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Abstract 

The best way of dealing with the restoration of chalk grassland encroached by scrub 

is unclear and the subject of many debates. The traditional method is to clear the 

scrub primarily by manual methods of cutting the scrub and after clearance the land is 

left to regenerate naturally. More recently the development of using livestock to 

browse and gradually reduce the scrub is thought to be an alternative. However the 

effectiveness of either of these methods (Manual clearance or Livestock browsing) is 

questioned by many and some believe that once scrub has encroached, the soils 

beneath this will become too enriched to be able to support a chalk grassland flora. 

This thesis aimed to provide a better understanding by undertaking a five year 

investigative trial of the two restoration methods and comparing and examining the 

ability of these to successfully restore a chalk grassland habitat. To undertake this 

both methods were trailed on scrub invaded chalk grassland and changes in vascular 

plants and invertebrates were monitored throughout trial period. Areas of non

intervention scrub were also included to act as controls. Successful restoration was 

assessed by comparing the results from the trials with measurable vascular plant 

restoration targets that were identified and set from known chalk grasslands in 

favourable condition. Soil fertility within the trial area was also examined to 

determine if the soils were considered to fertile to support a chalk grassland flora and 

I 

costs and practicalities of using ether method were recorded throughout enabling 

these to be taken into account. The results showed that differences in both the species 



richness and composition of vascular plants and spider and beetles invertebrate 

species occurred. Soil fertility was found to suitable to support chalk grassland plants 

and vascular plants species were identified as moving away from those associated 

with scrub into those associated with chalk grasslands. It was observed however that 

on the areas trailed using Manual clearance, an initial flush of ruderal species 

occurred after clearance, it was therefore concluded that for Manual clearance to be 

successful continued restoration management is required if these species are to be 

controlled. It was also observed that the areas trailed using Manual clearance were 

moving towards successful restoration quicker those trailed using Livestock browsing 

thus indicating that the rate of change is more gradual using Livestock browsing. 

This rate of change was also found to occur within the invertebrate beetles and spider 

communities. Species richness within the spider communities however decreased on 

the areas manually cleared. Costs of using the restoration methods showed that the 

use of Livestock browsing was five times more costly that using Manual clearance. 

However it was found that majority of Livestock browsing costs incurred through 

welfare and husbandry of the stock. Restoration using Manual clearance also 

involved using livestock once scrub had been cleared however the costs of these were 

born by a local grazier and thus did not show as a cost of restoration. It was 

concluded that if a grazier is not found then these costs would be incurred. Overall it 

is concluded that both Livestock browsing and Manual clearance have the ability to 

successfully restore a chalk grassland community but that this must be viewed as a 

long term objective. Restoration management is critical to continue after clearance 

until restoration targets have been met. 

II 



Declaration 

I declare that this thesis is my own unaided work. It is submitted for the degree· of 

Doctor of Philosophy at the University of Luton. It has not been submitted before for 

any degree or examination in any other university. 

Pauline Oliver 

17/9/04 

III 



Acknowledgements 

My many thanks to all who have supported and helped me to undertake the 

investigative trials, many of whom without their consents, support and help the 

investigative trials would never had been achieved. 

A very special thanks goes to Mike Beauchamp who came up with the idea of using 

goats to restore the scrub-invaded chalk downlands. Mike's drive and enthusiasm 

against the initial reluctance of some to undertake something new and innovative 

should be seen as a tremendous inspiration to us all. My heartfelt thanks goes for all 

the hard work and effort Mike has put into the trials in his professional capacity as the 

Bedfordshire County Council Ranger responsible for Smithcombe Hills Gust one of 

the many sites). Initially managing the goats, setting up the fencing and scrub 

clearance contracts and numerous other tasks involved in setting up and running the 

investigative trials working long hours over and above those required by the council. 

On a personal capacity my heartfelt thanks goes to Mike for all his personal support, 

guidance and encouragement in pushing me when the going got tough and keeping 

me buoyant throughout. Thank you. 

My thanks go also to Max Coleman, English Nature's officer for Bedfordshire. Thank 

you Max for your ability to see the potential for something new and innovative and 

for consenting for these trials to take place on a SSSI. Thank you also for your 

support and encouragement throughout the initial set up and early stages of the trials. 

IV 



My thanks also go to Tim Barfield who took over from Max for continuing to support 

my work on the trials. 

As landowners my thanks also go to Bedfordshire County Council and the National 

Trust who own Smithcombe Hills and Sharpenhoe Clappers respectively. My sincere 

thanks to both organisations giving consent for the land to be used for these trials. 

Within Bedfordshire County Council in particular my thanks go to Mike Beauchamp 

as acknowledged above and to Glen Kilday for both allowing and supporting Mike in 

using goats and consenting for me to undertake the investigative trials on County 

council land. Within the National Trust my thanks go particularly to David Bullock 

and John Harvey. David Bullock as acknowledged below and John Harvey for 

allowing David the time to supervise me and for supporting my work. 

A very special and heartfelt thanks goes to the owner of the goats who wishes to stay 

anonymous. These goats were donated to Mike Beauchamp and myself to use for as 

long as we required. Without such a generous offer the initial goat trials and 

subsequent investigative trials would not have gone ahead. My thanks goes to Owen 

Thank you also for all the hard work in undertaking the 

Pinney for all his veterinary knowledge and advice ensuring that the goat herd stayed 

healthy throughout. Thank you also to Ian and Jan Sweetman for enabling me to use 

your farm if one of the goats needed treatment and for all the support you have given 

me over the trial period including being on hand to help out with stock issues where 

necessary. My grateful thanks also for acquiring and supplying the mules to graze the 

Manual clearance treatments. 

V 



scrub clearance. None of us envisaged how steep and difficult Manual Clearance on 

this slope would prove. Your perseverance was greatly appreciated. 

In undertaking the monitoring of the trials my thanks go in particular to Rothamsted 

experimental station, Adrian Crossland, Tom Thomas and Jim Ashby. 

Crossland for his advice on the best methodology for my soil sampling and for 

organising the validation of my soil samples. Tom Thomas and Jim Ashby both of 

whom gave up their valuable free t ime to identify all my spiders and beetles 

respectively. Their invaluable help is greatly appreciated. 

Adrian 

My thanks go to the University of Luton and in particular to Angus Duncan for his 

faith in me and continued support throughout. Without Angus believing in me and 

proving the opportunity to undertake this PhD, this thesis may never have been 

written. Thank.you. 

Lastly but not least my thanks go to both my supervisors David Bullock and David 

Orwin. Thank you to you both for your continued support throughout . To David 

Bullock thank you for your belief in me and for all the hard work you have put in 

with me over the years ensuring that the experimental design was correct and that I 

continued to be on the right track throughout. Thank you for all your guidance, your 

support, your enthusiasm and constructive criticism I know I wouldn't have reached 

this far without your exemplary supervisory expertise. Thank you also for all your 

personal encouragement throughout, it as meant a lot to me, more than words can say. 

VI 



Thank you. To David Orwin thank you for all your help and support throughout and 

for your assistance with some of the field work. Thank you for keeping me on track 

and nagging me to complete my write up. 

And finally I would l ike to take the opportunity to thank the Bedfordshire chalk 

grassland management group for accepting me as a member of the group long before 

I became a professional and for all the help and support I have been given from 

members of the group both in my student days and since. This is greatly appreciated. 

VII 



2.2 Examining what is meant by the term "successful restoration of a chalk 

-----·---------------------�- ----- 29 

-------- ------------------ 30 

-------------------------------- 30 

----------------------·----

grassland habitat "s

2.3 Designing the investigative trials 

2.3. l Choosing a suitable study sites

2.3.2 The investigative trial design layout 

Table of Contents 

Chapter 1 : Introduction 

1 . 1  Is there a need to restore a chalk grassland habitat that has succeeded to scrub ? 

----------------------------------------- 4 

1 . 1 . 1 The decline of chalk grasslands ---------------------------------- 5 

1 . 1 .2 The need to conserve and restore chalk grasslandss---------------------------- 7 

1 .2 Is restoration appropriate or is the scrub habitat valuable in its own right ? ---- 9 

1 .3 Restoration Viability ----------------------------------------------------- 1 4 

1 .3 . 1 Costs and practicalities of restoration --------------------------------- 1 7 

1 .4 Defining successful restoration -------------------------------------------- --- 1 8  

1 .5. Examining if scrub clearance methods result in differences within the flora and 

fauna communities -------------------------------------------------------------- 23 

1 .6 Aims and Objectives -------------- -------- 26 

Chapter 2 : Methodology 

35 

2.s1 Introduction --------------------------·---------------- 29 

VIII 



2.3 .3 Trialing the restoration methodso-------------------------------------------------- 3 8 

2.3 .3 . 1  The Manual clearance methodo--------------------------------------- 3 8 

2.3 .3 .2 Livestock browsingo-------------------------------------------------- 43 

2.3 .4 Studying the impacts of the restoration methods and their ability to 

successfully restore a chalk grassland habitat ----------------------------- 5 1 

2.4 Summary --------------------------------------------------------------------------- 55 

Chapter 3 : Soils 57 

3 . 1  Aims and Objectives --------------------------------------------- 59 

3 .2 Measuring Soil Fertility ---- --------- 60 

3 .2. 1 The collection and storage of soils for examination --- 6 1  

3 .2.2 Measuring the key soil nutrients : Nitrogen, Phosphorous and Potassium 

--------------------------- ------- 63 

3 .2.3 

Moisture & pH 

Measuring the key soil environmental factors: Organic Matter, Soi l 

-------------------- 66------------------------------

3 .2.4 Validation ----------------------------------------------------------------- 67 

3 .2.5 Statistical Analysis -------------------------------------------- 68 

3 .2.6 In summary ------------------------------------------------------- 68 

3 .4 Results ---------------------------------------------------------- 70 

3 .4. l Comparison of the nutrient levels within the investigative trial study area 

to those of established chalk grassland and scrub covered soils elsewhere ----- 70 

IX 



9 1  

3 .4.2 Comparison of soil nutrient levels and environmental factors between 

each treatment of the investigative trial to determine if there are any differences 

--------------------------------------------------------------------------------- 75 

3 .5 Discussion --------------------------------------------------------------------------------- 78 

3 .5 . 1  Comparison of the nutrient levels with the investigative trial study area to 

those of establi shed chalk grassland and scrub covered soils elsewhere----- 78 

3 . 5 .2 Comparisons of soil nutrient levels  and environmental factors between 

each treatment area of the investigative trial study area to determine if there are 

any differences. ---------------------------------------------------------- 80 

3 .6 In Summary ---------------------- ------------ 85 

Chapter 4 : Vascular Plants 

4 .-1 Introduction ----------------------------------------------------------------------------- 87 

4.2 Methods ------- ------------------------------- 90 

4.2. l Recording over time any changes to the vascular plants within the 

treatments under trial . ---------------------------------------------------

4.2. 1 . 1  Undertaking a baseline survey --------- ----- 9 1  

4.2 . 1 .2 Recording changes in  species -------------------- 92 

4.2.2 Examining vascular plant changes and comparing the differences 

between the treatments ------------------ ---------------- 95 

4.2.2. 1  Percentage frequencies ------------------ 95 

4.2.2.2 Dominance Diversity Curves ---------- 96 

4.2.2.3 Decorana ------------
96 

X 



--------------------------------------------------------------

4.2.2 .4 Analysis of Variance ----------------------------------------------------- 97 

4 .2 .3 Examining if the changes show that the two restoration methods have the 

abi lity to be successful at restoring a chalk grassland ----------------- 98 

4.2.3 . l  Identifying the vascular plants that make up the local 

distinctiveness and national attributes of a chalk grassland in favourable 

condition. ------------- --------------------------------------------- 98 

4.2.3 .2 Setting recovery targets to enable restoration success to be 

evaluated 99 

4.2.3 .3 Examining whether changes to the vascular plants demonstrate 

that restoration has met its objectives------------------------ 99 

4 .2 .3 .4 Examining whether factors such as soil fertility have influenced 

restoration --------------- 100 

4.2.4 - In summary -------------------------------------------- 100 

4.3 . 1 Examining vascular plant changes and comparing the differences between the 

treatments -------------------------------------------------------------------------------- 10 1 

4 .3 . 1 . 1 .  The baseline survey ------------------------------------------------- l O 1 

4 .3 . 1 .2 Vascular plant changes in frequency and composition occurring 

within the treatments over the period of the investigative trial ( l 996-

1 999) -------------------------------------------------------------- 1 09 

4.3 . 1 .3 Changes in dominant species occurring within the treatments 

over the period of the investigative trial ( 1 996- 1999) -------- 1 1 9 

4.3 .2 Examining if the changes show that the two restoration methods have 

the ability to be successful at restoring a chalk grassland ----------- 1 29 

XI 



4.3 .2. l Identifying the vascular plants that make up the local 

distinctiveness and national attributes of a chalk grassland in 

favourable condition ----------------------------- ----------------

4.3 .2.2 Setting restoration recovery targets from the attributes that 

129 

make up a chalk grassland in favourable condition -------------------- 1 3 9  

4.3 .2.3 Examining whether changes to the vascular plants demonstrate 

that restoration has met its objectives-----------�------------ 1 5 8  

4.3 .3 Summary ofvascular plant results--------------------------------- 1 74 

4.4 Discussion -------------------------------------- ------------------- 1 78 

4.4. l Introductiono--------------- ---------------------------------- 1 78 

4.4.2 The number of vascular plants associated with grassland development -- 1 78 

4.4.3 The number of vascular plants associated with recognised strategies 

for survival--- ----- --- 1 82 

4.4.4 Changes to the dominant vascular plant species -------· 1 84 

4.4.5 Changes in vascular plants associated with high soil fertility -------------- 1 85 

4.4.6 The amount of scrub re-growth after clearance ----------------------- 1o86 

4.4.7 Changes with the Structural diversity -------------------------------

4.4.8 Conclusions - The importance of Aftercare ----------------------- 1 87 

Chapter 5 : Invertebrates 

5 . 1  Introduction ------------------------------- 1 90 

5 .2 Methods ------------------------------------------------------------- 192 

5 .2-l Examining the species composition of the beetles and spiders and 

XII 

1 87 



---------------------------------comparing the differences between the treatments .t 1 95 

5 .2-2 Identifying the significance of any changes within the beetle and 

spider groups in terms of restoration successt------- ------------- 1 96 

5 .3 Results ----------------------------------------------------------------------------------- 198  

5 .3- 1 Examining the species composition of  the beetles and spiders and 

comparing the differences between the treatments---------------------------- 1 98 

5 .3-2 Identifying the significance of any changes within the beetle and 

spider groups in terms of restoration successt----------- -------------- 206 

5 .3 .3 In summary ------------------------------------------------------------ 2 1 5  

5 .4 Discussion -------------------------------------------------------------------- 2 1 6 

5 .4- 1 In summary ----------------------------------------------- 2 1 9 

Chapter 6 :Costs 

6. 1 Introduction -�------------------------- ----------- 220 

6.2 Methods -------------------------- --- ------ 220 

6.3 Results ----------------------------------------------------------- 221 

6.3- 1 In summary ---------------------------------------------------------- 227 

227 

References 

XIII 

6.4 Discussion --------------------------------------------

Chapter 7 :Conclusions 

Appendix-----------------------

-----------------------------------

----·----- ------------- 229 

238 

251 



Table of Figures 

Chapter 1 : Introduction 

Figure 1 .2- 1 

Figure 1 .2-2 Good and bad scrub (Hopkins 1 996)------------------------------------ 1 3 

Figure 1 .4- 1 The Common Standards Model (Rowell 1 993) --------------- 2 1  

Figure 1 .4-2 Habitat condition model (Brown 200 1 ) ------------------------- 22 

Figure 1 .5 - 1  C-S-R model describing the various equilibria between 

competition and stress and disturbance in vegetation and the 

location ofprimary and secondary strategies ------------------------- 25 

The turnover of breeding birds in relation to changes in the 

successional stages of scrub (Mortimer et al, 2000) --- 1 1  

Chapter 2 : Methodology 

Figure 2.3- 1 The location of Smithcombe Hills in relation to the chalk 

outcrops in England (Blackwood & Tubbs 1 970) ----------- 3 1  

Figure 2.3-2 The Nature Conservation areas and the location of Smithcombe 

Hills within the Chilterns AONB (Chilterns Conservation Board 

200 1) -------------------------------- ----------- 32 

Figure 2.3-3 Smithcombe Hills and the surrounding area. 
TL072 304 (0 S 1 :50,000 Landranger series)------------

Grid reference 
---- 32 

Figure 2.3.4 Smithcombe Hills in 1 990 ---------------------------------------- 33 

Figure 2 .3 .5 View of the investigative trial area of Smithcombe Hil ls in 1 995 -- 33 

XIV 



Figure 2 .3-6 Aerial photo of Smithcombe Hills with the investigative trial area 

highlighted -------------------------------------------------------- 37 

Figure 2.3-7 Goats observed browsing scrub ---------------------------------- 43 

Chapter 3 :Soils 

Figure 3 .2. 1 o- 1 An example of the replicate treatment plot showing the 

sampling pattern used for measuring the soil fertility --------- 62 

Figure 3 .4- 1 The concentration of Nitrogen (mean and ranges) within the soils 

of the investigative trials in 1 997 compared with chalk grasslands 

and scrub soils elsewhereo----------------------------------- 7 1 

Figure 3 .4-2 The concentration of Phosphorous and Potassium (mean and 

ranges) within the soi ls of the investigative trials in 1 997 

compared with chalk grasslands and scrub soils elsewhere --- 72 

Figure 3 .4-3 The pH and concentration of organic matter and soil moisture 

(mean and ranges) within the soil s  of the investigative trials in 

1 997 compared with chalk grasslands and scrub soils elsewhere -- 73 

Figure 3 .4-4 The concentration (mean and ranges) of Potassium within each 

stratum of the investigative trials------------------------ 77 

Chapter 4 :  Vascular Plants 

Figure 4.2- 1 Identifying the number of quad.rats required to monitor the 

vascular plants species within the investigative trial plots --- 94 

Figure 4.2-2 Domin scale as given in Rodwell 1 992o---- --------- 97 

xv 



Figure 4 .3- 1 The Non-intervention treatments in 1 999 showing the scrub 

canopy-------------------------------------------------------- 1 04 

Figure 4.3-2 The visual impact in 1 999 of the Manual clearance and Livestock 

browsing treatments ------------------------------------------------------ 1 04 

Figure 4.3-3 The undergrowth within the Non-intervention treatments in 1 999 - 1 05 

Figure 4 .3-4 Close up of Livestock browsing treatment in 1 999 showing the 

browseline created by the goats ---------------------------------------- 1t05 

Figure 4 .3-5 The initial impact of scrub clearance (including the fire site) in 

1 996 within the Manual clearance treatment --- ------ 1 06 

Figure 4 .3-6 Close up of the Manual clearance treatment in 1 999 showing 

changes in vascular plants ---------------------------- 1t06 

Figure 4.3-7 Goats climbing trees within the Livestock browsing treatment plot 

--- ------------- 1 07 

Figure 4.3-8 Changes in the composition and frequency of grass species within 

each treatment during the investigative trial period ( 1 996- 1 999)-- 1 09 

Figure 4.3-9 Changes within the herb species found present within > 1 0% of all 

quadrats during the investigative trial period ------- 1 12 

Figure 4. 3- 1 0  Changes within the scrub species found present within the 

quadrats during the investigative trial period ( 1 996- 1 999)--- 1 1 6 

Figure 4.3- 1 1  Changes within the dominant species occurring within the 

treatments over the period of the investigative trial (1 996-1 999) -

Non- intervention scrub 1997 ------------------ - 1 1 9 

XVI 



Figure 4.3- 1 2  Changes within the dominant species occurring within the 

treatments over the period of the investigative trial ( 1 996- 1 999) -

Non- intervention scrub 1 999 ------------- 1 1 9 

Figure 4.3- 1 3  Changes within the dominant species occurring within the 

treatments over the period of the investigative trial ( 1 996- 1 999) -

Livestock browsing 1 996------------·--- 1 20 

Figure 4.3- 14  Changes within the dominant species occurring within the 

treatments over the period of the investigative trial ( 1 996- 1 999) -

Manual clearance 1 996 ---------------- 1 20 

Figure 4.3- 1 5  Changes within the dominant species occurring within the 

treatments over the period of the investigative trial ( 1 996- 1 999)i

Livestock browsing 1 997--------------- 12 1  

Figure 4.3- 1 6  Changes within the dominant species occurring within the 

treatments over the period of the investigative trial ( 1 996- 1 999) -

Manual clearance 1 997i------------- 12 1  

Figure 4.3- 1 7  Changes within the dominant species occurring within the 

treatments over the period of the investigative trial ( 1 996- 1 999) -

Livestock browsing 1 999------------- 122 

Figure 4.3 - 1 8 Changes within the dominant species occurring within the 

treatments over the period of the investigative trial ( 1 996- 1 999) -

Manual clearance 1 999 ------------- 122 

XVII 



___ _____

-------------------

Figure 4.3 - 1 9  Decorana charts i l lustrating the changes in species composition 

between the treatments throughout the investigative trial period 

( 1 996- 1 999) ---------------------- 1 27 

Figure 4.3-20 Vascular plant species recorded as occurring on Smithcombe 

Hills in 1 964 and 1 97 1  (Wells 1 964;Wells & Barling 1 97 1 )  ------- 1 34 

Figure 4.3-2 1 Vascular plant species recorded as occurring on chalk grassland 

sites within the Chilterns in 1 97 1 (Wells & Barling 1 97 1 )--- 1 35 

Figure 4.3-22 Vascular plant species recorded as occurring on chalk grassland 

sites outside the Chilterns in 1 97 1  (Wells & Barling 1 97 1  ) -------- 1 36 

Figure 4.3-23 The number of species within the vascular plant communities 

---- 1 48 

Figure 4.3-24 The number of vascular plants associated with successional 

stages of grassland development -------------------------------------- 1 55 

Figure 4.3-25 Changes in the species richness throughout the investigative trial 

period ( 1 996- 1 999) ---------------------------------- 1 58 

Figure 4.3-26 Calcareous indicator species observed throughout the 

investigative trial period ( 1 996- 1 999)----- , _ 1 6 1 

Figure 4.3-27 The number of species within the vascular plant communities 

that are identified as possessing specific strategies for survival ---- 1 65 

Figure 4.3-28 The number of vascular plants within each identified 

successional group throughout the investigative trial 

( 1 996-1 999) 1 7 1 

period 

that are identified as possessing specific strategies for survival-

XVIII 



---------------------

Chapter 5 : Invertebrates 

Figure 5 . 1 - 1 An example of the pitfall traps and wire mesh used within the 

investigative trial to trap ground beetles and spiders but prevent 

shrews from falling in ---------------------------------------------------- 1 94 

Figure 5 .3 - 1 Changes within the composition and abundance of beetles in 1 999 

as a result of the restoration treatments (Abundances greater than 

1 0) ----------------------------------------------------------- 200 

Figure 5 .3 -2 Changes within the composition and abundance of Pterostichus 

madidus in 1 999 as a result of the restoration treatments ----------- 200 

Figure 

n 1 999 (species A-L) ---- 20 1 

F igure 5 .3 -4 Changes within the composition and abundance of spiders as a 

result of the restoration treatments in 1999 (species M-Z) --------- 202 

5 .3-3 Changes within the composition and abundance of spiders as a 

result of the restoration treatments it

Figure 5 .3 -5 Changes within the composition and abundance of harvestmen as 

a result of the restoration treatments in 1 999--------- 202 

Figure 5 .3 -6 Decorana charts illustrating changes in species composition 

between the treatments throughout the investigative trial period 

( 1 998- 1 999) ------------------------ 204 

Figure 5 .3-7 Beetle species richness occurring within the investigative trial in 

1 999 ------ 207 

Figure 5 .3-8 Spider species richness occurring within the investigative trial in 

1 999 -----------------------------·---- 207 

XIX 



Figure 5 .3-9 The number of beetle species caught within the investigative trial 

in 1 999 that are associated with specific habitat types -------- 209 

Figure 5 .3- 1 0  Changes in abundances and species associated with grasslands 

occurring within the investigative trials in 1 999--------- 209 

Figure 5 .3- 1 -1 Changes in abundances and species associated with woodlands 

occurring within the investigative trials in 1 999---·---- 2 1 0  

Figure 5 .3- 1 2  Changes in abundances and species associated with open ground 

occurring within the investigative trials in 1 999------------- 2 10 

Figure 

low vegetation occurring within the investigative trials in 1 999 --- 2 12 

Figure 5 .3- 1 5  The number of pioneer and established beetle species within the 

investigative trials in 1999 as a percentage of the species richness 

------------------------------------------------------------------------ 2 13  

5 .3- 1 3  The number of spider species (including harvestmen) caught 

within the investigative trial in 1 999 that are associated with 

specific habitat types -------------------------------------------- 2 12 

Figure 5 .3- 1 4  Changes in abundances and species of spiders associated with 

Figure 5 .3- 1 6 The relationship between the species richness of the vascular 

plants and the number of beetle and spider species caught within 

the investigative trial in 1 999-------------- 2 1 6  

XX 



undertaken (February 1 996) ---------------------------------- 239 

Figure A2 Hazel coppice occurring towards the top of the slope within the 

investigative trial area before treatments were undertaken 

(February l 996)------------------------------------- -- 239 

Figure A3 A basel ine sketch map showing the scrub occurring within the 

investigative trial replicate plots in 1 995 before Manual clearance 

was carried out. -----------·----------------- 240 

Figure A4 Changes in herb species (A-F) present < 1 0% of all quadrats 

during the investigative trial period 1 996- 1 999-------- 24 1 

Figure A5 Changes in herb species (G-R) present < 10% of all quadrats 

during the investigative trial period 1 996- 1 999--------------- 242 

Figure A6 Changes in herb species (S-V) present < 1 0% of all quadrats 

during the investigative trial period l 996- 1 999--------------- 243 

Figure A 7 Changes within the composition and abundance of beetles as a 

result of the restoration treatments in 1 999 (species A-C) --- 248 

Figure A8 Changes within the composition and abundance of beetles as a 

result of the restoration treatments in 1 999 (species 0-N) ---------- 249 

Figure A9 Changes within the composition and abundance of beetles as a 

result of the restoration treatments in 1999 (species P-U)---- 250 

Appendix 

Figure A 1 Impenetrable scrub occurring towards the bottom of the slope 

within the investigative trial area before treatments were 

XXI 



Table of Tables 

Chapter 2 : Methodology 

Table 2.3 . 1  The rotational stocking schedule for the plots trialed using 

Livestock browsing ------------------------ -- 49 

Table 2.3 .2 Summary of the monitoring undertakene------------------------- 55 

Chapter 3 :Soils 

Table 3 .2 . 1 Summary of the soil analysis methods used ------------------------ 69 

Chapter 4 : Vascular Plants 

Table 4 .2- 1 Summary of Vascular Plant monitoringe----------------------- 1 00 

Table 4 .3- 1 Species present on the Bedfordshire chalk grassland sites in 1 987 -- 1 37 

Table 4.3-2 Summary of the mean characteristics of species composition ------- 1 3 8  

Table 4.3-3 Summary of the mean characteristics of Calcareous indicators ----- 1 3 8  

Table 4.3-4 Summary of  restoration targets achieved ----- --- 176 

Chapter 6 :  Costs 

Table 6 .3 .  l Fencing --------------------------------- 222 

Table 6 .3 .2 Costs of the initial scrub clearance within the Manual clearance 

treatments ------------ 223 

Table 6.3 .3 Costs of the after-care grazing within the Manual c learance 

treatments -------- 223 

XXII 



Table 6.3 .4 The annual costs of using the goats between June and September 

each year within the Livestock browsing treatments ----------- 224 

Table 6.3 .5 The annual costs of overwintering the goats ---------------------------- 225 

Chapter 7 : Conclusions 

Table 7 . 1  A summary of  the strengths and weaknesses of  using Livestock browsing 

and Manual clearance as methods to restore a chalk grassland habitat 

back from invasive scrub --------- ---------------- 234 

Appendix 

Table A 1 Smithcombe Hills - Characteristics of species composition 

identified from the historical records ----------------- -- 244 

Table A2 North Chiltern sites in 1 97 1  - Characteristics of species 

Table A3 

composition identified from the historical recordse--------------------- 244 

Other chalk grassland sites in 197 1  - Characteristics of species 

composition identified from the historical recordse---------- 245 

Table A4 Smithcombe Hills and surrounding area in 1 987 Characteristics 

of species composition identified from the historical records -------- 245 

Table AS Smithcombe Hills - The characteristics of the calcareous indicator 

species identified as occurring within the chalk grasslands 

---- 246recorded historically --- ---------------

XXIII 



Table A6 North Chiltern sites in 1 97 1  The characteristics of the calcareous 

indicator species identified as occurring within the chalk 

grasslands recorded historically ------------------------------------------- 246 

Table A7 

Table A8 

Other chalk grassland sites in 1 97 1  The characteristics of the 

calcareous indicator species identified as occurring within the 

chalk grasslands recorded historically ------------------------------------ 247 

Smithcombe Hil ls and surrounding area in 1 987 - The 

characteristics of the calcareous indicator species identified as 

occurring within the chalk grasslands recorded historically----------- 247 

XXIV 



1 Introduction 

This thesis concerns the conservation management of lowland calcareous grassland 

and the flora and fauna species associated with this. The impact of scrub 

encroachment is an issue for majority of these grasslands but the best way of deal ing 

with it is unclear and the subject of many debates. 

To gain a greater understanding on how to deal with scrub encroachment, this thesis 

aims to examine and compare two methods of scrub clearance which are currently 

being used (Manual clearance and Livestock browsing) and investigate if they have 

the abi l ity to restore the chalk grassland habitat. In developing a greater 

understanding of restoring scrub-invaded grasslands, it is considered that 

cut material is burned on fire sites and the cut stumps chemically treated with a 

herbicide to prevent re-growth (Ward 1 990). After clearance the land is left to 

regenerate naturally and when grasslands have established, grazing is reintroduced 

where possible (Barr 1 997). Other methods have been used occasionally such as the 

use of a "Drott" which pulls the trees up by the roots. However, as the method 

management decisions can be taken as to whether restoration is a viable option and if 

so what implications these methods have for land managers. 

The traditional way of restoring grasslands from scrub encroachment is to clear the 

scrub primarily by manual methods of cutting the scrub (Mortimer et al, 2000). This 

1 



involves the use of a tractor this is not practicable on very steep slopes and also 

creates much disturbance (Toynton and Cox 1994) . More recently the development of 

using animals to browse (eat the woody material) and thus gradually reducing the 

scrub, is thought to be an alternative. Known for its browsing abi l ity the goat ( Capra 

hircus) is judged to be particularly effective at browsing off incipient scrub and re

growth from cut stumps on chalk grassland sites (Cambell et al, 1 962 ; Oliver et al, 

200 1 ) . On the calcareous (limestone) grassland of Ventnor downs, goats are 

currently being used to clear the Holm oak Quercus ilex (Tutton 1994) and have also 

been 

can browse the scrub species (Ol iver 1995) and have the potential to be used as a 

method for the restoration of scrub-invaded chalk grassland.(Oliver et al, 200 1 ). In 

Scotland, goats have also been shown to be effective in the control of silver birch 

used to tackle the encroaching scrub on Cheddar Gorge (also a calcareous 

(limestone) grassland). On the chalk in Bedfordshire, trials have shown that the goats 

Betula pendula in dune systems (Bullock & Kinnear 1 988). The use of goats as a 

tool for scrub clearance is therefore considered a potential viable restoration option. 

The ability of goats to browse is facilitated by their mobile upper l ip, which enables 

them 

for bipedal foraging enables goats to climb, reaching leaves, twigs and bark of woody 

plant species that are out of range of other small ruminant species (Whitehead 1 972). 

Bipedal foraging is achieved by having two hooves that can be separated and then 

to select tree leaves and twigs (Campbell et al, 1 962). In addition, their agility 

pressed strongly together to provide a grip on the smallest of projections, In addition 
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to being able to climb, goats are also known to control species within the scrub 

undergrowth such as bramble Rubus fruticosus and thistles (Rolston 1 989). 

However, although goats have the abi l ity to browse and are being used on 

conservation sites, how effective they are at restoring scrub-invaded chalk grassland 

is unknown. How effective manual scrub clearance is unclear and has been the 

subject of many debates, with practical experience showing both positive and 

negative success rates. By undertaking an investigative trial which compares and 

examines the ability of the two methods to success fully restore the scrub-invaded 

chalk grassland, it is judged that this knowledge can be gained. 

To further enhance this knowledge it is also judged that the investigative trials will 

enable the following key issues also to be examined. These are : 

• Whether there is a need to restore a chalk grassland habitat that has 

succeeded to scrub? 

clearance methods prohibitive. 

• Whether restoration is appropriate or is the scrub habitat valuable in its own 

right. 

• Whether restoration is viable or are the soils considered too fertile to support a 

chalk grassland flora or are the costs and practicalities of using scrub 
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• Whether scrub clearance methods meet their objectives of successfully 

restoring a chalk grassland habitat and how to define this. 

• Whether the two approaches to scrub clearance (Manual c learance and 

Livestock browsing) result in differences within the flora and fauna 

communities which in tum influence their abi lity to be successful in restoring 

the chalk grassland habitat. 

1. 1 ls there a need to restore a chalk grassland habitat that 

has succeeded to scrub ? 

The majority of chalk grasslands are believed to have been created in the Neolithic 

period, when man cleared the forests for wood and agriculture and grasslands 

established within these clearings (Moore 1 987). Evidence from pollen analysis and 

invertebrate fossils confirms the existence of chalk grassland around this period 

(Bush & Flenley 1 987). Throughout history chalk grasslands are known to have 

continued to be used by man. Archaeological evidence of hi l l  forts and settlements in 

this  landscape is widespread. 

Chalk grasslands exist on shallow nutrient poor soil where the underly ing rock is 

chalk (Ratcliffe 1 977). They are ecologically important habitats, and are known to 

support as many as forty higher vascular plants per metre2 (Duffey et al, 1 974). They 

4 



are also known to support plants and animals which are considered to be rare (Barr 

1 997). 

Chalk grasslands however are dynamic habitats, which naturally attempt to revert 

back into their original forest habitat if grazing, browsing, or some other form of 

active management ceases (Stanier 1 973).  Studies in the successional process from 

grassland to woodland show that there is an intermediate stage, the development of 

scrub (Connell & Slayter 1 977; Kershaw 1 975). Scrub is defined by Ratcliffe 1 977 as 

'"the serial community, which develops spontaneously through the invasion of tall 

medium shrubs on any grassland under suitable conditions" . If left unhindered, these 

shrubs grow laterally as well as in height and result in shading out the grasslands 

beneath them. Shading results in the grasses and small slow growing calcicole plants 

associated with chalk grasslands becoming eventually lost and shade tolerant plants 

succeed (Hopkins 1 996). 

On many grasslands lack of active management has led to this scrub invasion. Loss 

of chalk grassland and its associated flora and fauna, from scrub and other losses is of 

increasing concern to al l involved in habitat and species conservation. 

1. 1. 1  The decline of chalk grasslands 

The extent and rate in which chalk grassland has been lost over time has grown 

rapidly since the two world wars (Blackstock et al, 1 999). Primarily the losses have 
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occurred through agricultural improvements (mainly ploughing) and through the loss 

of grazing which has lead to scrub communities taking over (Stanier 1 973 ;  Willems 

1 990) . 

Prior to the world wars chalk grasslands had previously decl ined in extent through the 

enclosure acts of 1 750- 1 850, which gave people the right to farm their land rather 

than just graze the common land (Wells 1 968). The world wars themselves meant that 

further land was required for farming to produce homegrown food and subsequently 

additional chalk grassland was lost to the plough. The chalk grasslands, that survived 

the p lough, suffered even more losses through lack of grazing. Sheep grazing (the 

traditional way the grasslands were maintained) decl ined after the second world war, 

as sheep became uneconomical to farm (Ward & Jennings 1990a). In addition to 

sheep grazing, grazing by rabbits also declined around the same time. This was due to 

a rabbit disease, myxomatosis, introduced into Britain in 1953 which decimated the 

rabbit populations (Stanier 1 973; Mclean 1 990). The consequence of reduced grazing 

on the grasslands has led to an increase of scrub and a decrease of the species-rich 

grassland habitats . 

From a comprehensive survey of England in 1 966 where the total extent of chalk 

grassland was estimated to be 43,546 hectares (Blackwood & Tubbs 1970), a 

resurvey of half the sites showed that 22% (4,836 hectares) of chalk grassland was 

lost over an approximate 1 0  year period. The major cause (62%) of this decline was 

due to agricultural improvement, with. a further 32% due to scrub invasion and 7% 
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lost through afforestation or urban development (Keymer & Leach 1 990). The 

current estimate for chalk grasslands in the UK is estimated at 25,000 - 32,000 

hectares with the bulk of this being in Wiltshire, Dorset and the South Downs 

(English Nature 1 998). 

In addition to the high rate of decl ine of the species-rich chalk grasslands, existing 

grasslands are also under threat (English Nature 1 998). Threats not only arise from 

the increasing loss of habitat but also from the increasing isolation of the grasslands. 

Individual populations of species within grasslands have an enhanced risk of local 

extinction if opportunities to expand their populations onto adjacent or surrounding 

land are non-existent (English Nature 1 998). Lack of opportunity to expand, creates 

high-risk vulnerability to the population from the dangers of possible destructive 

for chalk grasslands. 

J. J.2The need to conserve and restore chalk grasslands 

With the high rate of decline and the existing grasslands increasingly under threat, 

conservation and restoration of chalk grasslands is seen as essential if further losses 

are to be avoided. 

mechanisms such as disease (Keymer & Leach 1 990). Fragmentation of sites and thus 

the species populations are therefore also considered an important conservation issue 
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On an international level, the EC Habitats and Species Directive lists (in annex 1 )  

Festuco-Brometalia as a priority habitat (Council o f  the European Communities 

1 992). This includes the National Vegetation Classification (NVC) calcicolous 

grassland types CG 1 -9 .  

Habitats Directive" is European law that provides for the creation of a network of 

protected areas across the European Union. Priority habitats are those that the EC 

view as at the greatest risk of disappearing altogether. The Habitats Directive also 

The EC Habitats and Species Directive ( 1 992) called "the 

lists species it feels are in need of protection and amongst these are those associated 

with chalk grassland habitats. 

In the UK, Biodiversity Action Plans have been produced for key habitats and species 

where priority for conservation action has been identified. Key habitats include those 

for which the UK has an international obligation (Jefferson 1 999) . Chalk and 

limestone grasslands that occur within the lowlands region of the UK (grouped 

together as "Lowland calcareous grassland") form one of the UK Biodiversity action 

plans (UK. BAP) target habitats. The objectives and proposed targets of the plan 

cover habitat conservation, restoration and expansion (Engl ish Nature 1 998). 

The key component of the lowland calcareous grassland BAP is the need to secure 

favourable conservation and restoration management at significant localities, along 

with the need to develop carefully researched guidelines to restore and expand the 

habitat (English Nature 1 998). 
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In addition to the implementation of the relevant BAP, measures to protect surviving 

chalk grassland and their associated species, many have been designated as Sites of 

positive conservation. 

Special Scientific Interest (SSSI' s) and National Nature Reserves (NNR's) under 

section six of the Wildlife and Countryside Act ( 1 98 1 ). Maintenance of the surviving 

chalk grasslands is also actively encouraged through incentive payments as part of the 

Agri-Environment schemes such as the Countryside Stewardship scheme to carry out 

Therefore in addition to maintaining the chalk grassland habitat there is a need for 

restoration. However, for restoration to be successful , a clear definition of restoration 

success is needed. 

1.2 Is restoration appropriate or is the scrub habitat valuable 

in its own right ? 

It has been argued that not all scrub should be cleared, as some scrub habitats are 

beneficial in terms of nature conservation (Hopkins 1 996). Scrub habitats vary in 

terms of their age, structure, and size as well as in the species composition of the flora 

and fauna (Rodwell 1 992) . These variations affect the nature conservation value of 

the scrub (Mortimer et al, 2000). Rare flora or fauna species as well as common ones 

are identified as existing within some scrub habitats. For example: the scrub 

communities of the southern Chilterns contain Buxus sempervirens (Box) and 

Juniperus sp. (Juniper sp.) (Engli sh Nature 1 997). Juniper is a UK BAP species. 
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Juniper scrub is also identified as a scarce habitat with interesting associated 

invertebrates (Mortimer et al, 2000). 

Scrub species, particularly the structural diversity that they provide, are also 

important for invertebrates (Rushton et al, 1 990). The larger and more structurally 

complex the plants are, the greater the variety of microhabitats are available for the 

invertebrates (Mortimer et al 2000). Invertebrates use the variety of structure for the 

different stages in their life history (JNCC 1 992). In addition to structure, the 

accumulation of dead plant material and leaf l itter is used by invertebrates such as 

detrivores and fungivores (Morris  1 990). 

Structural diversity of the scrub is also important for birds. The successional stages 

of the scrub are an important part in the species composition of breeding birds using 

the scrub (Mo rtimer et al, 2000). Species turnover in breeding birds is recognised to 

change as the scrub moves from the early successional stages (where scrub is dotted 

amongst the grassland) to mid and then late successional stages when the scrub 

canopy closes over (Figure 1 .2 - 1  ) .  When the scrub canopy closes over bird species 

richness declines (Mortimer et al, 2000). 

10 



----� 

, .s 

1 .5 

1 . 0 

Grassland ----1.- Open-canopy scrub ------- MatUf'e s.cruo 

20 40 60 80 ,oo 
, .0 ....------------------------------,

Skyiark Meadow Pipit 

Tree Plpt 

Yellowtl� 

, .o 

0 2
.5 

>< 2..0 

1 .5 

, .o 

0.5 

0 .5 

Figure 1.2-1 

The turnover of breeding birds in relation to changes in the 

successional stages of scrub (Mortimer et al, 2000) 
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Although some species rich calcareous scrub habitats are regarded as important 

features in their own right, as well as integral components of the downland 

ecosystem; these must be balanced against the chalk grassland interest (Ash et al, 

200 1 ) . Not all scrub communities  are species-rich. Some are species poor. In 

particular, a near monoculture of mature scrub with no ground flora that is slowly 

progressing towards secondary woodland is species poor scrub in terms of the flora it 

supports and invertebrate and bird species (Gardiner 1 996; D. Sheppard, pers. comm.; 

Grice 1 999). Many examples of this type of scrub can be observed where 

abandonment of management has occurred. Lack or cessation of grazing is a major 

cause of many grasslands succeeding to scrub (see section 1 . 1 . 1  - The decline of 

chalk grasslands) . A result of this abandonment is that approximately 50 years later, 

the succeeding scrub habitat has developed a closed canopy with even aged scrub 

species. 

With the knowledge that the nature conservation interest of scrub habitats can vary, it 

is essential that an assessment of its value is undertaken before clearance. Figure 

1 .2-2 provides a summary of what are considered to be the characteristics of scrub of 

high or low conservation value. 
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Good and Bad Scrub (Hopkins 1 996) 

Figure 1 .2- 2 

In addition to determining whether the conservation value of the scrub has a bearing 

on the decision to clear scrub, the likelihood of restoration success also needs to be 

taken into account. If restoration is unsuccessful then there are questions as to why 

bother in the first place. Furthermore, even if restoration is deemed to be successful 

before making any management decisions to restore, there is a need to establish if 

Scrub of high conservation value 

a.) Contains a wide range of shrub 
species 

b.) Has a complex three
dimensional structure with shrubs 
varying in height, canopy shape, 
age and spacing. 
c.) Has many clearings and sunny 
glades within the scrub, giving a 
high boundary/ area ratio .  
d.) Has a well-developed marginal 
zone which contains a range of rare 
and local tal l herbs and other 
grazing-sensitive species not found 
in the adjoining grasslands 

e.) Supports a range of rare and 
local invertebrates in the marginal 
zones where large growth-forms of 
grassland plants occur, preferred 
for egg laying by some invertebrate 
species. The shrubs provide 
important feeding sites for adults 
and larvae . 

Scrub of poor conservation value 

a.) Is dominated by one or two 
shrub species 

b.) Has a simple three-dimensional 
structure with the shrubs of uniform 
height, canopy shape, age and 
spacmg. 
c.) Has few glades and clearings and 
therefore a low boundary /area ratio . 

d.) Has a margin that is floristically 
similar to the adjoining grassland or 
has a range of common and tall 
herbs such as Hogweed and rank 
grasses such as false oat-grass which 
are normally associated with 
ungrazed nutrient- rich soils. 
e.) Has no rare or local invertebrates 
breeding or feeding on the scrub 
margin or on the shrubs themselves. 

resources are available to maintain the grassland once its been restored. In the light 
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of mismanagement and environmental degradation on a high proportion of Sites of 

Special Scientific Interest (SSSl' s) restoration management is a waste of time if we 

Although the scrub clearance methods are considered to have different effects on 

restoration it has been argued that restoration of chalk grasslands from scrub 

clearance is not viable (Grubb & Key 1 975). The factors that might make this 

management not viable are considered below. 

As chalk grassland flora is known to be associated with nutrient poor soils (Rizand et 

al, 1 989), once established scrub enriches the soi ls and therefore even after its 

clearance the soils will be too fertile to support a chalk grassland flora (Stanier 1 973; 

Key 1 979). 

cannot maintain even these sites that are considered our best examples (Jones 200o1). 

1.3 Restoration viability 

At Devils Dyke, Cambridge, succession on chalk grassland by invading scrub species 

was characterised by an increase in soil fertility. Nitrogen and phosphorous contents 

of the soil were considerably higher under scrub vegetation than under grassland 

(Key 1 979). Within the soils of nutrient poor grassland, seeds from scrub species 

have the abil ity to readily establish as they contain an accessible supply of nutrients 

(Duffey et al, 1 97 4 ). Once established, the scrub species acquire further nutrients via 
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status of the soils. The relationship between soil fertility and successional stages can 

be complex and that in secondary succession the effects of so il fertility is variable 

their root systems by penetrating down below the top soil into sub-soi l  (Key 1 979). 

Nutrients brought up from the sub-soil are then utilised by the scrub before being 

deposited back onto the soil surface via leaf fall. The decomposition of this leaf litter 

increases the available nutrient status of the topsoil and the depth of the soil by 

creating an organic layer on the so il surface (Hodgkin 1 984). This increased organic 

layer and modification of the soils is thus alleged to enhance the nutrient cycling 

processes (Marrs 1 993) .  Additional ly, there is evidence that once the scrub canopies 

develop there is an increased use of the site by birds and other animals and that a 

considerable amount of nutrients can be imported via this pathway (Marrs 1 993). For 

example, the addition of nutrients from bird droppings is considered significant in 

increasing the soil nutrients (Green 1 972). 

Soil fertil ity is crucial to the success or failure of restoration (Grubb & Key 1 97 5). 

Once scrub has been cleared, if the soil has been enriched, the high nutrients within 

the soils can provide an environment more suitable for high nutrient loving species 

such as common nettle, than for nutrient-poor loving chalk grassland species (Stanier 

1 973). If the soils have been enriched, techniques exist to reduce the soil fertility 

through nutrient stripping. However, to date, these have proved expensive and 

outcomes from using these methods have been mixed (Marrs 1 985). 

On the other hand, the presence of scrub does not necessarily increase the nutrient 
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with increases, decreases or no change (Marrs 1 993) .  In addition many climax 

communities show little or no net gain in organic matter and total nitrogen (Lee & 

Stewart 1 978). 

Even if soil fertility was suitably low and could sustain a chalk grassland community, 

restoration may not be feasible due to lack of viable seeds within the soil seed bank. 

Many chalk grassland plant species produce small seeds that can only survive in the 

soils for a short period of time (Pons 1 99 1  ). Areas under scrub for a number of years 

are believed to have become limited in this seed bank (Schenkeveld & Verkaar 1 984). 

However others have argued that the seed bank is not the important issue but that the 

environmental conditions needed for chalk grassland plants to establish are the 

important determinant of the successful re-establishment (Dutoit & Alard 1 995) . 

Even if the seed bank contained viable chalk grassland seeds, if the environmental 

conditions were unsuitable these seeds may germinate but would struggle to survive. 

The environmental conditions viewed to be suitable for the establishment of chalk 

grassland plants are; the right soil conditions, i .e. nutrient poor thin soil and the short 

grassland environment with, in places, exposed bare areas of chalk (Rodwell 1 992). 

Once the chalk grassland plant communities have established then it is considered 

that the invertebrate communities, which exist in conjunction with the plant 

communities, will also come back. 
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1.3.J  Costs and practicalities of restoration 

In determining whether restoration is viable the cost and practicalities of restoration 

also need to be determined. High costs and impracticalities could prevent scrub 

clearance as an option for restoration. In addition, resources are not only needed for 

restoration but also for maintaining the grassland once restored (Hopkins 1 999). 

Without this, the grassland could just start to revert back into scrub (Gibson & Brown 

1 992). 

Practical ities include determining whether the scrub is more valuable in its own right 

(see section 1 .2). Other considerations are the size and scale of scrub needing 

clearance (Ward 1 990). Clearance around the edges of the scrub may be more 

Clearance of large blocks of scrub is argued to be labour intensive and therefore 

costly in addition to issues such as the possible effects of soil erosion. The 

practicalities of maintaining the grassland once cleared also need to be considered 

this includes the feasibility of using livestock. On lowland grasslands livestock need 

to be contained either by hedges or by permanent or temporary fencing. Fencing is 

not always feasible on some sites for a range of reasons such as lack of resources and 

obtaining permission. Obtaining permission can be difficult in some cases due to 

rights of way issues, the rules of commons, and be against the wishes of the local 

community. Even if fencing can be erected the practicalities of having livestock on a 

successful than clearing large blocks. Clearance around the edges is believed to be 

less labour intensive and more successful as adjacent grassland can quickly colonize. 
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site can also be an issue. Getting hold of livestock, and having someone with the 

correct experience to look after them, are some of the possible constraints (Small et 

al, 1 999) . Furthermore, welfare checks can be time consuming depending on how far 

the travel is to and from the site. 

B efore 

1.4 Defining successful restoration 

establishing if restoration can be successful, a definition of what is considered 

to be successful restoration is required. This enables management objectives for 

restoring chalk grassland to be appraised and provides a measure against which the 

success of these can be assessed. 

Restoration implies a source of restitution, of reinstating to some former state, to 

renew, replace or bring back to health (Anderson 1 995). However, is this the best 

option for the site; could the habitat it has turned into be more valuable in its own 

right or even if restoration was attempted, could it be successful when the succeeding 

habitat may have modified the environment? If restoration is to be attempted then 

c lear obj ectives and carefully set targets are required which allows the success of 

restoration to be measured (Jackson et al, 1 995). Measuring restoration success 

provides an indication of whether management is achieving its objectives or not 

(Brown 200 1 )  and whether management needs to be adjusted accordingly. 
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indicators to determine the condition (Robertson et al, 2000). It is recognised that 

maintaining the habitat in favourable condition can be dependent on the management 

used. In establishing indicator species and setting targets, these can be monitored to 

determine if the habitat is staying favourable or declining in condition. 

In setting conservation objectives these are defined as: 

A statement of nature conservation aspirations for the features of interest on a site, 

expressed in terms of the favourable condition that we wish to attain for each feature 

interest. (JNCC 1 998) 

Features of interest are further defined as: 

Those habitats and species that make up the special interest of the site 

Once objectives have been set and management practices put in place there is a need 

to monitor if the management achieves its objective or not. In the UK the statutory 

nature conservation agencies including English Nature have agreed a framework for 

the monitoring of designated sites which will enable some consistency within the 

monitoring (Robertson et al, 2000). This framework outlined in a Statement on 

Common Standards Monitoring sets out to define seven standard terms for assessing 

the condition for a feature of interest (JNCC 1 998) . Through a rapid assessment 

method for grasslands the attributes that make up the grassland can be used as 
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In determining favourable condition of a habitat, it i s  considered that this needs to 

take into account the natural and regional standards for a habitat in good condition as 

well as local distinctiveness (Brown 200 1 ). In studying known national, regional and 

local examples of habitats in favourable condition, an assessment of the current 

condition of a habitat can be determined and targets for either the restoration or 

maintenance of this set. 

To quantify the changes in the condition of indicator species the common standards 

model was developed (Rowell 1 993). This took into account the variability of species 

populations and proposed l imits of acceptable change. This ensured that small 

amounts of variabil ity would not unduly influence the monitoring but allowed for 

significant changes to be identified. The limits of acceptable change were levels 

above or below the optimal condition where variation was acceptable (Figure l .4- 1 ). 
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Potential ly damaging activity
(including failure to manage)
or natural catastrophe 

Sub-optimal totally destroyed 

Optimal condition 

Sub-optimal no change 

1ime 

However, although suitable for the sites where the habitats are being maintained, it 

was considered that they did not take into account restoration management (Brown 

200 1 ) .  In the common standards model, if the lowest limit was the threshold above 

which the habitat was considered restored to its optimum condition, then even the 

Figure 1.4-1 

The Common Standards Model (Rowell 1993) 

smal lest negative changes to the habitat could lead to it declining out of optimum 

condition. To prevent this, a modification of the common standards was developed 

(figure 1 .4-2) with this model, introducing a recovery target (Brown 200 1). In 

introducing a recovery target which would be high enough above the lower limit, it 
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was considered that this would ensure that the habitat would not fall just back into 

unfavourable condition on the basis of population fluctuations. 

The Model 

C)
..::: 

Fanwrable Unfavourabl� f..Jvourdble 

condition condition conditton 

i5 
..J Upper L im i t  

Recovery target 

Lower L i m it 

Time 
• F,wourable condition • Unfavourable 

Figure 1 .4-2 

Habitat condition model (Brown 2001) 

The common standard and modified models (Rowell 1 993 , Brown 200 1 )  both work 

by measuring attributes that make up the favourable condition of the habitats. 

Definition of these attributes permits not only the habitat to be evaluated in terms of 

the current condition but also in terms of restoration objectives. It is therefore 

proposed that this model be used to evaluate the ability of the two methods of scrub 

clearance (Manual clearance and Livestock browsing) to successfully restore a chalk 

grassland habitat. For the purpose of this thesis, successful restoration has been 

defined as "a chalk grassland in favourable condition and identifying both the local 

and national attributes that make up the chalk grassland in favourable condition" 
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1.5 Examining if the scrub clearance methods result in 

differences within the flora and fauna communities 

As a result of the different approaches to scrub clearance, it is believed that the 

impacts on the flora and fauna communities will vary and that this wil l  have an 

impact on restoration success . It is known that cutting and grazing methods for the 

maintenance of chalk grasslands creates differences in the species composition. 

(Rizand et al, 1 989; Gibson 1 995) Grazing, by being selective (as opposed to the non 

selection of cutting) creates diversity in species and structure within the grassland 

(Pywell  et al 1 995). It is also known that on chalk goats can be selective in their diet 

(Oliver 1 995), but the resulting effects of this selectivity compared to restoration by 

cutting is unknown. 

Hopkins ( 1 994) suggests that clearance of the scrub results in weed species . Weed 

species are identified as ruderal plants which have developed strategies for survival 

with rapid growth and early production (Grime et al, 1 988) and occur on disturbed 

soils (Grime et al, 1 988). With the ir rapid growth and prolific seed production it is 

believed that if not actively control led these ruderal species can become dominant 

(Stanier 1 973). 
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Disturbance is considered to occur by the action of cutting the scrub and physically 

dragging the cut material to fire s ites. Through the removal of the tree canopy, it is 

considered that this dramatically changes the amount of l ight reaching the ground. A 

rise in temperature may occur as a result of the increased light, which can show 

similar symptoms to climatic seasonal changes (Lee & Stewart 1 978). These changes 

alter the exchange mechanisms of the soils nutrients and increase microbiological 

activities (Marrs 1 993) and as a result of disturbance of the soils the species 

composition of vascular plants is believed to be altered (Stanier 1 973). 

Vegetation develops in a particular p lace at a particular time as a consequence of the 

equilibrium of intensities of disturbance, stress and competition (Grime 1 979). 

Disturbance to vascular plants is defined as associated with partial or complete 

destruction of the plants biomass and stress associated with a lack of resources such 

as water, minerals and light (Grime 1 979; Grime et al, 1 988). These resources are 

judged essential as they influence the plant's photosynthesis production and the 

amount of competition for resources a plant has, can influence the plant' s abil ity to 

survive (Grime et al 1 988). In identifying and describing the influences that 

disturbance, stress and competition have on the vascular plant community, a model 

called the C-S-R model has been produced (Grime 1 979). This model shown in figure 

1 .5 - 1 . 
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Figure 1 .5-1 
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This model, describes the factors which influence vascular plant species composition 

and has been used to identify the strategies for survival that plants develop (Grime et 

al, 1 988) .  In identifying these strategies, it is possible to predict the stability of a 

community and its resilience to disturbance (Jefferson 1 999) . 

With disturbance through cutting the scrub predicted and the establishment of ruderal 

plants envisaged, it is considered that the re-establ ishment of chalk grassland plants 

will be restricted if control of the ruderal plants does not take place. 

method that is argued to cause fewer disturbances and a gradual change is the use of 

browsing animals. Browsing is thought to cause a more gradual change to the flora 

and fauna species opening up the understory, facilitating a more gradual change in 

light conditions and thus changes in understory microclimate (Campbell et al, 1962) . 

This approach is therefore considered to cause fewer disturbances and thus a more 

gradual change in the plant communities. 

A restoration 

1.6 Aims and Objectives 

In summary it i s  considered that there is a need to restore chalk grassland that has 

become invaded by scrub (see section 1 . 1 ) . However, before undertaking this there is  

a need to determine if the scrub has developed into a valuable habitat in its own right 

(see section 1 .2). If it is j udged that the scrub is of poor conservation value, the 

practicalities and viabil ity of restoring the chalk grassland by scrub clearance need to 

be determined (see section 1 .3) .  It  is therefore concluded that an investigative trail 
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would enable the practical ities and viabil i ty of restoring the chalk grassland by scrub 

clearance to be determined 

This thesis aims to undertake an investigative trial and will examine and compare the 

ability of the use of Manual clearance and Livestock browsing as methods of 

successful ly restoring chalk grassland back from scrub. 

• To test the hypothesis that the two scrub clearance restoration methods 

(Manual clearance and Livestock browsing ) will result in differences within 

the flora and fauna communities 

r• To investigate if either method has the ability to restore chalk gassland back 

from the existing scrub habitat by establishing the key features that make up 

the favourable condition of local chalk grassland and then examining these 

against any changes within the flora and fauna communities occurring as a 

result of the restoration method used. 

• To examine the soil fertil ity and investigate if the soil under the scrub has 

become too fertile to support the chalk grassland vascular plants that are 

associated with nutrient poor soils .  

The objectives of the trial are : 
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• To examine the costs and practicalities of using either Manual clearance or 

Livestock browsing as restoration methods to determine the viability of these 

to be practically used as methods to restore chalk grassland back from scrub 

mvas10n. 
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2 Methodology 

2.1 Introduction 

2.2 Examining 

restoration of a chalk grassland habitat". 

To enable a comparison of the two methods of scrub clearance (Manual clearance 

and Livestock browsing) and examine their ability to be successful at restoring a 

chalk grassland habitat, an investigative trial was required. 

An area of scrub that was known to have been chalk grassland was identified and the 

scrub cleared by one of two methods. An essential component of this study was to 

describe exactly what was meant by the term "successful restoration of a chalk 

grassland habitat". This would provide a measure by which to evaluate to what 

extent the scrub clearance methods were successful in restoring the habitat to chalk 

grassland. 

what is meant by the term "successful 

For the purpose of this thesis successful restoration was defined in the introduction 

section 1 .4, as " achieving a chalk grassland in favourable condition". However what 

is meant by "a chalk grassland in favourable condition" needs clarifying. It was 

therefore an aim of this thesis to firstly define what is classed as chalk grassland and 

secondly what the attributes are which exist when the grassland is "in favourable 

condition". These attributes could then be used as measures against which restoration 
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success could be j udged. The methods and full details of this part of the study are 

given in Chapter four (Vascular plants) . 

2.3 Designing the investigative trials 

2.3.J Choosing a suitable study site 

In order to trial the two scrub clearance methods of Manual clearance and Livestock 

browsing, a suitable study site was required . This study site needed to be large 

enough to undertake replicated trials of the two scrub clearance methods (Manual 

clearance and Livestock browsing). The study site also needed to be on an area 

known to be previously chalk grassland but had succeeded to scrub. 

The 

located 

study site chosen was a scrub covered chalk scarp, Smithcombe Hills (Grid 

reference TL 072 304, Ordinance survey sheet no 1 66 1 :50 000 Land Ranger series). 

This site forms part of the Smithcombe Hills and Sharpenhoe Clappers SSSI which is 

within English Nature ' s  prime biodiversity area of Bedfordshire Hills 

(English Nature 1 997) and situated at the northern end of the Chiltern Hills, Area of 

Outstanding Natural Beauty (AONB) (see figures 2.3 - 1 to 2.3 .3) .  Smithcombe Hills 

is representative of many declined sites within the North Chilterns and if restored this 

site would fit in with the government strategy of linking chalk grass land sites. 
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Distribution of Chalk Ou tc rops in England and 

Percentage of  Outcrop Occupied by Chalk 

Grassland for Each County or Topographical 

Un i t .  

York.$1i1re Wolds 
1 5 

Linco1nsri1re Wolds 
0.2 

Smithcombe Hill 

Oor,et 3.5 

�I. 0. W .  15 .2  

The location of Smithcombe Hills in relation to the chalk outcrops in England 

(Blackwood & Tubbs 1970) 

Figure 2.3-1 
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The changing extent of scru b cover on Smitbcombc H ills 

from 1 900 until the present day 1 995 

Photograph taken from Hodd 1 99 1  with the original being suppl ied by Luton Museum arch ives. 

Smithcom be Hills in 1900 
Figu re 2.3 - 4 

v· of the investigative trial area of Smithcombe Hi lls in 1995 

Figu re 2.3 - 5 
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each section. As sections of the scarp contained hazel ( Corylus ave Ilana) coppice, a 

known habitat of dormice (Muscardinus avellanarius) a protected BAP species, an 

independent survey to determine if these species were present was also carried out. 

The investigative trial area within Smithcombe hills is a north-east facing chalk scarp 

which was once known to be species rich chalk gr.ass lands in the 1 900' s (Wells 1 97 1 ;  

Hodd 1991 )  but has since developed into species poor uniform scrub (see figures 2.3-

4 & 2 .3-5) .  This scarp is surrounded by arable land, which is farmed locally (Figure 

2.3-6) . 

The study site is within two adjacent landholdings, Bedfordshire County Council 

owns Smithcombe Hills and the National Trust own Sharpenhoe Clappers. Both sites 

are jointly managed by the Bedfordshire and National Trust partnership. English 

Nature have also provided consent for the study to be carried out on the SSSI (M. 

Coleman, English Nature' s Bedfordshire's Conservation Officer in 1 994, pers. 

comm.) along with support including funding the cost of the fencing under a Wildlife 

Enhancement Agreement with Bedfordshire County Council (the landowners). 

Before confirming that this site was suitable to undertake scrub clearance a baseline 

ecological survey was undertaken including the collection of background information 

on the past history of the site. This is described in more detail in section 4.2. 1 . 1 .  The 

baseline study involved surveying and mapping the vascular plant communities by 

dividing the scarp into a series of approximate ten metre square sections (both across 

and down the scarp) and recording the presence of the vascular plant species within 
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The donnice were surveyed independently to eliminate any bias. The survey found 

no evidence of dormice being present. The baseline survey did not find any species 

of significant importance or rarity and therefore confirmed that this scarp would be 

suitable to use as a study area for the investigative trials. 

2.3.2. The investigative trial design layout 

To compare the two scrub clearance methods (Manual clearance and Livestock 

. browsing) and examine their ability to be successful at restoring a chalk grassland 

habitat, an experimental design that would enable an area of scrub to be split into 

viable experimental and control plots was required. It was also considered essential 

that this design incorporated replicated treatments to enable statistical comparison of 

the two methods to be made. 

A Latin square design for the trials in which the treatments could be randomised was 

considered but rejected, as this did not take into account the gradient and other 

factors. The scarp was uniform in its aspect of slope allowing comparisons to be 

made between the treatments. However, the baseline study showed that there were 

some variations in the scrub communities between those occurring at the top of the 

slope and those at the base. The experimental trial plots were thus designed to take 

these variations into account. These plots were also designed to be large enough in 

size to exclude potential edge effects and also accommodate the livestock. The 
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livestock required a sufficient area of land to provide them with the freedom 

necessary to select vegetation without constraint. 

In designing these plots to run from the top to the base of the scarp and taking into 

account the aspect of slope and minimum size needed, ten experimental trial plots, 

each 0.4 hectares, could be established . within the study site. These ten trial plots 

enabled the treatments (Manual clearance, Livestock browsing & Non- intervention) 

to be assigned with three replicates each. This left one additional trial plot. This  was 

used as an additional replicate for the Livestock browsing treatment. In assigning 

which treatment to allocate to which trial plot the replicates of the restoration 

treatments were alternated along the scarp and the Non-intervention treatments placed 

at either end. It was judged that alternating them rather than randomising the 

treatments would make a more even distribution of the replicates, across the scarp. It 

was considered that this would ensure that any random clumping of environmental 

factors such as potentially high nutrient levels within the soils would not affect any 

findings (G Thomas, pers. comm.). Figure 2.3 -6 shows this design. 

36 



_ -\i:>1T<ll phnto ot S1n1th,:-(11nl�e Hills 

1 ·.-1 th. nrn:�$hg·.\h'n� tn.u ..\1.f:>.\ 

h1�hh�ht;?-tl 

Ub nd: 

The invesiigative trial design layout showing ihe experilrental plots 
(numbered) and the alloca"Ed neatmenil (abbreviated) 

Abbreviated tre-atmenil 

NS = Non-intenren1ion 

LB = Livestock browsing 

MC = Manual cEa.rmce 

Figure 2 .3-6 

37 



2.3.3 Trialing the restoration methods 

2.3.3.1 The Manual clearance method 

To gain a c lear understanding of restoring scrub-invaded chalk grasslands by manual 

clearance, the investigative trial aimed to keep as closely as possible to the 

conventional manual scrub clearance method. This usually involves cutting the 

scrub, burning the cut material either on or off site, chemical ly treating the cut 

stumps to prevent re-growth and then allowing the ground to regenerate naturally. 

Once grassland has establ ished then grazing can be introduced to maintain the 

grassland swards. This thesis aims to follow this method . 

Cutting the scrub 

Within the Manual clearance plots, contractors cleared the scrub during the winter of 

1 995 . The scrub was cut down using chainsaws and the cut material dragged onto 

fire sites where it was burnt. These were on the scarp close to the working areas. It 

was originally intended to have just one fire site per replicated treatment but difficulty 

was found in dragging the cut material long distances, as the soil was loose and 

sl ippery. Therefore three fire sites per trial area were permitted, one at the top, middle 

and bottom of the s lope. 
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Stump treatment 

The cut stumps were treated, using the chemical "Amcide" by a licensed operator. 

The "Amcide" chemical was mixed with a dye and wiped onto the stumps with a 

brush. The dye ensured that the stumps that had been treated were marked therefore 

guaranteeing that no stumps were missed. Once the scrub had been cleared and the 

stumps treated these plots were left to regenerate naturally. When sufficient grass 

had established sheep grazing was introduced. 

After care- Grazing 

Grazing on chalk grassland is typically carried out where possible by livestock, 

belonging to a local grazier. However, this can lead to constraints over the breeds that 

are available. Breeds are known to have different feeding abilities (Tolhurst & Oates 

200 1 )  and have evolved to cope with different grazing preferences. To utilise the poor 

quality vegetation, primitive breeds are considered to be better equipped than 

improved breeds (Crofts & Grayson 1 999). However, in today' s society, local 

graziers tend to stock commercial breeds, as primitive breeds have a comparative lack 

For after-grazing on the manually cleared plots a local grazier who was willing to 

graze these areas was sought and found. This local grazier was already grazing other 

conservation land and was happy to provide sheep grazing for the purpose of this 

of commercial value making them difficult to buy and sell (Crofts & Grayson 1999). 

This can lead to difficulties in obtaining the right breed for the sites resulting in a less 

desirable breed being put onto the site to ensure grazing. 
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forage available. 

trial . However his sheep breeds were mostly commercial and the most hardy of the 

sheep that could be supplied were mules. As there are no known figures for the 

stocking density required for the restoration of the grasslands, it was judged that the 

best way of calculating thi s  was to use the figures given for established calcareous 

grasslands (as given in Crofts et al, 1 994) and then adjust them according to the 

amount of grass available. 

The figures for established calcareous grasslands were calculated using l ivestock 

units (Crofts et al, 1 994) . Livestock units are the method used to measure the forage 

intake of ruminant stock (Cattle, Sheep and Goats) and this  is closely related to their 

l iveweight. A standard l ivestock unit (LU) is equivalent to the energy necessary for 

the maintenance of a mature 550kg Friesian dry cow. All other stock (sheep, goats 

In using livestock units (LUs) to determine the 

stocking density, this allows for the carrying capacity of the grassland to be matched 

against the energy requirements of the livestock used. It is however recognised that 

the calculated stocking density is only an estimate of the number of grazing animals 

required per hectare per year as the figures depend on the amount of grass growth and 

and other breeds of cattle) are measured against this standard unit according to their 

liveweight (Crofts et al, 1 994). 
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Cafculating the estimated stockfug density for the use of sheep (Mufes) 
within the Manual clearance treatment 

The estimated stocking density was calculated as follows : .  

• The recommendations given for sheep grazing on established calcareous 
grasslands is an annuaf stocking rate of 0 .25 LU/ha/yr (Crofts et al, 1 994). 

• The Livestock unit for the Mules is 0 . 1  lLU (this is calculated from dividing the 

weight of the mules (60kg) by the 550kg, the weight given as 1 livestock unit ) 

• To calculate the annual stocking rate for the mules, 0 .25 LU is divided by O . 1 1  LU 
(the LU of one mule) which gives a figure of 2.27 mules/ha/yr. 

• For practical purposes this figure is rounded down to 2 mules/ha/yr 

• To convert this to grazing days per ha, per year this figure is multiplied by 365 
(the number of grazing days per year) giving a figure of 730 

• Therefore to graze mules on the investigative trial areas at the recommended 
stocking rate this equates to 730 grazing days/ha 

• However the replicated trial plots are not 1 ha but 0.4 ha. Therefore Iha divided by 
0-4 = 2.5 

• ?'J0/2.5 gives a figure of 292 

• Therefore 292 grazing days per 0.4 ha is the recommended number of grazing 
days per year. 

• The number of mules avaitable for the trials was 30. These 30 needed to be split 
between the 3 replicates so the number available to each replicate plot was 10. 

• 1 0  mules divided into 292 grazing days equals 292 

Therefore to graze each 0.4 ha replicate plot 
using the Manual clearance treatment at the stocking density of 10 mules. 

An estimated 29 grazing days were proposed per year. 

Thisfigure was then used as a guide and adjusted according to the amount of grass growth 

and vascular plantforage available. This was done byplacing the I O mules onto each oj 

the replicated Manual clearance plots and then removing them either when they had run 

out of forage material or once the grass growth was considered sufficiently short enough to 

support a chalk grassland flora. (as a general gufdeline this is a considered to be a sward 

height of 5-]0cm (Crofts et al, 1994)). 
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The timing of the grazing was designed to al low plants within the grassland to set 

seed and establ ish before being grazed. It was considered that by establ ishing grazing 

as soon as there was enough grass to eat would ensure that the grassland sward height 

was kept short enough to enable chalk grassland plants to colonize and prevent the 

competitive species to achieve dominance. 

In I 997, the first year of grazing, ten young mules, each two toothed, were introduced 

onto the manual ly cleared plots on the 23 rd September and removed from the site on 

the 1 1 th October. The sheep grazed for a period of nineteen days. This was less than 

the estimated 29 grazing days. However, the mules had grazed the grasses sufficiently 

these plots on 27th September and removed on the 3rd November 1 998. However, in 

th is year they were left on the plots for longer (thirty-seven days) as there was more 

grass and an increase in vascular plant species .such as regrowth of traveller's-joy. 

All welfare and husbandry of the sheep was undertaken by the grazier. 

and were running out of food. In 1 998, the ten mules were again introduced onto 

42 



2.3.3.2 Livestock browsing 

Figure 2.3-7 

Goats observed browsing scrub. 

Browsing an imals uch as goats have the potential to tackle the scrub vegetation 

successfu lly (figur 2.3-7). With i n  Bedfordsh ire, on  Smithcomb Hi lls (a separate 

area from the investigat i ve trials) a study was undertaken to determ ine i f  goats had 

the potential to tackle the i nvasive chalk scrub. (Ol iver et al, 200 I )  This study 

1roved that goats d id have the potential but further i nvestigat ion was needed. Goats 

are also being used on a number of other conservation projects to tackle scrub. On 

entnor Downs, in the Is le of Wight, they were be ing used to tackle the invasi ve 

Mediterranean tree, the Holm Oak, (Quercus i!ex), (Tutton 1 994) and i n  Scotland lo 

t:.11:kle Si lver B i rch (Betula pendufa) (Bul lock & Kinnear I 988). 
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However, although tackling scrub, it was unclear if, through their browsing actions, 

goats would have the ability to successfully restore a chalk grassland .back from the 

invaded scrub. To investigate- this, goats were placed onto the Livestock browsing 

treatments and the effects of their browsing examined. Goats are also known to graze 

as well as browse (Oliver 1 995) therefore the term "foraging" has been used to cover 

both the browsing and grazing actions ofthe goats. 

as elder (Sambucus nigra), hazel (Corylus avellana), traveller' s-joy (Clematis 

For the Livestock browsing treatment Saanen/Nubian goats were used due to the fact 

that they were available and known to consume the invasive chalk scrub species such 

vitalba) and hawthorn (Crataegus mo.nogyna,) on Smithcombe Hills (Oliver 1 995). 

To ensure a more even representation of the foraging behaviour a family group of 

goats were used, as it -is considered that that differences in the age and sex of the 

animals would have a different impact (Oliver 1995). A family herd of seven adults 

all of different ages and consisting of three males and four females of which three had 

kids were chosen from the goat . herd available. This group consisted of one mature, 

one yearling and one castrated billy plus one mature, one young and one two-year old 

nan each with one kid and one barren nan, making the total of seven adult goats and 

three kids. The goats used were taken from the original herd of fourteen goats of 

mixed ages and sexes that had been foraging on other areas of Smithcombe in a 

previous study (Oliver et al, 2001). 
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As there were no known recommendations for the stocking density of browsing 

animals for the restoration of the scrub-invaded grasslands, it was considered that the 

stocking density could be estimated by following the recommended stocking density 

given for sheep grazing on established calcareous grasslands as given in Crofts et al, 

1 994 and then to adjust this using livestock units to give the equivalent number of 

goats needed to browse the same areas. This ffgure could then be used as a guide to 

the number of foraging days required and adjusted according to the amount of forage 

available. 
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and vascular plant forage available. 

The stocking density was calculated as followso: .  

Thisfigure was then � as a guide and adjusted {lCcorf),ingto the amount ofgrass growth 

Calculating the stocking density for the use ofgoats 
within the Livestock browsing treatment 

• Recommendations given for sheep grazing (Crofts et al, 1 994) on established 
calcareous grasslands is an annual stocking rate of 0.25 LU/ha/yr 

• The Livestock unit for the goats is 0.07 LU (this is calculated from dividing the 

average weight of the goats ( 40kg) by the 550kg, the weight given as l l ivestock unit ) 

• To calculate the annual stocking rate for the goats , 0 .25 LU is divided by 0.07 LU 
(the LU of one goat) which gives a figure of3 .57 goats/ha/yr. 

• For practical purposes this figure is rounded up to 4 goats/ha/yr 

• To convert this to foraging days per ha, per year this figure is multiplied by 365 
(the number of foraging days per year) givi ng a figure of 1460 

• Therefore to use the goats on the investigative trial areas at the recommended 
stocking rate this equates to 1460 foraging days/ha 

• However the replicated trial plots are not l ha but 0.4 ha. Therefore Iha divided by 
0.4 a: 2.5 

• 1 460/2.5 gives a figure of 584 

•· Therefore 584 foraging days per 0.4 ha is the recommended number of goat days 
for established calcareous grasslands 

• As a family group of seven goats and three kids were chosen for the investigative 
atrils (to ensure an even representation of foraging) the nwnber of foraging days was 

divided by the number of adtilt geats to be used onthe investigative trials giving a iigure of 

83 foraging days per 0.4 ha plot ( 584/7). 

• This figure is calrulated 1:1Sing the adults only as -it was decided that only an 

estimated number of foraging days was required as a guide and this figure adjusted 

according to the amount of availab-le forage. · Tue amount of forage the kids would eat could 

be taken into account at this stage. 

Th.erefore to &Se g<>ats wi�hin each 0.4 ha replicated Livestock brewsing plot 

at the stocking density of sevee a4ult goats and three kids 
eAn estimated &3 foragi11� days wre proposed. per year. 
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A preliminary study investigating the use goats on scrub-invaded grasslands (Oliver 

1 995),  found that goats altered their foraging behaviour depending on the time of 

year. In spring the greatest proportion of their foraging time was spent grazing, in 

summer browsing and in autumn and winter, stripping the bark from trees (Oliver 

1 995). From the results of this preliminary study it was therefore considered that the 

best time of the year for the goats to successfully browse the scrub within the 

investigative trials would be during the summer months June-August. 

With the decision to use a family group of goats (see pg 44) and only one family 

group available not all replicated plots could be stocked at the same time. Therefore 

the goats were required to be rotated around the replicated plots in order that each had 

the same period of stocking. To do this between June and August it was decided to 

stock each for a period of twenty-one days and then review whether the goats needed 

to stay on these replicated plots longer. In reviewing the stocking level at the end of 

August during year one i t  was observed that each of the replicated plots required a 

further seven days stocking after which l ittle additional forage would be available. 

This was undertaken during September and meant that by the end of year one, all 

replicated (0 .4 ha) Livestock browsing plots had been stocked for a period of twenty

eight days with the family group of seven adult and three kids 

To avoid differences between the timing of when the replicates would be stocked, the 

goats were introduced onto one replicate (picked at random from all the replicates to 

be browsed) and then rotated at random (during the first year) between the other plots 
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treated using Livestock browsing. After the first year the goats were rotated between 

the repl icated plots in a structured plan to ensure that the timing of stock being placed 

onto the replicated plots was consistent during the four-year trial period. The 

following table, Table 2.3- 1 ,  gives the details of this. 
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Table 2.3-1 

The rotational stocking schedule for the plots trialed using Livestock browsing 

Dates of when the Number Total Number of The Livestock browsing 
estock were placd onto of foraging days plot numbers* in which the goats were 

each replicated plot. foraging /0.4 ha/yr placed.
days Year-l Year-2 Year-3 Year-4 
per goat 1996 1997 1998 1999 

14m June- 4th July 21 + 196 (28 days x 7 l 5 3 

6th September- 1 2th 7 goats)
September
5m July - 25m July 21 + 196 3 7 I 5 

1 3th September- 1 9th 7 
September
26m July - I sm August 2 1  + 1 96 7 3 5 

26th20th September - 7 
September 

- 5m6th August 2 1  + 196 5 1 7 3 

September
27th September- 3rd 

October 
*figure 2.3-6 illustrates the numbered plots and their location in relation to the experimental design. 

2.3.3.3 Welfare and husbandry of the goats 

A local farmer donated the goats for the trial period. Full responsibility of the herd 

was given initially to the Bedfordshire County Council Ranger who was known 

personally to the goat owner and had previous livestock experience. After the ranger 

retired from the Council full responsibility of the herd was passed to this investigative 

study. Welfare checks were carried out at least every other day. The goats were 

provided with fresh water on a regular basis by placing a tub within the treatment 

areas and filling this with fresh water from containers carried onto the site. The scrub 

within the Livestock browsing plots fonned the required shelter. An annual health 
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check on the herd was carried out by a local vet and between these visits the vet was 

called out if needed. In addition to the daily welfare checks on the herd, contact 

numbers for the county council were placed on site if any visitor to this publ ic site 

found a problem. 

The herd was required for the length of the trial period (four years) but were only 

used to browse the plots trialed using Livestock browsing between June and October. 

For the rest of the year they were placed onto other County Council land. During this 

period the goats were provided with a man-made shelter. The goats were also 

supplementary fed around February/March when their condition started to deteriorate 

after virtually using up all their energy reserves and not being able to replace these 

due to very little vegetation growth. Over the winter period during February /March 

the goats naturally produced kid

2.3.3.4 Livestock Browsing Fencing Requirements 

s out on the open hillside. 

To contain the goats within investigative trial area the site was ring fenced with a 

high tensile stock fencing and the individual treatment plots divided by electric 

fencing. 
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2.3.4 Studying the impacts of the restoration methods and their ability 

to successfully restore the chalk grassland habitat. 

To compare habitat changes occurring as a result of the two restoration methods, 

(Manual clearance and Livestock browsing) the investigative trial measured changes 

occurring within the vascular plants and invertebrate communities. In addition, in 

order to assess the viability of restoration, detailed recording of the costs and 

practicalities of using each method along with examining the soil fertility was 

required . Each of these are fully discussed in separate chapters within the Thesis but 

are summarized below. 

In evaluating scrub clearance methods for the restoration of chalk grassland, changes 

in the vascular plant community were considered essential components to be 

examined. Restoration by clearance of the scrub aims to alter the vascular plant 

communities from those of a scrub community into those of a chalk grassland. 

However, the rate and direction of change may differ according to the restoration 

method used. To monitor if the rate and direction of any changes in the vascular 

plants did occur as a result of the investigative trial the species composition of the 

vascular plants were recorded each year throughout the trial period. At the end of the 

investigative trial these were analysed and comparisons between the restoration 

treatments made. Monitoring changes in vascular plant species also enabled an 

examination to be made of the success or failure of the restoration methods to meet 
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measurable  restoration targets (using vascular plants as indicators). These restoration 

targets were identified from determining what constitutes as chalk grasslands in 

favourable condition. To identify what constitutes as chalk grasslands in favourable 

condition both national and local chalk grassland records were examined. 

In determining the impacts that scrub clearance has on the habitat, the invertebrate 

community was also considered to be essential to monitor. Invertebrates are known to 

be vulnerable to change due to the fact that they are less mobile (Mclean, 1 990) and 

rely on the structural diversity of vascular plants (Duffey, 1 978). By monitoring 

changes to the invertebrate community it is anticipated that this would provide a 

greater understanding of the impact that scrub clearance has on the invertebrate 

community. However although it was anticipated that a greater understanding of 

changes in invertebrates could be gathered, it was recognised that setting restoration 

targets for the invertebrates would be difficult. It was therefore anticipated that based 

on information about the habitat requirements of invertebrate species, changes within 

the invertebrate communities would provide an indication of habitat change from 

scrub to a grassland. It was judged that the invertebrates be monitored in year four of 

the investigative trial in order to take into account any habitat changes and thus give 

a better indication of change. 

As soil fertility is argued to be crucial to the success or failure of restoration (Grubb 

& Key 1975) the nutrient 

soil fertility was undertaken in 1 997 

levels within the investigative trial area were determined. 

Measurements of the in year two of the 
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investigative trial. The objective was to determine whether the soils on the 

investigative trial were too fertile to support chalk grassland species associated with 

nutrient poor soils. By undertaking a one off measurement in 1 997, this allowed the 

correct approach to be established and any potential impacts from initial changes in 

the soil fertil ity after scrub removal within the Manual clearance treatments to also be 

determined. It was considered that thi s  was required as the view was that large scale 

scrub clearance would result in the soils initially becoming exposed to the elements 

such as greater light levels and that this would impact upon the soil fertility (see 

chapter three - Soils) .  In addition to soil fertility measurements monitoring changes 

to the vascular plants and examining whether species associated with high or low 

fertil ity were present also enabled assessments on the impact of soil fertility to be 

made. 

The success or failure of restoration methods to achieve their objectives was also 

j udged to depend on the costs and practicalities of the methods used. It was 

considered that the financial and practical constraints may make the restoration 

method impracticable to use and therefore would have a bearing on the abil ity for 

them to achieve the restoration objectives. To enable managers and landowners to 

make informed decisions about each restoration method used within the investigative 

trial, the financial and practicalities of each treatment were recorded and calculated 

throughout the trial period. 
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Statistical analysis of the findings from the monitoring combined with assessing the 

costing and practical ities and soil fertility of the trials allowed a comprehensive 

understanding of scrub clearance restoration to be attained. 

To undertake an even representation in monitoring on the investigative trials any 

gradient differences in vegetation, invertebrates and soil nutrient levels as a result of 

the slope also needed to be taken into account. To do this to the slope was divided up 

into three equal sections (top, middle and bottom) and monitoring was undertaken in 

each section. A summary of the monitoring and when undertaken is shown below in 

table 2.3-2 .  
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Table 2.3-2 Summary of the monitoring undertaken 

Mon itori ng 

Measuring Soil 
ferti l ity (NPK, 
soi l  moisture, 
pH and organic 
matter ) 
Changes within 

The year monitoring 
was carried out 

Summary of 
Monitoring Timing of 

methods used monitoring 1 996 1 997 1 998 1999 

Standard zig zag 
October Xsampl ing method 

Presence and 
the vascular absence frequency 

Ju ly X X X Xplant quadrats 
communities 

Changes within 
the spider and Month ly 
beetle Pitfal l  traps between May - X 

invertebrate August 
communities 

Al l costs and Throughout as
Costs and 

X X Xpractical ities and when they X
practicalities 

logged occurred 

2.4 Summary 

Two approaches were used to compare the restoration methods and their ability to be 

successful at restoring a chalk grassland habitat. These approaches were: 

• To undertake an investigative trial 

• To define restoration success and the favourable condition of chalk 

grasslands. 
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To compare the two restoration methods (Manual clearance and Livestock browsing) 

the investigative trial was designed to enable the methods to be allocated as 

treatments to different blocks of scrub. With replicates and Non-intervention scrub 

(also allocated as a treatment) this experimental design allowed statistical 

comparisons to be made. Within each treatment (Manual clearance, Livestock 

browsing and Non-intervention) records were made of changes to the vascular plants 

and invertebrate communities. Examination of soil fertility and the costs and 

practicalities of the treatments were also made in order to determine if restoration is 

viable on soils covered in scrub. 

Successful restoration is defined as restoring a habitat back into favourable condition 

(see introduction section 1 .4). Therefore to measure the ability of the two scrub 

clearance methods (Manual clearance and Livestock browsing) to be successful at 

restoring a chalk grassland habitat, the attributes that make up favourable condition 

needed to be identified. Once these and measurable restoration targets were 

identified, changes occurring within the experimental plots could be examined and 

compared against these measurable attributes. Comparisons would provide an 

indication on the success or failure of the restoration methods to reach the measurable 

targets and thus the ability of the methods to be successful at restoring a chalk 

grassland habitat 
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3.0 Soils 

Soil fertility is controlled by three major plant nutrients : nitrogen, phosphorous 

and potassium (Parker 1 995) and is considered critical to examine when 

determining vascular plant species composition ( Green 1 972; Grime et al, 1 98 8 ;  

Janssens et al, 1 998). Plant and animal species are well adapted to low nutrient 

levels and even small amounts of increase in fertility are known to have 

argued to have increased in fertility making restoration on them not viable 

(Stanier 1 973 ; Key 1 979). 

Restoration of chalk grassland has been the subject of much debate. There are four 

schools of thought: 

1 .  Low soil fertility is crucial for the success of restoration (Grubb & Key 

1 975). 

2 .  It is not the fertility that is important, but the viability of seeds within the 

soils (Pons 1 991 ). 

3. The important determinant of successful re-establishment for a chalk 

grassland habitat is the correct environmental conditions (Dutoit & Alard 

significant effects (Anderson 1995). Chalk grassland soils typically have low 

fertility (Rizand et al, 1 989) but soils of those that have succeeded to scrub are 

1 995). 

4. The correct environmental conditions can be influenced by the restoration 

method used or by management practices such as grazing (see introduction 

section 1 .5). 
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There are also three schools of thought regarding the effects of grazing on the soil 

fertility: 

1. Grazing can reduce nutrients by removing a crop from the site (Green 

1 972). Historically, grazing animals were taken off the chalk downland at 

night and "folded" onto the arable land (at the base of the hill) (Green 

1 972). This is believed to have resulted in transferring the nutrients from 

the chalk downlands onto the arable land (Duffey et al, 1 974). It is also 

believed that the grazing animal utilises some of the nutrients for its own 

body energy and growth, and some nutrients are removed from the site 

either as carcasses or as wool (Marrs 1 993 ). 

2. Grazing can increase soil nutrient cycling by stimulating plant production 

rather than reducing fertility (Marrs 1 993) .  Much of the ingested plant 

material is recycled through urine and dung (Duffey et al, 1 974). 

Microbial decomposition in the soils makes available the nutrients present 

leaching and to the atmosphere (Cro fts & Grayson 1 999). 

in urine and dung and the nutrients are then recycled more rapidly for 

uptake by plant root systems (Crofts & Grayson 1 999). This increases the 

amount available through the soil nutrient pools and thus increases the soil 

fertility (Marrs 1 993). 

3. Grazing does not have a net enrichment from urine and long term dunging 

beyond that of localised latrines. The nutrients returned through urine and 

dung, do not all become available for plant uptake due to losses by 
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In addition it is also judged that large scale scrub clearance can result in changes 

to the soil fertility through the exposure of the soils to the elements. When 

initially cleared of scrub and before grass and other species start to colonize these 

soils are exposed to the elements such as increased light and precipitation. As 

such it is judged that these could have an influence on changes within the soil 

fertility. 

With the many debates it is considered that to enable the results of restoration to 

be fully assessed, an understanding of the soil nutrient status within the 

investigative trial study area was required. This information, together with a 

comparison of soil fertility on established chalk grasslands found elsewhere, 

would aid the determination of whether the soils of the investigative trial were too 

fertile to support a chalk grassland habitat. This would also aid determining 

whether soil fertility was a factor influencing restoration success or if the 

restoration method used impacts upon the soil fertility. 

3.1 Aims and Objectives 

The aim was to establish whether the soil fertility does influence restoration 

success and if the restoration methods do have an impact on soil fertility. 
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The objectives weree: 

• To measure the soil fertility within the investigative trial area. 

• To compare the nutrient levels found on the investigative trials to those of 

established chalk grassland and scrub covered sites elsewhere and 

determine whether the soil fertility within the investigative trial is too 

fertile to support chalk grassland species associated with nutrient poor 

soils. 

• To study if there are initial changes in the soil fertility after scrub removal 

within the Manual clearance treatments. 

3.2 Measuring soil fertility 

Nitrogen is recognised as a primary constituent of all living matter (Rayment & 

Higgingson 1 995) and considered to be the soil nutrient that is required in largest 

quantities by plants (Lee & Stewart 1 978). Phosphorous is the second key nutrient 

for plant growth and utilised by the plants for the storage of energy (Miller & 

Donahue 1 990). Potassium is important in the osmotic systems of the plant 

regulating the hydraulic pressure (Wilkins 1 988). 

The bulk of these nutrients are present in the soil organic and mineral pools but 

only a very small amount is available to plants through these pools (Miller & 

Donahue 1 990). The amount of nutrients in these available pools is believed to be 

dependent on the pool sizes and the relative rates of transfer (Marrs 1 985) . In 

analysing soil fertility it is argued that this is extremely difficult to measure by 

chemical analysis alone, environmental factors such as soil moisture, pH and the 
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amount of organic matter also influence the amount of available nutrients within 

the soils (Davy & Taylor 1 974). Nutrient supply is acknowledged to vary with 

the activity of decomposition, organic matter, soil pH and moisture content (Marrs 

1 993), a result of which is that soil nutrient levels can also significantly vary 

according to the seasons (Lee & Stewart 1 978). 

Using these key soil nutrients (Nitrogen, Phosphorous and Potassium) and 

environmental factors ( organic matter, soil moisture and pH) the fertility of the 

soils within the investigative trial area was examined. 

3.2. 1. The collection & storage of soils for examination 

Soils were collected October 1 997 using a standard collection method 

recommended by Rothamsted Experimental Station (Aceves et al, 1 994). This 

procedure comprised of sampling at set points following a zig-zag pattern which 

allows for an adequate representation of the soils to be gained (Aceves et al, 

1 994). Within the investigative trial area sampling was stratified within each 

replicated treatment. Stratifying the sampling into top, middle and bottom sections 

within each treatment allowed for any differences in fertility due to the gradient of 

slope to be taken into account. 
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An example of the repl icate treatment plot showing the sampl ing 

pattern used for measuring the soi l  ferti l i ty 

Figure 3.2. 1-1  

Using the zig-zag pattern in each stratified area (as shown i n  figure 3 .2. 1 - 1 )  two 

lin s (a & b) were walked and soil was taken at five points along these l i nes. This 

oil was taken from the top 1 - 1 0cm of the soi l  horizon. Soil from each of th se 

five points was then bulked tog ther to make one sample. Thus giv ing two 

samples per stratified section. Once collected, the soi ls were kept cool during 
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transportation and stored in a refrigerator at a recommended temperature of 4° C 

(Aceves et al, 1 994) before being prepared for analysis. 

allowing the nutriently important factors to be contained (Allen et al, 1 986). Ten 

grams of sieved soil from each sample was separated and subjected to grinding 

using a soil grinding machine (called a tema barrel). This ground soil enabled 

further homogenisatio� which was critical for analysis that required just one gram 

of soil . 

Potassium 

3.2.2 Measuring the key soil nutrients: Nitrogen, Phosphorous and 

This focused on examining Nitrogen, Phosphorous and Potassium in their 

available forms as the bulk of these nutrients are believed to be present in this 

form within the organic and mineral pools (Miller & Donahue 1 990). Nitrogen 

Preparation of soils was undertaken using standard procedmes (Allen et al, 1 986). 

Initially the roots and stones within the samples were removed and the soils mixed 

and chopped to homogenise the sample. Once completed, samples were weighed 

then thinly spread on tin trays and dried for 24-48 hours at 40°C.  At the end of 

drying the soils were reweighed to give an estimate of the soil moisture content. 

Samples were further prepared by passing them through a 2mm mesh size sieve 

was examined in its available forms of Nitrate and Ammoniurn and also for its 

total Nitrogen concentration within the soils. Total Nitrogen provided a measure 

of the quantity of Nitrogen that could be mineralised under appropriate conditions. 
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reagent" after mixing, for phosphorous - "Phos Ver 4 Powder Pillow") . After 

mixing well by shaking and leaving for one to three minutes ( depending on the 

For extractable Nitrate (N03 - N), Ammonium (Nfii - N) and Phosphorous the 

extraction and analysis techniques followed those of Hatch ( 1 993). For Nitrate 

and Ammonium this involved an aqueous extraction method and for Phosphorous 

this followed the Hatch Bicarbonate extraction method. From the extracts 1ml of 

each was taken and placed in 24mls of deionised water. To this solution Hatch 

chemicals were added (for nitrate - "NitraVer 6 Powder Pillow", for Ammonium 

- five drops of "Ammonia Nitrogen 1 solution" followed by 1ml of "Nesslers 

nutrient) to enable the chemicals to react, the prepared samples of Ammonium 

and Phosphorous were then ready to be measured. For Nitrate, the Cadmium 

within the sample was allowed to settle and then the clear solution decanted off. 

To this decanted solution a further Hatch chemical (a "NitraVer 3 reagent pillow") 

was added. This was mixed and then after a reaction time was also ready to be 

measured. 

The concentration of each nutrient within the prepared samples was measured 

using a Perkin -Elmer spectrophotometer. This departed from the Hatch method 

(Hatch 1 993), which used the Hatch DR 2000 spectrophotometer. The Perkin -

Elmer spectrophotometer was used in preference due to its better performance in 

terms of accuracy and precision. This was identified though accuracy checks 

made using standard solutions. 
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Spectrophotometers work by calculating the amount of absorbance of light 

passing through a solution. This absorbance is related to the number of molecules 

within the solution (Jones et al 1 998). Concentration levels of each nutrient are 

calculated by the amount of absorbance of specific wavelengths of light passing 

through the solution, To calibrate the spectrophotometer for each nutrient, known 

standards were made up to strengths of 1 00, 80, 60, 40, 20, & 0 % of the selected 

nutrients. From measuring the amount of absorbance from these known standards 

a calibration curve could be produced which enabled the amount of absorption 

from the prepared samples to be measured and the level of nutrient concentrations 

to be calculated from the curve. To reset the spectrophotometer to zero before 

each measurement was taken, blanks (prepared samples without the soils) were 

also used. 

For Potassium the extraction and analysis techniques followed 

procedures as given by Allen et al (1 986). To extract the potassium from the soils 

standard 

ten grams of air dried sieved soils was placed in a round bottle along with 250ml 

of ammonium acetate. This was shaken for one hour using an automated shaker 

and then filtered using a number 44 filter paper, rejecting the first few mls of 

filtrate. Once filtered 1ml of extract was placed in 1 0mls of deionised water and 

analysed using a flame photometer with a Potassium filter. To calibrate the flame 

photometer standard solutions were made up using 1 00mg/L of Potassium (K) . 

1ml of solution made up to 1 00ml with deionized water gave a reading of 1 part 

per million (ppm) of K. Standards ranged from 1 to 5 ppm of K. A calibration 
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curve was produced from this and used when measuring the potassium 

concentrations within the prepared samples. 

For Total Nitrogen, this was measured by Rothamsted Experimental Station 

using a Leco combustion analyser. Samples are weighed into ceramic bowls and 

then loaded in the Leco combustion analyser and then combusted in a pure 

oxygen environment of the furnace. After passing through a thermo-electric 

cooler to drop out H20, combustion gasses are collected in a 4.5 litre volume 

ballast and a 1 0cc aliquot is taken. The gasses are scrubbed and the nitrogen is 

reduced to N. Nitrogen is then detected by a thermal-conductivity cell (A. 

Crossland pers. comm.). 

3.2.3 Measuring the key soil environmental factors: Organic Matter, 

Soil moisture & pH 

These were all measured using standard techniques as given in Allen et al, ( 1 986). 

The amount of organic matter within the soils was measured using the loss on 

ignition method and although recognized as a crude method for determining 

Organic matter (Allen et al, 1 986) it was chosen for ease of comparison to other 

calcareous soils as most had also been determined using this method. 

To measure the organic mater, one gram of dried soil was placed into a dried 

ignited porcelain crucible and weighed. The crucible was then placed within a 

muffle furnace at sso0
c for two hours whereupon the crucible was taken out and 
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left to cool in a desiccator. Once cool the crucible was weighed again and the 

organic carbon detennined as follows: 

The percentage of 
organic carbon 

Oven dry weight (in grams). x 1 00 

Weight loss (in grams) 

The Soil moisture content was determined by measuring the fresh soil weight 

before the soils were dried and after drying this was then re-measured. The soil 

moisture content was calculated as follows : 

Using the standard methodology by Allen et al, (1 986) the pH was examined with 

fresh soils taken from the collected samples before air-drying with a water to fresh 

soil ratio of 2: 1 .  The fresh soil was mixed within the water and then left to settle 

for twenty minutes before measuring the pH. This was measured using a 

conventional pH meter standardised with buffers of both extreme pH levels. 

3.2.4. Validation 

The percentage 
soil moisture 
loss 

= 
Loss in weight on drying 

X 1 00 

Initial sample weight. 

To verify the accuracy of the identified concentrations of soil nutrient and 

enivironmental factors (Nitrogen, Phosphorous and Potassium plus organic matter, 

pH and soil moisture) a proportion of the collected soils were sent to Rothamsted 

Experimental station to be analysed using their techniques. 
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3.2. 5 Statistical analysis 

To examine and compare the soil fertility findings, Analysis of variance 

(ANOVA) tests were undertaken. Normality of the data was checked prior to 

Anova by testing the homogeneity of variance using the Fma'< test 

Cohen 1 992) .  Where necessary the variance was then stabilised by transformation 

of the data. This was undertaken using standard transformation methods applied 

according to the nature of the variance (Fowler & Cohen 1992) . 

3.2.6 In summary 

Soil samples were collected in October 1 997 using a standard zig zag sampling 

method and then prepared for analysis. The following table 3 .2. 1 summarizes the 

methods of analysis 

Results were 

then compared to soil fertility on established chalk grassland and scrub sites found 

undertaken. To determine the validity of findings validation 

tests were also undertaken by Rothamsted experimental station. 

elsewhere. Comparisons of the soil fertility between the restoration treatments 

were undertaken using Analysis of Variance (ANOVA) tests. 
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Table 3.2.1 Summary of the soil analysis methods used 

(P) 

(K) 

pH 

Loss on ignition 

Measuring Extraction 
Methods of AnalysisSoil ferti l ity methods 

NPK 

N itrogen (Total) Leco combustion analyser 

Extractable N itrate Hatch aqueous Perkin-elmer 
(N03 -N) extraction method spectrophotometer 

Extractable Ammonium Hatch aqueous Perkin-elmer 
(NH4 - N) extraction method spectrophotometer 

Extractable Phosphorous Hatch bicarbonate Perkin-elmer 

Extractable Potassium 

extraction method spectrophotometer 

Standard procedu re 
fol lowing Allen et al Flame photometer 

( 1  986) 

Environmental factors 

Measuring the percentage 
Soil moisture of soi l moisture loss 

Conventional pH meter 
standardized with buffers 

Organic matter 
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3. 4.Results 

3.4.1 Comparison of the nutrient levels within the investigative trial 

study area to those of established chalk grassland and scrub covered 

soils elsewhere 

The concentration of Nitrogen (total N, Extractable Nitrate (N03 -N), Extractable 

ammonium NI-4-N), extractable Phosphorous (P) and Potassium (K) found on 

established chalk grassland sites elsewhere were identified from other scientific 

papers (Ward & Jennings 1 990; Rizand et al 1989; Key 1 979; Duffey et al, 1 974). 

These were then compared to the levels found within the soils of Smithcombe 

Hills investigative trial area (figures 3 .4- 1 - 3.4-3). 
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I __ 

The concentration of Nitrogen (mean and ranges) 
within the soils of the investigative trial in 1 997 

compared with chalk grassland and scrub soils elsewhere 

No,1-1ntervention 
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Figure 3.4-1 

legend: oncentrations within the invest igative trial (given in beige). within chalk 
grassland soils elsewhere (in blue) and scruh soils elsewhere (haLched green) Bars 
= tho w,nv i rn 1 1 n1 rrYJrl »1 i n i ,,.,,  1 1 J'IIJ r,.,nn-o A1 ,0n n 1 • 0 -v, t,,.o l i.n n irl.o vr l i f;o l'-l 
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The concentration of Phosphorous and Potassium (mean and ranges) 
within the soils of the investigative trial in 1 997 

compared with chalk grassland and scrub soi ls elsewhere 

Extractable Phosphorous (P)
1 5  

CD 3 
0 

\"" 25 

E 2 

1 5  
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45 

_ Ex!racJable Potas�ium (K) 
40 

N<JO.f11ervenllon Livestock browsing Manual clearance Duffey et al 197 4 Key 1979 Ward and Jemings Key 1979 
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Figure 3.4-2 

Legend: Concentrations within the investigative trial (given in beige), within chalk 
grassland soils elsewhere (in blue) and scrub soils elsewhere (hatched green) Bars 
= the maximum and minimum range of concentrations ide11tffied. 
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l'he pH and concentration of organic matter and soil moisture (mean and ranges) 
within the soils of the investigative trial in J 997 

compared with chalk grassland and scrub soils elsewhere 
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Figure 3.4-3 

Legend: pH and concentrations of soil moisture und organic maller within the 
i11Vesligative trial (given in beige), within chalk gras::,fand sails elsewhere (in 
blue) and scrub so;/s elsewhere (hatched green) Bars = the maximum and 
minimum range of concentrations identified. 
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Concentrations of extractable Phosphorous (P) and extractable Ammonium (Nl-Li

N), within the investigative trials were found to be within the ranges of those 

given on established chalk grassland soils elsewhere (figure 3 .4- 1 and 3 .4-2). 

However concentrations of extractable Nitrate (NO3 -N) and 

Potassium (K) were both above the ranges found on chalk grassland soils 

elsewhere. Although for extractable Nitrate (NO3 -N) this was only 0.2 mg/1 0Og 

higher (figure 3 .4- 1 ), with the highest amount within the Manual clearance 

treatments identified as 1 .4 mg/l 00g and the highest amount on chalk grassland 

soils as 1 .2 mg /1 0Og (Rizand et al, 1 989). Concentrations of Total N within the 

soils of the investigative trial were also found to be within the range of established 

chalk grassland soils given by Duffey et al, (1 974). However these were lower by 

39% than the range given by Ward & Jennings ( 1 990) . Statistical tests to 

establish if there were significant differences between the levels found within the 

investigative trial soils and those of the established chalk grassland soils could not 

be calculated due to the different sampling numbers . 

extractable 

In comparing the soil environmental parameters, the results showed that the pH 

values were within the range found on other grassland and scrub soils. Soil 

moisture within the soils of the Non-intervention treatments was also found to be 

within the range of established chalk grassland and scrub soils. However soil 

moisture within the soils of the Livestock browsing and Manual clearance 

treatments was found to be higher. Organic matter concentration showed a 

different pattern with the soils of the Non-intervention treatments being higher 

than that found on other soils. The soils of the Livestock browsing and Manual 
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any differences in nutrient concentrations and soil 

environmental factors between the investigative trial treatments enabled the 

3.4.2 Comparisons of soil nutrient levels and environmental factors 

between each treatment of the investigative trial to determine if there 

clearance treatments were identified as within the range found on establish chalk 

grassland soils. 

are any differences. 

Determining if there are 

effects of the restoration methods to be examined. By measuring soil fertility in 

the second year of the investigative trial it was considered that any initial changes 

in the soil fertility would be identified . In particular it was judged that changes in 

soil fertility may occur within the Manual clearance treatments as a result in the 

soils initially becoming exposed to the elements such as greater light levels. If 

differences 

in vascular plant species between the treatments could be judged to be as a result 

of the restoration method used and not due to soil fertility. 

within the soil fertility were found between the treatments it was 

considered that these in turn could impact upon the vascular plant species 

composition. However if no differences in soil fertility were shown then changes 

was also examined. This enabled the effects of nutrient "run-o:fr' to be 

Whether slope had an impact on the nutrient concentrations within the treatments 
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With the null hypothesis ''there is no significant difference between the levels of 

nutrient concentrations and environmental factors within the soils of restoration 

treatments" Two way with replication Analysis of variance (ANOVA) tests were 

undertaken on Log transformed data. Two way with replication ANOV A tests 

were chosen to compare the sampling stratum and the restoration treatments. 

These revealed that there was no significance difference in concentrations of 

Nitrogen (total N, extractable Nitrate (NO3-N) and extractable ammonium (NRi

N) ), extractable Phosphorous (P) and extractable Potassium (K) between the 

investigative trial treatments (with P > 0.05 in all of the nutrients examined). 

However, when examining any differences in the soil environmental factors, the 

amount of organic matter within the soils was found to be marginally significantly 

different (P = 0.04) between the treatments. Soil moisture content and pH showed 

no differences (P > 0.05 for both). 

To examine further the differences in organic matter between the treatments, a 

Tukey test was undertaken. This revealed that there was a significant difference 

between the concentration of organic matter within the soils of the Non

intervention treatments and the soils of the Livestock browsing treatments. It was 

identified that the amount of organic matter within the soils of the Non

intervention scrub treatments was 1 . 8 times higher than that found within the soils 

of the Livestock browsing treatments. 

76 



In testing the concentration of nutrient within the stratum of each treatment area, 

\'-iOVA revealed that extractable  N i trogen (both Ammoni um and N i trate) and 

• ·Lr· ctabl e  Phosphorous showed no significant difference in thei r  nutrient content 

tP·0.05 for al l invest igativ trial t reatments). However, extractable Potassium did 

how th re was a signi ficant di fference (P = 0.02 for al l inve tigative trial 

1�atments). The impact of the lope on the soi l organic matter, pH and soi l 

moisture was also tested and reveal d that there were no sign i ficant  d ifferences (P 

· 0.05). 

The concentration (mean and ranges) of Potassium 

within each stratum of the investigative trials 

10 

0 I 

Top Middle 

D Non-intervention Livestock browsing □Manual clearance 

Bars = the maximum and minimum range of 
concentrations i dentified 

Figure 3.4-4 

In studying the d ifferences i n  extractable potassium concentrat ions further, the 

highe t concentration was identified as occurring within the bottom tratum of the 

, on-intervention treatments with a mean of 29.4 1 mg / l 00g (Figure 3 .4-4). A 

I ukey test reveal d lh t this and the concentration of  potassium within the top 
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lower. d within the middleWhen comparing the potassium concentration foun 

stratum of the Non-intervention treatments, this also showed a significant 

and Manual clearance treatments. These were found to be on average 1 .7 times 

Significant differences were also identified between the concentrations within the 

bottom stratum of the Manual clearance treatments (26.64mg/I 00g) and the top 

stratum (at 27.48 rng/lO0g) were both significantly different from the 

concentrations found within the top and middle strata of the Livestock browsing 

difference.  This with a mean of 1 9.49 mg/l 0Og was lower than the amounts 

occurring in the top and bottom strata. 

and middle stratum of the Livestock browsing and Manual clearance treatments. 

3.5 Discussion 

3. 5. 1  Comparison of the nutrient levels within the investigative trial 

study area to those of established chalk grassland and scrub covered 

soils elsewhere 

Of the three key nutrients nitrogen, phosphorous and potassium (NPK), potassium 

was found with higher concentrations than those reported on other chalk grassland 

sites. The implications of higher concentrations of potassium within soils, is 

reduced species diversity. It has been demonstrated that when the potassium 

content is over 30mg/1 00g of dry soil, the number of vascular plant species 

decreases (Janssens et al, 1 998). The maximum number of species occurs when 

the concentration of extractable potassium. is between 1 5-20 mg/1 0Og (Janssens et 
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al, 1 998). Within the investigative trial area the soils of the two restoration 

treatments both fall within this range, with a mean of 1 8 .24 mg/1 O0g for the 

Livestock browsing treatment and 1 9.99 mg/l O0g within the Manual clearance 

treatment. Only the Non-intervention treatments had higher concentrations with a 

mean of 25 .46 mg/1 00g. This however is still less 30mg/1 00g identified as the 

potassium 

to support a species rich chalk grassland habitat. 

level beyond which species decrease. Comparisons of the levels of 

NPK within the soils of the investigative trials thus indicate that they are suitable 

Of the key environmental factors the amount of organic matter within the Non

intervention treatments was higher than the ranges of other chalk grassland and 

scrub covered soils elsewhere. But the amount within the two restoration 

treatments was within the range found on other chalk grassland soils elsewhere. 

These treatment plots however did show a higher amount of soil moisture. 

A higher amount of organic matter within the soils of the Non-intervention 

treatments was expected. Tbis was due to the occurrence of scrub within the Non

intervention treatment (see section 2 .3 .2) and the knowledge that the occurrence 

of scrub increases the concentration of organic matter due to the accumulation of 

leaf litter (Hopkins 1 996). 

A higher amount of soil moisture occurring within the two restoration treatmems 

was tmexpected. It was anticipated that the highest level of soil moisture would 

occur within the soils of the Non-intervention treatment and the clearance of the 
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between each treatment area of the investigative trial study area to 

determine if there are any differences. 

scrub within the restoration treatments would result in less organic matter within 

the soils resulting in less moisture within the soils. This was expected, as high 

levels of organic matter within the soils are known to lead to a higher moisture 

content of the soils (Hodgkin 1 984). 

The relationship between vascular plant species diversity and soil characteristics 

such as organic matter and pH is complex. Soil characteristics are known to be 

major factors in influencing the availability of NPK (Janssens et al, 1 998). For 

example: increases of organic matter and soil moisture lead to a higher rate of 

nitrogen mineralization and thus a higher amount of mineralized nitrogen 

available through the soils (Vinten & Smith 1 993). In the case of the soils within 

the investigative trial treatments, this did not happen as the levels of nitrogen were 

within the ranges found 

moisture 

on chalk grassland soils elsewhere. This suggests that the 

higher levels of soils and organic matter within the soils of the 

investigative trials would not have a significant influence on vascular plant 

species diversity. 

3.5.2 Comparisons of soil nutrient levels and environmental factors 

In determining if there are any differences in nutrient concentrations and soil 

environmental factors between the investigative trial treatments, it was found that 

the amount of organic matter occurring within the Non-intervention treatments 
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was significantly higher than the amount occurring within the Livestock browsing 

treatment. All other nutrients (NPK) and environmental factors (pH and soil 

moisture) showed no significant differences between the treatments. However, 

when examining differences relating to slope, ANOVA tests revealed that there 

were significant differences in the amount of potassium occurring between the 

strata. 

The mean percentage of organic matter within the Non-intervention treatments 

was 36.30 % dry weight. This was 1 . 8  times higher than the amount found within 

the Livestock browsing treatment (mean percentage organic 

matter 

matteri= 1 9 .85%). 

However, it was found that the amount of organic within the two 

restoration treatments 

after 

in October 1 997 (when the soil sampling took place), was 

within the ranges found on other chalk grassland elsewhere (Figure 3.4-3). This 

suggests that two years of the experimental trial the two restoration 

treatments have already started to have an impact on reducing the amount of 

organic matter within soils. In particular the amount within the soils of the 

Livestock browsing treatments had shown it had significantly been reduced. This 

reduction was partially due to the removal of scrub material, which prevented the 

build up of leaf litter and so organic matter. The two restoration treatments 

involved removal of some scrub material. Within the Livestock browsing 

Whitehead 1 972; Tutton 1994 ). This ability of the goats to browse is facilitated 

by their mobile upper lip which enables them to select tree leaves and twigs 

8 1  

treatments this involved the use of goats as the browsing livestock. Goats are 

known to consume scrub material and in particular leaves (Oliver et al, 200 1 ;  



(Campbell 1 962). They also have agility and by having two 

It is therefore 

hooves that can be 

separated and then pressed strongly together to provide a grip on the smallest of 

projections, goats can climb to reach leaves, twigs and bark of woody plant 

species that are out of range of other small ruminant species (Whitehead 1972) . 

Visual evidence during the trials also revealed that the goats foraged on the field 

layer vegetation such as nettle as well as on the scrub material. 

considered that this consumption reduced the amount of leaf litter falling to the 

ground and thus reduced the amount of organic matter within the soils. The return 

within the Livestock browsing treatments (with the exception of potassium) were 

found to be within the ranges of other chalk grassland sites elsewhere it was 

of organic matter ( or any of the other nutrients) through the goats dung and urine 

was also taken into account. However, as the nutrients and environmental factors 

judged that the goats urine and dung did not increase the overall soil fertility of 

these treatment areas and therefore did not have a significant impact on the 

amount of organic matter returning to these soils. 

Although not showing a significant difference in organic matter, the Manual 

clearance treatments also showed a reduction. Restoration through manual 

clearance involved cutting the scrub material and burning it on fire sites. As 

fertility was within the ranges of chalk grassland sites elsewhere (with the 

exception of potassium) any nutrient build -up on the fire sites were judged to be 

localised. As such this was considered not to have affected the overall fertility of 

these treatment areas. Clearing the scrub from these treatment areas however was 

considered to have affected the levels of organic matter within the soils. It is 
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nutrient run -off. The effects of nutrient run-off were also anticipated for all other 

judged that by clearing the scrub a further build up of leaf litter was prevented and 

thus the build up of organic matter in the soil was inhibited. 

Significant differences in the amount of potassium occurring within the stratum of 

each treatment area were also identified. However, although showing differences 

in concentrations between the strata, the highest mean concentrations were still 

within the ranges identified as suitable for species diversity. Vascular plant 

species numbers are known to decrease once the concentration of potassium is 

over 30mg/1 00g (Janssens et al, 1 998). The mean concentrations of potassium 

within the investigative trials fell below this. 

Examination of the potassium concentration within each stratum also revealed that 

that the restoration methods did have an impact. Figure 3 .4-4 shows that 

concentrations of potassium were lower in the two restoration treatments than the 

amount occurring within 

the 

the Non-intervention treatments. Differences in the 

concentrations between strata revealed that the highest concentrations 

occurred across the bottom stratum. The exception to this was the top stratum of 

the Non-intervention treatments. The higher amounts of potassium within the 

bottom stratum were expected as it was anticipated that the slope would cause 

nutrients but this did not occur. It is considered that although expected, the 

nutrient run-off may not be the cause of high potassium levels at the base of the 

slope. If run-off was the cause, then it was considered that the amount of 

potassium within the soils of the top strahlm should have contained the lowest 
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amount of potassium. Examination of the soils revealed that this was not the case. 

Potassium concentrations were revealed to be lowest within the middle stratum. 

This suggests that there are other reasons for the variation in potassium 

concentrations across the slope. 

One such reason could have been the close proximity to arable land at the top and 

base of the slope (figure 2.3--6). Fertilizer was applied to these fields and this 

could have potentially drifted. However, as the levels of nitrogen and phosphate 

showed no differences due to strata it is unlikely to have been the case. A further 

possible factor is that across the middle of the slope chalkstone is close to the 

surlace.  This was identified through the baseline study, which discovered a line of 

trees that had all fallen over running across the centre of the slope. The resulting 

hole from the root ball revealed the 

unlikely to 

chalkstone close to the surface. However, it 

was considered that this was be a key factor as the amount of 

potassium within the soils of the top stratum was not significantly different to the 

amount within the middle stratum. 

For the purpose of this thesis it was judged that these differences in potassium 

concentrations between the strata did not require further investigation. The aim 

was to establish whether the soils of the investigative trials were too fertile to 

support a species diverse chalk grassland and whether the restoration methods 

trialed influenced fertility. The mean concentration of potassium within each 

stratum was identified as under 30mg/100g (Janssens et al 1 998) which is th� 

amount above which the diversity of vascular plant species diversity starts to 
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In looking at whether the restoration methods influence the 

lower 

investigative trials are not too high to support a species rich vascular plant 

even though there were significant differences between the strata. This suggests 

within the Livestock browsingmatter was 

matter. 

decrease. This suggests that the potassium concentrations within the soils of the 

community. 

concentrations of potassium, it was found that there was no significant difference 

in potassium concentrations within the soils between the restoration treatments 

that it was not the restoration methods that influenced potassium concentrations 

but some other factor. To investigate this factor further would have required 

additional work that was considered to be outside the scope of this thesis. 

3. 6 In summary 

Comparisons of environmental factors and the amount ofNPK within the soils of 

the investigative trials to chalk grassland soils elsewhere revealed that the soil 

fertility is low enough to support a species rich chalk grassland habitat. 

Comparisons of soil fertility between the investigative trial treatments revealed 

that · there were no differences except for the amount of potassium and organic 

matter. The amount of potassium varied according to strata but no significant 

differences were found between the restoration treatments. The amount of organic 

significantly treatments 

suggesting that Livestock browsing did have an impact on the amount of organic 
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Overall it was concluded that with the exception of organic matter, the soil 

fertility between investigative trial treatments was similar and therefore any 

changes to the vascular plants communities would be due to factors other than 

soil fertility. 
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4 Vascular plants 

4.1 Introduction 

Restoration by clearance of the scrub aims to alter the vascular plant community 

from that of a scrub community into that of a chalk grassland. However, the rate 

and direction of change and restoration success is argued to be dependant on 

many factors such as the level of disturbance a plant receives (Chapter one, 

Section 1 .5). It is therefore considered essential that when comparing scrub 

clearance restoration methods, changes to the vascular plant community are 

examined. 

In examining changes within the plant communities of the investigative trial it is 

anticipated that these changes will : 

• Enable a comparison of the two methods to be made and the 

hypothesis tested which states that the two restoration methods 

will differ in their ability to successfully restore a chalk grassland 

habitat. 

• 

• Enable an assessment of whether factors · such as soil fertility 

influence the changes in vascular plant communities and whether 

these affect success. 

Enable chalk grasslands in favourable condition to be more fully 

defined and measurable restoration targets identified which would 

then enable the success of restoration to be assessed. 
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gradual process of change would occur as a result of the Livestock 

browsing treatment and that this would cause fewer disturbances. It was 

In considering what anticipated changes may occur, it is hypothesised that the two 

scrub clearance methods will have differing influences on the vascular plants and 

on their ability to successfully restore a chalk grassland habitat. It is judged that 

as a result of the different approaches to scrub clearance, changes in the vascular 

plant species richness and composition will occur over time (see introduction 

section 1 .5). These anticipated changes are summarized below. 

1. Toe amount of disturbance and stress that a plant receives is known to 

affect vascular plants (see section 1 .5). It is considered that due to their 

different approaches in scrub clearance these restoration methods will 

produce different amounts of disturbance resulting in changes occurring 

within the vascular plant communities. Using the Manual clearance 

treatment it is considered that disturbance of the soils will occur due to the 

cutting of the scrub. 

cut material to fire sites and by exposing the soils to an influx of light 

( from clearance of the scrub) and chemicals ( from treating stumps). As a 

result, it is believed that an initial flush of species associated with 

This would occur through the action of dragging the 

. 

disturbance would occur in the first year after cutting. However, 

providing these were controlled and did not become dominant within the 

community, species associated with grasslands would begin to establish 

after this initial flush. On the other hand, it was considered that a more 
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thought that the livestock would browse on the scrub creating gaps that 

would enable the light to reach the ground. With fewer disturbances and 

more light, species associated with grasslands would be able to establish 

without being in competition with species associated with disturbance. 

2. Vascular plants associated with high fertility would also be influenced by 

the restoration method used and by the subsequent management of these 

areas after restoration. It was considered that whilst some plants lil<lng 

high fertility may occur as a result of the invaded scrub it would be how 

well these were controlled that would affect the ability for species 

preferring low fertility to colonize. It was thought that species associated 

with high fertility would initially still be present within the Livestock 

and thusbrowsing treatments but that livestock would browse these 

weaken their ability to survive. 

towards that of a species rich chalk grassland community. It is considered 

that the species composition within the Livestock browsing treatments will 

be similar to that of the Non-intervention treatments in the first year and 

after this will move towards a species rich grassland community. Species 

richness would increase quicker than within the 

3. In the short time period of the investigative trials the vascular plant 

community will not be fully restored into a species rich chalk grassland 

community. However, both the Manual clearance and Livestock browsing 

treatments would be moving away from a community of scrub species 

Manual clearance 
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treatments as there will be fewer opportunities for ruderal or competitor 

plants to take over due to the fact that the livestock would forage on these. 

In addition to examining the vascular plant changes this chapter also aims to 

ascertain the attributes that make up a favourable condition of a locally occurring 

chalk grassland. Once ascertained the ability of the two scrub clearance methods 

to be successful at restoring a chalk grassland into favourable condition could be 

examined. 

1.  To record over time changes to the vascular plants within the treatments 

being trialed. 

2. To examine vascular plant changes and compare the differences between 

the treatments. 

4.2 Methods 

To examine changes to the plant communities occurring as a result of the 

restoration treatments and evaluate the ability of the two methods of scrub 

clearance (Manual clearance and Livestock browsing) to be successful at 

restoring a chalk grassland habitat, the following approaches were applied: 

3. To examine if these changes show that the two restoration methods have 

the ability to be successful at restoring a chalk grassland habitat. This 

will be undertaken by: 
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Identifying the vascular plants that make up the local 

distinctiveness and national attributes of a chalk grasslan d in 

favourable condition 

b. Setting restoration targets to enable restoration success to be 

A baseline survey was initially undertaken to determine whether Smithcombe 

Hills was a suitable area to use for the investigative trials and to identify any 

a. 

measured. 

c. Examining whether the changes to the vascular plants 

demonstrate that restoration has achieved its objectives. 

4.2.1 Recording over time any changes to the vascular plants within 

the treatments under trial. 

4.2.1 .1  Undertaking a Baseline survey 

patterns occurring within the vascular plants that could have influenced the 

experimental design . 

The survey was undertaken in February 1996. It was recognised that this was not 

the an ideal time to undertake the baseline survey in February, however it was as a 

consequence of the research phase and the need to get the scrub manually cleared 

without delay. October to March is usually the period in which scrub can be cut 

without effecting potentially nesting birds (M. Beauchamp, pers .comm.) If the 

clearance of the scrub did not take place before March then a complete year of the 
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research would have subsequently been lost, as neither restoration method would 

have been able to be trialed before the following year to fit in with this October to 

March \Vindow. 

The baseline survey was achieved by temporarily dividing (using blue string) the 

proposed investigative trial study area into ten metre square blocks across and 

down the scarp. This was deemed to be the most appropriate size to use for the 

purpose of surveying the field and ground layers of the scrub (Rodwell 1 991) .  

Throughout these blocks the presence of the vascular plants occurring within the 

produced detailing where changes in dominant scrub species occurred within each 

treatment plot. across the scarp . As the scrub within the Manual clearance 

treatments was cleared as part of the investigative trials the sketch maps for the 

three replicated Manual clearance treatment plots are shown within the appendix 

(figure A3). 

4.2.1 .2 Recording changes in species 

measuring 25 cm squared were randomly placed within each of the three stratified 

sections of the slope. Species present within the treatment areas but not recorded 

field and ground layers were recorded. Photographs of the scrub were also taken 

and are given in the appendix (figures Al & A2). In addition sketch maps were 

Within each treatment changes in the vascular plants were recorded using a 

stratified random sampling approach. By recording the presence or absence of 

species annually between 1 996 and 1999 (the investigative trial period) the 

changes in vascular plants were monitored. In July each year fifty quadrats 
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season were documented by regularly walking across the treatment areas 

within the quadrats were also noted and species occurring outside of the July 

throughout the rest of the year Monitoring of the vascular plants in 1 998 was 

not completed and therefore has not been included in the results

Recording the presence or absence of species occurring within the quadrats was 

deemed to be the most appropriate method suitable for monitoring the vascular 

plants within the investigative trial treatment areas. Recording presence and 

absence is considered to give a more accurate and precise measure of the vascular 

plant species composition as opposed to the subjectivity of abundance cover 

measures and therefore presence and absence frequency data is able to provide 

quantitative and not qualitative data to analyse (Kent & Coker 1 994). 

The use of 25cm square quadrats was chosen to enable a more comprehensive 

survey to be undertaken. Many smaller quadrats rather than a few larger ones are 

considered to cover a wider range of the habitat and thus provide a more 

representative depiction of the vascular plants and any patterns occurring within 

the treatments (Jones et al 1 998). The number of quadrats needed to produce an 

even representation of the vascular plants was calculated using a standard formula 

of plotting the cumulative means. This is shown below in figure 4.2- 1 
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Identifying the number of quadrats required to monitor 

the vascular plant species within the compartments of the investigative trials 
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Figure 4.2 - 1 

In addition to the quadrats, visual monitoring took place. I t  was considered thal 

the use of photographs could provide a visual description of the changes occurring 

,�ithin the treatment areas during the investigative trial period. It was th ught that 

phot graphs would present a clear view of the treatment areas and therefore wi I I  

be able to visibly show if there ar noteworthy changes occurring within th 

canopy of the scrub or the sward structure. 

capture the canopy and the sward structure it was proposed that photographs 

be taken throughout the trial period and that these would be a mix of close ups and 

photographs taken further away showing the ful J  extent of  the slope and the scrub 

canopy. 
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4.2.2 Examining vascular plants changes and comparing 

differences between the treatments. 

the 

To enable an understanding of changes within the vascular plant species and 

compare the differences between the treatments, an examination of the findings 

from the vascular plant monitoring was undertaken. To provide a clearer view 

and greater opportunities in which to identify any patterns, these findings were 

examined using four different approaches. These were : 

• Percentage frequency 

• Dominance Diversity Curves 

• Decorana 

• Analysis of variance (ANOV A) 

4.2.2.1 Percentage frequencies 

In terms of vascular plants, frequency is defined as how 

to identify the species 

often a plant is found on 

moving from one sample to another irrespective of how much of that species is 

present in the sample (Rodwell 1 992) . .. Therefore 

composition within. the treatment areas and examine changes that may occur 

throughout the investigative trial period, :frequency charts were used. 

frequency charts were also used to compare the differences in species composition 

between the non-intervention and restoration treatments. 

The 
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4.2.2.2 Dominance diversity curves 

Dominance diversity curves enabled the frequency of the species composition to 

plotted which provides a visual and thus clearer view of the species most 

dominant within each treatment. Comparisons of these species recorded within the 

Non-intervention and restoration treatments could then be made. Dominance 

diversity curves also enabled changes in dominance within each treatment over 

be further analysed by sorting the species frequencies into a higher-archival order. 

In sorting those recorded with the highest frequency at the top, a chart is then 

time to be clearly identified allowing these to be compared and examined further. 

4.2.2.3 Decorana 

Decorana (Detrended Correspondence Analysis) is a multivariate 

technique, which provides both sample and species ordinations (Malloch 1997). 

It can also analyse quad.rat frequency counts into species groups (Barr 1 997). For 

the purpose of analysing the data from the investigative trials it was considered 

that species ordinations would enable any groupings or patterns occurring to be 

ordination 

identified. Using the computer software package "Vespan" (Malloch 1 997) the 

statistical test Decorana, was applied to examine the vascular plant data of the 

investigative trials. Using the data gathered from the vascular plant monitoring, 

the frequency of each species occurring within each stratified treatment area was 

converted to Domin scores (table 4.2 - 2) This conversion was achieved by 

determining the number of quadrats each individual species was found within and 

dividing this with the number of quadrats used within the stratum (which was 

fifty). This produced a percentage frequency that could then be given a Domin 
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score. The treatments and strata were then coded and the species occurring within 

these were inputted into Decorana along with their relevant Domin scores. When 

the vascular plant data from all treatments and strata were entered the statistical 

analysis part of Decorana was run. 

Decorana placed treatments or stratum with similar species composition close to 

each other and those with dissimilar species composition further apart. In doing 

so Decorana was able to illustrate if either the restoration method used or stratum 

were influencing the species composition or if there were other possible 

underlying factors. 

Domin scale as given in Rodwell 1992 

Percentage cover Domin scale 
91 - 100% 10  
76-90% 9 
5 1 -75% 8 
34-50% 7 
26-33% 6 
1 1 -25% 5 

4- 10% 4 

With many individuals 3 
<4 With several individuals 2 

With few individuals 1 

Figure 4.2-2 

determine if vascular plant communities within the restoration treatments were 

significantly different. To ensure that the data could meet the assumptions needed 

4.2.2.4 Analysis of Variance (ANOVA) 

Analysis of variance (ANOV A) enabled a statistical test to be undertaken to 
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to undertake ANOVA tests, the investigative trial experimental design was set up 

with this in mind. Both one-way and two-way ANOV A tests were selected 

These results are discussedaccording to the analysis that the findings required. 

within the vascular plant results section 4.3 . 

changes show that the two restoration4.2.3 Examining if the 

methods have the ability to be successful at restoring a 

grassland 

chalk 

4.2.3.1 Identifying the vascular plants that make up the local distinctiveness 

and national attributes of a chalk grassland in favourable condition. 

To identify the vascular plant attributes that make up a chalk grassland in 

local examples of chalk grasslands. By examining local examples of chalk 

grassland the local distinctiveness and characteristics relating to factors such as 

climate, geology and soils, could also be taken into account alongside the national 

standards. To define the local distinctiveness -even further it was considered that 

past records of the chalk grassland species kno'Wil to occur on Smithcombe Hills 

favourable condition it was considered necessary to examine kno'Wil national and 

before it became invaded by scrub should also be examined. In addition English 

Nature's developing procedures for monitoring the condition of SSSI grasslands 

(Robertson & Jefferson 2000) were also reviewed. 
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4.2.3.2 Setting recovery targets to enable restoration success to be evaluated. 

For each identified attribute the minimum and maximum levels of variance were 

reviewed and from these the limits of acceptable change between favourable and 

unfavourable condition could be determined. By determining upper or lower 

limits of acceptable change for each attribute, changes within them could be 

measured. By analysing the variances within each attribute and identifying these 

limits, recovery targets could then be set. Setting recovery targets above that of 

the lower limits of acceptable change ensures that fluctuations in the attribute are 

taken into account when measuring restoration success. 

4.2.3.3 Examining whether changes to the vascular plants demonstrate that 

restoration has met its objectives 

To determine whether the restoration methods had met their objectives, changes in 

the vascular plants were examined and compared to the identified attributes of a 

assessment of whether they met the targets set for the recovery of chalk grassland 

could be made. In addition, if the attributes show that they haven't met the 

local chalk grassland habitat in favourable condition. Tbrough comparing 

vascular plant changes within the treatments to the identified attributes, an 

recovery targets, the rate and direction of change within the vascular plants could 

be examined. In examining the rate and direction of change, an assessment of 

whether the changes were moving in the direction of recovery or not and the 

speed of this change could be made. 
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4.2.3.4 Examining whether factors such as soil fertility have influenced 

restoration 

Examining the rate and direction of change within the vascular plants also enabled 

an assessment of what factors are influencing these changes to be made. By 

examining the changes to vascular plant species, patterns of change could be 

identified. Through the use of indicator plants, changes could be examined 

against known factors. For example, by identifying if species associated with high 

fertility exist within the treatment plots and then identifying if they are dominant 

within the community, an assessment of the fertility can be made. 

restoration treatments and the non-intervention scrub it was considered that 

changes in the vascular plant communities required monitoring throughout the 

investigative trial period . Table 4.2 . 1 summaries this monitoring. 

Table 4.2.1. Summary of vascular plant monitoring 

Timing of 
Vascular plant 

Monitoring 
Summary of survey 

methods used 
survey 

methods 
Undertaking a baseline study prior to the 
investiQative trials 

February 
1 996 

Recording changes i n  species within the 
restoration treatments (Livestock browsing 
and Manual clearance} 

Presence and absence 
frequencies using fifty 25cm 

quadrats per stratum 

July 
1 996-1 999 

4.2.4 In summary 

To identify if there were any differences within the vascular plants between the 

ePrsence and absence 
Recording vascular plant species occurring July 

frequencies using fifty 25cm 
within the Non-intervention treatments 1 996-1 999 

quadrats per stratum 

July 
Visual monitoring through photographs 

1 996-1 999 

1 00 



To examine if any changes within the vascular plants revealed whether the 

restoration methods had the ability to restore the chalk grassland habitat back 

from scrub it was considered that comparisons would need to be made between 

these vascular plant species found occurring within the investigative trial and 

those of chalk grasslands known to be in favourable condition. To identify what 

vascular plant species make up a chalk grassland in favourable condition it was 

considered essential to examine national and local chalk grasslands known to be 

in favourable condition . Once the vascular plant species that make up the chalk 

grasslands in favourable condition were identified it was considered that these 

could be used to set targets in which to measure the success of the restoration 

methods in achieving the objective of restoring the invaded scrnb habitat back 

into a chalk grassland habitat. 

4.3.J Examining 

4.3Results 

vascular plants changes and comparing the 

differences between the treatments 

4.3.1.1 The baseline survey 

An initial baseline survey of the dominant scrub species and ground flora habitat 

was undertaken throughout the area considered to be suitable for the investigative 

trial. This survey confirmed that the proposed area within the Smithcombe Hills 

scarp was suitable for the investigative trials. It identified by mapping the position 

of these scrub species that they occurred in distinct blocks. These included areas 
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of impenetrable blackthorn (Prunus spinosa), areas of hazel (Cory/us avellana) 

coppice with an open understory and areas of elder (Sambucus nigra) with 

traveller' s-joy (Clematis vitalba) vines climbing all over them. Mapping these 

distinct scrub blocks enabled any patterns occurring throughout the Smithcombe 

scarp to be identified . .  As the scrub within the Manual clearance treatments was 

cleared as part of the investigative trials the sketch maps for the three replicated 

Manual clearance treatment plots are shown within the appendix (figure A3). 

the scrub species according to the slope gradient. Across all of the investigative 

trial area, on average, the plateau consisted of a small strip of mixed grassland 

dominated with barren brome (Bromus sterilis), which was inter-dispersed with 

patches of blackthorn and hawthorn (Crataegus monogyna) scrub. This then 

graded into hazel coppice with very little undergrowth (shown in appendix -figure 

Al) .  By the middle of the slope the hazel coppice had shifted into a mix of both 

hazel and elder. As the scrub moved towards the bottom of the slope this became 

impenetrable with traveller' s-joy covering the hazel and elder scrub (shown in 

appendix figure A2). This then altered into pockets of open grass and bryophytes 

intermingling with the scrub before developing into a strip of open grassland 

dominated by false oat-grass (Arrhenatherum elatius) at the base. The average 

height of the scrub was five metres within the hazel scrub blocks and three metres 

within the elder scrub areas. 

The baseline survey established that scrub species occurred in recurring blocks 

across the scarp; however it was also identified that differences occurred within 
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In establishing that scrub species occurred in recurring blocks across the scarp and 

identifying that difference occurred according to the slope gradient these could be 

taken into account when designing the experimental trials. 
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The visual changes identified within the restoration treatments. 

The Non-intervention treatmen ts in 1999 Showing the scrub canopy 

Figure 4.3 - 1  

The visual impact i n  1 999 of 

Manual clearance and Livestock browsing treatments 

Figure 4.3-2 
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The undergrowth within the Non-intervention treatments in 1999 

Figure 4.3-3 

lose up of Livestock browsing treatment in 1999 showing the browseline 

created by the goats 

Figure 4.3- 4 
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The initial impact of scrub clearance (including the fire base) in 1 996 

within the Manual clearance treatment 

Figure 4.3-5 

Close u p  of Manual clearance treatment in 1 999 

bowing the changes in vascular plants 

Figu re 4.3-6 
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At the end of the investigative trial period the restoration treatment plots showed 

visual differences (Figures 4.3-1 -6). Within the plots lrialed using Livestock 

browsing the scrub canopy had opened up when compared to the Non

intervention plots. It was noted that the browsing action of the goats also included 

climbing to reach the h igher branches particularly of species such as e lder and 

travel ler' s-joy. This was made ea ier by the fact that many of the elder trees were 

growing at an angle enabl ing the goats to walk along the trunks to reach the 

higher branches (Figure 4 .3-7) 

Goats climbing trees within the Livestock browsing treatment plot 

Figure 4.3-7 
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\Vhere 

colonized with a mix of grass and herb species. In addition it was observed that 

where areas of the scrub had been impenetrable due to the tangle of traveller' s

areas of scrub had been opened up it was observed that grassland had 

The visual impact within the plots trialed using Manual clearance could clearly be 

seen once the scrub had been cleared (figure 4.3-5 -6). Evidence of re-growth was 

observed to occur even though the cut scrub was chemically treated. Furthermore 

within the first year an in.flux of species such as prickly sow-thistle (Sonchus 

asper) and creeping thistle (Cirsium arvense) occurred. However at the end of the 

investigative trial period, grassland species had established throughout and known 

calcareous indicator species were observed to have colonized. 

joy, the goats through their browsing had opened this understory up. These areas 

were also noted to increase in grass cover by the end of the investigative trial 

period. Stands of tall common nettle (Urtica dioica) were also impacted upon by 

the browsing action of the goats. It was noted that at the start of the investigative 

trial that these common nettle stood to an average height of 1 .5 metres and at the 

end had been reduced in size to an average height of 0.5 metres. 
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4.3. 1 .2 Vascular plant changes i n  frequency and composition occurring 

within the treatments over the period of the investigative trial  ( 1 996- 1 999) 

Olanges in the composition and frequency of g species 
within each trea nt during the investigative trial riod 
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Between 1 997 and 1 999, within the Non-intervention treatments, the number of 

grass species had increased from seven to fourteen (figure 4.3-8). False brome 

(Brachypodium sylvaticum) was found to be the most dominant grass occurring 

within 23 % of the quad.rats surveyed in 1 997 and 2 1  % in 1 999. In 1 999 false oat

grass was found within 8 % of the quadrats, with most of this occurring at the 

base of the slope. Rough meadow-grass (Poa trivia/is) occurred within 5% of all 

quadrats and all other grassland species occurred within less than 5 % of the 

quadrats 

Between 1 996 and 1 999, within the Livestock browsing treatments, the number of 

grass species had also increased from nine to fifteen. Within the grass species 

present, changes in dominance also occurred. False oat-grass was found to be 

dominant in 1 996 occurring within 22 % of the quadrats but by 1 999 had reduced 

to occurring within only 1 1  % of the quadrats. This was half the number of 

quadrats it was originally found within. False brome had also reduced from 1 1  % 

in 1 996 to only 4 % in 1 999. However, as well as decreases, grassland species 

were also observed to have increased. Rough meadow-grass had increased from 

only 1 % of the quad.rats to 34 % of the quadrats by 1 999. Barren brome also 

increased from 1% of the quadrats in 1 996 to 22% in 1 999. All other grassland 

species in 1 999 occurred in less than 5% of the quadrats. 

Between 1 996 and 1 999 within the Manual clearance treatments the number of 

grass species had also increased from thirteen to nineteen. In 1 996 rough 

1 10 



meadow-grass was identified to occur within 8% of the quad.rats. All other grass 

species occurred within less than 5% of the quadrats. However, by 1 999, all grass 

species in 1 996 were still found to be present but changes in dominance had 

occurred in addition to new species colonising. Rough meadow-grass had 

dramatically increased to 65% of the quadrats. Barren brome and false oat-grass 

also had dramatically increased (barren brome from 4% in 1 996 to 42% in 1 999 

and false oat-grass from 4% in 1 996 to 36  % in 1 999). The colonisation of new 

species was observed from 1 997 onwards. These species included creeping bent 

(Agrostis stolonifera) which colonised in 1 997 and was found to be present within 

2% of the quadrats. This continued to increase to within 8% of the quadrats in 

1 999. By 1 999 other grass species had also colonised these included meadow 

foxtail (Alopecurus pratensis) and crested hair-grass (Koeleria macrantha). 

However, these were found in small numbers occurring in less than 5 % of all 

quadrats. 

1 1 1  



� 

Changes i n  herb species found  present  within  > 1 0% 

of a\\ quad ·ats during the investigative trial period 

so 

10 

JI/ 

C 

..c ..... )I} 

- �  

= J]E I f  
I!) 
'J) 
(\)..... a. 
C/l 
(\) 

40 
u 
(\)c. 

C/l 

..c :io 

(\) 

ff. 
.... 

2(",clj .....
'd 

§
cr' 10 

4--< 
0 

..... 
(\) 

0 ....,,CJ.!:, 

§ 70 
C 

II) 

� 60 ..., 
C 
I!) 
() ._, SC 
(.)c.. 
(\)..c 4()!-

20 

Rr)v,n,a � f_ urdu"-' CTnplL\ llTXiu.m tU\-Y!tr.W! (,'aJium41panlU' Gt:ran,um .\lmd,u.,·(l11)(:FUi, l/rtu.,'t1 di,lico 

robertionMm 

Uvcstoc browsuig 

I:rror har = .'."'½, llcn·enta�e co er 

Figure 4.3-9 

1 1 2 



In all treatments herbs made up the greatest proportion of the species identified as 

present. However, only seven species were found to occur within more than 1 0% 

of the quadrats throughout the investigative trial period (figure 4.3-9). All other 

species occurred within less than 1 0% of the quadrats and are shown within the 

appendix (figures A4-6). 

(Stachys sylvatica) all were present within 6- 8% of the quadrats. 

species were present within less than 5 % of the quadrats. 

Between 1 997 and 1 999 within the Non-intervention treatments the number of 

herb species had increased only slightly from twenty-three to twenty four in 1 999. 

Out of these species in 1 997 common nettle was the most dominant occurring 

most dominant herb species found occurring within 17% of all quadrats. Welted 

thistle (Carduus crispus), rough chervil (Chaerophyllum temulentum), creeping 

thistle (Cirsium arvense), cleavers (Galium aparine), and hedge woundwort 

within 33 % of all quadrats. Herb-robert (Geranium robertianum) was the second 

All other 

In 1 999 common nettle was still the most dominant within the Non-intervention 

treatments occurring within 40 % of the qua.drats. Herb-robert, welted thistle, 

rough chervil and hedge woundwort had all decreased (herb-robert from 17% to 

1 1  %, welted thistle from 7 % in 1 996 to just present in 1 999, rough chervil from 

7 % to only 1 %, creeping thistle from 6 % to 1 % in 1 999 and hedge woundwort 

from 8% to 4%). Cleavers on the other hand dramatically increased from 7% in 
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1 996 to 23% in 1999 becoming the second most dominant herb. All other herb 

species in 1 999 occurred within less than 5% of the quad.rats. 

Within the Livestock browsing treatment, between 1 996 and 1 999 the number of 

herb species had increased from twenty eight to thirty nine species in 1999. In 

1 996 the most dominant herb was common nettle, which occurred within 3 8% of 

all quadrats. In 1999 these were still dominant occurring within 42%. The second 

most dominant herb in 1 996 was cleavers, which were found present within 1 6% 

of the quad.rats. 

increased 

In 1 999 this remained the second most dominant herb and had 

to occurring within 3 6% of the quadrats. With the exception of herb

robert all other herb species in 1 996 were found to occur in less than 5% of the 

quadrats. In 1 999 the pattern was similar, after the dominance of common nettle 

and cleavers, herb-robert occurred in 23% of all quadrats increasing from 1 1  % in 

1996. All other species occurred within less than 5% of all quadrats. 

Within the Manual clearance treatments, between 1 996 and 1 999 the number of 

herb species had increased from forty in 1 996 to forty two in 1999. Although only 

increasing by two species it was observed that species dominance changed over 

the period of the trials. In 1 996 the dominant herb species mirrored those within 

the Livestock browsing treatments with common nettle, cleavers and herb-robert 

being the most dominant species .  However, the abundance of these species was 

different. In 1 996 common nettle occurred within 22 % of the quad.rats with the 

Manual cleared treatments and this was just over half the number of quadrats 

compared to this occurring within the Non-intervention and Livestock browsing 
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treatments. Cleavers was the second most dominant herb as they were within the 

Livestock browsing treatments. In 1 996 on the Manual clearance treatments 

cleavers were found occurring within 16% of all quadrats, by 1 999 these had 

dramatically increased to being present within 6 1  % of all quad.rats. This was 

double the amount of quadrats than those within the Livestock browsing 

treatments. This increase made cleavers the most dominant herb species 

occurring in 1 999. Other species found to increase were creeping thistle and white 

bryony (Bryonia dioica) . These increased from 1 % in 1 996 to 26% in 1999 and 

1 % to 1 7% respectively. Herb-robert on the other hand was found to decrease 

from occurring within 1 0% of all quadrats in 1 996 to only 3% in 1 999. All other 

species in 1 999 were found to occur within less than 5% of the quad.rats. 

In 1 997 (the second summer after scrub was cleared) an additional flush of 

species occurred in over 5% of quadrats. These were welted thistle, creeping 

thistle, bittersweet (Solanum dulcamara), perennial sow-thistle (Sonchus 

arvensis), prickly sow-thistle (Sonchus asper), and hedge woundwort. Perennial 

sow-thistle occurred within 20% of the quadrats in 1 996 and increased to 2 1  % in 

1 997 before decreasing to only 1 % in 1 999. Welted thistle on the other hand 

occurred in only 1 % of the quadrats in 1996 increasing to 1 1  % in 1997 before 

decreasing to 

decreasing again to 4 % in 1 999. Prickly sow-thistle was not found present in 1 996 

but colonized in 1 997. This occurred within 6% of the quadrats and declined to 

1 % again in 1 999. Hedge woundwort also showed a similar pattern 

occurring in only 1 % of the quadrats in 1 996 increasing to 7% in 1 997 before 

1 % in 1 999. Bittersweet also was not present in 1996 but occurred within 5% of 
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quadrats in 1 997 before decreasing to 1 % in 1 999. Creeping thistle did not show 

this pattern but continued to increase over time from being found present within 

1 % of quadrats in 1 996 to 22% in 1 997 and increasing further to 26% in 1 999. 

With the exception of traveller's- joy and bramble (Rubus fruticosus) scrub 

species were found present in relatively low numbers within the quad.rats of 

restoration treatments (figure 4.3- 1 0).  This was considered to be due to the fact 

that the quadrats were surveying the field and ground layers and not the 

tree/canopy layer. Most of the scrub species were distributed across the slope 

with their base stems taking up only small areas compared to the ground surface 

area of the treatments. Changes occurring within the canopy of the Livestock 

browsing treatments were studied using visual photographs and through assessing 

the species composition of the herbs and grasses. Changes in the canopy of the 

Manual clearance treatments were made when the scrub was initially cleared. 

In 1 997 traveller' s-joy occurred within 30% of all quadrats of the Non

intervention treatments this decreased to 17% in 1 999. Within the Livestock 

browsing treatments traveller's-joy was found occurring within 1 8% of the 

quadrats. In 1 997 this had reduced slightly to 1 6%, which was half the number of 

quadrats compared to those within the Non-intervention treatments. In 1 999, 

traveller' s-joy was greatly reduced further occurring in only 6 % of all quadrats. 

This differed greatly from the amount occurring within the Manual clearance 

treatments where in 1 996 it occurred in 40 % of all quadrats. This increased to 56 
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% in 1 997 and decreased only slightly in 1 999 where it was found occurring 

within 52% of all quadrats. 

Bramble was found to occur in 1 997 within 7% of quadrats within the Non

intervention treatments reducing to 4% in 1999. Within the Livestock browsing 

treatments bramble was found to occur in 1 996 within 2% of the quad.rats. This 

increased slightly to 4% in 1 997 but decreased again to 2% in 1 999. Within the 

Manual clearance treatments, bramble was found to occur within 1 % of all 

1 999. 

quadrats in 1 996. This increased to 3 % in 1 997 but decreased slightly to 2% in 
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4.3. 1 .3 Changes in dominant species occurring within the treatments over the 

period of the investigative trial (1 996- J 999) 
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The dominant species within the treatments in 1996 (the first year of the trials) 

For 1 996 the dominance diversity charts (figures 4.3- 1 3  & 1 4) showed that within 

the Livestock browsing treatments 

nettle, traveller' s-joy, 

further five species occurred in a large number of quadrats but the bulk of the 

common nettle was the most dominant species 

occurring within 3 8% of the qu.adrats. This was not the case for the Manual 

clearance treatments which identified that traveller' s-joy was dominant, occurring 

within 40% of the qu.adrats. In examining the patterns of dominance the Livestock 

browsing treatments revealed four species, common 

cleavers and herb-robert as occurring within the greatest number of quadrats. A 

species occurred in less than 5 % of the quadrats. On the other hand, within the 

Manual clearance treatments, a greater number of species overall were revealed 

and many of these were identified as occurring within a greater number of 

quad.rats. In addition to the four species dominant within the Livestock browsing 

treatments, perennial sow-thistle, rough meadow-grass, elder and false oat-grass 

all showed dominance .Of these species perennial sow-thistle was identified as 

occurring within 20% of all quadrats compared to being found in only 1 % of the 

qu.adrats within the Livestock browsing treatments. 

The dominant species within the treatments in 1997 

In 1 997 the dominance diversity charts (figures 4.3 -15 & 1 6) revealed that 

changes had occurred to the vascular plants within the treatments. Within the 

Livestock browsing treatment (figure 4.3-1 5), common nettle was shown to still 

be the most dominant species, occurring in 39°/o of all quadrats. However, both 

cleavers and traveller' s-joy had reduced in dominance. Herb-robert and false oat-
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grass on the other hand had increased in dominance. Herb-robert was identified as 

occurring within 1 1  % of all quadrats in 1 996 and by 1 997 this had increased to 26 

from 5% of the quadrats in 1 996 to occurring within 22% in 1 997. 

In 1 997 the Manual clearance treatments again revealed (figure 4.3- 1 6) a greater 

number of species present overall when compared with the Livestock browsing 

and Non-intervention treatments. Traveller' s-joy continued to stay the most 

dominant species occurring within 56% of the quadrats increasing from 40% in 

1 996. Common nettle also stayed dominant but remained relatively constant, 

occurring within 22% of the quadrats in 1 996 and 24% in 1 997. Although 

dominant, they still remained low in comparison to the amount occurring within 

the Livestock browsing or Non-intervention treatments. Perennial sow-thistle also 

remained dominant occurring within 21 % of the quadrats. However, creeping 

thistle occurring within only 1 % of the quadrats in 1 996 rapidly increased to 22% 

in 1 997. 

In comparison it was identified that within the Non-intervention treatment (figure 

4 .3- 1 1 )  common nettle, traveller's-joy, false brome and herb-robert were the most 

dominant species. Common nettle and traveller's-joy, the two most dominant 

species were also the species occurring with the greatest dominance within 

restoration treatments. 

% making this the second highest dominant species. False oat-grass also increased 
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The dominant species within the treatments in 1999 

In 1 999 the dominance diversity charts continued to illustrate the differences 

occurring within the species composition. Within the Non-intervention treatments 

(figure 4.3 - 12) common nettle continued to be present within the greatest number 

of quadrats and cleavers, false brome, and traveller' s-joy also continued to be 

abundant. 

Within the Livestock browsing treatment (figure 4.3 - 17) the dominant species 

showed a slightly different pattern. Again common nettle was identified as the 

species occurring within the greatest number of qu.adrats with 42 % of qu.adrats 

containing this species. Common nettle was also present within the same number 

of quadrats as the Non-intervention treatments. Similarly cleavers were observed 

to be the second highest dominant species within both treatments. However, 

within this treatment it was closer in dominance to common nettle with 36% of 

the quad.rats containing cleavers compared to only 23% of quadrats within the 

Non-intervention treatments. On the other hand, false brome, which was observed 

occurring in high numbers within the Non-intervention treatments (in 2 1% of all 

quadrats), was found in relatively few quad.rats (4%) within the Livestock 

browsing treatments. Comparisons also between the two treatments revealed that 

grass species occurred in greater numbers within the Livestock browsing 

treatments. Showing a high dominance was rough meadow-grass, barren brome 

and false oat-grass. Rough meadow-grass was found in 34 % of the quadrats 

within the Livestock browsing treatment compared to only 5% within the Non

intervention treatments. Barren brome also showed a similar pattern occurring 
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within 22 % of the quad.rats compared to only 2%. The abundance of false oat

grass on the other hand continued to show little difference between the treatments 

with it occurring within 1 1  % and 8% of the quadrats. 

Within the Manual clearance treatments (figure 4.3 - 1 8) a different pattern of 

dominance was demonstrated. Common nettle was not the most dominant 

species; in fact it ranked the 7th dominant species occurring in only 2 1  % of the 

quad.rats. This was half the number of quadrats, compared to common nettle 

occurring within the Livestock browsing and Non-intervention treatments. The 

species found with the highest dominance was a grass species, rough meadow

grass. This was found to occur in 65% of all quadrats, double the number of 

quadrats compared to within the Livestock browsing treatments. Cleavers on the 

other hand continued to show a high dominance being the second highest 

dominant species. However, it occurred in greater quantities with 61 % of all 

quadrats found to contain it compared to 36% and 23% within the Livestock 

browsing and Non-intervention treatments respectively. Traveller's-joy was also 

high within Manual clearance treatments. It was found to occur within 52% of the 

quadrats compared to only 6% within the Livestock browsing treatments and 1 7  

% within the Non-intervention treatments . Other species observed to be dominant 

included barren brome, false oat-grass, creeping thistle, and white bryony. 

Decorana 

The frequency charts and the dominance diversity charts showed differences 

between the species composition within all the treatments. To assess if the species 
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composition within these treatments show that they arc moving away from the 

composition of the scrub Decorana analysis was undertaken 
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Within the Decorana charts (Figure 4.3- 1 9) the points representing the Manual 

clearance treatments identified that with the exception of a few outliers, in 1 996 

these clustered around the centre of both axis In 1 997 this pattern had changed 

and the points clustered around the lower end of axis one but spread out across 

axis two. In 1 999 this pattern had changed again continuing to cluster around the 

lower end of axis one, but instead of spreading out across axis two they had 

reduced to clustering at the lower end of axis two. Thus clustering at the lower 

end of both axes . 

The points representing the Livestock browsing treatments in 1 996 clustered 

mainly around the centre of axis one and just below the centre of axis two. 

Decorana placed many of these points on the chart in the same vicinity to those of 

the Manual clearance treatments. Thus when drawing around the two restoration 

treatments it was observed that these overlapped. 

the Livestock browsing treatments had 

representing the Manual clearance treatments. They had also moved away from 

the lower end of axis one starting from the centre and moving towards the far end 

of axis one. Axis two showed a similar pattern to 1 996. In 1 999, the majority of 

the points were less spread out clustering closely together with the exception of 

separated away 

In 1 997 the points representing 

from the points 

one outlier. These clustered around the centre of the axis one with the outlier 

being paced at the lower end of the axis. When comparing these to the points 

Decorana showed that some occur close to the points representing the Manual 

clearance treatments. Other points were ideJ;1.ti:fied as being close to those of the 

Non-intervention treatments. This suggests that some of the stratum within the 
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Livestock browsing treatments have a similar species composition to those of the 

stratum within the Manual clearance treatments. Others continue to have a similar 

species composition to that of the stratum within the Non-intervention treatments. 

The points representing 

identified 

the Non-intervention treatments demonstrated in 1 996 

that although overlapping the majority of the points of the restoration treatments 

occurred outside of the area as representing the Non-intervention 

treatments. Therefore illustrating that the species composition within the 

restoration treatments was moving away from the species composition found 

within the Non-intervention treatments. Decorana plots in 1997 demonstrated that 

the Manual clearance treatments had moved away from the Non-intervention 

treatments. This was not the case for the Livestock browsing treatments. These 

showed that there was some overlap. In 1 999 this pattern was similar. 

4.3.2 Examining if the changes show that the two 

methods have the ability to he successful at restoring a 

grassland 

restoration 

chalk 

4.3.2.1 Identifying the vascular plants that make up the local distinctivness 

and national attributes of a chalk grassland in favourable condition 

Defining chalk grassland 

Semi-natural grasslands are defined as plant communities where a high proportion 

of the vegetation consists of a mixture of native grasses and dicotyledonous herbs, 
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The points representing the Non-intervention treatments demonstrated in 1 996 

that although overlapping the majority of the points of the restoration treatments 

Livestock browsing treatments have a similar species composition to those of the 

stratum within the Manual clearance treatments. Others continue to have a similar 

species composition to that of the stratum within the Non-intervention treatments. 

occurred outside of the area identified as representing the Non-intervention 

treatments. Therefore illustrating that the species composition within the 

restoration treatments was moving away from the species composition found 

within the Non-intervention treatments. Decorana plots in 1 997 demonstrated that 

the Manual clearance treatments had moved away from the Non-intervention 

treatments. This was not the case for the Livestock browsing treatments. These 

showed that there was some overlap. In 1 999 this pattern was similar. 

4.3.2 Examining if changes show the that the two restoration 

methods have the ability to be success/ ul at restoring a chalk 

grassland 

4.3.2.1 Identifying the vascular plants that make up the local distinctivness 

and national attributes of a chalk grassland in favourable condition 

Defining chalk grassland 

Semi-natural grasslands are defined as plant communities where a high proportion 

of the vegetation consists of a mixture of native grasses and dicotyledonous herbs, 
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where woody shrubs are largely absent and where vegetation height is normally 

less than one metre (Jefferson 1 999) 

Classification of plant associations on grassland and other habitats have been 

undertaken both historically (Tansley 1 965 ;  Ratcliffe 1977) and also in more 

recent times (Rodwell 1 992). Studies have identified that one of the factors 

defining plant associations is soils and the underlying bedrock. Grassland plants 

associated with soils overlying a bedrock of chalk have been classified as either 

' chalk grasslands' or 'calcareous grasslands' . Calcareous grasslands also include 

those that have developed on shallow lime-rich soils overlaying limestone rocks 

in addition to incorporating grasslands overlaying chalk rocks. 

Chalk grasslands are further characterized by their alkaline soils with pH ranges 

of 5.5 - 8.4. These soils tend to be shallow rendizina soils, which are porous and 

therefore dry (Duffey et al, 1 974). Calcicoles (lime-loving plants) have been 

identified as characteristic of calcareous grasslands (including chalk grasslands). 

Calcareous grasslands are also identified as supporting, within lowland Britain, a 

very rich flora, which includes many nationally rare and scarce species (English 

Nature 1998). Calcareous grasslands and their associated species also identified 

as internationally important and Festuco-Brometalia grasslands which includes 

the NVC (National Vegetation Classification) calcicolous grassland types CGl -9 

are listed as priority habitats within the EC Habitats and Species Directive 

(Council of the European Communities 1 992). 
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Grassland communities where calcicoles are assembled, have been classified as 

Calcicolous grasslands (Rodwell 1 992). After extensive study it was found that 

there are variations in the assemblages of these plants. This has led to fourteen 

different calcicolous grassland communities (including chalk grasslands) being 

identified as occurring within Britain, each with an additional number of sub

comrnunities. Tue distribution of these fourteen calcicolous communities was 

found to vary throughout Britain according to geographical and local climatic 

differences (Rodwell 1 992). It is therefore an intention of this thesis to identify 

out of the calcicolous grassland described which ones are classified as chalk 

grassland communities typically found occurring locally to Smithcombe Hills. 

Identifying out of the calcicolous grassland communities (Rodwell 1992) those 

which are classified as chalk grassland communities and typically found 

occurring locally to Smithcombe Hills. 

Out of the fourteen calcicolous grassland communities (Rodwell 1 992) only three 

were found to be chalk grassland communities that occurred within the North 

Chilterns region of Britain (in which Smithcombe Hills is located). 

TI1ese communities are: 

• CG2 Festuca ovina - Avenula pratensis (sheep's  fescue - meadow oat -

grass) 

o Sub-community a Cirsium accaule - Asperula cynanchica ( dwarf 

thistle- squinancywort) 
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maps (Rodwell 1 992). 

addition, identified through the Sundon and Smithcombe Hills 1 995-2000 

management plan (English Nature 1995), as occurring within the Smithcombe, 

Sharpenhoe and Sundon Hills SSSI, are NVC calcicolous grassland community 

• CG3 Bromus erectus 

Sub-communities a, Zerna erecta, b Centaurea nigra ( common 

knapweed), d Festuca rubra -Festuca arundinacea (red fescue -

(upright brome) grassland 

o 

tall fescue) and possibly c Knautia arvensis -Bellis perennis (field 

scabiouse-daisy) 

• CG6 Avenula pubescens (downy oat grass) grassland 

o Sub- community a Dactylis glomerata- Briza media (cock's-foot -

quaking grass) 

The Natural Area profile for the Chilterns (English Nature 1 997) also identified 

that CG2 sub -communities a and CG 3 sub-communities a, b, c and d ( described 

sub-community 

above) as being significant community types within the Chilterns. In addition the 

Natural Area profile also lists CG2 c, Succisa pratensis -

Leucanthemum vulgare (devil' s-bit scabious - oxeye daisy) as also being 

significant within the Chilterns. This was not identified from the NVC distribution 

In 

types CG2a, CG3a, CG3d and CG6a (described above). 
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Out of the calcicolous grasslands identified as locally occurring chalk grasslands, 

the characteristics of vascular plant communities within them were examined. 

This enabled the attributes that indicate "favourable condition" to be identified. 

The results of these are given below. 

Identifying the vascular plant communities known to exist historically on 

Smithcombe Hills and the surrounding areas. 

has been identified that the original sampling for NVC was not fully 

Although NVC can help identify "favourable condition" it has its limitations. It 

representative and therefore may not fully take into account local variations 

(Rodwell 1 997). Therefore for the purpose of this thesis, to address this, historical 

records of the vascular plant communities that were known to exist on 

Smithcombe Hills prior to its invasion of scrub were also examined (Figure 4.3-

20). In addition historical descriptions given from other sites both locally within 

the Chilterns and sites outside of the Chilterns (Figures 4.3 -2 1 ,  22 and Table 4.3-

1) were also examined. These acted as validation to whether the historical records 

for Smithcombe were comparable to the vegetation within the surrounding 

locality. In examining the historical records, the attributes that make up the 

locally occurring chalk grasslands could be identified enabling restoration 

objectives and targets to be set. 
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Table 4.3-1 

A S u m m a ry of Ra re Species  fo u n d  P resent on  Bedfo rdsh ire C h alk G rassland Sites in 1987 
Data taken from Bedfordshire chalk grasslan d survey (Soden & L each 1988) 

C alcareous Smithcom be, B arton Deacon Knocking Hoe 
indicators S undon and Hills Hill 
* * *  S harpenhoe 

S S S I  N N R  S S S I  NNR/SSS I  
/SS S I  

A nacamptis pyramidalis 3 X X 

A speru/a cynanchica 3 X X X 

A straga/us glycyphy/Jos X 

IA venula pratensis X X X X 

IBunium bu/bocastanum * * 3 X 

Campanula glom erata 3 X X X X 

Care:x caryophyl/ea 2 X X X X 

Carlina vulgaris 2 X X X 

Cirsium eriophorum 3 X X X 

Crepis b iennis X 

iFilipendula vulgaris 2 X X X 

Gentianella amarella 3 X 

Gymnade n ia conopsea 3 X X X 

l,Jlelianthemum nummularium 3 X X X X 

'Hippocrep is comosa 3 X X X X 

Hypochaeris macula ta * *  3 X 

lberis amara * 3 X 

lnu la conyza 3 X X X 

Koeleria macrantha X X X X 

Onobrych is v iciifolia 3 X X X 

Ophrys apifera 3 X X 

Origanum vulgare 3 X X 

IPolyga la vulgaris 2 X X X X 

�cab iosa colum baria 3 X X X X 

�enecio integrifolius * 3 X 

LS'eseli libanotis * *  3 X 

LS'uccisa pratensis 2 X X X X 

Thym us praecox 3 X 

Thym us pulegio ides 3 X X X X 

Verbascum nigrum 2 X 

* Nationally rare spec ies in 1 6- 1 00 1 0km squares in Great Britain 

** National ly rare species in 1 5  or less I O km squares in G reat Britain 

*'"*  Those species rated 3 are strongly calciphilous-being confined (or nearly so) to the l imestones oJ 
England and W ales .  Those  rated 2 whilst being predominantly calciphilous and characteristic of limestones 
are nevertheless to lerant of  a wider ran2e of so i l-types. 
These sites cannot be directly compared as the number of quadral.S used on each site differed according to 
the sub- comm unities identified. However this list does show what species were present in 1 987. The 
abundance of each species present has not been identified. 
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Characteristics of species composition and calcareous indicator species 
identified from the historical records of Smithcombe Hills and other chalk 

grasslands sites. 

Tabie 4 3 . 
- 2 S ummaryto e mean c haractens. tiCS 0 

Number 

of 

historical 

sites 

examined 

Smithcombe Hills 1964 I 

Smithcombe Hillsl971 l 

North Chilterns sites 6 

(including Smithcombe 
Hills) 1971 

Other chalk grassland sites 4 

1971 

Mean 

Species 

richness 

(per M1) 

27 

Mean 

Number 

of Grass 

species 

(per M1) 

7 

24 

22.5 

4 

6.2 

23.6 7.2 

f species compositio n 
Mean Meau 

Number Grass/ herb 

of Herb ratio as a %  

species 

(per M2) 

20 26/74 

20 1 7/83 

16.3 29.3/70.7 

1 6.4 32/68 

Full tables shown in Appendix (Tables A l-4) Records taken from Wells 1 964 and Wells & 
Barling 197 1 .  

Table 4.3 - 3 Summary of the mean characteristics of Calcareous indicators 

Smithcombe 
Hills1964 * 

Smithcombe 
Hills1971 ** 
North Chiltern. 
sites in 1971 

Other chalk 
grassland sites 
in 1971  

Smithcombe 
Hills and 
surrounding 
area in 1 987 

Within the chalk Within those 
grasslands 
recorded 
historically : the 
number of 
species per m2 

that are 
identified as 
calcareous 
indicators 

2 1  

22 

14.67 

19 .8 

1 7  

identified as 
calcareous 
indictors, the 
number which 
are Strongly 
calcareous 

1 7  

1 7  

9 

16.6 

1 5.5 

The number of 
calcareous 
indicators as a 
percentage of the 
species richness 
per m2 

78 

92 

65 

77.8  

1 9.2 

The number of 
Strongly 
calcareous 
indicators as a 
percentage of 
the species 
richness per m2 

63 

7 1  

40 

71 .4 

17.5 

Full tables shown in Appendix (Tables A5-8) Records taken from Wells 1 964, Wells & Barhng 
1 97 1  and Soden & Leach 1988. Calcareous indicators taken from. the criteria used within the 
Bedfordshire Wildlife sites (Bedfordshire Wildlife Trust 2000) 
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4.3.2.2 Setting restoration recovery targets from the attributes that make up 

a chalk grassland in favourable condition. 

A review of the descriptions from the locally occurring NVC data 

enabled the 

and the 

historical data for Smithcombe Hills and the surrounding area 

attributes of local chalk grassland in favourable condition to be identified. These 

attributes were judged to be: 

• Species richness 

• Species composition 

Using species richness as an attribute and setting the recovery targets 

Species richness is often used in conservation as criteria for assessing the nature 

conservation value of the grasslands (Jefferson 1 999) .  On chalk, floristic richness 

is a widespread characteristic (Wells 1 969, UK Biodiversity Group 1 998) and 

more than 300 species of flowering plants have been recorded. 

In contrast monoculture scrub (like that occurring 

aged and are poor for invertebrate 

Lack of structure and diversity within 

on Smithcombe (identified from 

baseline data) at the start of the investigative trials) is recognised as consisting of 

a limited number of species, all even 

communities (D. Sheppard pers. comm.). 

the scrub are also associated with species poor bird communities (Grice 1 999). 
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Setting a recovery target for species richness 

The habitats condition modal given by Brown (200 1 )  and shown in figure 1 .4.2 

Species richness was therefore considered to be a measurable attribute that would 

aid determining the nature conservation value of the vascular plant communities 

of Smithcombe Hills. 

works by measuring the attributes that make up the favourable condition of the 

habitat. It recognises the variability in species populations and describes a lower 

limit above which the attribute is said to be in favourable condition. However it 

also acknowledges that as species populations can fluctuate, if the attributes are 

just above this lower limit they can easily fall below this and thus the habitat can 

fall back into unfavourable condition. To take this into account, not only does a 

lower limit need to be set, but also a level at which fluctuations in species can 

occur without the habitat falling back into unfavourable condition. This level is 

called the recovery target and is discussed in more detail in see section 1 .4 within 

the introduction chapter. 

In terms of restoration both the lower limit and recovery targets can act as 

measurements to determine if the identified attributes show that the habitat is 

moving towards favourable condition or not. 

To set the lower limit and recovery target for the attributes that make up chalk 

grasslands in favourable condition it was considered that both local and national 
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chalk grassland sites in favourable condition should be examined (see section 

4.2.3 . 1 )  

As species richness was identified as one of the attributes that make up the 

favourable condition of chalk grasslands the lower limit between favourable and 

unfavourable condition required identifying and the level for the recovery targets 

also. For the purpose of this thesis it was judged that the lower limit should be 

set as the minimum species richness identified from known chalk grasslands in 

favourable condition and the recovery target set as mean. By identifying the 

minimum species richness from the known chalk grasslands in favourable 

condition it was considered that the minimum would show the number of species 

required in order for the habitat to be identified as favourable. By identifying the 

mean number of species occurring within the known chalk grasslands in 

favourable condition and using these figures to set the recovery target, this would 

allow for fluctuations in species numbers to occur without the habitat becoming 

unfavourable. 

Species richness of the historical records of Smithcombe Hills was identified as 

27 species per m2 in 1 964 and in 197 1  this had reduced to 24 species per m2 

(Table 4.3-2). On the other chalk grassland sites within the North Chilterns in 

1 97 1  (Table A2) the species richness ranged from a minimum of 1 6  species per 

m2 to a maximum of 32 species per m2 
, with a mean of 22.5 ± 6.38 species per m2 

• 

Outside of the Chilterns, chalk grassland sites in 1 97 1  had a similar range (table 
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A3) with a minimum of 1 7  species per m2 and a maximum of 34 species per m2 

with a mean of23.6 ± 6.5 species per m2 
. 

Species richness of NVC grassland types (Rodwell 1 992) occurring locally 

revealed that the minimum species richness was 1 3  species per m2 (for the CG 3 

sub-community d) and the maximum was 40 species per m2 (CG 2 sub

community a). The mean of all the locally occurring NVC grassland types 

(identified in section 4.3 .2. 1 )  was calculated as 25 ± 1 1 .44 species per m2 
• 

Using the species richness found within the historical records and local NVC 

grassland types the minimum species richness per m2 can be set as 13, (as this 

is the minimum species richness found within the historical and local NVC 

grassland types) and the recovery target can be set as minimum mean of 22.5 

± 7.09 species per m2 (as this is the minimum mean species richness found 

within the historical and local NVC grassland types). 

In 1 987 species richness was measured as the overall species richness per site 

instead of per m2 (Table A4). This identified that for Smithcombe and the 

surrounding area the minimum overall species richness was 7 1  species and the 

maximum was 1 05 species with a mean of 91  ± 1 5 . 1 2  species. 

From this the minimum overall species richness is set as 71 species and the 

recovery target set at 91 ± 15 species. 
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Defining the attributes within the species composition which indicate chalk 

grasslands in favourable condition and setting the recovery targets for these 

attributes 

The species composition of grasslands are recognised as varying between 

communities and geographical locations (Rodwell 1 992). This variation is 

regarded to be due to a range of factors including management (see introduction 

chapter, section 1 .5) .  Grassland communjties are also identified as changing when 

they succeed to scrub (see introduction chapter, section 1 . 1) .  As such vascular 

plant species composition is judged to be an important attribute where changes in 

species composition can be measured. 

To examine and measure what the composition of species, is that make up a chalk 

grassland in favourable condition and to enable recovery targets to be set, 

performance indicators have been identified. Certain species are recognized as 

more characteristic of a particular vegetation type or geological substrate, the use 

of these can help give a better indication of the "'typicalness" or "naturalness" of a 

habitat (Soden & Leach 1 98 8). This enables them to be used to assess the habitat 

condition. The use of performance indicators to evaluate the species composition 

of the restoration trials enables a judgement to be made on how successful or 

unsuccessful the management methods are in achieving the restoration objective 

or how close they are getting to be determined. 
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Performance indicators chosen for evaluating the restoration trials have been 

chosen as : 

• 

• 

• 

development 

grasslands 

The number of plants within the community that are associated with chalk 

Vascular plant species known to be associated with chalk grasslands and found 

within Bedfordshire have been identified by Soden & Leach 1 988 .  These species 

are split into those that are '"strongly calcareous being confined or nearly so to the 

limestones of England and Wales" and those that are "predominantly calcareous 

and characteristic of limestones but nevertheless tolerant of a wider range of soil

types". Calcareous indicator species are therefore species that exist on limestone 

grasslands as well as chalk and represent both types of grasslands. Calcareous 

indicator species have also been identified by the Bedfordshire Wildlife Sites 

project (Bedfordshire Wildlife Trust 2000). Wildlife sites are those areas that do 

not qualify for becoming an SSSI but are considered to still be important wildlife 

areas. Wildlife areas are surveyed to a strict criterion and only if they meet this 

criterion are they identified as wildlife sites. For grasslands the Wildlife Sites 

Proj ect uses previously determined indicator species to determine if the grassland 

The number of plant species associated with calcareous grasslands 

The number of plants that have positive strategies for survival 

The number of plants associated with the successional stages of grassland 
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indicator species . 

is an excellent example of various types grassland i.e., chalk, neutral, acid or wet 

grassland in a good condition. To qualify as a calcareous grassland Wildlife Site, 

the grassland needs to contain good populations of either six or more strong 

calcareous grassland indicator species, or sixteen or more calcareous grassland 

These indicator species were therefore chosen to be used as 

measures against which to assess the number of plants associated with chalk 

grasslands occurring within the treatments of the investigative trial. 

Setting calcareous indicator recovery targets 

To set the restoration recovery targets the number of species associated with chalk 

grasslands, 

were 

which historically occurred on Smithcombe Hills were identified. In 

addition, to check if these were typical of the localness of the area, other known 

chalk grassland sites also examined. The calcareous indicator species 

associated with these chalk grasslands are highlighted within the historical records 

charts (figures 4.3 -20,2 1 and 22). 

On Smithcombe Hills in 1 964 a total of 21 indicator plants were observed and out 

of these 1 7  were identified as strongly calcareous (Table 4.3-3). In 1 97 1  a total of 

22 were observed again with 17 identified as strongly calcareous (Table 4.3-3). 

For the other sites within the North Chilterns (Table AS) the minimum number of 

calcareous indicators observed was 9 and the maximum was 22. The mean of 

these was 14.6 ± 5 .50.  Within the North Chiltern sites the minimum number of 

strongly calcareous species was 5 and the maximum was 17  (Table AS). Overall 
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the mean number of strongly calcareous indicator species for the North Chilterns 

sites was 9 .  ± 4 .56 .  For the other chalk grassland sites recorded in 1971  (Table 

A6) the minimum number of calcareous indicators was identified as 14  and the 

maximum 30. The mean number of calcareous indicators for these sites was 1 9. 8  

± 6. 1 8 . The minimum number of  strongly calcareous species occurring on these 

sites was 1 4  and the maximum was 23 .  The mean of these was 1 6 .6 ± 3 .78. 

From this information the minimum number of calcareous indicators is set as 9 

and the minimum number of strongly calcareous indicators is set as 5. For 

the recovery target the number of calcareous indicators is set at 15 and the 

number of strongly calcareous is set as 9. 

On Smithcombe Hills in 1 964 this equated to 78 % of the species with 63 % of 

these being strongly calcareous (Table 4 .3-3). In 1971 this had risen to a high of 

92 % of the species being calcareous indicators and 7 1  % of these being strongly 

calcareous (Table 4.3-3) .  On the sites within the North Chiltern sites in 197 1  

(Table A6) the minimum number o f  calcareous indicators as a percentage of the 

species richness was 55% and the maximum was identified as 92%. The mean of 

these sites is 65% ± 1 3 . 8 1%. Of these the number of strongly calcareous species 

was a minimum of 28 % of the species richness and a maximum of 7 1  %. The 

To also give an indication of the species composition in terms of its calcareous 

indicators the number of calcareous indicators was calculated as a percentage of 

the species richness of the site. 
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mean of these is 40% ± 1 6 .07 %. On the other chalk grassland sites in 1 971  

species equated to a minimum of 60 % of the species richness and a maximum of 

82%. The mean of these sites equated to 71 .4% ± 8 .47 %. 

From this information it can be observed that the number of calcareous 

indicators as a percentage of the species richness varies but the minimum is 

55 %. The number of strongly calcareous species as a percentage of the 

species richness of the sites equates to a minimum of 28 % 

(Table A 7)  the minimum number of  calcareous indicators as a percentage of  the 

species richness was 68% and the maximum was 94%. The mean of these sites 

equated to 77.8% ± 1 0.3 1 %. On these sites the number of strongly calcareous 
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Plants are recognised as having strategies that enable them to cope with the levels 

of stress, disturbance and competition that bombards them (Grime et al, 1 988) 

The intensity of stress in a plant puts a constraint on its ability to grow whereas 

the intensity of disturbance affects the amount of physical damage to the plant. In 

tum both affect how strong or weak a plant is and therefore its ability to compete 

for resources (competition) and thus survive in this environment (Grime et al, 

1 988). The strategies that plants have in order to cope with the differing levels of 

constraints have been categorised into seven primary strategies and a nwnber of 

Knowledge of the number of plants within each particular strategy group allows 

the resilience of the vegetation to management influences within each restoration 

compartment to be identified and provides a means of predicting the rate and 

direction of change within the plant communities. The rate and direction of 

change is necessary to establish whether plant communities are moving towards 

chalk grassland communities or not. This enables a greater understanding of the 

influences of the management methods have on the success or failure of the 

restoration. 

intermediate strategies (Grime et al, 1 988). 
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To set the restoration recovery targets, the number of plants that belong to each 

strategy group were identified from the species historically known to occur on 

Smithcombe Hills (figure 4.3 -23). Those occurring within the surrounding area 

of Smithcombe Hills were also examined along with the data from the locally 

occurring NVC communities (figure 4.3 -23). 

Setting recovery targets for the number of plants within each strategy group 

Plants with stress-tolerant strategies for survival are known to be species 

associated with little or no disturbance (Grime et al 1 988) and are therefore seen 

as 

exception of the 

Smithcombe Hills in 1964 37 % of all species fell within this group. In 197 1  this 

The sites within the North Chilterns also were within this 

the 

desirable species within chalk grasslands. In examining the number of plants 

within the stress-tolerant group occurring within the known chalk grassland sites 

it was found that this was the highest of all the groups with recognised strategies 

for survival with intermediates and unknowns. On 

had increased to 42%. 

range with the minimum number of 37% and a maximum of 50%. The mean 

number of species occurring within the stress tolerant group for the North 

Chilterns sites was 42.4 1 % ± 7.5 1 % of the overall species richness. Within the 

locally occurring NVC communities the number of plants belongjng to the stress 

tolerant group were the highest out of all the strategy groups although lower than 

those of Smithcombe Hills and the North Chilterns sites. The minimum number 

revealed within the NVC communities identified as occurring locally was 13  % 

and the maximum was 20%, the mean of these 1 5 .73 % ± 2.79%. 
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From this information the minimum recovery target for the stress tolerant 

groups is set at 13% of the species richness and recovery target is set from 

the means at 34 %. 

The number of plants within the Stress tolerant ruderal varied throughout the sites. 

On Smithcombe in 1 964 none were found. In 1 97 1  8.33 % of the species richness 

contained species within the stress tolerant ruderal group. On the sites within the 

North Chilterns in 1 97 1  only one site, Knocking Hoe, contained plants belonging 

to this group. These equated to 3 . 12  % of the species richness for this site. All 

locally occurring NVC communities are identified as containing species within 

this group. A minimum of 1 .26 % of the species richness for CG6a fall within 

this group and a maximum of 5 .  7 1  % of all species within the CG2a are stress 

tolerant ruderal plants. 

As ruderal species are undesirable the maximum number of stress tolerant 

ruderal species acceptable to ensure the favourable condition of the site was 

set as 8% of the species richness. No recovery target is set. 

On Smithcombe Hills in 1 964 7.4 % of all species belonged to the Stress tolerant 

competitor group. This had reduced to 4. 1 6  % in 1 97 1 .  Within the North 

Chilterns sites no stress tolerant competitor species were identified. Within the 

locally occurring NVC communities no stress tolerant competitor species were 
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found within CG6 a however 2.85% of the species richness of CG 2 a contain 

species within this group. 

As competitor species are undesirable the maximum number of stress 

tolerant competitor species acceptable to ensure the favourable condition of 

the site was set as 7% of the species richness and No recovery target is set. 

Species belonging to the Competitor-Stress tolerant- Ruderal (CSR) group are 

middle of the range 

stress and competition (see figure 

species showing that they can cope with a medium level of 

disturbance, 1 .5 . 1 ) .  Species with C-S-R 

strategies were found within all of the known chalk grassland sites examined. 

On Smithcombe Hills in 1 964 3.7 % of all species belonged to this group. In 197 1  

this had increased slightly to 4. 1 6  %. On the North Chilterns sites the minimum 

was 5% and the maximum was 7.4 % with a mean of 6.23 ± 3 .02 % of all species 

belonging to the CSR group. Within the locally occurring NVC communities 

species within the CSR were a minimum of 1 0  % of the species richness for CG3a 

and a maximum of 1 8  % of all species within the CG6a. The mean of these is 

1 3 .4% ± 2.6 1%. 

From this information the minimum recovery target for the CSR group is set 

at 4 % of the species richness and recovery target is set from the means at 

10%. 
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Species belonging to the competitor group are those associated with low 

intensities of stress and low intensities of disturbance. Species associated with 

competitor strategies were not identified as occurring on Smithcombe both in 

1 964 and 1 97 1 .  This was also the same for the North Chiltern sites. Within the 

locally occurring NVC chalk grassland sites no competitor species are identified 

within the CG 3 d community but competitor species were found within the other 

local NVC communities, out of these CG2 a contained the maximum percentage 

with 1 .9% of all species belonging to the competitor group. The mean percentage 

for all local NVC communities was 0.98 ± 0.69 % of competitor species . 

As competitor species are undesirable the maximum number acceptable to 

ensure the favourable condition of the site was set as 1 .9% No recovery target 

Species belonging to the Ruderal group were not identified as occurring on 

Smithcombe in 1 964 or 1 971.  Nor were they found occurring on either the North 

Chilterns sites or within the local NVC communities. 

set. 

As species belonging to the ruderal group are undesirable and no records of 

these found within the historical sites it was considered to set the maximum 

number of ruderals acceptable to ensure favourable condition as 1 % 
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Species categorized as within the mid successional desirable were identified as 

making up 30% of the species composition on Smithcombe in 1 964 and 54% of 

the species in 1 97 1 .  Mid successional desirables identified within the North 

Chilterns sites were shown to make up a minimum of 38% of the species 

identified as 47 .2 % ± 6.69 %. 

composition on Pitstone Hill and a maximum of 55 % of the species composition 

on Barton Hills. The mean percentage for all the North Chilterns sites was 

The number of species identified, as late successional species were also high. On 

Smithcombe in 1 964 these made up 1 1  % of the species richness and in 1 971 this 

had risen to 2 1  %. Within the North Chiltern sites Late successional species made 

up a minimum of 19% of the species richne�s on Pitstone Hill and a maximum of 

56% of the species on Aldbury Nowers. The mean percentage for all the North 

Chilterns sites was identified as 30.4 % ± 14 .88%. 

The number of species identified as early successional species was low in 

comparison. On Smithcombe in 1 964, 4% of the species composition was made 

up of early successional species. In 1 97 1  no Early successional species were 

identified. On the North Chilterns no Early successional species were identified 

on Aldbury Nowers and Barton Hills . Knocking Hoe had 3 % of its species as 

Early successional, Pitstone Hills had 6% and Deacon Hill had 4%. 

The number of species identified as ''undesirable species occurring m mid 

succession" made up 4% of the species composition on Smithcombe in 1 964. 
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None were found in 1 97 1 .  On the North Chiltern sites undesirable species were 

identified as occurring on Pitstone Hill making up 6% of its species composition. 

In setting targets early successional species are not included as they are the 

species that come in first. Targets for Mid-Late successional species are set as 

these, with the exception of Mid successional undesirable, are the species that are 

desired. 

Targets set: 

• Late Succession - mini.mum of 1 1  % of the species richness 

o Recovery target - 16 % ± 7.07 % 

• Mid succession desirables - Minimum of 30 % of the species richness 

o Recovery target - 42 % ± 16.47 % 

• Mid succession undesirable -

o Maximum has been set at 6% 

Mid successional undesirable are the species that are unwelcome. A maximum 

target is therefore set instead of a minimum. 
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4.3.2.3 Examining whether changes to the vascular plant communities 

demonstrate tha t  restoration has met its objectives 

To determine whether the restoration methods had met their objectives changes in 

the vascular plan t communities wer examined and compared to the identified 

attributers of a local chalk grassland habitat i n  favourable condition. Through 

comparing vascular plant changes within the treatments to the identified 

attributes, an assessment of whether they met the targets set for tlJe recovery of 

chalk grassland could be made. In addition, if the attributes show that they 

haven' t met the recovery targets, the rate and direction of change within the 

vascular plants could be examined. In examining the rate and direction of change, 

an assessment of whether the changes were moving in the d i rection of recovery or 

not and the speed of this change could be made. 

Changes in Species Richness 
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The species richness occurring within the treatments was calculated for each year 

of the investigative trial (Figure 4.3 -25). In 1 996, it was identified that the 

Manual clearance treatments contained a mean of thirty-six species rising to a 

mean of forty-five species in 1 999. In comparison the Non-intervention treatments 

contained a mean of twenty-seven species in both 1 997 and 1 999. Within the 

Livestock browsing treatments a mean of twenty-seven species occurred in 1996 . 

This was the same number of species to the amount occurring within the Non

a slower rate than the Manual clearance treatments. 

different 

To identify if the differences 

in species richness were significantly a statistical analysis, using 

The Manual clearance treatments were identified to be highly significantly 

different when compared to the species richness occurring within the Non

intervention treatments. However, by 1 999 the number of species within the 

Livestock browsing treatment had increased to a mean of thirty-three species thus 

demonstrating that they were increasing in the number of species occurring, but at 

ANOVA, was undertaken. The results from the ANOVA tests identified that 

significant differences in the species richness between the treatments did occur. 

intervention treatments (P = 0 .00 1  for comparisons in 1 997 and P = 0.02 in 1 999). 

The Manual clearance treatments were also found to be significantly different in 

their species richness when compared to the Livestock browsing treatments (P= 

0.02 in 96, 97 and 1 999). These differences although not as high as those between 

the Non-intervention treatments and the Manual clearance treatments, were still 

significantly different throughout the investigative trial. Thus indicating that the 

species richness within the Manual clearance treatments were significantly greater 
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than the number of species occurring within either the Livestock browsing or 

Non-intervention treatments. 

In comparison the Livestock browsing treatments showed no 

difference in species richness when compared to the Non-intervention treatments 

(P = 0.3 1 ). In 1 996 the number of species was the same and although this number 

had increased to a mean of thirty-three species by 1 999, this increase was not 

found to be significantly different (P=0. 1 9). 

significant 

In comparing the changes in species richness within each treatment over the 

investigative trial period it was observed that there were no significant differences 

within the Non-intervention (P=0.91 )  or Livestock-browsing treatments (P=0.4 1 ). 

However, it was observed that there were highly significant differences over the 

years within the Manual clearance treatments (P = 0.009). Thus suggesting that 

the species richness within the Manual clearance treatments had greatly increased 

in number since the start of the investigative trials 

In comparing the species 

restoration targets and recovery targets it can be seen that the minimum overall 

species richness was set at 7 1  species and the recovery target set at 9 1  ± 1 5  

richness of the treatments with the identified minimum 

species. In comparison the maximum species richness found in 1 999 within the 

Manual clearance treatment was a mean of forty-five species. Within the 

Livestock browsing treatments the maximum in 1999 was thirty-three species. 

Neither of these comes close to reaching the minimum restoration target. 

1 60 



Changes within the species composition - The 11umher of vascular plant species 

associated with calcareous grasslands. 
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Within the Non-intervention treatments two calcareous indicator species were 

found in 1 997. These were cowslips (Primula veris) and hairy violet (Viola 

Within the Livestock browsing treatments in 1 996 five calcareous indicator 

species were observed to be present. Two of these, clustered bellflower 

(Campanula glomerata) and harebell (C. rotundiflolia), are classed as strongly 

calcareous. 

basil (Clinopodium vulgare), rough hawkbit (Leontodon hispidus) and wild 

marjoram (Origanum vulgare) were identified as strongly calcareous. In 1 999 

In 1 997 all of five calcareous indicators except cowslips had 

disappeared and were replaced by five new calcareous indicator species bringing 

the total to six in 1 997. Out of these four, dwarf thistle (Cirsium acaule), wild 

(Ranunculus bulbosus), hoary ragwort (Senecio erucifolius) and hairy violet. This 

brought the total number of calcareous indicators for 1 999 to six. 

hirta). Both were found within 0.33 % of the overall number of quadrats. In 1 999 

hairy violet had disappeared from within these treatments however cowslips were 

still present. In addition carline thistle (Carlina vulgaris) and ploughman's

spikenard (Jnula canyza) were both observed to have colonized in 1 999. 

again all but the cowslips were not observed present within these treatments. 

Harebell and lady's bedstraw (Galium verum) previously present in 1 996 were 

found present again in 1 999. Also present in 1 999 was bulbous buttercup 

Within the Manual clearance treatments, six calcareous indicators were observed 

present in 1 996, out of these, harebell, dwarf thistle, field scabious (Knautia 

arvensis) and hairy violet were strongly calcareous. In 1 997 cowslips and hairy 
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violet were not observed present but all other species from 1 996 were still present. 

Not present in 1 996 but appearing in 1 997 was wild basil, rough hawkbit and wild 

marjoram. These species also appeared within the Livestock browsing treatments. 

In 1 999 within the Manual clearance treatments, twelve calcareous indicator 

species were found present; these included seven strongly calcareous indicators. 

Species identified as occurring in 1 999 and not previously were, upright brome 

(Bromus erectus), carline thistle, common knapweed, sheep's fescue (Festuca 

ovina), lady's bedstraw, horseshoe vetch (Hippocrepis comosa), crested hair-grass 

(Koeleria macrantha) and bulbous buttercup. 

Statistical analysis usmg ANOV A demonstrates that numbers of calcareous 

indicator species were significantly different (P = 0.02) between the treatments. 

However ANOV A did not show any significant difference in calcareous indicator 

species within the treatments over the years. 

In comparing the calcareous indicator species with the identified restoration and 

recovery targets it can be seen that the minimum number of calcareous indicators 

is set as 9. The minimum number of strongly calcareous indicators is set as 5. For 

the recovery target the number of calcareous indicators is set at 1 5  and the number 

of strongly calcareous is set as 9. 

The Livestock browsing treatments contained six calcareous indicators in 1999 

and therefore falling just short of the minimum restoration target. Out of these 

only two were strongly calcareous falling short of the five set as the minimum. 
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The Manual clearance treatments on the other hand contained twelve calcareous 

species in 1 999, which is over the minimum restoration target and just below the 

recovery target of fifteen, out of these twelve, seven were strongly calcareous 

which is above the minimum restoration target and just below the recovery target 

of nine. 

In comparing these as a percentage of the species richness it was observed from 

the historical recordss. and locally occurring NVC chalk grassland communities 

that the number of calcareous indicators as a percentage of the species richness 

varied but the minimum is 55 %. The number of strongly calcareous species as a 

percentage of the species richness of the historical and NVC sites, equated to a 

minimum of 28 %. 

Within the Livestock browsing treatments, the number of calcareous indicators, as 

a percentage of the species richness for 1 999 was 1 8% with 6% being strongly 

calcareous. 

Within the Manual clearance treatments, the number of calcareous indicators as a 

percentage of the species richness for 1 999 was 27% with 1 5  % being strongly 

calcareous. 
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Changes within the species composition - Changes to the number of plants that 
/,ave recognised strategies for survival 
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With the exception of the intermediates and unknowns it was identified that the 

competitor ruderal group contained the most species within the Non-intervention 

treatments. These accounted for 19  % of the overall species richness in 1 997. 

aparine) and mallow (Malva sylvestris) . 

Species within this group were creeping bent (Agrostis stolonifera), garlic 

mustard (Alliaria petiolata), spear thistle (Cirsium vulgare), cleavers (Galium 

In 1 999 this figure dropped to 9 %. 

Competitor species were also high in both years with 1 1  % of the species in this 

group in 1 997 and 7% in 1 999. These species were creeping thistle, common 

nettle and elder. In 1 997 those species within the stress tolerant group accounted 

for 7% of the species richness . These species were cowslips and hairy violet. 

In 1999 the stress tolerant competitor and CSR groups contained the highest 

number of species within the Non-intervention treatments and both groups 

accounted for 1 1  % of the overall species richness. The stress tolerant competitor 

group was mainly made up of the scrub species hazel, hawthorn, buckthorn 

(Rhamnus cathartica) and bramble. CSR species were hairy brome (Bromus 

ramosa), yorkshire fog (Holcus lanatus), smooth meadow-grass (Poa pratensis), 

ground ivy (Glechoma hederacea), and field forget-me-not (Myosotis arvensis). 

Within the Livestock browsing treatments, competitor ruderals, CSR and stress 

tolerant competitors were the dominant groups (with the exception of the 

intermediates and unknowns). Competitor ruderals accounted for 1 1  % of the 

overall species richness in 1996. This increased to 20% in 1 997 before dropping 

back down again to 1 0% in 1999. Species within this group were spear thistle, 
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cleavers, hogweed (Heracleum sphondylium) and perennial sow-thistle (Sonchus 

arvensis) . In 1 996, creeping bent, cow parsley (Anthriscus sylvestris), lesser 

burdock (Arctium minus), spear thistle, cleavers, mallow and perennial sow-thistle 

were present and in 1 997 creeping bent, garlic mustard, cleavers, figwort 

(Scrophularia nodosa) and perennial sow-thistle all existed. 

Within the Livestock browsing treatments, CSR accounted for 9% of the species 

in 1996, 7 % in 1 997 and 12% of the species in 1 999. In 1 996, these species 

included yorkshire fog, ground ivy, bladder campion (Silene vulgaris) and 

valerian (common) (Valeriana officinalis). Timothy (Phleum pratense) in 1 997 

and hairy brome, giant fescue (Festuca gigantea), yorkshire fog, smooth meadow

grass, broad-leaved willowherb (Epilobium montanum) and ground ivy in 1 999. 

Stress tolerant competitors within the Livestock browsing treatments accounted 

for 9% of all species in 1 996 this increased to 12% in 1997 and then dropped to 

8% in 1 999. These species included false brome, hazel, hawthorn, blackthorn, 

dog rose (Rosa canina) and bramble. 

Within the Manual clearance treatments, with the exception of the intermediates 

and unknowns, CSR, Ruderals and Competitor ruderals were the dominant 

groups. CRS accounted for 13% of the species in 1 996, dropping to 9 % in 1 997 

and increasing again to 12  % in 1 999. Species within this group in 1996 included 

common bent grass (Agrostis capillaris), yorkshire fog, smooth meadow-grass, 

yellow oat grass (Trisetum jlavescens), ground ivy, bladder campion, and valerian 
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Competitor ruderal species within the Manual clearance treatments accounted for 

8 % of the species in 1 996. In 1 997, this rose to 14 % and dropped slightly to 

1 2% in 1 999. Species within the competitor ruderal group in 1996 were lesser 

burdock, spear thistle, field Bindweed (pink) (Convolvulus arvensis), cleavers, 

hogweed and creeping buttercup (Ranunculus repens). In 1997 these were 

creeping bent, garlic mustard, cow parsley, greater burdock (Arctium lap pa), 

lesser burdock, cleavers, and figwort In 1o999 these were garlic mustard, lesser 

welted thistle ( Carduus crispus), spear thistle, cleavers, hogweed, 
burdock, 

( common) In l 997 this dropped to just yorkshire fog, ground ivy, field scabious 

and bladder Campion. In 1 999 all the CSR species occurring in 1 996 were present 

and in addition red fescue and smooth meadow-grass also occurred. 

the number of ruderal species had dropped to 4% of the overall species richness. 

Ruderal species in 1 996 were annual meadow-grass (Poa annua) shepherd's-purse 

(Capsella bursa-pastoris), common fumitory (Fumaria officinalis), common 

poppy (Papaver rhoeas), groundsel (Senecio vulgaris). In 1997, shepherd's-purse, 

sun spurge (Euphorbia helioscopia), common fumitory, common poppy, 

groundsel and chickweed (Stellaria media) were present. In 1 999, the number of 

species had dropped to just annual meadow-grass, common poppy, and charlock 

(Sinapis arvensis). 

figwort and perennial sow-thistle. 

168 

Ruderal species accounted for 1 2% of all species in 1996 within the Manual 

clearance treatments. In 1 997, this stayed about the same with 1 1% but in 1 999, 



are those to encourage. Therefore, the restoration target for this group was set at a 

minimum of 1 3 .39 % and recovery target set from the means as 34.20 %. Within 

the Livestock browsing treatments the number of species within the stress tolerant 

Statistical analysis using ANOV A demonstrated that there was no significant 

differences between the number of species within each strategy group and the 

restoration treatment (P= 0.3s1 for the Stress tolerant group, P= 0.86 for the Stress 

tolerant ruderal group, P= 0.28 for the Stress tolerant competitor group, P= 0.30 

for the CSR group, P= 0.66 for the competitor group, P= 0.30 for the Ruderal 

group, and P= 0.32 for the Competitor group). ANOVA also demonstrated that 

there was no significant difference between the number of species within each 

group and the years. 

Comparisons were also made of the number of species within each strategy 

groups of the investigative trial to those of the restoration targets set from the 

historical records and locally occurring NVC communities. Stress tolerant species 

group accounted for 5 % of the species richness in 1 996 and 1 997 rising to 7 % in 

1 999. This is about half of the amount set for the restoration target. Within the 

Manual clearance treatments the number of species within the stress tolerant 

group accounted for 5 % of the species richness in 1996 decreasing to 3% in 1 997 

and rising to 7 % in 1999. Again around half of the amount set for the restoration 

target. Thus demonstrating that neither restoration treatment has reached the 

minimum restoration target for the stress tolerant group. 
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For the Competitor and Ruderal groups maximum targets were set as these are 

species to discourage therefore a maximum target is set for both of these groups 

rather than a minimum, For the competitor this is set as 1 .9% and for the Ruderal 

this was set as 1 %. For the Livestock browsing treatments the number of species 

within the Competitor group as a percentage of the species richness was 7% in 

1 996, 7 % in 1 997 and 5 % in 1 999. The number of species within the Ruderal 

group as a percentage of the species richness was 1 1  % in 1 996, 2 % in 1 997 and 

5 % in 1 999. Within the Manual clearance treatments the number of species 

within the Competitor group as a percentage of the species richness was 3% in 

1 996, 6 % in 1 997 and 4 % in 1 999. The number of species within the Ruderal 

group as a percentage of the species richness was 1 2  % in 1996, 1 1  % in 1 997 and 

4 % in 1 999. For both the competitor groups and ruderal groups the restoration 

methods contained more species than the maximwn targets set. 
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grassland development, it is demonstrated that a different pattern occurs within 

In examining the number of plants associated with the successional stages of 

the restoration treatments (figure 4.3 -28) when compared to the species 

historically occurring on Smithcombe Hills and the surrounding areas (figure 4.3-

24) . Historically the majority of species fall within the mid succession desirable 

and late successional groups whereas those within the restoration treatments show 

that the majority of the species fall within the early successional 

succession undesirable groups. 

and mid 

Within the Non-intervention treatments early successional species accounted for 

26 % of the species richness in 1 997 rising to 27 % in 1 999. Mid succession 

undesirables accounted for 24 % of the species richness in 1 997 dropping slightly 

to 20 % in 1 999. Mid succession desirables accounted for 9% in 1 997 dropping to 

7 % in 1 999. No late successional species were observed. 

Within the Livestock browsing treatments early successional species accounted 

for 23 % of the species richness in 1 996. This dropped to 22 % in 1 997 and then 

rose again to 25 % in 1 999. Mid succession undesirables accounted for 14  % in 

1 996, increasing to 20 % in 1 997 and decreasing to 1 7% by 1 999. This was 

slightly less than the number found within the Non-intervention treatments. Mid 

succession desirable species accounted for 7% of all species in 1996 rising to 1 5% 

in 1 997 and dropping again to 8% in 1 999. These numbers are similar to those 

within the mid succession desirables group of the Non-intervention treatments. 

However, in contrast to the Non-intervention treatments, the Livestock browsing 
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treatments contained species belonging to the Late succession group. These 

accounted for 2% of the species richness  in 1 996 rising to 3 % in 1 999. 

Within the Manual clearance treatments these showed a similar pattern. Early 

successional plants accounted for 30% of the species richness in 1996. This 

dropped to 22 % in both 1 997 and 1 999. Mid successional undesirables, 

accounted for 1 8  % of the species richness in 1996, dropping to 17 % in 1 997 and 

dropping slightly again to 15% in 1 999. The number of species within this group 

was higher than the amount contained vvithin the Livestock browsing treatments 

in 1 996. However by 1 999 this had evened out. Mid succession desirables 

accounted for 1 0% of the species richness in 1996 increasing to 1 3  % in 1 997 and 

increasing to 1 5% in 1 999. Again this showed a similar pattern to that of the 

Livestock browsing treatments. Late successional species were observed to be not 

present in 1 996 and 1997 but accounted for 6 % of the species richness in 1 999. 

This was double the amount found within the Livestock browsing treatments. 

Statistical analysis using ANOVA demonstrated that there was no significant 

difference between the restoration treatments and the number of species within 

each successional group (P= 0.20 in 1 996, P= 0.68 in 1 997 P=0.87 in 1 999). 

Successional restoration targets were set for the late successional species and the 

mid successional desirable species. For the Late successional species the 

restoration target was set at 1 1  % of the species richness . Within the Livestock 

browsing treatments late succession species accounted for 3% of the species 
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richness in 1999. Within the Manual clearance treatments the late succession all 

species accounted for 6 % of the species richness in 1 999. Neither restoration 

method, reaching the restoration target. 

For the mid-succession desirable species the restoration target was set as 30% of 

the species richness. Within the Livestock browsing treatments mid-succession 

desirable species accounted for 8% of the species richness in 1 999. Within the 

Manual clearance treatments the mid-succession desirable species accounted for 

1 5  % of the species richness in 1 999 . Again neither restoration method reaching 

the restoration target. 

Mid succession undesirable targets were also set. As these species are the 

undesirables a maximum target figure was set as 6% of the species richness. 

Within the Livestock browsing treatments, mid successional undesirable species 

accounted for 1 7% of the species richness in 1 999. Within the Manual clearance 

treatments mid successional undesirable species accounted for 1 5  % of the species 

richness. Thus both restoration methods containing more mid succession 

undesirables than are set as the maximum. 

4.3.3 Summary of the Vascular Plant Results 

In summary, at the end of investigative trial period, the restoration treatments did 

show differences. Visually the scrub canopy had opened up on the Livestock 

browsing treatment plots when compared to the Non-intervention treatment. 

Changes in species composition were also observed with new species colonising 
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within the restoration treatments and other species were observed to change in 

dominance over the investigative trial period. Species richness also increased 

within both the Livestock browsing and Manual clearance treatments. On the 

Manual clearance treatments this increase was found to be significant when 

compared to that of the Non-intervention. In identifying the attributes that make 

up a chalk grassland in favourable condition and the local distinctiveness of 

Smithcombe Hills, restoration and recovery targets were able to be set using 

indicator species. In comparing the changes in species within the investigative 

trials to the restoration and recovery targets, it was found that both the Livestock 

browsing and Manual clearance treatments are moving away from the Non

intervention treatment. With the exception of the number of calcareous indicator 

species within the Manual clearance treatments, it was found that neither the 

Livestock browsing or Manual clearance treatments had reached the set 

restoration or recovery targets. 
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Table 4.3 - 4 Summary of restoration targets achieved (measured through the use ofperformance indicators) 
Species comoosition 

Regeneration strateg · Suc.:cess1onal �0ups 
Stress-tolerani RuderaJ Competitor Mid succession M 1d Lare 

( As a undesirables succession succe!'.sioti ( Asea (As a 
Spec ies percentage of percentage percentage ( As a percen rage desirables (A_- aRe toration targets Calcareous richness of tht.' of tht of the species (As a perc·entage the species ind icators 

(overa l l )  species species ri chness ) percenrage or therichness) 
spec ies f the ri chne s) richness ) 

spec ies richness ) 
richness) 

Recov ry targets set from 1 6 e% ±  42%e± 34%91 ± 1 5  species 1 5  (9 SC) the historical records 1 6.47 % 7.07 % 
Maximum restoration 
target set for thos species 
c lassed as undesirable and 1 .9% 1 %  6%would indicate was in or 
moving towards 
unfavourable condition 
M in imum restorat ion 
target set for those 
pec ies c las ed as 1 1 %30%7 1  species 9 (5 SC) 1 3.% desirable and wou ld 

ind icate favourab le  
condition 
Restoration targets 

99 
Manual clearance 1 5  645 12 (7 SC) 7 4 1 54 
Livestock browsing 7 333 6 (2SC) 5 1 7  85 

Non-intervention 27 3 2% 7 04.44 7 20 
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Species t·omposition 
Regenerarion straregy Suc.;e%i,ma l groups 

Stress-1olera01 Ruderal 
,ompetiror Mid succession Mid I .are 

(As a (As a (As a undesirable� succession �uccession 

Restoration ta rgets Spec ies 
Calcareous percentage of' percentage percentage � A s a percentage des irab les ( As a 

ric hn�ss 
indicators the species of the ot' the lJf the pecies (As a p rcentage 

(overall) richness ) species species richness ) percentage of rhe 
richness ) richness ) or the spec i 

species r ichness ) 
richnes�) 

97 
Manual clearance 46 7 (6 SC) 3 1 1  6 1 7  13  0 

Livestock browsing 31 6 (4 SC) 5 2 7 20 1 5  0 
Non-intervention 27 2 SC 7 %  4 1 1  24 9 0 

96 
Manual c learance 36 6 (4 SC) 5 1 2  3 18  10 0 
Li vestock browsi ng 27 5 (2 SC) 5 1 1  7 1 4  7 2 
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4.4 Discussion 

4.4.1 Introduction 

Decorana and the performance indicators identified that at the end of the 

investigative trial period, the restoration treatments differed in vascular plant 

species composition, to that occurring within the Non-intervention treatment. 

They also identified that the species composition within the restoration treatments, 

had not reached the restoration and recovery targets set for indicating a chalk 

grasslands in favourable condition (with the exception of the number of 

calcareous indicator species within the Manual clearance treatments). However, 

when examining the indicator species, the species composition within the 

restoration treatments was observed to be moving towards the set restoration and 

recovery targets although differences in the rates of change were detected. This 

discussion therefore aims to examine what these changes infer. 

4.4.2. The number of vascular plants associated with grassland 

development. 

Chalk grasslands are regarded as communities where the relative abundance of 

vascular plant species are constant from year to year and from place to place 

providing that the soil and grazing regimes are also constant (Mitchley & Grubb 

1 986) Studies on primary and secondary succession of chalk grasslands have 

identified that this consistency within the species composition can take decades 

and centuries to stabilise (Wells et al 1 976, Gibson and Brown 199 1). However, 
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studies on the restoration of ex-arable chalk grassland have demonstrated that 

many species characteristic of old grasslands arrive early (Gibson 1 995). This has 

also been confirmed by many other studies, which have shown that the initial 

floristic composition is an important factor in succession (Miles 1 987). 

The ability for species to colonise is argued to be dependent on the success of the 

seeds getting into the soils and germinating (Grubb & Key 1 975). Once colonized 

the ability of vascular plant species to survive is further argued to be dependent 

on the continuing suitability of the right environmental conditions (Dutoit & 

Alard 1 995 ; Fenner 1 987) and by the interactions between these and other species 

(Usher 1 987;  Denslow 1 980). With restoration, clearance of woodland in the 

absence of further major disturbance, is seen to be characterised by the re

colonisation of annuals, perennials herbs and shrubs and trees (Grime 1 979) and 

therefore provided that the necessary weed control is addressed it is argued that 

early successional grassland swards can be of considerable nature conservation 

interest (Gibson 1 995). 

Although the species composition within chalk grasslands takes a long time to 

stabilise, the indication is that with the initial correct conditions and continued 

right management, restored grasslands can develop over time into species rich 

chalk grasslands in favourable condition, provided that the early establishment of 

favourable species takes place and that these continue to survive during this 

development period. 
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To look at whether these favourable species had occurred within the restoration 

treatments, the number of plants associated with the successional stages of 

grassland development were examined (figure 4.3-28) along with species known 

to be associated with chalk grasslands in favourable condition, the calcareous 

indicator species, (Figure 4 .3  -26). 

In examining the number of vascular plant species associated with the 

successional stages of development it was observed that there were differences 

between the restoration and the Non-intervention treatments. Species associated 

with the late successional stages of grassland development were present within 

both restoration treatments. Although not reaching the restoration and recovery 

targets set they do indicate that the species composition occurring as a result of 

the restoration treatments are moving towards species associated with the later 

stages of grassland development. A similar pattern was also shown to occur with 

the species within the mid succession desirables group. Confirmation that the 

species composition within the restoration treatments was moving towards that of 

established chalk grasslands was also sought using calcareous indicator species. 

These showed that for both restoration treatments there was evidence of 

calcareous indicator species being present in all years. Most, within the Livestock 

browsing treatments, were observed to be present on the replicated plots but were 

in such few numbers that they were not picked up within the quadrats. Those 

within the Manual clearance treatments on the other hand, were observed to 

increase over the trial period. When compared to the number of species set as the 

restoration target, it was observed that the number of calcareous indicator species 
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within the Manual clearance treatments exceeded this target but fell just short of 

reaching the number set for the recovery. In reaching the number set as the 

restoration target the Manual clearance treatments demonstrated that the species 

composition was changing towards a chalk grassland in favourable condition and 

when compared to the Livestock browsing treatments this rate of change was 

faster. 

It is noted, however, that although showing an indication that the Manual 

clearance and Livestock browsing treatments are moving towards that of a chalk 

grassland in favourable condition, by not reaching the set recovery targets it is 

considered that they are still vulnerable to change. By not reaching the set 

recovery target any change in management such as ceasation of grazing could 

cause the grassland drop below the minimum restoration targets and become 

unfavourable (see section 1 .4). 

As species richness was also used as an attribute for assessing the favourable 

condition of chalk grasslands, changes to these were also examined for the 

restoration treatments. It was observed that species richness had increased within 

both restoration treatments but again the amount of increase within the Manual 

cleared treatments was greater than that within the Livestock browsing treatments. 

This suggests that again there was a more rapid change within the species 

occurring within the Manual clearance treatments. However, when compared to 

the restoration targets neither came close to meeting them. It was noted that 

although species richness increased within both restoration treatments this did not 

1 8 1  



necessarily mean that the species quality indicated the favourable condition of the 

chalk grassland. It was noted that the number of ruderal species associated with 

disturbance had increased from none being found within the species historically 

recorded on Smithcombe (figure 4.3 -23) to occurring within between 5 to 1 0% of 

the quadrats on the restoration treatments over the investigative trial period (figure 

4 .3-27). 

strategies for survival 

4.4.3 The number of vascular plants associated with recognised 

Changes in the number of species associated with disturbance were anticipated to 

occur as a result of the restoration treatments. In particular, it was argued that the 

level of disturbance would be greater within the Manual clearance treatments than 

within the Livestock browsing treatments due to the very different methods of 

scrub clearance (Chapter one, section 1 .5 and this chapter section 4. 1 ) . 

Species associated with disturbance are typically known to be vascular plants that 

are annuals and have a rapid growth along with high seed dispersal; these are 

classed as ruderal species (Grime et al, 1988). In examining the number of ruderal 

species occurring as a result of the restoration treatment it was observed that there 

was no significant difference (P= 0.30) between the number of ruderal species 

occurring within either the Manual clearance or Livestock browsing treatments 

over the investigative trial period. This revealed that the level of disturbance 

within the Livestock browsing was greater than expected and disproves the theory 
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In addition to the vascular plants associated with disturbance, the Stress tolerant 

species associated with little or no disturbance were also examined. Stress tolerant 

species are species associated with high stress and low disturbance (Grime et al, 

1 988) and are also considered to be found occurring within some habitats for 

that the level of disturbance would be greater with the Manual clearance 

treatments. 

In examining the theory that there would be an initial flush of ruderal species 

within the Manual clearance in the first year after cutting it was observed that the 

number of ruderal species occurred at 12% of the species richness in 1 996, 

dropping to 1 1  % in 1 997 before decreasing to 4% in 1999. Thus suggesting that 

there was an initial flush but instead of this occurring for one year after cutting it 

occurred for two. The Livestock browsing treatments also showed this initial 

flush of ruderal plants in 1 996 but these had decreased by 1 997. It was considered 

that the goats could have had an impact on these through their foraging activities, 

by reducing the amount of ruderal plant species faster. 

hundreds of years (Grime 1 979). Stress tolerant species were identified as 

forming over 35 % of the overall species richness within chalk grassland sites 

historically recorded. However, when examining numbers occurring within the 

investigative trial, it was observed that the number of species within the Stress 

tolerant group had increased when compared to those within the Non-intervention 

treatments although it had not reached the identified historical levels. No 

significant differences in the number of species within this group were identified 
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between the restoration treatments. Although fonning only a small percentage of 

the overall species richness, increases however, small they are considered to be a 

positive change towards a chalk grassland in favourable condition. 

4.4.4 Changes to th e dominant vascularplant sp ecies 

To examine further the changes in species composition occurring as a result of the 

restoration treatments species dominance was examined. It was identified that 

common nettle was the most dominant species within the Non-intervention 

treatments (figures 4.3- 1 e1 and 1 2).  Common nettle was also identified as the most 

dominant species within the Livestock browsing treatments throughout the 

investigative trial period (figures 4.3 - 13 , 1 5  and 1 7). As common nettle are 

normally browsed by goats (Oliver 1 995), this dominance was unexpected within 

the Livestock browsing treatments. However, although dominant within the 

quadrats, it was observed that the goats did browse on the common nettle and had 

reduced the vigour and height of them. As it is known that goats have the ability 

to control common nettle (Oliver 1 995), it is therefore judged that by changing the 

browsing regime of the goats these common nettle could be controlled. Within 

the Manual clearance treatments common nettle also featured highly in dominance 

in 1 996 and 1 997 albeit only second in dominance. By 1 999 common nettle had 

further reduced in dominance with six other species identified as more dominant. 

Within the Manual clearance treatments traveller' s-joy occurred as the most 

dominant species in 1 996 and 1997. By 1 999, rough meadow-grass and cleavers 

had increased and traveller' s-joy was reduced to being the third most dominant 

species. Although the scrub had been cleared from within the Manual clearance 
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treatments it was observed that many of the cut vines of traveller's�oy had re

grown and formed a dominant layer of vines over the soil surface. Rough 

meadow-grass is a species associated with fertile soils and recorded as occurring 

on disturbed soils. It is also a species that is found in similar habitats to those of 

common nettle (Grime et al, 1 988). 

Common nettle and cleavers are categorised as the constant species 

seen 

within the 

National Vegetation OV24 community (Rodwell 2000). This is as a 

community that comprises of species poor tall-herb vegetation dominated by 

densely abundant common nettle :frequently growing to over one metre tall. 

Sprawling amongst the common nettle are cleavers and rough meadow-grass 

fonning an extensive thin carpet of shoots amongst the common nettle (Rodwell 

2000). Within both the Livestock browsing and Manual clearance it was observed 

that species known to be constant within the NVC OV24 community existed in 

patches within the restoration treatments particularly within the middle stratum. 

Although species associated with the NVC OV24 community existed within the 

restoration treatments it was judged that by the end of the investigative trial period 

this community had reduced in size and species associated with grassland 

communities were developing. 

4.4.5 Changes in vascular plants associated with high soil fertility 

The soil nutrient levels showed that with the exception of organic matter, all 

nutrients tested were within the levels identified as suitable to support for chalk 

grassland species to survive ( chapter three). In examining the species occurring 
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within the restoration treatments it was observed that species associated with both 

high and low fertility occurred. Those species known to be associated with high 

fertility (Grime et al 1 988) and found occurring within the restoration treatments 

included common nettle and rough meadow grass. Those species known to be 

associated with low fertility (Grime et al 1 988). included the calcareous 

indicators. In examining and comparing the frequency charts and the species 

composition indicator species it was considered that although species of high 

fertility existed it was the impact of the restoration methods on these that altered 

the frequency of these species over the investigative trial period. 

4. 4. 6 The amount of scrub re-growth after clearance 

Within the Manual clearance treatments it was noted that regrowth to the cut 

scrub species did occur during the investigative trial period. In particular this was 

evident on the elder and traveller' s-joy scrub species and could be visually 

observed (figure 4.3-6). However, although re-growing, it was observed that 

species associated with the favourable condition (the number of calcareous 

indicator species) were also able to establish thus indicating that the re-growth did 

not completely dominate the sward. It is therefore considered that it is how well 

this re-growth is controlled that will be critical if the Manual clearance treatments 

are to develop into a chalk grassland in favourable condition. 

To control the re-growth and graze the established grassland in 1997 (when there 

was enough grassland to graze) ten mules were introduced onto the Manual 

clearance treatment plots. As a sheep known for its browsing ability in addition to 
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its grazing behaviour, it was considered that these would ensure that the re-growth 

was controlled. It was observe that by 1 999, traveller' s-joy had reduced in 

dominance thus suggesting that the sheep did have some impact. However, it was 

observed that this impact was limited when looking at the visual observations. It is 

judged that by altering the grazing regime re-growth could be controlled in the 

future. It is therefore suggested that the aftercare following restoration is the 

critical factor in influencing restoration success. 

4.4. 7 Changes with the Structural diversity 

It is considered that the restoration treatments did have an impact on the structural 

diversity of the vascular plants through their initial clearance methods and 

subsequent management. In particular, the effects of clear felling the scrub within 

the Manual clearance treatment was observed to be visually very different to that 

of the Livestock browsing treatments (figures 4.3 4 and 6). The significance and 

implications of these are considered to be the effects that this has on the 

invertebrate communities. These are discussed further within the invertebrates 

chapter ( chapter five). 

4.4.8  Conclusions - The importance of Aftercare 

It is concluded that the differences in species composition did 

When compared to 

occur as a result of 

the restoration treatments used. the Non-intervention 

it was observed that there were changes within the speciestreatments, 

composition and when compared to the indicator species these changes identified 
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that the restoration treatments 

in favourable 

were moving towards species associated with chalk 

grasslands condition. It was also identified that the species 

associated with favourable condition of chalk grasslands were greater within the 

Manual clearance treatments than those of the Livestock browsing treatment. 

Thus suggesting that the Manual clearance treatments are moving towards a chalk 

grassland in favourable condition quicker than the Livestock browsing treatment. 

However, as none of the indicator species reached their restoration or recovery 

targets ( with the exception of the calcareous indicators within the Manual 

clearance treatments) it is believed that the species composition within the 

restoration treatments is vulnerable to change if not controlled. By not reaching 

the set recovery target any change in management such as ceasation of grazing 

could cause the grassland drop below the minimum restoration targets and 

become unfavourable (see section 1 .4). It is therefore judged that the aftercare 

following restoration is a critical factor in influencing restoration success. 

In observing the changes occurring as a result of the Manual clearance treatments, 

it was noted that the control of both the number of ruderal species and the amount 

of re-growth occurring in 1 996 after clearance was imperative if restoration was to 

be successful. This control occurred as a result of sheep grazing ( once enough 

grass was established) enabling species associated with grasslands to colonize and 

survive .  

In observing the changes in species composition occurring as a result of the 

Livestock browsing treatments, it was also noted that at the end of the 

investigative trial period that although moving towards species associated with a 
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chalk grassland in favourable condition, it had not reached the restoration target. 

It is therefore also considered that if the regime of Livestock browsing were 

relaxed then the plants such as Common nettle would continue to dominate and 

species such as the calcareous indicators would again be reduced in number and 

abundance. Thus implicating again the importance of continuing the restoration 

phase within Livestock browsing treatments if a chalk grassland in favourable 

condition was to be achieved. 
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5 Invertebrates chapter 

5.1 Introduction 

It is recognised that scrub communities with mixed ages and species, can be 

important for invertebrates (Rushton et al, 1 990). However, it is also suggested that 

where the scrub habitat is a near monoculture of mature scrub with no ground flora 

and slowly progressing towards secondary woodland, this scrub is species poor in 

terms of both its flora and fauna species (Gardiner 1 996). Therefore, with the 

knowledge that scrub habitats can vary in terms of their importance to invertebrates, 

whether the scrub should be cleared or not and the l ikelihood of restoration success 

are critical to determine before restoration is undertaken (see chapter one section 1 .2). 

However, as little is known about the impact of restoration on the invertebrate 

communities and whether restoration methods affect these communities, it is 

therefore the intention of this chapter to examine these as part of the investigative 

trial . 

Invertebrate communities are known to vary according to habitat requirements and 

management methods (Morris & Rispin 1987) They are also known to be more 

vulnerable to habitat changes due to the fact that they are less mobile (Mclean, 1 990) 

and rely on the structural diversity of vascular plants (Duffey, 1 978). It is therefore 

anticipated within the investigative trials that as the vascular plant communities 

change from species associated with scrub into those associated with a chalk 
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grassland changes within the invertebrate communities will also occur. However, the 

rate and direction of these changes is unknown but it is hypothesised that as a result 

of the different approaches to scrub clearance 

clearance) changes in the invertebrate communities will occur in terms of the species 

richness and composition. 

The scrub habitat on Smithcombe is judged to be a monoculture of even aged scrub 

species and therefore species poor in terms of its invertebrate communities (D. 

Sheppard pers. comm.). Chalk grasslands on the ot 

rich variety of invertebrates and are therefore judged to be species rich in terms of the 

invertebrates (Thomas 1 992). As restoration aims to clear the scrub and restore the 

chalk grassland habitat it is hypothesised that the invertebrate species richness will 

increase as a result of this .  

In addition to the changes in species richness it is also hypothesised that changes in 

species composition will occur with species typically associated with scrub declining 

and species typically associated with grasslands increasing. The rate of this change is 

considered to be dependent on the rate of change in vascular plants and the 

restoration method used. The restoration method used is not only considered to have 

an impact on the vascular plants (chapter four) but also on the invertebrates. It is 

believed that Manual clearance by its very nature of clearing the scrub in one go will 

rapidly alter the invertebrate species. The structural characteristics of scrub along 

with the leaf l itter typically used by the invertebrate communities (Morris 1 990) will 
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have been cleared thus changing the dynamics of the habitat. On the other hand, it is 

judged that Livestock browsing would create a gradual change and therefore would 

have less of an impact on the invertebrates .  

To examine the hypotheses that changes in species richness and composition would 

occur as a result of the restoration methods, the invertebrate communities occurring 

within the investigative trials required identifying and the results examined. 

5.2Methods 

Of the vast number of invertebrate groups there are two that are particularly 

recognised for their abil ity to be used as environmental indicators. These are 

Carabidae (ground beetles) and Araneae (spiders) (Luff, 1 996; Gibson et al., 1 992) . 

Ground beetles are classed as one of the dominant worldwide insect tax.a and have 

been shown to respond to a variety of environmental factors such as soil moisture and 

vegetation types (Luff, 1 996). In addition, they have also been shown to respond to 

changes in management, where under different scrub management · regimes the 

species composition of ground beetle communities were observed to be different 

(Rushton et al., 1 990). Spiders are also known to be responsive to changes in 

vegetation types and management. Spiders comprise of species with a wide range of 

foraging strategies which dictate their requirements for vegetation and soil structure 

(Gibson et al. , 1 992) As such with the ability of beetles and spiders to be used as 
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environmental indicators, it is considered that these species can offer an opportunity 

to assess the invertebrate implications of habitat changes within the investigative trial 

without the need to identify all invertebrate groups. 

To assess the invertebrate implications of habitat changes, the composition of beetle 

and spiders occurring within each restoration treatment was recorded using pitfall 

traps. Using a standard sampling method (Luff, 1 996) these pitfalls were set up, 

emptied and examined monthly between May to August 1 999. Once emptied species 

caught within the traps were sorted and identified by specialists, the beetles by Jim 

Ashby and spiders by Tom Thomas. 

The invertebrate sampling design took into account all the replicate treatments and 

stratum. Within each replicated treatment ten pitfall traps were placed centrally down 

the slope. These were positioned by placing three traps, five metres apart, in a single 

row down the slope within each stratum. One further trap was also placed within the 

grassland at the base of the slope. To ensure these pitfall traps could be located again, 

the area around each trap was marked with red and white hazard tape. 

A move away from the standard method occurred with the wire mesh covering over 

the pitfall traps. Initially the traps were covered with the standard size of 2.5cm ( 1  

inch) wire chicken mesh. However problems occurred during sampling, with Sorex 

araneus ( common shrews) and Sorex minutus (pigmy shrews) getting into the traps. 

The soils around the pitfall traps were found not to be firm enough to hold the trap 
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cover in place and as a result these moved during the course of the month and the 

shrews fe l l  i n .  To prevent further lo ses the traps were covered with a more ridged 

th icker wire, which stayed in place easier as it was firmer (figu re 5 . 1 - 1 ) .  This thicker 

wire however had a smal ler size mesh ing of l cm2 .and i t  i therefore recogni sed that 

some of the larger invertebrate species may not have been caught. 

An example of the pitfall traps and wire mesh used with in the investigative trial 

to trap grou nd beetles and spiders but preven t sh rews from fall ing in .  

Figu re 5. 1-1 

The l im i tations of us ing pitfall traps, for the mon itori ng of i nvertebrates, are argued 

by many authors (Luff, 1 996). I lowever, tor the purpose of th i thesis, it is j udged 

that p i tfal l trapping w i l l  enable a sample of  the spec ies composi tion to be provided. l t  
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is considered that a sample rather than a complete evaluation of the composition of 

beetle and spider species will provide the necessary data required to assess whether 

the communities were changing from those species typically associated with scrub to 

species typically associated with grasslands. 

5.2. 1 Examining the species composition of the beetle and spiders and 

comparing the differences between the treatments. 

To enable an understanding of changes 

treatment 

within the beetles and spider species 

occurring within each restoration and compare the differences an 

examination of species caught was undertaken. To provide a clearer view and greater 

opportunities in which to identify any patterns, these findings were examined using 

three different approaches. These were: 

• 

• 

• Analysis of variance (ANOVA) 

Frequency /abundance charts. 

Decorana 
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• 

es and spiders. 

Changes in the species richness of both the beetles and spider groups between 

the restoration treatments. 

As it is hypothesised that the species richness within the restoration treatments will 

increase as the habitat changes from species poor scrub to species rich grassland 

(Section 5 .1s), itis considered necessary to identify changes in the species richness of 

5.2.2 ldentifying the significance of any changes within the beetle and 

spider groups in terms of restoration success 

To identify if the species caught indicate that the habitats are changing from a scrub 

into a chalk grassland, as with vascular plants this was approached through the use of 

perfonnance indicators. The performance indicators used were: 

Changes in the species richness with both the beetle and spider groups 

between the restoration treatments. 

• The number of species known to be associated with specific habitats (in 

particular with grasslands or scrub). 

• The number of species considered to be pioneer or established species. 

• Comparisons between the species richness of the vascular plants and the 

beetls

the beetles and spiders. 
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The number of species known to be associated with specific habitats (in 

particular with grasslands or scrub). 

The number of species considered to be pioneer or established species. 

It is considered that by determining the number of species associated with established 

habitats and those recognised to be pioneer species, these will provide an indication 

of whether the habitat is still developing or is starting to stabilise in terms of the 

invertebrate communities within them. It is anticipated that within the Non

intervention treatments, species associated with established habitats will be greater as 

the scrub is already an established habitat moving towards that of secondary 

woodland. However, within the Manual clearance treatments it is considered that as 

restoration aims to change the habitat from that of scrub into grassland then more 

pioneer species would be present. Within the Livestock browsing treatment as this 

also aims to change the habitat, it is judged that pioneer species will occur as a result 

but as this change will be more gradual (section 5 . 1 ), then established species will 

still be present. 

By examining the number of species known to be associated with specific habitats, it 

is anticipated that these will provide a further indication of whether the habitats 

within the restoration treatments are changing away from scrub into a grassland 

community. It is anticipated that the first signs of habitat change will occur within 

the species composition of the vascular plants and that once these have changed, 

changes within the beetle and spider species will occur as a result. 
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Although mainly occurring in low numbers, the 

Comparisons between the species richness of the vascular plants and the beetles 

and spiders. 

By comparing the species richness of the vascular plants to that of the beetles and 

spiders, an examination of the relationship between these can be undertaken. In 

examining this relationship it can enable an evaluation of whether changes occurring 

as a result of the restoration treatments in the structure, composition and species 

richness of the vascular plants does influence any changes in the species richness and 

composition of the beetle and spider species. 

5.3Results 

5.3. 1 Examining the species composition of the beetle and spiders and 

comparing the differences between the treatments. 

Overall a total of seventy-six beetle species were caught during the invertebrate 

sampling period. These are shown in figures 5.3- 1 and 2, and figures A7-9. The 

beetles found ranged in abundance from single individuals to as many as 375 . Fifty 

species of spiders also caught ranging in abundance from one to twenty. Within 

both groups however, the majority of these species were caught in low numbers 

totalling less than five individuals. 

species composition of the beetle and spider species were observed to differ 

according to the restoration method used. 
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Beetles 

Out of the seventy six species caught only eleven were found with abundances greater 

than ten individuals (figure 5 .3- 1 and 2). Of these Pterostichus madidus was found in 

the very high numbers of individuals (figure 5.3-2) when compared with other beetle 

species (figure 5 .3- 1 ). All species with abundances greater than ten were also 

observed to differ in abundances between the restoration treatments. Trechus obtusus 

in particular was observed to occur with a mean of thirty-four individuals within the 

Manual clearance treatment and only one individual within the Livestock browsing 

treatment. Within the Non-intervention treatments Trechus obtusus was not caught. 

Calathus piceus on the other hand had the opposite pattern with none being caught 

within the Manual clearance treatments and thirty-three individuals caught within the 

Non-intervention treatments. Within the species caught in abundances of less than 

ten, these differences in the number of individuals can be seen for some species 

(Appendix figures A7-9). In addition differences between the species occurring 

within the restoration treatments were also observed. (Appendix figures A 7-9) . 
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Changes within the com position and abundance of beetles in I 9lJ9 as a result of 
the restoration treatments ( Abunda nces greater than I O )  

80 

70 

60 D Non-intervention 

so Livestock browsing 

D Manual clearance 40 
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20 
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Error bars = 5% error 
Abbreviations after the species name relate to whether the species are classed as pioneer or 
established species (as specified by Andy Foster pers. comm.) 
P = Pioneer Species 
P-PS = Pioneer species that are attracted to smel ly p i t  fall traps 
E = Estab l i shed species 

Figure 5.3-1 
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Figu re 5.3-2 
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piders 

Fifty species of spiders were caught within the restoration treatments .  However. most 

of these were caught in smal l number and d ifference in species and abundances 

were shown b twecn the restoration treatments. Lepthyphantes zimmermanni was 

found with a mean of 5 ind iv iduals with in  the Non- intervention treatments and only 

one with in  the Livestock browsing and Manual c learance treatments ( figure 5 .3-.3). 

Changes within the composition and abundance of spiders as a result of the restoration 
treatment! in 1999 (speci A-L) 

□ Non-intervention 

■ Livestock browsing 

D Manual Clearance 

Error bars = 5% error 

Figure 5.3-3 
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On the other hand Pardosa prativaga within the Manual clearance treatments showed 

the opposite pattern with a mean of 12  individuals compared to one within the Non

intervention and Livestock browsing treatments (Figure 5 .3-4). Harvestmen also 

showed differences between the treatments with the highest number of individuals 

occurring mainly within the Non-intervention treatments (figure 5 .3-5). 
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Decorana 

Decorana charts i l l ustrating the changes in species composition 
between the treatments th roughout 

the investi!!ative t rial oeriod 1 996- 1 999 
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The Decorana charts demonstrated that there were differences in the species 

composition within the beetles and spider groups between the restoration treatments 

(figure 5 .3-6). The variation of the points across axis one for the beetles chart 

account for only 24% of the overall variation in species composition with an 

eigenvalue of 0.244. However, when looking at the way that the points separated out, 

it is observed that the majority of the points representing the Manual clearance 

treatments had separated away from those of the Non-intervention treatments. On the 

other hand the points within Livestock browsing treatments demonstrated that species 

composition varied with some replicates and stratum showing a similar species 

composition to that of the Non-intervention treatments and others separating away 

from this .  In studying the spread across of points axis two, this showed that the 

greatest spread was within the Livestock browsing treatments and the smallest spread 

within the Manual clearance treatment. In examining if axis two represented 

differences between the species composition within the each stratum, this was judged 

not to be clearly distinctive. 

In examining the Decorana charts for the spiders, it was found that these also showed 

differences in the species composition 

of the points 

of the spider groups between the restoration 

treatments. The variation across axis one for the spiders chart was 

shown to account for 44 % of the overall variation in species composition with an 

eigenvalue of 0.443 compared to only 24 % variation within the Beetles charts. Of 

note also was that the variation within the spiders species composition showing a 

complete opposite pattern to that occurring within the beetles Decorana charts. The 
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spiders species composition within the Manual clearance treatments showed that the 

points clustered around the beginning of the axis whereas on the Decorana chart for 

the beetles they were observed to cluster towards the furthest point on the axis. 

When comparing the differences in species composition of spiders between the 

treatments it was observed that the Manual clearance treatments had separated away 

from those occurring within the Non-intervention treatments. The species 

composition within the Livestock browsing treatments showed that there were still 

some similarities with those of the Non-intervention treatments but were also moving 

away from this. Axis two also showed some variation in species composition. 

However, when looking at whether this was linked to the stratum, it could be seen 

that although differences in stratum occurred, these variations did not show a distinct 

pattern across the axis. 

5.3.2 Identifying the significance of any changes within the beetle and 

spider groups in terms of restoration success 

Changes in the species richness with both the beetles and spider groups between 

the restoration treatments. 

In examining the species richness of the beetles within the investigative trials, it is 

demonstrated that the Livestock browsing treatments contained the most species and 

the Non-intervention treatments contained the fewest (Figure 5 .3 .7). 
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However using ANOVA there was no significant difference identified between the 

restoration treatments and the number of beetle species caught (P=0 . 1 5) .  

The species richness for the spiders also identified that the Livestock browsing 

treatments contained the greatest number of species (figure 5 .3-8). However, the 

lowest number of spider species was found within the Manual clearance treatments 

and not within the Non-intervention treatments. Possible reasons for this are 

discussed in section 5 .4 .  ANOVA was used to test if the number of spider species 

caught were significantly different between the treatments, and this found that there 

was no significant difference (P=0.76). 

The number of species known to be associated with specific habitats (in 

particular with grasslands or scrub). 

The differences between the restoration treatments and the number of beetle species 

associated with each habitat was examined (see figure 5 .3-9) using known habitat 

information about beetle species (Harde 1 999). It was identified that decaying matter 

was the habitat with the largest number of species. Species associated with open 

ground form the second highest group with double the number of species within the 

Manual clearance and Livestock browsing treatment when compared with species 

associated with woodlands. Species associated with grasslands did not show 

differences between the treatments. However, although the number of species was 

the same, their abundance was observed to differ according to the restoration 
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treatment (figure 5 .3-1 0) . Woodlands on the other hand (figure 5 .3- 1 1 )  also showed 

both differences between the number of species within each treatment and the 

abundances within these species. Calathus piceus was identified as occurring with 

thirty three individuals within the Non-intervention treatment and eight individuals 

within the Livestock browsing treatments and it did not occur within the Manual 

clearance treatment. Species associated with the open ground habitat (figure 5.3- 12) 

were identified as also showing differences between the number of species within 

each treatment and their abundances. Trechus obtusus was caught with thirty four 

individuals within the Manual clearance treatments and only one individual within 

the Livestock browsing treatment. None were caught within the Non-intervention 

treatment. 

The associated habitats of the spiders caught within the restoration treatments, was 

also examined (figure 5 .3- 1 3 )  using known habitat information about spider species 

(Jones 1 988 ). This also showed that there were differences between the number of 

species within each habitat type and the restoration treatment. The highest number of 

species was identified as occurring within low vegetation. In examining further the 

species associated with low vegetation and their abundances, it was found that these 

did differ (figure 5.3- 14  ). Mitopus maria was caught with ten individuals within the 

Non-intervention treatments and one individual within the Livestock browsing 

treatment. None were caught within the Manual clearance treatment . On the other 

hand Lepthyphantes tenuis was caught with six individuals within the Manual 
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clearance treatments three within the Livestock brows ing treatments and . two with in 

the Non- intervention treatments. 

The number of beetle species considered to be pioneer or established species. 

I he number or pioneer umJ l-.1:1hli,hetl bel'llc, . ll('CiL" " ilhin the inH li!.!aliw tri:il, in l 'l'l9 

"-' � Jll'ITeOl:ll!l" or the 'lll-Cia ricbn 

□ Pioneer 
" II Es-tabli�hed -= 

T
1 1 

j .11j. " 
1: 
!.' 
; 

f) 

I 1, ll l hrrM t \ I 1RL1,;1) 1Cill1IIK.: 

Figu re 5.3-15  

The number of  establ ished and pioneer species was shown to di ffer between the 

restoration treatments ( figure 5 .3- I 5). As anticipated, the number of cstabl ished 

·pecics was h igher with i n  the Non-intervention treatment. However, p ioneer species 

were al o found occurring with in the Non-intervention treatment representing 1 7% of 

the beetle  species richness. W ithi n  the Manual clearance treatments. establ ished 

species were also found occurring and represented 25% of the beet le species richness. 
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To examine the species richness of the beetles and spiders further, these were 

compared to the species richness within the vascular plants communities of the 

restoration treatments (figure 5 .3- 1 6). This showed that the species richness of both 

spiders and beetles and vascular plants was lower within the Non-intervention 

treatments than those occurring within the Livestock browsing and Manual clearance 

treatments. For the beetles, the species richness showed a positive trend occurring 

with species richness increasing within the beetles as species richness increased 

within the vascular plants. The spiders however, showed a negative trend with species 

richness declining slightly with the increased species richness of the vascular plants. 

5.3.3 In summary 

The species richness and composition of the beetles and spiders was shown to differ 

between the restoration treatments. These differences occurred both within the 

species and their abundances. When examined further, the performance indicators 

suggested that both the beetle and spider groups were moving away from the species 

identified within the Non-intervention treatments. However, as anticipated this rate 

and direction of change did differ according to the restoration method used. 
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5.4 Discussion 

The number of beetles and spiders caught within each restoration treatment were 

shown to vary in both species richness and composition. As anticipated the species 

richness of the beetles caught within the Non-intervention treatments was fo und to be 

lower than those within the Livestock browsing and Manual clearance treatments. 

However, the species richness of the spiders showed a different pattern with the 

Manual clearance treatments containing the lowest number of spider species. This 

demonstrated that within the Manual clearance treatments, for the spiders the species 

richness did not increase as hypothesised. Suggested reasons for this are considered 

to be varied, with changes in habitat from scrub to grassland, vascular plant 

architectural structure and disturbance thought to be key factors. However, these 

factors are not judged to be critical to the species richness as the variations between 

the Non-intervention and restoration treatments were not significant (P = 0.76 for 

spiders). 

Also as hypothesised the Non-intervention and Livestock browsing and Manual 

clearance treatments did differ in their species composition of both beetles and 

spiders. In plotting the points representing the species composition within the 

treatments and strata, the computer program Decorana places those points with 

similar species composition closer together and those with dissimilar species 

composition further apart. Toe Decorana charts for both beetles and spiders showed 



that the points representing the Manual clearance treatments had moved away from 

those representing the Non-intervention treatments. Those representing the Livestock 

browsing treatments were also shown to be moving away but still had some 

similarities to those within the Non-intervention treatments. This suggests that the 

species composition with the Manual clearance treatments was different to that of the 

Non- intervention treatments. The Decorana charts also supported the theory that the 

species within the Manual clearance treatments would rapidly change away from 

those within the Non-intervention treatments and that the species composition within 

the Livestock browsing treatments would change more gradually. 

Not anticipated was the observation that Decorana showed opposite patterns of 

variation between the species composition of the beetles and spiders occurring within 

the treatments. For the beetles, the points representing the Manual clearance 

treatments clustered around the far end of axis one. This suggests that more variation 

occurred within the beetles species composition of the Manual clearance treatments 

than occurred within the Non-intervention or Livestock browsing treatments. 

However, for the spiders the points representing the Manual clearance treatments 

treatments than those occurring within the Non-intervention or Livestock browsing 

treatments. It is considered that this variation could be examined further through the 

use of the performance indicators. 

were identified as clustering at the beginning of axis one, thus suggesting that there 

was less variation in the species composition of spiders within the Manual clearance 
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In examining the number of species known to be identified with specific habitats, it 

was found that for the beetles the majority of species were carrion species or those 

species associated with open ground were found in the highest quantities. However, 

when examining their abundances, it was found that again there were differences with 

1 987). 

To examine further whether the beetle and spider species show that the habitat was 

changing from scrub into a chalk grassland, the number of beetle species classed as 

pioneer and established indicators were identified. These revealed that as expected 

pioneer species were found occurring on the Livestock browsing and Non

intervention treatments. However, it was also revealed that 25 % of the beetles 

species richness within the Manual clearance treatments was made up of established 

associated with decaying matter. It is considered that this was due to these species 

being attracted to the captured material within the pitfall traps. Excluding these, 

both the species and abundances between the treatments. This pattern was also 

observed for the spiders where the majority of species were identified as those 

associated with low vegetation. However, when examining these further it was found 

that there were differences in species and abundances between the treatments. For 

both beetles and spiders this suggests that the associated habitat is not the only factor 

affecting their composition within the treatments. Studies carried out on the ecology 

of beetles and spiders have revealed that factors such as the vascular plant 

architectural structure, soi l  moisture and management can influence the beetle and 

spider species composition ( Gibson et al, 1 992; Rushton et al, 1 99 1 ;  Morris & Rispin 
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species as well as the pioneer species thus implying that the habitat had developed a 

beetle fauna consistent with both young and mature habitats. 

When looking at the relationship between the beetles and spiders and that of the 

vascular plants, it is observed that as the species richness for the vascular plants 

increases within the restoration treatments, there is also shown to be a positive 

increase in the species richness for the beetles. Spiders however showed a negative 

pattern. This would therefore suggest that for the spiders it is not the increase in 

flora species which is important but other factors. 

It 

5.4.1 In summary 

was found that for both beetles and spiders the species richness and composition 

did differ according to the restoration method used and that the rate of change was 

more rapid within the Manual clearance than that occurring within the Livestock 

browsing treatment. However, it was also identified that changes in species from 

those associated with scrub into those associated with grasslands was more complex 

suggesting that other factors as well as restoration can impact upon the invertebrate 

community. 
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6 Costs 

6.1 Introduction 

The costs of the investigative trials have been calculated in order to assess the 

financial implications of using either restoration method. Financial constraints 

may be the deciding factor in whether to restore or not particularly if working 

with limited budgets. 

6.2 Methods 

The investigative trial costs have been split into sections; 

• the costs of fencing the experimental trial area 

• The costs of undertaking Manual clearance and Livestock browsing. 

The costs of Manual clearance have been split further to take into account the 

initial clearance costs followed by the after care costs. The Livestock browsing 

costs also have been split into two . The costs of using the goats within the 

Livestock browsing treatments and the costs of overwintering the goats in order 

that they could be used on the investigative trial area in subsequent years. 
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6.3 Results 

The costings have been accounted for in tables 6.3 - 1  to 6.3-5 In addition, it is 

recognised that there were also other costs that have not been accounted for. 

These include all the hidden costs such as water bills for supplying both the goats 

and sheep with fresh water. Electricity charges for recharging the electric fencing 

batteries, and printing costs for erecting signs to state that grazing animals are 

present on site. 
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Table 6.3-1 Fencing 

Cost 

exclusive 
of VAT 

VAT 
@
1 7.5% 

Total 

VAT 

inclusive of 

Initial clearance of scrub along fenceline to enable 
erection of fence 

£126.00 £22 .05 £148.05 

High tensile stock fencing materials to fence* 1 050 metres £1606.82* £28 1 . e1 9* £1888.01 * 

To erect high tensile stock fencing around the trial 1 050 metres at an average £ 1 . 1 6  per £1,218.80 

area. metre 
To supply and erect the dividing electric fencelines 6xl 00m £1,350.00 

to separate the replicated plots at £2.25 per metre 
Electric fencing unit. (Electric sheoherd) £109.00 

12V Battery £ 49.95 +Vat X2 (to ensure that when £99.90 

one is run down there is a fully charged 
battery to replace it)e= £99.90 

Battery charger £8.25 

Electric fence tester £12.00 

Vegetation clearance along the electric fences to Carried out by contractors twice yearly £1800.00 

ensure no shorting out of the fence. (May & September) @ £225 per 
clearance =£450 per year. Animals were 
used on the trial sections from 1 996-
1 999 a total of four years therefore 4 

=years {ii) £450 per yeare £1e800 
£6330.77 Total 

*The high tensile stock fencing materials were paid for under English Nature's Wildlife enhancement scheme. 

£2 1 3 .29 

£236.25 

£1 9.08 
£1e7.48 

£ 1e.44 
£2.e1 0  
£3e1 5 .00 

£1107.88 

£1432.09 

£1586.25 

£128.08 

£1 17.38 

£9.69 
£14.10 

£2115.00 

£7438.65 
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£300 

Table 6.3-2 Costs of the initial scrub clearance within the Manual clearance treatments 

Cost VAT Total inclusive of 
exclusive @ VAT (where 
of VAT 17 .5% applicable) 

Scrub clearance per 0.4 hectares (the size £700 X 3 (the number of £2100 £367.50 £2467.50 
of each replicated plot) replicated manual 

cleared sections) 
Labour costs to chemically treat the cut £100 X 3  £52.50 £352.50 
stumps per 0.4 hectares 
Chemical to treat stumps per litre. 1 litre used per £21 X 3  £63 £1 1 .03 £74.03 
plot 

Totals £2,463 £43e1 .03 £2894.03 

Table 6.3-3 Costs of the after care grazing within the Manual clearance treatments 

Sheep costs Paid out by local 1 9days in 1 997 & 37 days in 1 998 £0 
graz1er whose sheep 
were used. 
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Table 6.3-4 The Annual costs of using the goats between June & September each year within the Livestock browsing 
treatments 

Initial outlay to buy the goats 

Insurance for public liability (i.e. so that 
you are covered if the goats injured 
someone or if they escaped and caused 
damage to neighbouring property.) 
Vets bill for annual welfare check 

Vets (treatment) 
Worming 

Vets (treatment) 
Antiseptic spray 

Labour to check goats and security of 
fence. 

Transport to check goats 

Total annual costs inclusive of VAT 

Total inclusive of VAT 
(where applicable) 

£0 

£124.00 

£100.00 

£74.03 

£10.73 

£640.00 

£230.40 

£1,179.16 

(goats on loan for duration of the 
trials) 
Per year 

Aprox 2hrs per visit once yearly 
�£50 per hr = £1 00 

An average of 2 hrs per day @ £5 .00 
per hr.o= £ 10  
at least 4 visits per week*o= £40 
for 1 6  weeks = £ 640 
1 2  miles per visit @30p per mile = 
£3 .60 
at least 4 visits per week £14.40 for 
1 6  weeks £230.40 

Cost 
exclusive 
ofoVAT 
£0 

£124.00 

£1 00.00 

£63 .00 

£9.o1 3  

£640.00 

£230 .40 

£1166. 53 

VAT 
@
1 7.5% 

£0 

£0 

£ 1o1 .03 

£1 .60 

Not 
vatable 

Not 
vatable 

£12.63 
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One 20kg bag cost £6. 70 . so one 20kg bag per day for 28 

days @ £6.70 per bag =£1 87.60 

Transport costs to collect goat feed is l Omiles 4 times =40 

miles @ 30p per mile = £12  .. 00 

Table 6.3-5 The Annual costs of overwintering the goats 

Cost VAT Total inclusive of 

exclusive @ VAT (where 

of VAT 1 7 .5% aoolicable) 
Labour costs of checking the goats Average 2 hrs per day (including travelling time) @ £5.00 £2520.00 £0 £2520,00 

per hr = £ 1 0. For 7 days per weeke= £70. for 36  weeks.e= 
£2520.00 

Supplementary feed Supplementary feeding was given to the goats through the £2 1 6.00 £0 £216.00 

Daily top up feed. winter period a daily top up of bread was given from 
October -March The bread was supplied free of charge from 
a local sandwich maker.(Who dispose of the end slices which 
they do not use.) Transport costs to acquire the bread 1 5  
miles twice weekly = 3 0  miles per week for 24 weeks 
=30x24=720 milese@30p per mile =£21 6.00 

Supplementary feed Throughout February the goats were further supplemented £1 99.60 £0 £199.60 

High quality goat food with a high quality goat food ( due to the severity of the 
weather and the goats going down in condition) 
The recommended requirements of the goat feed was 3kg per 
animal per day so for the 20 animals of the goat herd this 
equates to 60 kilograms per day. However as this was in 
addition to their browsing and to the supplementary bread 
this was reduced to one 20kg bag per day. 

Feed at £1 87.60 + transport at £ 12 .00 
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£27 .30 +VAT 

£0 

£0 

£0 

Cost VAT Total inclusive of 
exclusive @ VAT (where 

of VAT 1 7 .5% applicable) 

Transport costs to check goats 1 0  miles per day 7 days per week for 36  weeksc= 2520 miles £756.00 £756.00 

(@ 30p per mile =£756.00 
Transport costs to move sheep onto 1 7  miles @30p per milec= £5 . 1 0  £5 . 1 0  £5.10 

winter site. 

=Transport costs to move sheep back 1 7  miles @ 30p per milec £5 . 1 0  £5 . 1 0  £5.10 

onto summer site . 
Erection of a shelter Materialsc: £98.05 £ 1 7 . 1 6  £115.21 

Cost of materials. 5 (8ftx4ft) Stirling boards @ £12 .95 + VAT each = 
£64.75+VAT 
5 ( l "  x2"x 8ft) batons @£1 .20 +VATc= £6 .00 

=6 (3-4 inch diameter x 6ft) fence posts @ £3 .90 each 

Total costs £64.75 +£6.00+£27.30 = £98.05 +VAT 

Labour costs for the erection of a Labour 2 people for 4 hours @ £5 .00 per hour per person = £40.00 £0 £40.00 

shelter £40.00 
Total overall costs £3839.85 £17.16 £3857.01 
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6.3.1 Jn summary 

Total cost of erecting and maintaining the high tensile stock fencing and the 

electric dividing fences was £7438.65. Restoration through manual clearance cost 

£2894.03 and restoration through the use of Livestock browsing over the four 

years of the trial cost a total of £16,287.67. This included four periods of 

summer browsing on the investigative trial at a annual cost of £ 1 , 179. 1 6  and three 

periods of overwintering at an annual cost of £3 857.0 1 . As the goats were only 

being used during the summer months June -September within the investigative 

trial area and the same goat herd was required to continue browsing the following 

year these goats needed to be accommodated elsewhere during the winter months, 

thus overwintering costs arose. 

6. 4 Discussion 

During the investigative trial period it was clearly demonstrated that the costs of 

using Livestock browsing were far greater than the costs of Manual clearance. 

However, it is noted that the after care grazing within the Manual clearance 

treatments did not bear direct costs to the investigative trials as these were born by 

the local grazier. Should a local grazier not have been available then this would 

have increased the costs of Manual clearance. It should also be noted that the 

costs of the welfare checks on the goats only covers checking them on average 

Typically these can usually be the hidden costs as stafftime 

four times a week which equates to checking them every other day. The goats 

were in fact checked every day but were checked alternate days by a volunteer 

and this has not been costed in. Welfare checks were identified as the biggest 

drain on resources . 
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to check the welfare of livestock is incorporated in to site visits. However, this is a 

critical cost necessary if livestock are not managed through a local grazier. 

Fencing costs are also high. However, it is recognised that fencing would be 

required whether using Livestock browsing or Manual clearance with after care 

grazing. If using grazing or browsing as long tern solutions to restoration, the 

implications of marketability of the livestock would need to be taken into account 

as this could also have a bearing on the costs. 
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7 Conclusions 

In conclusion at the end of the investigative trial it is declared that this thesis did 

achieve its aim of examining and comparing the two scrub clearance methods 

(Manual clearance and Livestock browsing) and that this has enabled an advancement 

on the understanding on how to tackle the restoration of chalk grasslands that have 

been invaded by scrub. 

The thesis identified that there is a need to restore scrub invaded chalk grassland. It 

highlighted that there is the high level of decline and that existing grasslands are also 

under threat. It confirmed that conservation and restoration of chalk grassland is 

judged to be essential if further losses are to be avoided (see section 1 . 1 .2) . 

In reviewing the many debates on whether it is appropriate to clear scrub, this thesis 

highlighted that some scrub is identified as of high conservation value (i.e. juniper 

scrub) and that some scrub is judged to be of low conservation value (see section 

1 .2). The thesis confirmed that scrub judged to be of low conservation value is that 

which is species poor monocultural scrub with similar species all of a similar age and 

this monocultural scrub is appropriate to clear. However the thesis also highlighted 

the debate that before clearance the likelihood of restoration success is essential to 

take into account (see section 1 .2). 
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The likel ihood of restoration success was argued to be dependent on a number of 

factors such as the restoration method used, the soil fertility and the costs and 

practicalities of the restoration methods used (see introduction chapter, section 1 .3). 

This thesis aimed to assess these factors whilst undertaking an investigative trial and 

examining and comparing the two scrub clearance methods (Manual clearance and 

Livestock browsing) . 

The success of restoring chalk grasslands back from scrub encroachment was argued 

to not be possible as the soils would have been enriched by the scrub making them 

too fertile for chalk grasslands species to colonise and survive (see section 1 .3). To 

examine this, the thesis tested the key soil nutrient levels (NPK, organic matter, soil 

moisture and pH ) on the investigative trial and compared these to key nutrient levels 

found within established chalk grassland sites elsewhere (see chapter threee). It was 

concluded that the soils within the investigative trial were found to be low 

enough in soil fertility to be able to support a vascular plant chalk grassland 

community. 

It was also identified that the soil fertility on each of the investigative trial treatment 

plots (in 1 997 one year into the investigative trial) were similar (with the exception of 

the levels of organic matter) . It was therefore concluded that any change in 

vascular plants between the investigative trial treatments could be attributed to 

the restoration method used or other factors and not to the levels of fertility 

within the soils of each treatment plot. 
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In studying the impacts of the restoration methods on the vascular plant communities 

it was concluded that differences in vascular plants species richness and composition 

did occur between the restoration method used and the non-intervention treatment. 

To examine the rate and direction of change within the vascular plant species, 

indicators of chalk grasslands in favourable condition were identified and measurable 

restoration targets set. Using these it was concluded that at the end of the 

investigative trials neither method had restored the invading scrub habitat back into 

species rich chalk grassland habitat in favourable condition. However it was 

identified that the vascular plants were found to be moving away from species 

associated with scrub habitats towards species associated with chalk grasslands. It 

was therefore concluded that over time with continued management both 

methods could restore a chalk grassland habitat. 

It was identified that as the restoration targets had not been reached, the habitat is 

stil l vulnerable to change and that as such there is danger of the restored habitat 

reverting back into a scrub habitat if restoration management ceased. It was 

therefore concluded that continued restoration or after care management was 

essential if the restoration was to be successful in the long term. 

In examining the impacts of the restoration methods on the invertebrate, beetle and 

spider communities it was concluded that species richness and composition did 

differ according to the restoration method used. It was identified that the rate of 
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change occurred more rapidly within the compartments trailed using Manual 

clearance compared to use of Livestock Browsing. 

(see invertebrate chapter, section 5 .2.2). However it was concluded that although 

showing differences the reasons for these changes in beetle and spider species 

occur from the use of Livestock browsing and Manual clearance as restoration 

methods. 

Costs of the two restoration methods identified that Livestock browsing was 

approximately five times more costly than restoration using Manual clearance. 

However it was concluded that the livestock browsing costs were mainly to do 

with husbandry/welfare costs of looking after the goats and that these costs 

would also occur as part of the Manual clearance restoration method if a local 

grazier could not be found. 

Performance indicators used to examine whether the beetles and spider groups were 

moving away from species associated with scrub habitats, found this to be the case 

was unclear suggesting that other factors (such as plant structure) could be 

impacting upon the invertebrate communities. It is therefore considered that 

further work on the impact of invertebrates is required, in particular to look at the 

impacts on the invertebrates as a result of the vascular plant structural differences that 
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Overall this thesis concludes that Livestock browsing and Manual clearance 

are both options that can be used to restore chalk grassland back from invaded 

scrub, providing that restoration is looked upon as a long term aim and not a 

short term objective. It is considered that the decision of their use would be 

largely dependent on the restoration objectives and the management constraints 

on the sites to be restored . The strengths and weaknesses of both methods are 

summarised in table 7 . 1  
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back from invasive scrub. 

Restoration 

restoration 

Livestock 

Impacts on 

• Species associated with 
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Table 7.1 A Summary of the strengths and weaknesses of using Livestock 

browsing or Manual clearance as methods to restore a chalk grassland habitat 

issue 
Success of 

Method Strengths l Weaknesses 

Manual • Has the ability to restore • After 5 years the habitat is 
clearance scrub invaded chalk moving towards species 

grassland (providing the associated with grassland 
aftercare management but hasn't reached the set 
continues) restoration target (with the 

exception of calcareous 
indicator species) and if 
aftercare management 
ceases then the grasslands 
could revert back to scrub 

Success of 
restoration browsing 

• Has the ability to restore • After 5 years the habitat is 
scrub invaded chalk moving towards species 
grassland (providing associated with grassland 
restoration or aftercare but hasn't reached the set 
management continues) restoration targets so need 

to view this option as a long 
term objective 

Manual • Calcareous species have • Initially creates disturbance 
Vascular plants clearance established and reached the to the soils and vascular 

restoration target set plant species associated 
with disturbance such as 

• Species associated with Ruderal species establish. If 

scrub decline and species not controlled they could 

associated with grasslands become dominant 

increase • Some cut scrub regrows 
even when treated with 
herbicide (in particular the 
clematis vines and elder) 

Impacts on Livestock 
Vascular plants browsing scrub decline and species 

associated with grasslands 
increase 

• Opens up the scrub canopy 
enabling grassland glades to 
expand 

• Dominant ruderal species 
kept under control by the 

I browsing action of the goats. 



Restoration 
Weaknesses 

Impacts on the of • Number of spider species 
invertebrate when decreased when compared 
beetle and the to the numbers occurring 

non- within the non-intervention 
treatments 

• Species composition rapidly 
changed from species 
occurring within the non-
intervention treatments 

• Other factors as well as 
restoration judged to have 

spider invertebrates and 

invertebrate 

• Difficult for contractors to 

work on steep slopes and to 

clear fell scrub where the 

undergrowth is dense 

• Fencing required to contain 

Livestock throughout the 

restoration period 

• Identified as more costly 

than using Manual 

clearance due to the costs of 

welfare checks if local 

grazer not used. 
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Method Strengthsissue 
Manual • The Number beetle 
clearance species increased 

compared to numbers 
spider occurring within the 
communities intervention treatments 

an impact on the beetle and 

this needs to be studied 
further. 

Impacts on the Livestock • The number ofinvertebrate • Other factors as well as 
browsing beetle and spider species restoration judged to have 

beetle and increased an impact on the beetle and 
spider spider invertebrates and 
communities • Produced a more gradual this needs to be studied 

change to the habitat giving further. 
invertebrate species an 
opportunity to move 

Restoration Manual • Habitat moves away from • Fencing required to contain 
Costs and clearance species associated with livestock if opting for 
practicalities scrub to species associated grazing to manage the 

with grassland quicker than grasslands once scrub has 

using Livestock browsing been cleared 

• Less costly than using 
Livestock browsing as a 
restoration method 

Restoration Livestock • A more gradual approach to 
Costs and browsing scrub clearance and thus 
practicalities creates less disturbance to 

the vascular plant and 
invertebrate communities 

• Livestock can be used on 
slopes that are too steep to 
clear manually 



In addition to the use of Livestock browsing or Manual clearance as options that can 

be used to restore chalk grassland back from invaded scrub, the investigative trial 

revealed two other potential options .  The third option which could potentially be 

used is the use of both Livestock browsing and Manual clearance as a two-staged 

approach to restoration. This two-staged approach could be useful in situations where 

the understory is dense and would create problems for contractors to get in and clear 

the scrub. 

initial stage to clear the understory and then 

Using this two-staged approach, Livestock browsing could be used as the 

once cleared contactors can then 

manually clear the remaining scrub. It is considered that this option could potentially 

be the best suited for the restoration of chalk grasslands on areas of dense scrub. It is 

also considered that as the l ivestock create a more gradual approach to scrub 

clearance this would be more beneficial to the invertebrate communities. Future 

research would enable thi s  option to be evaluated further. 

A fourth potential option is  the use of livestock during the autumn and winter months. 

In removing the goats from the investigative trials at the end of the summer and 

placing them on overwintering land, the results of a previous study (Oliver 1995) 

were confirmed which identified that on chalk downland scrub, the goats 

from browsing to bark stripping from September onwards. In switching to bark 

stripping it was revealed that the goats did have the potential to kill the trees. A study 

of the impact of their browsing on the barked trees was undertaken as a separate study 

on the site used for overwintering the goats. This  revealed that the goats did have a 

switch 
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major impact on trees and scrub species with species such as elder vulnerable to 

attack and most dead within eighteen months (Oliver et al, 2002). It also revealed 

that species such as ash showed weak foliage and some dieback within eighteen 

month. From this evidence it is therefore concluded that livestock browsing as a 

scrub clearance method could be more beneficial if the timing of the Livestock 

browsing was altered to take into account the opportunities for bark stripping. 

To identify any longer term impacts on these trees a :further study of this site is 

planned. 

It is concluded that the future work as outlined will be able to built on the work of 

this thesis. It is judged that that this thesis has achieved its aims of comparing the two 

restoration methods and has enabled an advancement in the understanding of 

restoring chalk grasslands from invading scrub. 
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Visual photos of the scrub occurring within the investigative trials 

before the treatments were undertaken .  

Impenetrable scrub occurring towards the bottom of the slope withi n the 
investigative trial area before treatments were undertaken (February 1996) 

Figure Al  

Hazel coppice occurring towards the top of  the slope within the investigative 
tria area before treatmen s were undertaken (February 1996) 

Figure A2 
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A basel ine sketch map showing the scrub occurring with in the investigative tria l repl icate plots 

in 1995 before Manual clearance was carried out. 

I • 

Investigative trial plot Investigative trial plot Investigative trial plot 
number 6 number 4 number 2 

= =Key : BTe Blackthorn, E = Elder, H = Hazel HAWe Hawthorn, SBe= S i l ver b irch, 
FEe= Fal len Elder FHA W = Fallen Hawthorn DHA W = Dead Hawthorn E/C = Elder covered in Clemat i s. 
P lot numbers refer to those a l located to the Manual clearance treatments (as shown in  figure 2.3 .6). Orientation of 
these sketch maps i s  with the base of the s lope at the base of these maps . 

Figure A3 
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8.94/8.94 

Characteristics of species composition identified from the historical records of 

Smithcombe Hills and other chalk grasslands sites. 

Table A 1 Smithcombe Hills 

Species Number of Number Grass/ herb 

richness Grass of Herb n1tio as a %  

(per M2) species species 

(per M2) (per M1) 

Smithcombe Hills 1 964 * 27 7 20 26/74 

Smithcombe Hills 1 971  ** 24 4 20 1 7/83 

Records taken from * Wells 1 964 ** Wells & Barling 1971 

Table A2 North Chiltern sites in 1971 

Species Number Number Grass/herb 

richness of Grass of Herbs ratio as a ¼  

species species 
(»er M2

) 

Barton Hills NNR 20 7 13 35/65 

Bedfordshire 
Deacon Hill Bedfordshire 27 7 20 26/74 

Knocking Hoe Bedfordshire 32 7 22/78 

Pitstone Hill Bedfordshire 1 6  6 10  38/62 

Smithcombe Hills1971 24 4 20 

Aldbury Nowers 1 6  6 1 0  38/62 

Hertfordshire 

Mean 22.5 6.2 16.3 29.3/70,7 

Standard deviation 6.38 1 . 1 7  6.22 

Records taken from Wells & Barling 1971 
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Berkshire 

(overall ) (overall) 

Smithcombe, and 

NNR/SSSI 

7 1  

Table A3 Other chalk grassland sites in 1971 

Species Number Number Grass/herb 
richness of Grass of Herbs ratio as a %  
(per M2) species species 

(per M2) (oer M2) 

Ravensborough Castle 17  7 10  41/59 
Bedfordshire 
Clipper Down 34 8 26 24/76 
Buckinghamshire 
Devils Dyke Cambridgeshire 22 8 14 36/64 
Flean Dyke Cambridgeshire 25 6 19  24/76 
Aston Upthorpe 20 7 13  35/65 

Mean 23 .6 7.2 1 6.4 32/68 
Standard deviation 6.5 0.84 6.27 7.65/7.65 

Records taken from Wells & Barling 1971  

Table A4 Smithcombe Hills and surrounding area in 1987 

Species Number Number Grass/herb 

richness of Grass of Herbs ratio as a %  
(overall) species species 

Sundon 85 1 9/8 1 105 20 
Sharpenhoe. SSS! 
Barton Hills 100 20 80 20/80 

Deacon Hills 88 17  71  1 9/8 1 

SSSI 
Knocking Hoe 14 57 20/80 
NNR/SSSI 

Average 9 1  17.75 73.25 1 9.5/80.5 
Standard deviation 15. 1 2  2.87 1 2.28 0.58/0.58 

Records taken from the Bedfordshire chalk grassland survey (Soden & Leach 1988) 
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Strongly 

The characteristics of the calcareous indicator species identified as occurring 
within the chalk grasslands recorded historically for Smithcombe and the 

surrounding areas. 

Table AS Smithcombe Hills 
Within the chalk Within those The number of The number of 
grasslands identified as calcareous Strongly 
recorded calcareous indicators as a calcareous 
historically : the indictors, the percentage of the indicators as a 
number of species 

2 

number which are species richness 
2 

percentage of the 
that are species richness per m per m 

identified as calcareous 2per m
calcareous 
indicators 1 

Smithcombe 2 1  1 7  78 63 

Hills1964 * 

Smithcombe 22 17 92 7 1  

Hi11s1971 ** 

Records taken from * Wells 1 964 ** Wells & Barling 1971 Calcareous indicators taken from the 
criteria used within the Bedfordshire Wildlife sites (Bedfordshire Wildlife Trust 2000) 

Table A6 North Chiltern sites in 1971 
Within the chalk Within those The number of The number of 
grasslands identified as calcareous Strongly 
recorded calcareous indicators as a calcareous 
historically : the indictors, the percentage of the indicators as a 
number of number which are species richness percentage of the 
species per m2 Strongly per m2 species richness 
that are calcareous per m2 

identified as 
calcareous 
indicators 1 

Barton Hills NNR 1 1  7 55 35 

Bedfordshire 
Deacon Hill 16 1 1  59 41  
Bedfordshire 
Knocking Hoe 20 9 63 28 

Bedfordshire 

Pitstone Hi 11 9 5 56 3 1 

Bedfordshire 
Smithcombe 22 17  92 71 
Hills1971 
Aldbury Nowers 10  5 63 3 1  

Hertfordshire 

Mean 14.67 9 65 40 

Standard deviation 5.50 4.56 13 .8 1  1 6.07 

Records taken from Wells & Barlmg 1 971 Calcareous indicators taken from the cntena used withm 
the Bedfordshire Wildlife sites (Bedfordshire Wildlife Trust 2000) 
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Table A7 Other chalk grassland sites in 1971 

Within the chalk Within those 
grasslands 
recorded 
historically : the 
number of 
species per m2 

that are 
identified as 
calcareous 
indicators 1 

Ravensborough Castle 16  

Bedfordshire 
Clipper Down 30 

Buckinghamshire 
Devils Dyke 19  

Cambridgeshire 
Flean Dyke 20 
Cambridgeshire 
Aston Upthorpe 1 4  
Berkshire 

Mean 1 9. 8  

Standard deviation 6. 1 8  

identified as 
calcareous 
indictors, the 
number which are 
Strongly 
calcareous 

14 

23 

17 

15 

1 4  

1 6 .6 

3 .78 

The number of The number of 
calcareous Strongly 
indicators as a calcareous 
percentage of the indicators as a 
species richness percentage of the 
per m2 species richness 

per m2 

94 82 

68 68 

77 77 

80 60 

70 70 

77.8 7 1 .4 

1 0.3 1 8.47 

Records taken from Wells & Barling 1971 Calcareous indicators taken from the criteria used within 
the Bedfordshire Wildlife sites (Bedfordshire Wildlife Trust 2000) 

Table AS Smitbcombe Hills and surrounding area in 1987 

Within the chalk 
grasslands 
recorded 
historically : the 
number of 
species per m2 

that are 
identified as 
calcareous 

r 1indicatos 

Smithcombe, 17  

Sundon and 
Sharpenhoe. 
SSS! 
Barton Hills 19 

NNR/SSSI 
Deacon Hill 16 
SSSI 
Knocking Hoe 16 

NNR/SSSI 

Mean 17  

Standard 1 .41 

deviation 

Within those 
identified as 
calcareous 
indictors, the 
number which are 
Strongly 
calcareous 

1 6  

17  

14 

15 

15 .5 
1 .29 

The number of The number of 

calcareous Strongly 
indicators as a calcareous 
percentage of the indicators as a 
species richness percentage of the 
per m2 species richness 

2per m 

1 6  1 5  

1 9  17  

18  16 

22 2 1  

1 9.2 1 7.5 

2.39 2.38 

Records taken from the Bedfordshire chalk grassland survey (Soden & Leach 1 988) Calcareous 
indicators taken from the criteria used within the Bedfordshire Wildlife sites (Bedfordshire Wildlife 
Trust 2000) 
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Invertebrates 

Changes within the composition and abu ndance of beetles as a result of the restoration treatments in 1 999 (s pecies a-c) 

-

1 0  

9 

8 

7 D Non-i ntervention 

6 Livestock browsing 

5 D Manual c learance 

4 

3 

2 

□ et, [To a. J] D c::d] dJ m0 

Abbreviations a fter the species name relate to whether the species a re classed as pioneer or  established species (as specified by Andy 
Foster pers. comm.)  
P = Pioneer Species 
P-PS = Pioneer species that are attracted to smelly pit fal l  traps 
E = Estab l i shed specie 

Figure A7 
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C ha nges with i n  the com position a n d  abu nda nce of beetles as a resu lt of the restoration 

1 0  
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treatme nts In 1 999 ( s pecies d-n) 

□ Non-intervention 

• Livestock browsing 

D Manual clearance 

[1J □eD c:dl 0[J [b .D 

Abbreviat ions after the species name relate to whether the species are classed as pioneer or established spe i es (as specified by Andy Foster per . 
comm.) 
P = Pioneer Species 
P-PS = P ioneer species that are attracted to sm lly pit fall traps 
E = Estab l ished species 

Figure AS 

249 



-� 
� 

Cha nges with i n  the compos iti o n  and a b u n d a n c e  of beetles as a result of the restoration 

treatments in 1 999 (species p-u)  
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Abbreviat ions after the species name relate to whether the species are classed as pioneer or establ i shed species (as specified by Andy Foster pers . comm.) 
P = Pioneer Species 
P-PS = Pioneer species that are attracted to smelly pit fall traps 
F, = F. tahl ish d snecies 

Figure A9 
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