
 

 
 
 
 
 
 
 

Comparison of invertebrates and lichens 
between young and ancient yew trees  

Bachelor agro & biotechnology 
Specialization Green management 

3th Internship report / bachelor dissertation 
 

 

 

 

Student: Clerckx Jonathan 
Academic year: 2014-2015 

Tutor: Ms. Joos Isabelle 
Mentor: Ms. Birch Katherine 

 
Natural England: Kingley Vale NNR 

Downs Road 
PO18 9BN Chichester 

www.naturalengland.org.uk



 

 

 



Comparison of invertebrates and lichens between young and ancient yew trees. 
Natural England: Kingley Vale NNR 

Jonathan Clerckx  academic year 2014-2015 

Foreword 
My dissertation project and internship took place in an ancient yew woodland reserve called 
Kingley Vale National Nature Reserve. Kingley Vale NNR is managed by Natural England. My 
dissertation deals with the biodiversity in these woodlands. During my stay in England I learned 
many things about the different aspects of nature conservation in England. 
First of all I want to thank Katherine Birch (manager of Kingley Vale NNR) for giving guidance 
through my dissertation project and for creating lots of interesting days during my internship. I 
want to thank my tutor Isabelle Joos for suggesting Kingley Vale NNR and guiding me during 
the year. I thank my uncle Guido Bonamie for lending me his microscope and invertebrate 
books and for helping me with some identifications of invertebrates. I thank Lies Vandercoilden 
for eliminating my spelling and grammar faults. Thanks to all the people helping with 
identifications of invertebrates: Guido Bonamie, Jon Webb, Matthew Shepherd, Bryan 
Goethals. And thanks to the people that reacted on my posts on the Facebook page: Lichens 
connecting people! I want to thank Catherine Slade and her husband Nigel for being the perfect 
hosts of my accommodation in England. For helping me to find my host I thank Bart Laleman. 
And of course I thank my parents for supporting me during my time in England (and throughout 
the year). I thank my lector Wim Peeters for lending me some books about yew trees. I thank 
the people that gave me some interesting trainee days during my stay in England: Mike 
Edwards (working with field crickets), Bob Epson (surveying dormice), Richard Williamson 
(guiding through a private part of West Dean Woods), and the people from the bomb disposal 
team. I want to thank the volunteers from the National Park that helped me installing my 
trapping stations. And of course I want to thank all the authors of the literature I used mentioned 
in the list of references. 
 
Jonathan Clerckx 
May 2015 
 
 
 



Comparison of invertebrates and lichens between young and ancient yew trees. 
Natural England: Kingley Vale NNR 

Jonathan Clerckx  academic year 2014-2015 

Integrated bachelor dissertation 

Title 

Comparison of invertebrates and lichens between young and ancient yew trees. 

Abstract 

This dissertation project is about biodiversity in yew woodland. The value of (ancient) yew 
woodland for other organisms is unknown. The project was carried out in Kingley Vale 
National Nature Reserve. This reserve contains an ancient and a young yew woodland. The 
oldest trees are older than 500 years, probably about 1000 years (but also 2000 years is a 
possibility). The young woodland is 100-200 years old. Thanks to the clear boundary 
between the ancient and the young yew woodland a comparison between the two was 
possible. The purpose of this dissertation is to investigate what kind of invertebrates and 
lichens are living in yew woodland and whether ancient woodland supports a higher 
biodiversity than young woodland. The invertebrates were collected at trapping stations 
(mainly with pitfall traps) and the lichens living on 30 different trees were examined. All kinds 
of identification tools were used for the examination of the invertebrates and lichens. And 
specialists were contacted when species could not be identified or when their identification 
was uncertain. The results show a larger biodiversity of lichens in the ancient woodland than 
in the young woodland. A comparison of the invertebrates shows some big differences in 
abundancy of certain species. The results of the comparison are a bit doubtful due to some 
differences in the environment between the young and the ancient yew woodland. The 
ancient woodland was situated in a valley and was mainly mixed with oak, while the young 
woodland was on a steep slope and mainly mixed with ash. Another reason why the results 
can be doubtful is the lack of previous experience in this kind of work. Nonetheless the 
results give an image of what species can occur in (mixed) yew woodland. 
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 Representation of the company 
 Natural England 

 
Natural England is an advisor for the government for the natural environment. This is providing 
practical scientific advice on how to look after Englandôs landscapes and wildlife. It is an 
executive non-departmental public body, sponsored by the Department for Environment, Food 
& Rural Affairs (DEFRA). 
Natural England has around 2000 staff members in offices throughout England. There are 
about 149 offices with the headquarters in York (Natural England, 2015). 
 
Natural England is responsible for (Natural England, 2015): 

¶ helping land managers and farmers protect wildlife and landscapes; 

¶ advising on the protection of the marine environment in inshore waters; 

¶ improving public access to the coastline; 

¶ supporting National Trails and managing 140 National Nature Reserves; 

¶ providing planning advice and wildlife licences through the planning system; 

¶ managing programmes that help restore or recreate wildlife habitats; 

¶ providing evidence to help make decisions affecting the natural environment. 
 
The NERC act (Natural Environment and Rural Communities) defines what Natural England is 
required to do (Natural England, 2014):  

¶ promote nature conservation and protect biodiversity; 

¶ conserve and enhance the landscape; 

¶ secure the provision and improvement of facilities for the study, understanding and 
enjoyment of the natural environment; 

¶ promote access to the countryside and open spaces and encourage open-air recreation; 

¶ contribute in other ways to social and economic well-being through management of the 
natural environment. 

 
In the chart below you can see how Natural England will deploy their resources on the business 
areas in 2014/2015. Only 8% is used for NNR management, while this is one of the most 
important fields of Natural England (Natural England, 2014). 
 

Chart 1: Resource utilised by key business areas 
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 Kingley Vale NNR 
 
Kingley Vale has a small office in West Stoke (nearby the 
reserve). In the office all the standard working materials 
are available. There are two vehicles (Landrover 
Defender 110 and Toyota Hilux), a tractor (Case 
McCormick 100) and an ATV Quad (Honda 500). 
Mowers: Wessex Flail (gentle hills, woody vegetation), 
Falc Flail (bigger areas, picks up cuttings), BCS Bank 
Commander Scythe (steep hills, cuts anthills, which is 
negative). Small machines: pole saw, two brushcutters, 
long reach hedgecutter, four hedgecutters and three 
chainsaws. Every machine has a HAVS tag (Hand Arm 
Vibration Syndrome). This indicates how long you can 
use the machine in question. This is based on the 
vibration magnitude and the noise level. Figure 1 shows 
the HAVS tag of a mower (BCS Bank Commander 
Scythe) and it says you may only work 22 minutes a day 
with the machine. All other machines at the reserve can 
be used longer, e.g. brushcutters can be used eight 
hours per day. 
 
Kingley Vale National Nature Reserve is 150 ha and consists of chalk grassland, scrub, mixed 
woodland (oak and ash) and ancient yew forest. Kingley Vale is owned by Natural England 
and the West Dean Estate1. Natural England has 93 ha of the reserve in freehold and 57 ha in 
leasehold of the West Dean Estate. Both owners have to protect and manage the reserve, but 
there can be differences in the managing method. Natural England shoots fallow deer females 
to reduce the population growth, while the Estate trophy shoots commercially, meaning that 
they prefer bucks with giant antlers. 
For a few months in the winter sheep are 
placed on the reserve for grazing. There is no 
real danger the sheep will eat the poisonous 
yew branches because the fallow deer can 
eat the young shoots of yew. The fallow deer 
have a minor tolerance for the poisonous yew 
and they eat the young branches to a height 
where sheep cannot reach (about one meter 
high, see Figure 2). According to Eibenfreund 
Dr. Osthoff there is an important difference in 
toxicity between taxol and taxin. Taxin is 
hardly poisonous (in contradiction to the very 
poisonous taxol). Taxin is more abundant in 
young yew plants (Bosse, 2006). The sheep 
are used for grazing plants fallow deer do not 
eat, such as brambles. The length of the 
grazing season depends on the budget the office gets. Recently budgets have been cut down, 
so this winter only a small area was grazed by sheep. To move the sheep in the area, electric 
fencing is used.  
 
 
 
 

                                                
1 Also known as Edward James Foundation 

Figure 2: Crown yew trees about one meter above ground 
level due to fallow deer 

Figure 1: HAVS tag 
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A car park is available for visitors, which is leased from a local farm. No motorized vehicles, 
cyclists or horses are allowed in the reserve except for managing. Appendix IV shows a map 
of Kingley Vale indicating the paths. Bridleways are open for cyclists, horses and pedestrians. 
The natural trail and footpaths can only be used by pedestrians. The area hatched red is open 
access area, which means you can leave the available paths there. The area owned by Natural 
England is open access area and the West Dean Estate area is a restricted area (only public 
footpaths and public bridleways can be used). 
 
The manager, and only staff member, of the reserve is Katherine Birch. Normally every 
Thursday, a group of volunteers come to work in the reserve. These volunteers come from an 
organisation óPhoenix Futuresô. This organisation helps people with a troubled history with 
alcohol or drugs to recover. RTN is a part of the process to recover and stands for óRecovery 
Through Natureô. There are a maximum of eight persons per group. Once a month another 
volunteer group comes to the reserve on a Friday. This is organized by The South Downs 
National Park Authority and is called the Volunteer Ranger Service (VRS). These volunteers 
are people that want to do something in nature. They are mostly retired people. 
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 Goal 
 Introduction 

 
This dissertation is about organisms living on or with yew trees in a yew woodland. Lichens 
and invertebrates will be examined on young and old yew trees. Little is known about the 
biodiversity of lichens and invertebrates on yew trees. This study was carried out in Kingley 
Vale National Nature Reserve. The nature reserve contains young, developing yew stands and 
a number of veteran yew trees. England has only a few yew woodlands marked as SACs 
(Special Areas of Conservation), which makes it important to protect these areas. 
Figure 3 provides a map of England indicating the SAC yew woodlands. 
 
 

 Research issues 
 
Yew is a conifer native to the UK. Very little is known about the organisms that live together 
with yew trees, so it is important to get a better knowledge of yew woodlands for a correct 
management. It is not known whether there is a difference in biodiversity in young and old yew 
woodland, so it is of ecological importance to understand the biodiversity that exists in yew 
woodlands. If (old) yew woodland appears to contribute to biodiversity, these habitats can be 
stimulated to expand. 
 
 

 Research questions 
 
Do older yew woodlands offer an added value to the biodiversity of invertebrates and lichens 
in comparison to younger yew woodlands? What species of invertebrates and lichens live 
on/with yew trees? Is there a difference in species (biodiversity) of invertebrates and lichens 
that live on/with young yew trees as compared to veteran/ancient yew trees? If so, what exactly 
is the difference? 
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Figure 3: Yew woodlands in England with different grades. (Join Nature Conservation Committee, 2015) 

Grade Explanation 

A Outstanding examples of the yew woodlands in a European context. 

B 
Excellent examples of the yew woodlands, significantly above the threshold for SSSI/ASSI 
notification but of somewhat lower value than grade A sites. 

C 
Examples of the yew woodlands which are of at least national importance (i.e. usually above the 
threshold for SSSI/ASSI notification on terrestrial sites) but not significantly above this. These 
yew woodlands are not the primary reason for SACs being selected. 

D 
Yew woodlands of below SSSI quality occurring on SACôs These are non-qualifying yew 
woodlands (ñnon-significant presenceò), indicated by a letter D, but this is not a formal global 
grade. 
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 Introduction/Literature 
 Kingley Vale 

 
Kingley Vale is a National Nature Reserve (NNR)1 near Chichester, West Sussex, in southern 
England, lying within the new South Downs National Park (see Figure 4). It covers an area of 
160 hectares and is part of the wider Kingley Vale Site of Special Scientific Interest (SSSI)2 
The reserve is a steep sided dry valley, the top of which offers stunning views of the 
surrounding area, including Chichester harbour and the Isle of Wight (Norton, 2012). 

 
The reserve is part of a Biodiversity Opportunity Area (BOA) in Sussex: Walderton to 
Welldown, including Kingley Vale. Sussex Biodiversity Partnership is developing a vision for 
implementing the Sussex Biodiversity Action Plan (BAP) by focussing on Biodiversity 
Opportunity Areas (BOAs). (Sussex Biodiversity Partnership, 2009) BOAs are areas where 
conservation action, such as habitat creation, restoration or expansion, is likely to have the 
greatest benefit for biodiversity (Biodiversityplanningtoolkit, 2014). 
BOAs identify where the greatest opportunities for habitat creation and restoration lie, enabling 
the efficient focusing of resources to where they will have the greatest positive conservation 
impact, representing a more efficient way of delivering action on the ground. Identification of 
BOAs involved assessment of existing biodiversity and the opportunities for restoration and 
creation. BOAs do not represent a statutory designation or a constraint upon activities. They 
indicate where there are substantial opportunities to make positive changes for biodiversity, 

                                                
1 NNRs are areas managed for either (or both) the preservation of flora, fauna, geological and 
physiological features of special interest or to provide opportunities to study fauna, flora and their 
physical conditions. NNRs represent many of the finest wildlife and geological sites in the country. There 
are currently 224 NNRs in England with a total area of 94400 hectares. 
2 SSSIs are areas with protection of the most significant sites for the conservation of wildlife (species & 
habitats) and/or geology. There are over 4,100 SSSIs in England, covering around 8% of the country's 
land area. (Natural England, 2014) 

Figure 4: Map of South Downs National Park 



Comparison of invertebrates and lichens between young and ancient yew trees. 
Natural England: Kingley Vale NNR  14 

Jonathan Clerckx  academic year 2014-2015 

and should be used to inform conservation strategies and place planning (Sussex Biodiversity 
Partnership, 2009). 
A map of Sussexô BOAs can be seen in Appendix I (Sussex Biodiversity Partnership, 2009). 
 
Kingley Vale is indicated as a Special Area of Conservation (SAC). This is a classification 
under the European Unionôs Habitats Directive of areas of value for species, plants and 
habitats. SPAs (Special Protection Areas) and SACs together form part of the Natura 2000 
system. SACs are sometimes distinguished separately as Marine and Terrestrial SACs 
(Natural England, 2014). 
Appendix II provides a map of Kingley Vale with different designations (NNR, SSSI & SAC) 
(MAGIC, 2014). 
 
The reserve contains chalk grassland, scrub, mixed woodland (oak and ash) and ancient yew 
forest. This mosaic of habitats is important for insects and birds including a large variety of 
butterflies such as the chalkhill blue and brimstone. The reserve is one of the most important 
archaeological sites in southern England and has 14 scheduled ancient monuments, including 
Bronze Age burial mounds at the top of Bow Hill (206 m high) (Natural England, 2010). 
 
Kingley Vale NNR has a yew woodland. A woodland is a habitat with trees as the dominant 
plant form. Individual tree canopies overlap and interlink, often forming a more or less 
continuous canopy which shades the ground to varying degrees. The amount of light reaching 
the ground (or stems) will determine the variety of lower plant species. The more different kind 
of plants there are, the greater the animal diversity will be (Countrysideinfo, 2014). 
Appendix III gives a map of Kingley Vale with certain woodland acknowledgements. On the 
map you can see that the areas with the oldest yew trees (see 3.3 Yew trees in Kingley Vale) 
are designated as Ancient and Semi-Natural Woodland. In the wider area of these ancient 
areas it is a BAP Priority Habitat (MAGIC, 2014). 
 
The site is managed by Natural England and has an information centre and a nature trail. 
(Norton, 2012) From the car park to the main entrance there is a walk of 15 minutes along the 
footpath. This footpath is easily passable, but in the reserve the path is steep and more difficult. 
The visitor centre is located at the main entrance of the reserve. This centre contains 
permanent displays and more information about the reserve (Natural England, 2010). 
There is an hour-long nature trail through the valley and up its steep slopes. The trail follows 
numbered posts around the reserve. For each post there is a numbered question (Natural 
England, 2010). 
 
The yew woodland needs no management other than for public safety. Fallow deer, roe deer, 
sheep, rabbits and hare keep a nearly stable situation in the grasslands that retains coarse 
grasses and afforestation. The grassland is either grazed or mown to keep back the scrub and 
to allow the more delicate plants to thrive (Natural England, 2010). 
A map of Kingley Vale with the nature trail can be found in Appendix IV (Natural England, 
2010). 
 
Other significant maps can be found in Appendix V. The first map shows the parish boundaries 
in the reserve. Kingley Vale NNR lies on territory of Lavant, Funtington, Stoughton and West 
Dean. The part of West Dean is owned by the West Dean Estate, the rest is owned by Natural 
England. The second map shows all SSSI site units. Different numbers are assigned to 
different habitats. The third map gives condition of the SSSI units. This is called Integrated Site 
Assessment (ISA). The fourth map shows the public paths and open access land (green). 
Small paths within the NNR are not marked. The last map marks the 14 Scheduled Ancient 
Monuments (SAMs) of the reserve and two outside the reserve. 
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 Yew trees 
 
Yew (Taxus baccata) is a conifer with an irregular formed 
crown, native to Europe. It is a small evergreen tree, 
growing up to 20 m. Yew is normally dioecious (there are 
male and female plants), but some individuals can be 
variably monoecious (or they change sex over time). The 
trees are pollinated by the wind. The bark is brown and 
thin and comes from the stem in small papery flakes. The 
base of the flat dark-green needles are arranged spirally, 
but the stalks are twisted aligning leafs on two flat rows. 
On erect leading shoots the spiral arrangement is more 
visible. The aril of yew (only on female trees) is a fleshy, 
red structure that surrounds a single seed. All parts of yew 
are poisonous, except for the arils that have a sweet taste 
(but the seed in the aril is toxic). 
A yew has strong, valuable wood, but grows very slowly. 
Yew trees are among the hardest of the softwoods and 
have a remarkable elasticity, which makes them ideal for 
making products requiring resiliency (e.g. bows). The 
difference in properties between the heart- and sapwood 
increases the strength and flexibility. The difference in the 
wood properties create a natural laminated type of wood. 
Furthermore the heart- and sapwood have a clear 
difference in colour. Bows were made with this natural 
property, because the right usage of heart- and sapwood 
in one bow increases the strength and efficiency (e.g. 
English longbows). Due to this usage of yew wood there 
are barely old yew trees in Europe. They became nearly 
extinct for the weapon industry in the 13th century. 
Yew trees can get very old, but estimating the ages of yew 
trees is very difficult. This is because of the hollowing of 
the trunk when the trees get old or maybe because 
multiple trunks can merge into one big trunk. When trees get older branches break out of the 
canopy more often. The heartwood that is exposed will slowly decay. Because the heartwood 
is rotting away slowly only older trees have hollowed trunks, which makes ring counting 
impossible. Some claims of yew trees being 5000-9500 years old are exaggerated however. 
The oldest yew trees are more likely in the range of 2000 years old. Yew has been accepted 
as the oldest living tree in Europe (Encyclopedia of Life, 2014). 
 
Yew can grow on any type of soil as long as it is not too dry or, more importantly, too wet. 
Furthermore, yew can just as easily grow in the shade under big trees as in full sun. Yew can 
easily adapt to a changing situation as long as it is not a sudden change. 
Another advantage of this species is that it will not become very high. However, although trees 
of up to 20 m do occur (e.g. in Hilliers Garden), most trees are hardly 15 m. Because the tree 
is rather low, it very often occurs that branches partially crack or just bend to the ground and 
go on growing. These branches can root so new trees are formed, which will add to the stability 
of the tree. In this way a ring of young trees is formed around a hollowing stem that can go on 
thickening. 
When branches break, heartwood will be exposed and because heartwood is not able to form 
a reaction zone, will slowly rot. As the wood is not just very strong, but also very resistant to 
rot, it will have enough time to form a wall of healthy wood, thick enough to support the tree, 
although the tree is slow growing. 
Yew has an exceptional advantage as it is one of just a few conifer species that is capable of 
forming young shoots from adventitious buds. When branches break, the tree has to recover. 

Figure 5: Arils of yew (Encyclopedia of 
Life) 

Figure 6: Colour difference between the 
heart- and sapwood (Encyclopedia of 
Life) 
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Recovery costs energy, so the tree has to do as much photosynthesis as possible. Therefore 
it needs its leaves preferably to be as close to the broken branch as possible, which makes 
these adventitious buds indispensable. Without adventitious buds there would be no new 
branches, and for the treesô sake the more it forms, the better. 
All these elements together can cause the tree to live nearly forever. In the juvenile stage, say 
the first five hundred years, the tree usually has a vast stem. But when the tree ages, this 
slowly evolves to a hollow ring, surrounded by young trees, while it happens that inside the 
hollow stem a new vast stem will be formed (Peeters, 2012). 
 
A pure yew forest is established by the dense canopy and the greater lifespan of yew. In the 
succession ash and oak will disappear completely over time, because the shade prevents the 
seeding of the trees. Beech could survive permanently in the company of yew trees, because 
when a beech tree dies, a gap is formed, which can be taken by the shade resistant young 
beech trees (Rößner, 2006). 
Yew can just as easily grow in the shade under big trees as in full sun. Yew seedlings can thus 
easily grow under the protection of big trees. As these trees become old and start to slowly die 
back, yew is able to adapt to the changing situation. They can easily withstand full sun, while 
seedlings of other trees will hardly get a chance, which will result in a closed canopy of a pure 
yew stand. In the end you will reach a yew forest as can be seen in Kingley Vale (Peeters, 
2012). 
When there is a sudden increase of light 
quantity on the trunks or branches, yew can 
grow epicormic shoots as reaction. These 
epicormic shoots often die back when the 
crown closes in the top. Fallow deer can eat 
new shoots thanks to their minor resistance 
against the poison. The crown of most yew in 
the reserve is about one meter above ground 
due to deer. That is why sheep are able to 
graze during the winter season (see 1.2 
Kingley Vale NNR) (Birch, 2015). 
In Figure 7 epicormic shoots on a horizontal 
branch on the ground, that has a dense 
ramification due to the grazing of fallow deer, 
can be seen. 
 
Yew is a natural component of Ancient Semi-Natural Woodland (ASNW)1, but most, younger 
yew woodlands have been colonised after the decline of extensive downland sheep-farming. 
(Norton, 2012) The reduction of sheep in this region (Hampshire-Sussex) happened during the 
Napoleonic Wars. Areas that were heavily grazed became fields with juniper, other shrubs and 
yew. Around 1830 the downland that was grazed by sheep was overgrown with juniper scrub. 
Around 1870 yew wood grew over the juniper scrub. This means Kingley Vales yew woodland 
is considerably younger than 200 years. But at the valley bottom there are some very old yew 
trees. One of these old trees died in 1950. The rings showed it to be 500 to 550 years old. 
More about the aging of yew trees can be found in 3.3 Yew trees in Kingley Vale (Packham et 
al., 1992). 
 
 
  

                                                
1 ASNW is woodland which has existed at least since 1700 and is usually of much older origin. It contains 
stands of native trees that are not obviously planted. ASNW is particularly rich in species compared to 
more recent woodland. (Howe, 2000) 

Figure 7: Epicormic shoot grazed by fallow deer 
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 Yew trees in Kingley Vale 
 
There are 30 000 ï 40 000 yew trees in the Kingley Vale woodland. In 2012, Peter Norton 
made a census of all yew trees in Kingley Vale with a girth over 3 m. He recorded the grid 
location, girth, height and sex of 57 yew trees. This is shown in Chart 2 below. 

The oldest (or biggest) tree has a 6.35 m girth. This is a veteran yew tree, but it is very difficult 
to set an age on this yew. There are 7 other veteran yews with a girth between 5 and 6 m. 
About 36 yews are notable trees with a girth from 3.5 to 5 m. 
We cannot simply set an age on yew trees by girth measurements. At Monnington Walk in 
Herefordshire 42 yew trees were planted in 1628. In 2003 the girths varied from 1.47 m to 4.42 
m. This example shows that measuring the age on the basis of girth ranges is surely not 
accurate (Hageneder, 2013). From the studies from Monnington Walk can be concluded that 
90% of the yews with a girth over 4.9 m are older than 500 years.  
Yew trees with a girth over 4.9 m are classed as óveteranô yews (these yews are over 500 years 
old and may be up to 1200 years old), the yews with a girth above 7 m are óancientô yews 
(these are over 800 years old). Notable yews have a girth over 3.7 m and are estimated 
between 300 and 700 years old. Estimations of yews of several thousand years old in Kingley 
Vale are surely unrealistic, the oldest yew here is probably around 600 years old (Hindson, 
2010). 
The oldest yews are in the lowest areas of the valley. They reach a height of 17 m. The trees 
covering the escarpment are much younger (80 to 150 years old) and may reflect the change 
in land usage over the last 200 years. These younger trees are mostly bushy and hardly 10 m 
high (Norton, 2012). 
A map with the yew trees from Chart 2 can be seen on Figure 8. 
 

Chart 2: Measured yew trees by girth range (Norton, 2014) 


































































































































































































































