baily et al., 2004). C. canadensis take
materials from the environment suels trees and engineer them from one physical state
(living trees) to another physical state (dead trees in a dam). The dam creates a pond, which
has profound effects in modulating a whole series of resource flows used by other organisms.
Dams alter biogedemical cycles, nutrient retention, geomorphology, biodiversity,
community dynamics and structural complexity of the environment. Both the biotic and
abiotic influences of the C. canadensis dam are spatially and temporally extensive, sometimes
lasting forcenturies (Lawton and Jones, 1995; Pollock et al., 1995; Nummi and Poysa, 1997;

Alper, 1998; Wright et al., 2002; Wright et al., 2003).

Ecosystem engineers can have positive and negative effects on the diversity and abundance
of other species, rangingoin extremely small to very large. A C. canadensis pond for
example may create habitats for many species to live, but its transformation from a stream
may equally remove habitats from many organisms such as stream dwelling organisms or
species that lived itrees (Jones et al., 1997). The impact on the entire ecosystem can be
extremely complex and only some species will benefit from the changes. However, on a

larger temporal and spatial scale, the net effect of engineering may enhance species richness



via a net increase in habitat diversity (Wright et al., 2002). The net effect of physical
ecosystem engineers across a range of habitats is likely to increase species richness (Jones et

al., 1997).

The size of the impact of the ecosystem engineer can varynensly depending on the
magnitude and types of changes that occur, the resources that are controlled, the number of
species in the habitat that depend on these resources, and the extent to which these resources
are adequate to support these species ime¢lehabitat (Jones et al., 1997). Organisms that
engineer rivers, streams, soil and sediments tend to have some of the largest impacts. Water,
soil and sediments incorporate many resources such as nutrients and living space within one
engineered contexthtis modifying them has big effects. Therefore, ecosystem engineers can
intrinsically create and shape environments and the energy that flows through them by

providing the elemental resources, which underlie entire food webs.

1.3 Rooting

A previously unrecognised example of a possible important allogenic ecosystem
engineer is the wild boar. Its rooting activities represent an important manifestation of
ecosystem engineering. Rooting is the term ¢
occurswi t hin surface | ayers of soi |l . V-i skadl y
foraging activity (Ray, 1988; Moody and Jones, 2000) can be viewed as a severe form of soil
disturbance. Rooting can result in the translocation of large amountstoffearexample, in
one year, in the eastern part of the Bialowieza Forest, #8Dearth were translocated to
different regions within mixed coniferous and deciduous forest (Falinski, 1986). Rooting
fluctuates in area, depth and intensity and, becausadiwato root in patches, the effects on
soil are likely to be heterogeneous (Welander, 2000b). Consequently, the structural

4



complexity of the soil surface can be increased as rooting exposes a variety of substrates
(such as humus, mineral soil, belowgnduplant biomass, rocks and stones) in a patchy
manner (Miltonet al, 1997; Welander, 2000b). However, the structural complexity of the
soil surface can also be decreased because like ploughing, rooting can destroy distinct soil
horizons and can homogeaeisoil. Through mixing soil horizons, rooting can reduce vertical
heterogeneity, oveturn leaf litter (reducing surface build up through incorporation into soil)
and remove or redistribute vegetation in a patchy manner (Spatz and Mh@iMois, 1975;

Bratton, 1975; Singest al,, 1984).

Evidence of rooting can be seen within different habitats in and around my study area
in Beckley, East Sussex (ssection 1.4.2. Although rooting is typically seen as small
patches of overturned soitAm?) (Fig 1.1 ac) (Kotanen, 1995: Goulding, 2003b), these
patches often overlap forming larger areas of rooted soil of up to a hectare (Kotanen, 1995)
(Fig 1.2 ac). The depth of rooting also varies. A typical rooting depth can be between 5
15cm (Kotanen, 1995; Goulding2003b; Mohret al, 2005) Fig 1.1 ac). However,
occasionally rooting depths can be as great as 30cm or figrel.@ ab). The location,
depth, distribution and abundance of rooting is largely determined by boar population
density, the proximity to car, vegetation and soil type and food availability, farrowing
activity, frequency of rocks, and sailoisture levels (Belden and Pelton, 1975; Falinski,
1986; Hone, 1988). For example, Falinski (1986) found that rooting was shallowest in
deciduous forest8cm), coniferous and mixed forest-16cm), and deepest in grassland
ecosystems (up to 22cm). Rooting can be distinguished into three general categories
(Falinski, 1986) . The first l evel Il nvol ves
The secad type of rooting entails cutting and fragmentation of the field layer by tearing it up

from the ground, translocation and returning. The third category is the mixing of the field



layer fragments with the soil and litter, destruction of tree stems anabtipg of small trees

with shallow roots (Falinski, 1986).

Wild boar frequently reoot the same specific or general areas of woodland,
grassland and woodland rides within their home range (Groot Bruinderink and Hazebroek,
1996; Goulding, 2003b) and ttefore can be considered a major disturbance, one that
English woodland has not seen for hundreds of years, since boar became extinct. However,
pannage, the practise of driving domestic pigs into woods and wood pasture in autumn to
fatten on acorns (or bele mast if any) before being slaughtered and salted down, is a similar
disturbance regime that can still be seen the New Forest today (Rackham, 1997). The acorn
crop cannot be relied upon as the crop size can vary substantially every year, and
consequentlyalthough once a common practice in woodland and wood pasture, pannaging

was in considerable decline by 1086AD (Rackham, 1997).

However, domestic pig and wild boar husbandry is a traditional feature of natural or
seminatural woodland management throagh Europe today. Although this is not yet
reflected in the UK, there is considerable interest in a more widespread practical application
of pigs in the use of woodland management (Brownlow, 1994). Pigs are used for not only
pannage, but also used as silitural tools for ground preparation, weeding and pest control,
which enhances the regeneration and growth of young coniferous byeesmoving
competing vegetation from occupied areas and invertebrate pests (Brownlow, 1994). For
example, herds of pigsre rotationally grazed, (particularly during the period of acorn
production) over vast areas of southern Iberia; pigs are used not only to exploit the acorn crop
and provide meat, but control scrub reinvasion and nutrient cycling, and have become part of

the traditional landscape (Brownlow, 1994).



a)
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c)

Fig 1.1 ac: Examples of rooting in relatively sme
isolated patches in three out of the four grassland sii
within the study area. Rooting depth here is norm
between 515cm.a) = siteG4, b) = siteG], c) = siteG4
(Table 1.1Fig1.5). Photos taken 2002.




b)

Fig 1.2 ac: Examples of extensive rooting covering lar

areas.a) andb) = grassland sit&2, ¢) = woodland ride site
R5within the study areaTable 1.1Fig 1.5. Photos taken
2002.



b)

Fig 1.3 &b: Exanples of rooting at a greater than average depth (apprt
15-35cm) ina) = woodland ride sitdcR5and b) = grassland sit&2(Table
1.1 Fig 1.5. Photos taken 2003.
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Rooting causes direct and indirect impacts on plants at the community, functional
group and individual species level, which couldngmete repercussions that spread
throughout food webs. For example, rooting is known to directly increase (Bowman and
McDonough, 1991; Kotanen, 1994, 1995; Welander, 1995; Onipchenko and Golikov, 1996;
Milton et al, 1997; Arringtonet al, 1999; Welander2000a) and decrease (Bratton, 1974,
1975; Hone, 1980; Howet al, 1981; Alexiou, 1983; Singeat al, 1984; Ralph and Maxwell,
1984; Arringtonet al, 1999) plant cover and species richness. Rooting also directly affects
the relative abundance of funat@ groups such as annual forbs (Kotanen, 1994, 1995;
Boekenet al, 1998; Welander, 2000a) and woody species (Andrezejewski and Jezierski,
1978; Lipscomb, 1989; Peaat al, 1994; Groot Bruinderink and Hazebroek, 1996). Some
individual plant species maglirectly benefit from the disturbance whilst others, more
sensitive to disturbance, could suffer a reduced population density (Kotanen, 1995), or

localised extinction in more extreme cases.

Most of our knowledge of wild boar derives from studies of pafpohs on the
European continent and n&uropean countries. Little scientific literature currently exists on
ecological impacts of rooting in Britain (Goulding, 2003a, 2003b). Among existing literature
on wild boar populations abroad, contradictory redeaesults relating to the effects of
rooting on plant cover, species richness and functional group and individual species
responsiveness make it difficult to predict the impacts of rooting on plants in Britain.
Variation in climate, geology and ecosystand community structure could lead to different
responses of belowground soil attributes and above ground plant communities to rooting in
different countries. It is therefore important to scientifically research the effects of rooting on

plant reestablisiment in Britain to gain a greater understanding into the effects of rooting on
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the above ground plant community under specific British climatic and environmental
conditions.

Indirectly, rooting could affect the plant community via altering soil propesdres
processes. Properties include physical agents such as soil aeration, light levels and
temperature (Singegt al, 1984; Kotanen, 1994), soil chemistry (Lacki and Lancia, 1983;
Groot Bruinderink and Hazebroek, 1996; Matral, 2005) and biological atbutes such as
the belowground invertebrate community and the seed bank (Vtorov, 1993; Kotanen, 1994;
Mobhr et al, 2005). Processes include soil decomposition and nitrogen transformation systems
(Lacki and Lancia, 1983; Singet al, 1984; Mohret al, 2005). Significant change in the soil
environment is likely to impact on the organisation and performance of both plant and animal
elements of the community. Physical properties and soil processes underlie nutrient cycling
and net primary productivity, whic govern plant growth and thus the dynamics of the
community. As with above ground impacts, little is known of the effects of rooting on
belowground community attributes and processes, and that which does exist, is largely
contradictory (Singeet al, 1984). For example, soil nutrient content has both been reported
to have significantly increased in rooted areas (Lacki and Lancia, 1983; 8inglerl1984;
Kotanen, 1994), be unaffected by rooting (Groot Bruinderink and Hazebroek, 1996; Moody
and Jones, ZID; Mohret al, 2005) and decreased by the disturbance (Moht, 2005). It is
therefore necessary to carry out further work of this nature in Britain to gain an understanding
into the effects of rooting on important belowground community attributégruspecific

British environmental conditions.

The potentially large and widespread impacts of rooting provide great scope for
studying the potential role of wild boar as an allogenic ecosystem engineer €loales

1994; Brown, 1995; Gurney and Lawtd®96; Jonest al, 1997; Alper, 1998; Wrightt al,

12



2002). The direct and indirect impacts that rooting has on the physical, biological and
chemical structures of soil, on cover, species richness and distribution of plants and
associated fauna and tlweation of heterogeneity (Welander, 2000b), may change the
physical structure of the community and therefore modulate the availability of resources to
other species. This complies with Joregsal. (1994) definition of allogenic engineering
whereby rootig transforms living and neliving material from one physical state to another
without being part of the permanent physical ecosystem structure. Since boar inhabited
British woodlands for thousands of years, (Rackham, 1980; Marren, 1990) their engineering
activities would probably have fundamentally helped shape past woodland structure. It is
therefore proposed that wild boar, are important allogenic ecosystem engineers and their

rooting is ecosystem engineering.

1.4 The Study System

1.4.1Wild Boar

Wild boar are native on the European continent and live freely in large numbers
within a great diversity of habitats (Kurz and Marchington, 1972; Dardaillon and Beugnon,
1987; Falinski, 1986; Meriggi and Sacchi, 1992, 2000). They are known to have adapted to
living in swamp and marshland environments, mountains, coastal areas, deciduous and
coniferous woodland, and can withstand extremely cold climates (Mauget, 1980; Falinski,
1986; Gerarcet al, 1991; Cargneluttet al, 1992; Boitaniet al, 1994; Spitz ath Janeau,

1995; Russet al, 1997). Wild boar have also been successfully introduced intmative

countries such as dry arid and tropical regions of Australia and the USA (Bratton, 1975;
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Singeret al, 1981; Baber and Coblentz, 1986; Saunders and ¥38§; Caley, 1997; Gabor

et al, 1999). Radio tracking however reveals their high dependence on woodland habitats,
which provide the greatest food availability and protective cover especially in highly
disturbed environments (Kurz and Marchington, 1972)g&i et al, 1981; Baber and

Coblentz, 1986; Falinski, 1986; Caley, 1997; Goulding, 2003b).

Six thousand years ago, Britain was covered by extensive woodland (Ingrouille, 1995;
Rackham, 1980; Marren, 1990). Approximately four million boar were thougltate
inhabited these wildwoods of oak, ash, lime and hazel (Marren, 1990; Yalden, 1999;
Goulding, 2003a). Habitat loss, oveunting and finally absorption into domestic herds
ultimately caused their extinction in Britain (Rackham, 1980; Goulding, 20038&).exact
date that wild boar became extinct in Britain is unclear due to subsequent attempts to
reintroduce the animals from the continent (Goulding, 2003a). However, it is generally
believed that frediving wild boar became extinct in England at arouhd turn of the 14
century and during the T&entury in Scotland (Yalden, 1999; Goulding, 2003a). By the end
of the 17 century, all native and introduced wild boar in Britain had died out. Until recently,
no freeliving wild boar (native or introduah had been present in Britain for the last 300

years (Goulding, 2003a).

The possible reintroduction of wild boar into Britain has been speculated on in recent
years (Yalden, 1986; Howells and Edwaddses, 1997; Leapat al, 1999). However, a
freeliving population has become established in southern England during the past eighteen
years and is thought to have originated from several accidental releases from domestic wild
boar farms in Kent. The presence of wild boar in England has provoked conkderab

controversy (Goulding, 2003b), and probably the most controversial aspect of their presence
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for conservationists and farmers, is rooting. However, the more widespread issues of public
safety and disease are of the greatest concern for the public aRIADBEpartment for
Environment, Food, and Rural Affairs). The most prominent issue of public safety is the fear
of wild boar attacks on people although no confirmed reports in the literature of wild boar
making unprovoked attacks on people exist (Goulding Roper, 2002). This is consistent
with knowledge that wild boar are known to be shy, and typically avoid contact with people
whenever possible (Genov, 1999; Goulding, 2003a; pers. obs.). The main concern relating to
disease, focuses on the possibilitgttwild boar populations could act as a reservoir or means

of spreading disease to livestock, predominantly domesticated pigs (Wilson, 2005). Those
diseases of most concern are Classical Swine Fever, African Swine Fever, Foot and Mouth
Di sease, Ksegse and Krychirosis (Wilson, 2005). Such concerns have led
agriculturists and some landowners to class wild boar as economic pests and call for their
eradication, whilst others have been advocating their deliberate reintroduction into this

country (Leaperet al, 1999).

The snout of wild boar is narrow, long and straight, well designed for foraging among
surface layers of soils. Boars are generally larger than sows, and the adults have tusks that
protrude from the side of the jaw, an adaptation atdisad whilst foraging (Genov, 1999;
Goulding, 2003a)Kig 1.4 ab). Wild boar are omnivorous and consume a large variety of
food depending on seasonal availability (Henry and Conely, 1972; Wood and Roark, 1980;
Genov, 1981; Falinski, 1986; Dardaillon987; Masseiet al, 1996). Their diet consists
principally of above and bel owground plant
(Henry and Conely, 1972; Genov, 1981) and 97% of total consumption (Mas8eil996).

The remaining portion chiefly carsts of invertebrates and small vertebrates (Ma=tsal,

1996).
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Fig 1.4 &: Wild boar Sus scrofp a) A typical adit male showing the

strong snout and tusks, which are adapted for rootingAn adult sow

with her piglets in woodland within the study area.
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Wild boar are primarily nocturnal (Boitarat al, 1994) and spend daylight hours resting,
hidden in dense vegetation (Abaigsral, 1994). Boar typicallyspend between four and eight hours
feeding at night (Spitz, 1986) within their home range, predominantly rooting. Home range size varies
depending on food availability and habitat type (Falinski, 1986), sex of the animal, human disturbance
and populatonensi t y. The potentially | arge area encom
how extensive the effects of rooting can be. For example, Setgatl. (1981) recorded a mean
seasonal home range of male wild boar as 3?5&nu 3.1km for females in Tenessee, USA.
However, during a year with poor beech mast, home ranges of some animals increased t§ 10.7km
implying that home rangegize varies inversely with resource abundance and density (Caley, 1997).
Russoet al. (1997) recorded small home range sitmsween 0.024.081knf in the hunifree
Maremma National Park, central Italy. Saunders and Kay (1996) determined larger home ranges of
35knt for males and 11.1kftfor females in a more highly disturbed area in New South Wales,
Australia. Dardaillon and Bggnon (1987) reported home range sizes of betweeB8ROF in
Camargen, southast France indicating the ability of boar to travel very large distances, particularly

in disturbed environments.

1.4.2 Study area

The region of East Sussex surroundthg study area is predominantly arable and
grazing farmland interspersed with villages and woodland. The study area is within and
around Bixley and Beckley woods, East Susdeg (.5 ad); owned and managed by the
Forestry Commission and Sussex Wildlifeu$t and comprises conifer plantations, oak and
mixed deciduous and sweet chestnut copiig 1.6 b Table 1.1). Woodland ridesKig 1.6
a) and agricultural and semiatural grassland={g 1.6 9 are also present within the study

area and used for my esrch(Table 1.]). Differences exist between sites within habitats in
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terms of predominant sedassification of habitat type, management and dominant

vegetation Table 1.1).

The area represents the centre of the East Sussex population of wild bcawheck
all previous research has been carried out on this population of animals (Goulding, 2003b). It
is the largest out of three current breeding populations in England, with an estimated
population density of around 200 animals, covering an approximaatge of 175krh
(Wilson, 2005). In contrast, the second largest population in west Dorset is estimated to be
around 30 animals, covering an approximate range of 2{Wiison, 2005). The size and
range of the smallest population within the Forest of Dsaimknown, although an alleged
illegal release of at least Z) animals is suspected to have increased the population in spite

of several being shot (Wilson, 2005).

Within the study area, individual study sites were selected based on spatial distinction
of districts across the three different habitat types coupled with the presence of rooting. The
distribution of rooting within the study area, although-quantified, varies considerably
within and between sites. Some sites, such as a relatively sndlcéiald be extensively
rooted throughoutRig 1.2), whereas in contrast, a neighbouring site could be completely
nonrooted. More typically, rooting occurs in patches over many sites with a relatively small
coverage Fig 1.1) relative to the size of thets. Overall, in the study area, in relation to the
current population density and available space, the ratio of rooted tmoi®d ground is
likely to be small. This suggests that the severity of rooting as a disturbance is regional and
localised, whichshould be considered when viewing overall impacts of rooting within

relatively large areas.
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Fig 1.5 ad: Four tiers of maps showing the approximate location of
study area in relation t@a= Great Briain, b = South East England awd-
Kent and East Sussed.= the study area showing individual study sit
(2:25 000, Ordnance Survey, 1998)1-G4 = Grassland sites-4, W1-
W5 = Woodland sites-b, R1-R5 = Woodland Ride sites-8, SeeTable
1.1
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b)

c)

Fig 1.6 ac: Examples of different habitat type:

within the study areaa) = woodland ride sitéR5
b) = woodland siteW4, c) = grassland site52
Photos taken in 2002.
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Habitat

Woodland

(W)

Grassland

(G)

Woodland
Rides

(R)
1

Sites

Sweet chestnut

Sweet chestnut

Beech Woodland

Mixed deciduous

Mixed deciduous

Woodland

Semiwild

Agricultural

Agricultural

Grid

Reference

22.5:85.9

22.4:85.8

22.2:85.6

22.2:85.4

22.6:85.7

21.8:85.5

21.6:85.7

21.7.85.0

21.7:85.3

Flanked by coniferous plantations21.8: 86.2

Flanked by coniferous plantations22.1: 85.9

Flanked by coniferous plantation 22.0: 86.1

and mixed deciduous woodia

Flanked by coniferous plantation 22.3: 86.4

and mixed deciduous woodland

Flanked by mixed decidusu

saplings

21.9:85.7

Dominant Vegetation Management Closest
Dense bluebell and mixed Coppicing W10a
ground flora

Dense bluebell and mixed Coppicing W10a
ground flora

Sparse bluebell population Occasional w14
and mixed ground thinning

Dense bluebell and mixed Occasional W10a
ground flora thinning

Dense bluebell and mixed Occasional W10a
ground flora thinning

High diversity grassland
plant community
High diversity grassland
plant community
Low diversity grassland
plant community
Low diversity grassland

plant community

High diversity grassland
plant community
High diversity grassland
plant community
High diversity grassland
plant community
High diversity grassland
plant community
High diversity grassland

plant community

NVC

Occasionally MG9b
grazed by sheep

Never grazed, MG10
unmanaged

Frequently grazedMG7hb
by sheep

Frequently grazedMG7b
by sheep

Edges cut back
once a year
Edges cut back
once a year
Edges cut back
once a year
Edges cut back
once a year
Edges cut back

once a year

Table 1.1 Summary ofhe fourteen sites used in this researdtvC

classification derived from Rodwell (1991, 1992).
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1.4.3 Importance of habitat types

The habitats of the greatest importance to this research are those that are most affected
by rooting and those thdiold the greatest conservation value. These are various types of
woodland, grassland and woodland rid€akle 1.1, Fig 1.5 ad). With only relatively small
fragments of lowland British woodland remaining in southern England today, the
conservation and athetic value attached to this habitat type is high. Most ancient woodland
was managed by coppicing during the last one thousand years (Peterken, 1993). By 1965,
coppice management was largely abandoned over most of Britain and much reduced in the
southeast; remaining practice today is predominantly carried out in seash England
(Peterken, 1993). Due to its management regime, coppiced woodland is home to a specific
array of operhabitat plant species (Fuller and Warren, 1993; Gondaal, 2001; Masa
and McDonald, 2002). Recently coppiced woodland tends to have a significantly greater
diversity and abundance of ground flora than after the closure of the canopy in the years
following this disturbance (Ash and Barkham, 1975; Ford and Newbould, 19Tida@tet
al., 2001; Mason and McDonald, 2002) and when compared with mature woodland. The
open, brighter conditions encourage germination of dpmhitat species (Fuller and
Whittington, 1993; Mason and McDonald, 2002), which would be far less abundaat-or
existent in shadier deciduous woodland (except during early spring before canopy growth). A
major disturbance such as coppicing, in part initiates secondary successionfRakide
1982; Sousa, 1984; Niemela, 1999; Mageml, 2004; Rydgreret al, 1998). Initially, the
number of plant species (particularly annuals) greatly increases but only perennials tend to
persist and most opdrabitat species become excluded after ten years (Ash and Barkham,
1975; Gondardet al, 2001, Mason and McDonald, 2Q02Light levels and natural

disturbance on the mature deciduous woodland floor are less than in actively coppiced
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woodland (Mason and McDonald, 2002). These low disturbance and light levels may support
a lower ground floral diversity than coppice woodla@dowth of shade tolerant plants and
those sensitive to disturbance may be encouraged under such conditions, and these support

their own unique set of fauna (Peterken, 1993).

Also of conservation importance, are woodland rides (Warren and Fuller, F383) (
1.6 9. These habitats cover relatively small proportions of the overall woodland size but
support relatively high levels of wildlife and tend to develop different flora and fauna to
surrounding woodland (Warren and Fuller, 1993; Peterken, 1993; Syaaks1996). Rides
provide sempermanently open, light habitats; for many species, rides represent the only part
of the woodland where they can exist (Peterken and Francis, 1999). Rides within conifer
plantations are important as they contain the migjaf deciduous trees and shrubs and
associated fauna in the whole woodland, and thus increase ecosystem diversitydiSglarks
1996). The plant communities within rides can represent important relics of unimproved
pasture, 95% of which have disappedred surrounding countryside over the previous fifty
years (Warren and Fuller, 1993; Peterken and
foot trefoil (Lotus corniculatug and many grasses, typical of unimproved pasture, cannot
tolerate the shade alosedcanopy woodland and thrive in open sunny conditions of rides
(Warren, 1985). Other plant species such as hedge wound8tathys sylvatiga wood
speedwell Yeronica montanaand common figwort§crophularia nodosgaare much more
common on rideshian any other habitat (Warren and Fuller, 1993). Diversity is one of the
most frequently cited criteria for site selection by conservationists (Prendetgdstl993)
and rides are often the most diverse habitats within entire woodland ecosystems @Mdrre

Fuller, 1993; Peterken, 1993; Peterken and Francis 1999).
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Most plantfeeding insects are host specific so the greatest numbers of such species
can be found in ecosystems with the greatest plant diversity (Warren, 1985; Warren and
Fuller, 1993) suclas woodland rides (Warren and Fuller, 1993; Peterken, 1993; Peterken and
Francis, 1999). The diversity of flowers in rides provides nectar and pollen to a great variety
of adult insects (Warren and Fuller, 1993; Spaksal., 1996). Some insects, includjrthe
majority of butterflies, rely solely on open, sunny areas such as rides for their life cycle due
to the provision of a warm microclimate (Warren, 1985; Warren and Fuller, 1993; &parks
al.,, 1996). A large proportion of moths breed on specific &eé shrub species, and thus
shrubby margins of rides are important for moths (Warren and Fuller, 1993). A diverse plant
feeding invertebrate community is likely to support a greater range of bird species (Hunter,

1999).

Breeding migrant birds such agtbommon nightingald_(iscinia megarhynchysre
attracted to shrubby edges of rides, which are also a favoured nest site of the chiffchaff
(Phylloscopus collybitys(Fuller and Whittington, 1988). Other bird species use open rides
for feeding such as th&uropean robin Erithacus rubeculg the song thrushTgrdus
philomelo3 and the common blackbirdl¢rdus merula (Fuller and Whittington, 1988).
Predatory bird species such as the sparrow haekigiter nisuy and the kestrelHalco
tinnunculug use ride margins for hunting smaller birds and mammals (Fuller and
Whittington, 1988). Rides can be beneficial to most small mammals such as some bat species

(Chiroptera) which use rides for hunting grounds (Warren and Fuller, 1993).

Many seminatural grassind ecosystems are valued for their relatively high
biodiversity (Ingrouille, 1995). An increase in agricultural area and intensity, particularly

over the past fifty years, has inevitably resulted in loss, through fragmentation and
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simplification, of semnatural grassland communities throughout ses#tbt England
(Ingrouille, 1995). The subsequent and inevitable decline in grassland plant species has
probably contributed to the overall reduction of biodiversity across grassland ecosystems

(Ingrouille, 1995.

1.5 Aims

A continued presence of wild boar in southern England will unquestionably have
ecological repercussions. Woodlands today are highly fragmented. Major disturbance
regimes like rooting, although once a fundamental part of a natural managegier could
now have far reaching consequences. With no current scientific literature focussing on effects
of rooting on British woodland ecology, | aimed to fill this gap. The aim of my research was
to assess the ecological impacts of rooting for uphtee years on aspects of above and
belowground population and community attributes and processes imaamal habitats in
southeast England. The research tested the hypothesis that wild boar are important allogenic

ecosystem engineers.

1.6 Hypothess

1 Chapter 2: Plant community attributes in rooted and frooted, exclosed and open
plots were compared. It was hypothesised that, other than the initial effects of rooting,
plant species richness, total plant cover and diversity across different wqgodland
grassland and woodland ride habitats would be significantly greater from rooted than
nonrooted and fenced than unfenced treatments for up to two years. It was also
hypothesised that rooting and fencing would differentially affect plant functional

groupsfor up to two years in different habitats within rooted and-rowted, exclosed
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and open plots, depending on the life history strategies that different functional groups
and individual species exhibit. Site differences were hypothesised to significantly

affect plants at the community and functional group level.

Chapter 3: The study on bluebelldHfacinthoides notscripta) was carried out in
woodland habitats over three growing seasons in exclosed and open plots. It was
hypothesised that the number Hf nonscripta individuals and flowering stems
would be significantly lower in rooted than nowoted treatments. Further, it was
hypothesised that the proportional change Hnh nonscripta cover would be
significantly greater from rooted than novoted tretments after one and two years.
Fencing was hypothesised to aid the recovery ofHthaonscripta population after

the affects of rooting. The number Hf nonscripta seeds were hypothesised to be
unaffected by rooting, and the viability and weight odds®ewere hypothesised to be
greater from rooted than neooted treatments. Site differences were hypothesised to

significantly affect all measured aspects of thenonscriptapopulation.

Chapter 4: It was hypothesised that species richness, numbendofiduals and
diversity of emerging plant individuals would be significantly greater from rooted
than norrooted soil from the viable seed bank, from woodland and grassland habitats.
It was also hypothesised that rooting would differentially affect wuarigplant
functional groups depending on different dormancy breaking and germination
adaptations exhibited by seeds from different functional groups from woodland and
grassland. Site differences were hypothesised to significantly affect emergence from

the woodland and grassland seed bank at the community and functional group level.
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1 Chapter 5: It was hypothesised that decomposition rate of leaf litter and levels of
nitrate and ammonium nitrogen would be significantly greater from rooted than non
rooted soil,and belowground live plant biomass would be significantly lower in
rooted than nomooted soil in woodland and grassland habitats. Site differences were
hypothesised to significantly affect all measured belowground community attributes

and processes.
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Chapter 2

Impacts of wild boar rooting on plants at the community,
functional group and individual species level

2.1 Introduction

Due to the high intensity of soil disturbance created by rooting, it was expected that
the nitial effects (within two months of rooting) of any rooting event would decrease
percentage cover (a surrogate measurement of biomass) and species richness of the plants
present. However, single (or annual) rooting events were expected to lead to aseidcre
plant cover and species richness in the steornh (between two months and two years) and
mediumterm (between two and three years), although diminish over thetdomg(more
than three years) as the plant assemblage recovers. Further, repeated ewetits
(occurring at least twice per year) were expected to decrease the cover and species richness of
plants in the short and medidi®@rm compared to nerooted environments. Longrm
effects of frequently applied rooting are difficult to predict wiih longterm research,
al though based on Connell 6s intermediate di s
as a whole would likely to become low (Connell, 1978, 1979). Intermediate levels of
disturbance in terms of frequency (such as annual @&uents) are known to maximise
species richness and diversity, whereas very low (such as never rooted) or high levels of
disturbance (such as repeated rooting events) over both relatively short and long temporal

scales can cause species richness andsitiyéo be low (Connell, 1978, 1979).
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Rooting causes a visually dramatic and widespread impact on the environment with
apparently large consequences for the plant community. Exposure of the seed bank from
lower to upper soil layers after rooting mayeat reestablishment of the plant community
through increased germinatio@i{apter 4). A typical rooting depth between3®cms will
expose both the transient and léegm seed banks (Thompson and Grime, 1979; Thompson
et al, 1997) leading to germinatioand emergence of elements of the exposed seed bank
(Kotanen, 1994), which could substantially alter the structure and size of the plant
community. Other propagule sources that potentially contribute to plant community re
establishment after rooting incledhe seed rain and clonal fragments. The mixing of soll
horizons through rooting modifies soil properties and processes (Lacki and Lancia, 1983;
Singer et al, 1984; Lacki and Lancia, 1986; Vtorov, 1993; Groot Bruinderink and
Hazebroek, 1996; Bialy, 199@&jloody and Jones, 2000; Molet al, 2005) Chapter 5),
which could significantly affect restablishment of the plant community. Resources made
available by ecological disturbances are likely to be exploited by colonists and regenerating
survivors in thecourse of post disturbance succession (Mcingtreal, 1995; Davis and
Pelsor, 2001). For example, increased nitratess(N&hd light in rooted areas (Lacki and
Lancia, 1983; Singest al, 1984) Table 5.1, Fig 5.6 could promote competitive dominance
by plants requiring higher resource levels resulting in an increased overall plant biomass and

leading to reduced species richness (Davis and Pelsor, 2001).

Conversely, Kotanen (1994, 1995) in California, Welander (1995, 2000a) in Sweden,
and Miltonet al (1997) in central Germany found an increased plant species richness in
rooted areas across grassland habitats less than one year after rooting. Bowman and
McDonough (1991), Onipchenko and Golikov (1996) and Arringtoral. (1999) found

species richnedsad increased in areas that were rooted less than one year previously within a
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monsoon forestvetland transition, northern Australia, alpine heath in the Teberda Reserve,
Russia, and in marshland ecosystems in central Florida respectively. The increesees
richness could be explained by the intermediate disturbance hypothesis (Connell, 1978,
1979). Intermediate levels of rooting frequency in the stesrh may have modified

resources (such as nutrients, light and space) to levels that maximisednther of species.

Specific conditions produced through rooting are likely to favour some plants (such
as disturbancéolerant species) but not others (such as species sensitive to severe
disturbance) and therefore some functional groups but not difplst et al, 1991). For
example, Kotanen (1994, 1995) found annuals proliferated within one year after boar rooting
in a Californian prairie. Welander (2000a) found that the large numbers of small sized, wind
dispersed seeds of annuals from the seed waire ideal for the rapid establishment of
recently rooted soil across several habitat types in Sweden, due to their relatively superior

dispersal capacity.

The aim of this study was to investigate the shemin effects of rooting on plants at
the commuity and functional group level in woodland, woodland rides and grassland in

order to understand the impact of wild boar on plant communities.

2.1.1 Hypotheses

2.1.1.1Community Level Effects

Between two and seventeen months after rooting, plant specieess and diversity were
hypothesised to be higher in rooted than-rmmoted and in fenced than unfenced plots within

the three habitat types, corresponding to
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hypothesis. Due to the initial, relativeiygh levels of light and space in rooted plots, owing
to the removal of plants, evenness of plant species abundance was hypothesised to be greater
in rooted than nomooted and in fenced than unfenced plots within the three habitat types
within one year. er one year however, following the potential increase in competitive
dominance, related increased biomass and the reduction of resources, it was hypothesised that
there would be no significant difference between treatments in evenness, although species
richness was predicted to be high in fenced rooted plots. Fencing was primarily to protect
areas from further rooting disturbance such that the effects of single rooting events (from
fenced rooted treatments) and potentially frequent rooting events (fréemcanl rooted
treatments) could be compared with the -nooted controls. Boar tend to-reot the same
areas every year (Falinski, 1986; Welander, 2000b; Goulding, 2003b; pers. obs.), hence
rooted unfenced plots are particularly vulnerable toorging. Although no quantitative
assessment of the amount ofroeting in rooted unfenced plots was carried out, | observed
that the majority of these plots had beenaeted to some extent at least once during this
study. Species richness, diversity and evesmasre predicted to be lower in unfenced than
fenced plots due to the severity of the disturbance that potentially occurs from frequent
rooting events.

| hypothesised that between two and seventeen months after rooting, total plant cover
would be greatein rooted than nomooted (Bowman and McDonough, 1991) and in fenced
than unfenced plots within the three habitat types. Percentage cover in unfenced plots (due to
their susceptibility to rooting) is predicted to be lower than in fenced plots in thetsirart
Relatively higher levels of resources in rooted thannmated areas such as soil nitrate gNO
) (Lacki and Lancia, 1983; Singest al, 1984) {Table 5.1, Fig 5.6) could promote
competitive dominance in plants requiring higher ;N@vels and thuselad to increased

overall plant cover.
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| hypothesised that there would be fewer numbers of ancient woodland indicator
(AWI) species in rooted than nenoted plots. AWI species have a low dispersal potential
(Rackham, 1980; Hermet al, 1999; Bossuyet d., 2002; Wulf, 1997) therefore tend to be
confined to permanent mature woodland sites and are thus indicative of them (Buchley
1997). Woodland sites used here are comparatively recent, thus relatively small numbers of
AWI species were expecte@pendix 1). AWI species are characterised by a stress tolerant
strategy (Hermyet al, 1999; Wulf, 2003), therefore are not adapted for coping with severe
disturbance such as boar rooting. Unfenced plots are more susceptible to greater disturbance

than fened plots and so were predicted to have fewer AWI species.

| hypothesised that site differences would significantly affect all measured elements
of plants at the community level within each habitat type. Different forms of management
imposed on the diffent sites across the three habitat typesble 1.1) could potentially
have large impacts on plants at the community level. For example in woodland, coppiced
sitesW1 andW2 (in comparison to those that are occasionally thinié@ { \W5)) are likely
to hawe greater light levels penetrating the woodland floor, which could substantially affect
plant diversity. The diversity of plant communities on the woodland floor with high light
levels (such as recently coppiced woodland) is known to be greater than atare,rshadier
woodland (Ash and Barkham, 1975; Ford and Newbould, 1977; Gortatd2001; Mason
and McDonald, 2002). Further differences that could potentially affect the plant community
exist due to the geographical distinction of each site withéntltihee habitat typeséble
1.1). Different plant community or habitat types flank each site, hence the neighbouring plant
communities, through differences in seed dispersal such as seed rain could affect the overall

plant abundance and diversity of theeighbouring study sites. Further, potential
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inconsistencies between sites could exist in the soil environment, such as available nutrients
to plants and, determined in part by differences in topographlyl¢ 1.1); relative moisture

levels.

2.1.1.2Furctional Group Level Effects

Rooting is likely to favour plants that are successful in severely disturbed
environments. Grime classifies such plants as ruderals: weedy species with short life cycles
and high reproductive outputs that cope well in highsgutbed environments (like ploughed
fields) such as many annual forbs (Grime, 1974; Grime, 1979; &tirale 1989) Appendix
1). Therefore, | predicted that rooting would favour the establishment of this plant functional
group in the shorterm (Kotanen,1994, 1995; Miltoret al, 1997) in fenced and unfenced
rooted plots within grassland and woodland rides.

| hypothesised that the cover of perennial graminoids would be less in rooted than
nonrooted and in fenced than unfenced plots in the gbom within grassland and
woodland rides. Graminoids include many adaptive strategies (Grime, 1974; Grime, 1979;
Grime et al, 1989) Appendix 1) and therefore some are not specifically adapted for
tolerating disturbance. It is therefore likely that other plantfional groups that are more
disturbanceolerant (particularly annual and perennial forbs) and thus with greater relative
competitive ability in rooted areas, will establish in addition to graminoids in rooted plots and

thus substantially reduce the mg@ady of graminoids in grassland communities.

The frequency of occurrence of perennial forbs was hypothesised to be higher in
rooted than nomooted and in fenced than unfenced plots in the dbart within the three

habitat types. Many perennial forbave persistent seed banks (Fenner, 1992); germination
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from which was predicted to be relatively high due to the exposure of the seed bank to
increased light, oxygen and temperature (Kotanen, 1994) in rooted patches. Many perennial
forbs are ruderal in stegy Appendix 1); therefore, these have a greater chance of
colonising disturbed areas than other strategists. Establishment of such perennial forbs in
rooted areas could therefore arise from both the exposed persistent seed bank and from the
efficient dispersal of the smaller sized, widdspersed seeds in the seed rain (Welander,

2000a).

It was hypothesised that the coverage of moss would be greater in rooted than non
rooted and in fenced than unfenced plots in the gkam within woodland and woodldn
ride habitats. Wild boar have been reported to aid the dispersal of moss fragments to different
rooted patches in their fur and hooves (Heinkéml, 2001). Although the newly exposed
rooted soil is likely to favour the establishment of mosses inhbe-&erm since some are
typically early successional colonisers (Rose, 1981), the potentially drier, brighter soil
conditions of more frequently applied rooting (Brownlow, 1994; Kotanen, 1994) could
reduce the growth of some mosses that require moistitmored for their lifecycles.
Therefore, unfenced plots that are susceptible to frequent rooting were predicted to have a

lesser cover of moss than fenced plots.

Woody species are characterised by persistent seedling banks (Grime, 197%1tGrime
al., 198) through the production of small numbers of large seeds as and when recourses are
available (Crawley, 1997) and when juvenile, are highly susceptible to disturbance (such as
rooting and trampling by boar) and predation. Large seeds such as acornsgheraisk of
predation (Crawley, 1997) and are likely to be consumed by boar whilst rooting (Henry and

Conley, 1972; Baber and Coblentz, 1987; Groot Bruinderink and Hazebroek, 1994; dlassei
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al., 1996; Gouldinget al, 1998; Goulding, 2003b). Thereforé,hypothesised that the
coverage of woody species would be lower in rooted tharroated and in unfenced than

fenced plots in the shetérm within the three habitat types.

| hypothesised that site differences would significantly affect the relabivadance
of all plant functional groups within each habitat type. The different forms of management
across sites create varying levels of disturbance that plant functional groups are differentially
sensitive to in relation to germination and growth (Grih@79; Grimeet al, 1989). For
example, in grasslané;1, and in particulaks2 are relatively undisturbed sites compared to
G3 and G4, which are frequently grazed and thus have relatively high levels of disturbance
(Table 1.7). Annual and biennial forb®mnd to be ruderal in strategy (Grime, 1979; Grehe
al., 1989) Appendix 1) and thus proliferate in disturbed environments. Whereas, perennial
graminoids, which represent a range of combinations of adaptive strategies (Grime, 1979;
Grime et al, 1989) Appendix 1), are less likely to proliferate in the more disturbed
environments. Additionally, the neighbouring plant communities to the study sites are likely
to contribute to differences in the relative abundance of functional groups through dispersal
from the seed rain. For example, seeds of annual forbs tend to be wind dispersed and so the
relative abundance of annual forbs in neighbouring plant communities is likely to greatly

affect their abundance in the neighbouring study sites.
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2.2 Materials andMethods

2.2.1 Study Area

This study was undertaken within the fourteen sitg€&-{V5, R1-R5, G1-G4) across
the three habitat type3dble 1.1) within the study areag 1.5 ad). The study sites were
surveyed for recent rooting evidence. The rootedhestaitilised in the study were at least
0.5m x 0.5m, and rooted no greater than three months previously to the start of the study in
order that surveying could encompass the early changes that took place after rooting had

occurred.

2.2.2 Experimental D&

During April 2002, 50cm x 50cm fenced plots forming secure exclosures were set up
around newly rooted and neooted patches. Each of the five woodland sites and four
grassland sites were assigned twenty plots, divided into four treatments; fenced- and
fenced, rooted and nawnoted areas, five per treatment per site. Thus, there were tixanty
replicates of each treatment in woodland and twenty replicates in grassland. Each of the five
woodland ride sites was assigned five rooted and fiveroota unfenced plots. Plots were
marked with fluorescent painted wooden stakes at each céiige?.@ ac). Reinforced steel
mesh cages (L80cm x W80cm x H50cm) made from 0.6cm reinforced steel mesh with 20cm
x 10cm aperturesFHg 2.1 ac) was used for fencingThe mesh size enabled all small
mammals (including small badgers) to move freely through the cages. Small wild boar piglets
could potentially move through the cages but they tend to stay with their mothers that cannot

enter. No evidence of wild boar wésund inside the fenced plots; | concluded that the
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caging was successful in excluding the boar. There was a 15cm buffer zone between the plot

in the centre and the steel mesh surround. Fences were fixed in place with 50cm steel pegs.

All rooted treatmats across the three habitats, were set up on soil that had been
rooted within the previous three months. All rooted treatments were comparable in that no
living plants were present when the plot areas were designated treatments, and almost no
living plants were present at the beginning of the study. In contrast, allomed treatments

had a full coverage of plants, normal for the local area.

Although boar may be arbitrarily selecting areas to root, the selection process could
be choicebased and depdant on information such as available food present hence the areas
that become rooted could have been fundamentally different from theotad areas at the
beginning of the study. Therefore, the possibility exists that theromted fenced and

unfencedplots did not effectively control for the rooted fenced and unfenced plots.
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