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Chapter 1 

In t r o d u c t i o n 

The study was made along disused r a i l w a y t r a c k s i n 

County Durham. The aims of the study were as f o l l o w s : 

1. to i n v e s t i g a t e whether di s u s e d t r a c k s show s u c c e s s i o n 

of s p e c i e s 

2. to a s s e s s the i n f l u e n c e of embankment and c u t t i n g 

s p e c i e s on the t r a c k s p e c i e s 

3. to i n v e s t i g a t e c e r t a i n h a b i t a t f a c t o r s and to a s s e s s 

t h e i r r o l e i n i n f l u e n c i n g the s p e c i e s composition 

of disused r a i l w a y t r a c k s 

4. to study the morphology and performance at d i f f e r e n t 

t r a c k s i t e s of two ubiquitous s p e c i e s v i z . Plantago 

l a n c e o l a t a and D a c t y l i s glomerata 

The disused r a i l w a y t r a c k appeared to be s u i t e d to such 

a study s i n c e the t r a c k s u b s t r a t e i s f a i r l y uniform i n s i z e 

and type of m a t e r i a l ( a s are the c u t t i n g and embankment 

s l o p e s ) , the e x i s t e n c e of the two e x a c t l y opposite and steep 

slopes would enable the i n f l u e n c e of aspect and exposure to 

be determined, the country through which the l i n e s are 

constructed i s v a r i e d and so the i n f l u e n c e of adjacent land 

use on the r a i l w a y f l o r a could be e s t a b l i s h e d and the date 

of c l o s u r e of each l i n e i s known such t h a t changes i n 

veget a t i o n over time could be a s s e s s e d . 

Uniformity of management techniques, while the l i n e s 

were i n use, was a l s o p r a c t i s e d . When c a r r y i n g t r a f f i c the 

r a i l w a y t r a c k s were p r i n c i p a l l y kept f r e e of vege t a t i o n 

through the a p p l i c a t i o n of w e e d k i l l e r s by spr a y i n g and by 

the p r a c t i c e of covering the t r a c k with a loose matrix of 

stone as b a l l a s t . The r e q u i r e d standard of B r i t i s h R a i l i n 
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regard to the growth of vegetation along r a i l w a y t r a c k s 

i s t h a t spraying should be e f f e c t i v e i n keeping the width 

of the l i n e b a l l a s t 98% weed f r e e and the i n t e r - t r a c k 

spaces 95% weed f r e e . Without such checks on weed growth 

there was a danger of f i r e and w h e e l s l i p . B r i t i s h R a i l 

a l s o took measures to reduce p a r t i c u l a r s p e c i e s e.g. 

Chamaenerion angustifoHum, from embankments and c u t t i n g s 

to reduce the f i r e r i s k . 

From the dense network of l i n e s I n B r i t a i n i n the 

e a r l y p a r t of t h i s century, the c u r r e n t t r a f f i c i s c a r r i e d 

on a s e v e r e l y truncated system. With the c l o s u r e of many 

l i n e s the opportunity was thus afforded f o r the i n v e s t i g 

a t i o n of plant s p e c i e s found growing along the t r a c k s and 

slo p e s of the disused l i n e s . 
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er Chapter 2 

M a t e r i a l s and Methods 

1. S e l e c t i o n of S i t e s 

The area of study was that w i t h i n a t h i r t y f i v e m i l e 

r a d i u s of the c i t y of Durham wi t h the f i e l d work completed 

during an eight week period from e a r l y May to e a r l y J u l y . 

S i t e s were s e l e c t e d where ac c e s s was p o s s i b l e and which gave 

a r e p r e s e n t a t i v e sample of dates s i n c e c l o s u r e of the 

r a i l w a y l i n e s . 

Twenty eight s i t e s were chosen and i n the t e x t these 

are i d e n t i f i e d w i t h a l e t t e r code A - Z ( w i t h four s i t e s 

having a double l e t t e r code v i z . Ba, Bb, Na and Nb). The 

s i t e s are i n d i c a t e d on the map ( F i g . 1 ) , the map being 

derived from the Ordnance Survey Quarter Inch S e r i e s (Map 

Sheet 9 ) . The g r i d r e f e r e n c e of each s i t e i s contained i n 

the appendix (Table 1) and a photograph of each s i t e i s 

included. 

The aim of s e l e c t i o n was to s e l e c t d i s u s e d r a i l w a y 

l i n e s i t e s which would form a homogeneous group regarding 

the environmental c o n d i t i o n s of the t r a c k s e.g. c l i m a t i c 

c o n d i t i o n s , g r a d i e n t s , s i z e and shape of b a l l a s t m a t e r i a l 

e t c . The choice of the p a r t i c u l a r s e c t i o n of t r a c k f o r 

a n a l y s i s was made with r e s p e c t to a s p e c i f i c c r i t e r i o n 

v i z . to choose s e c t i o n s of t r a c k e x h i b i t i n g homogeneity 

of f l o r a . A f o r t y metre s e c t i o n of t r a c k was marked out 

and used f o r the a n a l y s i s of vegetation and a number of 

s i t e c h a r a c t e r i s t i c s . 

2. Methods of Sampling and A n a l y s i s -

i ) Vegetation i IT' 

Within the f o r t y metre s e c t i o n , a n a l y s i s of the 

vegetation was undertaken u s i n g a quadrat one metre square. 
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The p l a c i n g of the quadrat was determined by r e f e r e n c e 

to random number t a b l e s . At each t r a c k s i t e ten quadrats 

were used, f i v e on e i t h e r s i d e of the l i n e p a s s i n g down 

the c e n t r e of the t r a c k , i n the manner shown below e.g. 

s i t e A at Coxhoe 

X - Y * i f O m 

Quadrats (lm ) were a l s o used to sample the 

vegetation on the c u t t i n g or embankment s l o p e s , with 

f i v e quadrats on each of the two s l o p e s at each s i t e . 

The point f o r sampling was again determined by r e f e r e n c e 

to random number t a b l e s , the two co-ordinates obtained 

thus i d e n t i f y i n g the lower l e f t hand corner of the 

quadrat. 

The data recorded f o r each quadrat i n c l u d e d : 

a) the number and i d e n t i f i c a t i o n of the s p e c i e s 

present 

b) an estimate of the percentage cover of each s p e c i e s 

and c ) an estimate of the percentage of bare ground w i t h i n 

the quadrat. 

Throughout the study r e f e r e n c e was made to Clapham, 

T u t i n and Warburg F l o r a of the B r i t i s h I s l e s or E x c u r s i o n 

F l o r a of the B r i t i s h I s l e s f o r f i n a l i d e n t i f i c a t i o n . At 

some s i t e s mosses and s e e d l i n g s too s m a l l to be i d e n t i f i e d 

were recorded w i t h i n the quadrats and a l l s p e c i e s were 
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bulked under 'moss' or ' s e e d l i n g ' . The data 

i s t a b u l a t e d i n the Appendix Tab l e s 2, 3, 4 and 5. 

i i ) T y p i c a l S p e c i e s 

A f t e r the f i r s t few s i t e s had been sampled and 

the s p e c i e s l i s t s drawn up i t was decided to i n v e s t i g a t e 

a couple of ' t y p i c a l ' t r a c k s p e c i e s , ubiquitous s p e c i e s 

found at each s i t e , i n order to a s s e s s t h e i r p a t t e r n of 

d i s t r i b u t i o n and performance at d i f f e r e n t s i t e s . The 

s p e c i e s s e l e c t e d were D a c t y l i s glomerata and PIantago 

l a n c e o l a t a as they occurred at almost a l l s i t e s , both 

on the t r a c k s and on the c u t t i n g or embankment s l o p e s . 

The p a t t e r n of d i s t r i b u t i o n of the t r a c k i n d i v i d u a l s 

of the ' t y p i c a l ' s p e c i e s was determined i n the manner 

o u t l i n e d by Hopkins (1954). The method r e l a t e s to the 

d i s t a n c e of an i n d i v i d u a l p l a n t from a random point, w i t h 

the measure a l s o made of the d i s t a n c e from the p l a n t so 

i d e n t i f i e d to i t s n e a r e s t neighbour. 

A g r i d was o v e r l a i d on the t r a c k and the l o c a t i o n 

of the random point determined by r e f e r e n c e to coordinates 

s e l e c t e d from random number t a b l e s . D i s t a n c e s were 

measured to the nearest centimetre. The data enables a 

c o e f f i c i e n t of aggregation (A) to be c a l c u l a t e d . The 

c o e f f i c i e n t was determined by c a l c u l a t i n g the mean value 

of the squares of the d i s t a n c e of a random point to the 

n e a r e s t i n d i v i d u a l of the s p e c i e s , t h i s being d i v i d e d by 

the mean value of the squares of the d i s t a n c e from the 

i n d i v i d u a l chosen at random to i t s n e a r e s t neighbour. 

I f the c o e f f i c i e n t i s u n i t y the d i s t r i b u t i o n of the p l a n t s 

accords to a random one, i f the c o e f f i c i e n t i s g r e a t e r 

than or l e s s than u n i t y the p l a n t s tend towards an 

aggregated or r e g u l a r d i s t r i b u t i o n r e s p e c t i v e l y . The degree o 



divergence from a random p a t t e r n i s determined by computing 

a value x wiiere x = A / ( l + A). For v a l u e s of n<50 

re f e r e n c e i s made to an abac constructed f o r t h i s purpose. 

At each s i t e t h i r t y random p o i n t s were s e l e c t e d and so 

the abac drawn up by Hopkins was used to determine the 

pa t t e r n of d i s t r i b u t i o n of the two s p e c i e s . 

At the s i t e s c e r t a i n c h a r a c t e r i s t i c s of each t y p i c a l 

t r a c k s p e c i e s were recorded. For D a c t y l i s glomerata t h i s 

included: 

a) height of the fl o w e r i n g stems 

b) angle of growth of the fl o w e r i n g stems 

c ) f r e s h and dry weight measurements of i n d i v i d u a l s 

at each s i t e 

d) the biomass of the fl o w e r i n g stems and non-

flower i n g m a t e r i a l of the p l a n t s 

with data recorded f o r twenty i n d i v i d u a l s from both the 

t r a c k s and embankment or c u t t i n g s l o p e s . 

For Plantago l a n c e o l a t a the data included: 

a) height of the flowe r i n g stems 

b) the length of l e a f 

c ) the angle of growth of the fl o w e r i n g stems 

d) the f r e s h and dry weight measurements of i n d i v i d 

u a l s 

e) the biomass of the fl o w e r i n g and non-flowering 

p a r t s of the p l a n t s , 

with the data recorded f o r twenty i n d i v i d u a l s from both the 

t r a c k s and the embankment or c u t t i n g s l o p e s . 

The s e l e c t i o n of i n d i v i d u a l s f o r a n a l y s i s was made 

s u b j e c t i v e l y but without conscious b i a s . Heights and lengths 

of i n d i v i d u a l p l a n t s were made to the nea r e s t m i l l i m e t r e , 

with heights being measured from the base of the pl a n t to 

the top of the flowe r i n g stem. Three angle of growth c l a s s e s 



were defined: 0° - 30°, 31° - 60° and 61° - 90°. For 

the weighings each i n d i v i d u a l was weighed f r e s h on r e t u r n 

to the l a b o r a t o r y and then weighed again a f t e r f o r t y e i g h t 

hours i n a drying oven maintained at 105°C. The mean v a l u e s 

of the p l a n t c h a r a c t e r i s t i c s measured at each s i t e were 

c a l c u l a t e d (see appendix Tables 6 and 7 ) . 

i i i ) S o i l C h a r a c t e r i s t i c s 

S o i l samples were taken from each s i t e to a s s e s s the 

i n f l u e n c e of some s o i l p r o p e r t i e s upon s p e c i e s composition. 

The s o i l c h a r a c t e r i s t i c s determined in c l u d e d pH, phosphorus 

content and organic content. 

S o i l samples were c o l l e c t e d from the t r a c k and 

embankment or c u t t i n g s l o p e s . Three samples of s o i l were 

c o l l e c t e d from the t r a c k , each sample removing s o i l to a 

depth of 6 - 8 cm, w i t h one sample taken at e i t h e r end of 

the s e c t i o n of t r a c k and one i n the c e n t r e . On the s l o p e s 

three samples were again taken but at d i f f e r e n t h e i g h t s 

up the slope. The samples were taken at the top, middle 

and bottom of each slope, c o i n c i d e n t with e i t h e r end and 

the middle of the t r a n s e c t l i n e on the t r a c k . On r e t u r n 

to the l a b o r a t o r y the s o i l was thoroughly mixed to give 

a more homogeneous sample of t r a c k and slope s o i l f o r 

an a l y s i s . 

a) Determination of pH 

The pH of the s o i l was determined by the e l e c t r o m e t r i c 

method w i t h readings made to one decimal p l a c e . The pH 

meter was checked a g a i n s t three b u f f e r s o l u t i o n s (pH 4.0, 

7.0 and 9.0) before the pH of the s o i l s l u r r y was determined. 

The r e s u l t s a r e t a b u l a t e d i n the appendix (Table 8 ) . 

b) Determination of Organic content 

An estimate of the organic matter present i n the t r a c k 

s o i l s was made u s i n g the l o s s - o n - i g n i t i o n method. The s o i l 

was i n i t i a l l y a i r d r i e d f o r two days and then a sample was 

oven d r i e d at 105°C f o r a f u r t h e r two days. A lOg sample 
was then placed i n a c r u c i b l e which was put i n t o a muffle 



furnace. The furnace temperature was sl o w l y r a i s e d to 

450°C and held at t h a t temperature f o r four hours before 

being allowed to cool to 150°C. The sample was then 

removed and allowed to cool i n a d e s i c c a t o r . A f t e r r e -

weighing the organic content of the s o i l was c a l c u l a t e d 

t h u s : -

l o s s - o n - i g n i t i o n - organic content = weight l o s s (g) x 100 

oven dry weight (g) 

The r e s u l t s are ta b u l a t e d i n the Appendix (Table 8 ) . 

c ) Determinat ion of phosphorus content 

The phosphorus content of the s o i l s was determined u s i n g 

the molybdenum blue method, w i t h stannous c h l o r i d e as the 

reducing agent. 2.5g of a i r d r i e d s o i l was placed i n a 

polythene b o t t l e , 100 ml. of Truog's reagent added and the 

b o t t l e placed on a r o t a r y shaker f o r one hour. The s o l u t i o n s 

were s i e v e d through No.44 f i l t e r paper u n t i l 50 ml. had been 

c o l l e c t e d and t h i s poured i n t o a g l a s s f l a s k . 2 ml. of 

ammonium molybdate reagent and 2 ml. of stannous c h l o r i d e 

reagent were added to the s o l u t i o n which was mixed and l e f t 

f o r h a l f an hour. The o p t i c a l d e n s i t y of the s o l u t i o n was 

then determined at 700 nm on the spectrophotometer u s i n g 

Truog's reagent as the r e f e r e n c e . To convert machine 

readings to mg phosphorus a c a l i b r a t i o n curve was p l o t t e d . 

The stock s o l u t i o n enabling t h i s to be completed was made 

up (1 ml.ao.l mg.P) and again Truog's reagent used f o r 

re f e r e n c e , with the o p t i c a l d e n s i t y of 700 nm. The 

phosphorus content was determined t h u s : -

3 

P = C(mg) x s o l u t i o n volume (ml) x 10 

10 x a l i q u o t (ml) x sample wt.(g) 
where C = mg P derived from the c a l i b r a t i o n curve 
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The sample weight i n the above formula was dry weight. 

T h i s was determined by oven drying the s o i l s f o r two days 

at 105°C w i t h the f r e s h weight of s o i l converted to i t s dry 

weight e q u i v a l e n t . The phosphorus content of the s o i l 

samples are t a b u l a t e d i n the appendix (Table 8 ) . 

i v ) S i t e C h a r a c t e r i s t i c s 

Note was made of the immediate land use on e i t h e r s i d e 

of the r a i l w a y l i n e property i n the m a j o r i t y of c a s e s t h i s 

was some form of a g r i c u l t u r a l a c t i v i t y . 

Track width was a l s o noted, the t r a c k being defined 

as the h o r i z o n t a l a r e a between the c u t t i n g or embankment 

edge. The presence or absence of the t r a c k b a l l a s t was 

a l s o recorded together with the gradient of the t r a c k . 

T h i s was measured u s i n g an Abney l e v e l and s u r v e y i n g p o l e s . 

Two readings were taken, one from each end of the t r a c k 

and the mean angle found. The Abney l e v e l was a l s o used 

to determine the angle of the c u t t i n g or embankment s l o p e s , 

three readings were taken and the mean determined. The 

height of the two s l o p e s at each s i t e was a l s o noted. 

The f i n a l s i t e c h a r a c t e r i s t i c noted was that of aspect. 

The d i r e c t i o n of alignment of the t r a c k was measured w i t h a 

p r i s m a t i c compass, s i g h t i n g being on to the surveying poles 

at e i t h e r end of the s e c t i o n of t r a c k . The data obtained 

enabled two and four bearing c l a s s e s to be defined: these 

were 0 - 90°, 91° - 180°, and 0° - 45°, 46° - 90°, 91° -

135° and 136° - 180°. With regard to the c u t t i n g s and 

embankments a d i f f e r e n t s e t of c l a s s e s were i d e n t i f i e d and 

s i n c e aspect was the key f a c t o r i n t h i s regard i t was the 

d i r e c t i o n t h at the c u t t i n g or embankment s l o p e s were f a c i n g 

that was of i n t e r e s t . The d i r e c t i o n t h a t the embankment or 

c u t t i n g s l o p e s were f a c i n g was always 90° d i f f e r e n t from 

the alignment of the t r a c k . Hence a t r a c k a l i g n e d i n the 

south west to north e a s t plane (recorded as bearing 45°) 

would have c u t t i n g or embankment s l o p e s which faced north 

west and south e a s t . Since the c l a s s e s f o r c u t t i n g or 

embankment s l o p e s were north, south, e a s t and west 
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the d e f i n i t i o n of the c l a s s was made as o u t l i n e d below, 

the code i n d i c a t i n g the d i r e c t i o n the slopes were f a c i n g . 

sis 

J25 

Thus a t r a c k alignment between 46° and 135° and 

225° - 315° would have c u t t i n g or embankment sl o p e s f a c i n g 

north and south, i f the alignment of the t r a c k was 315° -

45° and 136° - 225° the sl o p e s would be f a c i n g east and 

west. The data on the s i t e c h a r a c t e r i s t i c s i s t a b u l a t e d 

i n the appendix, Tables 9 and 10. 

3. S t a t i s t i c a l Techniques 

i ) Ordination 

An o r d i n a t i o n technique, as o u t l i n e d by Bray and 

C u r t i s (1957),was used to enable comparisons to be made 

wit h regard to the s p e c i e s composition of the r a i l w a y 

t r a c k s i t e s . The o r d i n a t i o n produces grouping of s i t e s 

which may then be used as a b a s i s f o r an assessment of 

the a s s o c i a t i o n between the p a t t e r n and p a r t i c u l a r e n v i r 

onmental parameters. 
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A f t e r the s p e c i e s l i s t f o r each s i t e had been drawn 

up the c o e f f i c i e n t of s i m i l a r i t y was c a l c u l a t e d between 

each s i t e and a l l other s i t e s u s i n g the formula below: 

c o e f f i c i e n t of s i m i l a r i t y = 2 c x 100% 

a+a b 

c = no. of s p e c i e s common to both s i t e s 

a and b = no. of s p e c i e s at any two s i t e s A and B. 

From these v a l u e s i n t e r s t a n d d i s t a n c e s were c a l c u l a t e d 

by s u b t r a c t i n g the c o e f f i c i e n t of s i m i l a r i t y from 100 the 

t h e o r e t i c a l maximum, with the data t a b u l a t e d i n the appendix 

(Table 11). The matrix of i n t e r s t a n d c o e f f i c i e n t s was used 

to s e l e c t two r e f e r e n c e stands i . e . those stands w i t h the 

g r e a t e s t i n t e r s t a n d d i s t a n c e between them v i z . Q and S. 

S i t e s A and M were disregarded i n t h i s a n a l y s i s as they were 

a t y p i c a l , A being a s i t e t h a t i s s t i l l used once a week to 

c a r r y q u a r r i e d stone and M being a moorland s i t e at an 

a l t i t u d e of 1400 f e e t . By r e f e r e n c e to Q and S, the x a x i s 

coordinates of each of the other stands were determined by 

geometric c o n s t r u c t i o n . The r e f e r e n c e stands f o r the y a x i s 

were chosen by s e l e c t i n g l o c a t i o n s which were c l o s e together 

on the x a x i s but s t i l l had a high s e p a r a t i o n regarding 

i n t e r s t a n d d i s t a n c e v i z . s i t e s C and I . These stands were 

used f o r y a x i s c o n s t r u c t i o n with a l l s i t e s being thus given 

y coordinates. With the x and y coordinates found f o r each 

s i t e the o r d i n a t i o n was cons t r u c t e d . 

i i ) Other s t a t i s t i c a l techniques 

The s t a t i s t i c a l techniques a v a i l a b l e i n the S.P.S.S. 

computer package were used f o r the c a l c u l a t i o n of c o r r e l a t i o n 

c o e f f i c i e n t s , r e g r e s s i o n a n a l y s i s and c e n t r a l tendency 

data. Apart from g r a p h i c a l methods the other s t a t i s t i c a l 

techniques used were the Chi-Square T e s t and the F i s h e r 

Exact P r o b a b i l i t y T e s t . The Chi-Square t e s t s t a t i s t i c was 
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used to determine whether c e l l f r e q u e n c i e s i n a contingency 

t a b l e were independent. The X value was c a l c u l a t e d from 

the formula below: 

1 E ) (0 

where 0 = observed f r e q u e n c i e s 

E = expected f r e q u e n c i e s 

w i t h the degrees of freedom given by ( r - l ) ( c - 1) 

where r = no. of rows and c = no. of columns i n the 

contingency t a b l e . I n many c a s e s the data was dichotomized 

on the b a s i s of the median value of the v a r i a b l e under 

c o n s i d e r a t i o n . The median value was chosen s i n c e t h i s 

enabled two c l a s s e s to be i d e n t i f i e d on an o b j e c t i v e b a s i s 

i . e . those v a l u e s g r e a t e r than or equal to the median value, 

and those v a l u e s l e s s than the median. 

The other s t a t i s t i c a l t e s t used was the F i s h e r Exact 

P r o b a b i l i t y T e s t . S i n c e i t i s recommended ( S i e g e l 1956) that 

the Chi-Square Test be used i n a 2 x 2 contingency t a b l e 

only when expected f r e q u e n c i e s are ̂  5, the F i s h e r Test was 

used when t h i s was not the case, and where the data from 

the samples f a l l s i n t o one of two mutually e x c l u s i v e c l a s s e s . 

The t e s t determines whether the two c l a s s e s d i f f e r i n the 

proportion w i t h which they f a l l i n t o one of two c l a s s i f i c a 

t i o n s . The p r o b a b i l i t y of observing such a p a r t i c u l a r s e t 

of f r e q u e n c i e s i n a contingency t a b l e i s given by the 

hypergeometric d i s t r i b u t i o n . 

Consider the contingency t a b l e below with the f r e q u e n c i e s 

of occurrence i n the mutually e x c l u s i v e groups and c l a s s e s 

given by the l e t t e r s A, B, C and D. 
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Group 1 Group 2 T o t a l 

C l a s s 1 A B A + B 
C l a s s 2 C D C + D 

T o t a l A + C B .+. D . N : T o t a l B .+. D . N : 

The p r o b a b i l i t y p of the s e t of f r e q u e n c i e s o c c u r r i n g 

i s given by the formula below: 

p = (A + B)I (C + D)I (A + C)I (B + D)I 

N: A: B: C. D: 

Again the median value of the data was used to e s t a b l i s h 

the two c l a s s e s on an o b j e c t i v e b a s i s . 



Chapter 3 

The Examination of Railway T r a c k Veeetation 

Use of ah o r d i n a t i o n technique to compare t r a c k s i t e s 

As was o u t l i n e d i n Chapter 2 the o r d i n a t i o n technique 

devised by Bray and C u r t i s (1957) was used to compare s i t e s 

w i t h r e s p e c t to t h e i r s p e c i e s composition, so t h a t the group

ing of s i t e s may then be examined i n r e l a t i o n to the 

environmental v a r i a b l e s s t u d i e d . A f t e r the coordinates of 

the s i t e s had been c a l c u l a t e d the data were graphed and the 

o r d i n a t i o n did appear to give a good s e p a r a t i o n of the s i t e s 

( F i g . 2 ) . 

An important i n d i c a t i o n t h a t the o r d i n a t i o n has been 

u s e f u l and can be used to i n d i c a t e s i m i l a r i t y of s i t e s through 

s p e c i e s composition i s t h a t the s i t e l o c a t i o n s along the x 

a x i s and the y a x i s should be u n - c o r r e l a t e d . I f t h i s i s so, 

then the y a x i s does add meaning to the s e p a r a t i o n of s i t e s . 

o u t l i n e d by the x a x i s . The c o r r e l a t i o n c o e f f i c i e n t between 

the x and y a x i s was found to be r = 0.0103 which f o r the 

twenty eight s i t e s i s not s i g n i f i c a n t and hence the x and y 

axes give stand l o c a t i o n s which are not a s s o c i a t e d . 

Although s i t e s A and M were not used f o r the s e l e c t i o n 

of r e f e r e n c e stands as they have been shown to be a t y p i c a l 

(Chapter 2, Pg.9 ) they have been inc l u d e d i n the g r a p h i c a l 

r e p r e s e n t a t i o n of the o r d i n a t i o n . 

The x a x i s i s based on the i n t e r s t a n d d i s t a n c e between 

s i t e s Q and S, these being the most d i s s i m i l a r s i t e s 

regarding s p e c i e s composition. S i t e S had a t r a c k s o i l 

w i t h a pH value of 8.8 (the h i g h e s t value found at any 

s i t e ) with Q recording a pH of 7.3. S i t e S i s i s o l a t e d i n 

i t s p o s i t i o n on the o r d i n a t i o n and the l i k e l y reason f o r 

t h i s i s to be found i n the uniqueness of the s i t e . T h i s 

s i t e was a disused r a i l w a y l i n e w i t h i n the Weardale works 

of the A s s o c i a t e d P o r t l a n d Cement Manufacturers at E a s t g a t e . 

I t i s t h e r e f o r e l i k e l y t h a t the s e p a r a t i o n of S from a l l 
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other s i t e s i s due to the presence of limestone dust as 

f a l l o u t from the i n d u s t r i a l p r o cesses being c a r r i e d on 

at the s i t e , t h i s accounting f o r the high pH v a l u e . 

F u r t h e r the continuous f a l l o u t of limestone dust i s l i k e l y 

to have an i n h i b i t o r y e f f e c t on p l a n t s by i t s p h y s i c a l 

presence e.g. reducing photosynthetic e f f i c i e n c y . The 

s e c t i o n of t r a c k sampled was l e s s than one hundred and f i f t y 

metres from the main p r o c e s s i n g b u i l d i n g . Brandt and 

Rhoades (1973) have noted that pH l e v e l s on s i t e s r e c e i v i n g 

heavy d u s t f a l l s from nearby limestone q u a r r i e s and p r o c e s s 

ing p l a n t s had g r e a t e r v a l u e s than a c o n t r o l s i t e which 

r e c e i v e d l i t t l e or no dust. T h i s d i f f e r e n c e proved to be 

s i g n i f i c a n t when Brandt and Rhoades sampled s o i l from the 

A-̂  and Ag horizons, (0 - 10cm) w i t h samples from the B^ 

horizon ( > 10cm) approaching normal pH v a l u e s f o r limestone 

derived s o i l s . The high pH value at S thus i s explained by 

d u s t f a l l s from the Weardale works, as the s o i l sampled on 

the t r a c k i n t h i s study was a l s o i n the A^ and Ag horizons 

being i n the 0 - 8 cm range. 

I t i s l i k e l y t h a t limestone dust may a l s o have been 

i n f l u e n t i a l i n the s o i l s and the pH recorded at s i t e s 

Ba (pH = 8.3), Bb (pH = 8.3), and A (pH = 8.5). S i t e s 

Ba and Bb were near to the T h r i s l i n g t o n limestone quarry 

at Cornforth. Limestone dust f a l l i n g from r a i l wagons as 

w e l l as i n d u s t r i a l f a l l o u t could a l s o have i n c r e a s e d the 

pH value of the s o i l taken from s i t e A. The l i n e i s used 

once a week to t r a n s p o r t q u a r r i e d limestone from the quarry 

at Coxhoe and s p i l l a g e along the l i n e , as w e l l as dust, 

could occur. 

S i t e S a l s o s t i l l had the r a i l s and s l e e p e r s down and 

was an open s i t e whereas s i t e Q was a c l o s e d h a b i t a t and was 

without r a i l s or s l e e p e r s . S i t e Q was grazed u n t i l two y e a r s 

ago a f t e r which i t was l e f t to re-generate without d i r e c t 

human or animal disturbance, whereas s i t e S had s u f f e r e d no 

disturbance over the y e a r s s i n c e c l o s u r e . Both s i t e s , 

however, were on Carboniferous Limestone and thus had 

s i m i l a r geology. 
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The y a x i s was con s t r u c t e d u s i n g r e f e r e n c e stands 

C and I , these being c l o s e together on the x a x i s but 

wi t h a high s e p a r a t i o n regarding i n t e r s t a n d d i s t a n c e . 

S i t e I was at B r u s s e l t o n where the l i n e was c l o s e d one 

hundred and twenty y e a r s ago. The l i n e was one which 

included a rope hauled s e c t i o n over an i n c l i n e plane 

and was repl a c e d by an a l t e r n a t i v e route i n 1858. The 

percentage cover w i t h i n the sampled quadrats was 42% 

with disturbance and the presence of stone s l e e p e r s ( j u s t 

v i s i b l e i n the photographs) accounting f o r t h i s . 

S i t e C was a much more open h a b i t a t than s i t e I 

and an important f a c t o r e x p l a i n i n g the d i f f e r e n c e i n 

vegetation at the s i t e s i s t h a t C i s on the Magnesian 

Limestone whereas I i s on the Coal Measures. The d i f f e r e n c e 

i n geology i s l i k e l y to be very i n f l u e n t i a l i n determining 

s p e c i e s composition, e s p e c i a l l y i n the e a r l y y e a r s of 

c o l o n i s a t i o n of the disused t r a c k . 

With the o r d i n a t i o n p l o t t e d , a n a l y s i s was then 

undertaken to i n v e s t i g a t e any a s s o c i a t i o n t h a t may e x i s t 

between the two axes and a number of v a r i a b l e s . 

C o r r e l a t i o n c o e f f i c i e n t s were obtained between the 

x and y axes and a number of non-environmental v a r i a b l e s 

v i z . the number of y e a r s s i n c e the t r a c k c l o s e d , the 

number of s p e c i e s of the t r a c k and the percentage cover 

of the t r a c k . The only v a r i a b l e s i g n i f i c a n t l y a s s o c i a t e d with 

e i t h e r a x i s was the number of s p e c i e s which was c o r r e l a t e d 

w ith the x a x i s ( r = 0.4627 * * * ) . (Throughout t h i s 

study a s i g n i f i c a n t l e v e l of 0.05, 0.01 and 0.001 i s 

i n d i c a t e d by *, ** and *** r e s p e c t i v e l y : N.S. r e p r e s e n t s 

n o n - s i g n i f i c a n t ) . The trend of the c o r r e l a t i o n was 

an i n c r e a s e i n the number of s p e c i e s towards the higher 

v a l u e s of the x a x i s ( F i g . 3 ) . 
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The number of s p e c i e s found at a s i t e w i l l not only 

be a f u n c t i o n of time s i n c e c l o s u r e of the l i n e but w i l l 

a l s o be a f u n c t i o n of the degree of disturbance experienced 

along the t r a c k a f t e r i t ceased to be o p e r a t i o n a l , the 

nature of the seed bank i n the t r a c k s o i l and the seed 

i n f l u x each year, the amount of s t r e s s a s s o c i a t e d w i t h the 

s i t e ( s t r e s s being the e x t e r n a l c o n s t r a i n t s which l i m i t the 

dry matter production of a l l or p a r t of the v e g e t a t i o n e.g. 

n u t r i e n t d e f i c i e n c y ) and a l s o h a b i t a t c h a r a c t e r i s t i c s 

i n c l u d i n g the nature of the s u b s t r a t e s i n c e base r i c h s o i l s 

e.g. those derived from limestone, tend to be more s p e c i e s 

r i c h s i t e s . Since the y e a r s s i n c e c l o s u r e and the percentage 

cover were not a s s o c i a t e d with the o r d i n a t i o n axes t h i s would 

suggest that the grouping of s i t e s produced was not a 

response to time but to one or more environmental v a r i a b l e s . 

A t t e n t i o n was then given to the environmental v a r i a b l e s 

s t u d i e d . 

The parameters under study were pH, phosphorus and 

o r g a n i c content of the s o i l s , the b earing of the l i n e and 

the gradient of the t r a c k . Of these v a r i a b l e s only pH 

was found to be s i g n i f i c a n t l y c o r r e l a t e d with the axes, 

being a s s o c i a t e d with both the x a x i s ( r = 0.5539***) 

and the y a x i s ( r = 0.3510 * ) . The trend of the c o r r e l a t i o n 

was f o r an i n c r e a s e i n pH towards the upper end of the x 

a x i s and a decrease i n pH towards the upper end of the y 

a x i s . 

The pH v a l u e s obtained f o r the t r a c k s o i l s were 

superimposed upon the o r d i n a t i o n ( F i g . 4 ) . The o r d i n a t i o n 

thus s e p a r a t e s the s i t e s and t h e i r s p e c i e s composition 

according to pH and to a l e s s e r extent the number of s p e c i e s 

at the s i t e s , which w i l l i n i t s e l f be p a r t l y dependent upon 

pH. At high pH l e v e l s , however, s t r e s s w i l l i n c r e a s e and the 

number of s p e c i e s i s l i k e l y to d e c l i n e as fewer s p e c i e s w i l l 

have the c a p a c i t y to t o l e r a t e i n c r e a s i n g l y a l k a l i n e c o n d i t i o n s . 
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The o r d i n a t i o n thus produces an arrangement of 

t r a c k s i t e s which r e f l e c t s a response by the v e g e t a t i o n 

to the pH of the t r a c k s u b s t r a t e , which w i l l i t s e l f be 

s t r o n g l y i n f l u e n c e d by the geology of the area. T h i s 

i n f l u e n c e can be seen when the geology of the Durham 

area i s considered. The area sampled had a r e l a t i v e l y 

simple s o l i d geology, though there were complications 

as a r e s u l t of d r i f t m a t e r i a l s . However, s i n c e the 

d r i f t m a t e r i a l was not u s u a l l y used to provide the 

t r a c k s u b s t r a t e the underlying s o l i d geology w i l l be the 

important f a c t o r . The geology map r e v e a l s four b a s i c 

rock types: Magnesian Limestone, Carboniferous Limestone, 

Coal Measures and M i l l s t o n e G r i t . The s o l i d geology 

map and the l o c a t i o n of the s i t e s i s i l l u s t r a t e d i n F i g . 5 . 

The g e o l o g i c a l c h a r a c t e r i s t i c s enable two c l a s s e s to 

be i d e n t i f i e d v i z . disused t r a c k s i t e s on limestone and 

those not on limestone, t h i s information i s a l s o superimposed 

on the o r d i n a t i o n i n F i g . 6. From the dat» i t can be 

appreciated that the o r d i n a t i o n technique c l a s s i f i e s s i t e s 

according to the underlying g e o l o g i c a l c o n d i t i o n s . The 

p o l i c y of the r a i l w a y companies was to use l o c a l l y 

a v a i l a b l e m a t e r i a l f o r t r a c k s u b s t r a t e and thus reduce to 

a minimum the t r a n s p o r t c o s t s f o r movement of t r a c k b a l l a s t . 

As a r e s u l t the b a l l a s t was obtained from immediately 

a v a i l a b l e l o c a l r e s o u r c e s e.g. from the s p o i l of q u a r r i e s or 

mines and from nearby c u t t i n g s . I n t h i s regard s i t e s G and 

H appear anomalous ance they were s i t e s on the Coal Measures 

yet both had t r a c k s o i l s w i t h pH v a l u e s over 8.0 v i z . 8.1 

and 8.3 r e s p e c t i v e l y . I t i s probable that i n s t e a d of u s i n g 

mining s p o i l f o r b a l l a s t , waste from limestone q u a r r i e s was 

used, perhaps from the nearby q u a r r i e s i n the Cornforth 

a r e a . 

The o r d i n a t i o n thus r e v e a l s the importance of the nature 

of the t r a c k s u b s t r a t e m a t e r i a l i n e x p l a i n i n g the vegetation 

along disused t r a c k s . The v e g e t a t i o n a l s i m i l a r i t y of s i t e s 

w i l l be s t r o n g l y i n f l u e n c e d by the g e o l o g i c a l c h a r a c t e r i s t i c s 
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of the t r a c k s u b s t r a t e and thus by the pH of the t r a c k 

s o i l s . The u s e f u l n e s s of the o r d i n a t i o n technique 

i n t h i s study i s thus reduced as the other environmental 

v a r i a b l e s s t u d i e d show no c o r r e l a t i o n with the grouping 

of s i t e s . T h i s i n d i c a t e s that the s i t e s themselves do 

not form a homogeneous group s i n c e two d i f f e r e n t a r e a s 

have been sampled v i z . t r a c k s on limestone and those not 

on limestone. I t would c l e a r l y have been b e t t e r to have 

sampled disused r a i l w a y t r a c k s i t e s on e i t h e r the 

limestone areas or on the c o a l measures as the;'.influence 

of the b a l l a s t m a t e r i a l i s so profound. I f sampling had 

been r e s t r i c t e d to limestone or Coal Measure are a s g r e a t e r 

homogeneity of s i t e s would have been achieved. 

With the i n f l u e n c e of geology upon the s p e c i e s 

composition and s i m i l a r i t y of the t r a c k s having been 

e s t a b l i s h e d , a t t e n t i o n was then given to other f a c t o r s 

v i z . pH, phosphorus content and organic content of the 

t r a c k s o i l s , which w i l l a l s o i n f l u e n c e the d i s t r i b u t i o n 

of p l a n t s . 

B S o i l F a c t o r s , Vegetation and Track Age 

i ) The pH of Track S o i l s 

The pH of the t r a c k s o i l s was noted above as 

being s i g n i f i c a n t l y c o r r e l a t e d w i t h the x and y axes of 

the o r d i n a t i o n . The pH of the t r a c k s o i l s was a l s o 

found to be c o r r e l a t e d with the time s i n c e c l o s u r e of 

the t r a c k ( r = - 0.5106 * * ) , the organic content of the 

s o i l s ( r = - 0.3752 *) and the percentage cover of the 

t r a c k s ( r = - 0.4379 * * ) , see F i g s . 7, 8 and 9. 

On c l o s u r e the d i s u s e d r a i l w a y t r a c k s are x e r i c , 

s t r e s s e d s i t e s w i t h l i t t l e or no s o i l . Over time the 

c h a r a c t e r i s t i c s of the t r a c k s o i l s w i l l a l t e r . The 

d e c l i n e i n pH over time i n environments which are r a t h e r 
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s i m i l a r to dis u s e d t r a c k s , i n t h a t they are a l s o 

x e r i c , s t r e s s e d and have l i t t l e s o i l , has been noted 

by other workers e.g. Olson (1958) working on the 

system of sand dunes at the southern end of Lake Michigan 

and Lawrence (1958) working on g l a c i a l moraines i n 

G l a c i e r Bay, Al a s k a a l s o noted t h i s d e c l i n e , w i t h the 

r a t e of change being dependent on the type of ve g e t a t i o n . 

The disused t r a c k s o i l s show a s i m i l a r d e c l i n e over time. 

The d e c l i n e i n pH w i l l r e s u l t from carbonates being 

leached from the s o i l , l e a c h i n g being a f a i r l y r a p i d 

process on such a s u b s t r a t e . 

The other two v a r i a b l e s c o r r e l a t e d w i t h pH v i z . 

organic content of the s o i l s and the percentage cover 

of the t r a c k , w i l l a l s o be r e l a t e d to time. As 

c o l o n i s a t i o n proceeds, vegetation cover i n c r e a s e s and the 

s o i l s become more organic and l e s s m i neral as the 

c o l o n i s i n g v e getation decomposes and the humus content 

of the s o i l i n c r e a s e s . 

i i ) The PhosphorusContent o f Track S o i l s -

Phosphorus i s a major element r e q u i r e d by p l a n t s 

and though p l a n t s p e c i e s d i f f e r i n t h e i r requirements 

each s p e c i e s has a s p e c i f i c a b i l i t y to e x p l o i t the 

n u t r i e n t supply and does so i n a manner which w i l l be 

d i f f e r e n t from other s p e c i e s . 

The range of v a l u e s shown by the t r a c k s o i l s i n 

re s p e c t of t h e i r phosphorus content r e v e a l s t h a t some 

t r a c k s have a very low content. The f a c t t h a t legumes 

are not i n h i b i t e d by t h i s and are found at a number of 

the disused t r a c k s i t e s suggests t h a t the nit r o g e n 

content of the s o i l s i s a l s o low, though t h i s was not 

i n v e s t i g a t e d i n t h i s study. Disused r a i l w a y t r a c k s 

thus are environments which are g e n e r a l l y low i n n u t r i e n t 

supply. S o i l cover i s t h i n and hence any m i n e r a l s 
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i n the s o i l as a r e s u l t of weathering and l e a c h i n g 

of the b a l l a s t are e a s i l y l o s t due to the nature 

of the t r a c k s u b s t r a t e . Other sources of phosphorus 

would i n c r e a s e the content of the s o i l s as a r e s u l t 

of weathering - these would i n c l u d e a c c i d e n t a l i n p u t s 

when su p p l i e d to nearby a g r i c u l t u r a l a c t i v i t i e s e.g. 

b a r l e y , and through organisms by means of e x c r e t i o n , 

death and decay. 

The phosphorus content of t r a c k s o i l s was a l s o 

found to be s i g n i f i c a n t l y c o r r e l a t e d with the number 

of t r a c k s p e c i e s at the s i t e s . T h i s r e l a t i o n s h i p i s 

negative ( r = - 0.3214 *) i n d i c a t i n g t h a t at higher 

l e v e l s fewer t r a c k s p e c i e s were found. I t i s l i k e l y 

t h a t the r e l a t i o n s h i p between the number of s p e c i e s and 

l e v e l s of phosphorus i s a f u n c t i o n of competitive 

e x c l u s i o n , with competitive s p e c i e s being able to take 

advantage of the higher l e v e l s of n u t r i e n t a v a i l a b l e 

i n s o i l s of r e l a t i v e l y higher phosphorus content. 

A s i g n i f i c a n t c o r r e l a t i o n was found between the 

phosphorus content of t r a c k s o i l s and F e s t u c a rubra 

( r = 0.3499*) and Ranunculus repehs ( r = 0.3192*). 

From published data (Grime and Hunt 1975, Grime 1974) 

the Competitive I n d i c e s ^ b o t h s p e c i e s have a f a i r l y 

high index (5.0 and 4.0 r e s p e c t i v e l y ) and a l s o a f a i r l y 

high R value (1.18 and 1.39 r e s p e c t i v e l y ) which 

i n d i c a t e s t h a t they are both able to take advantage of 

i n c r e a s e d phosphorus supply i n the dis u s e d r a i l w a y 

t r a c k s o i l s . 

i i i ) The Organic Content of the Track S o i l s 

The organic content of the t r a c k s o i l s was 

c o r r e l a t e d with pH and t h i s has a l r e a d y been noted. 

The i n c r e a s e i n organic matter was a l s o s i g n i f i c a n t l y 

c o r r e l a t e d w i t h the time s i n c e c l o s u r e of the l i n e 
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( r = 0.3585*), a r e l a t i o n s h i p which was to be 

expected. 

When the l i n e was i n use the t r a c k b a l l a s t 

would act as a r e s e r v o i r and t r a p dust, d i r t and s o i l 

p a r t i c l e s . The e f f e c t of a f a s t moving t r a i n would 

be to shake the t r a c k and pack the s o i l g r a i n s . 

The r a t e of accumulation may w e l l be f a i r l y slow as 

during the period when the l i n e was i n use the t r a c k 

would undergo maintenance w i t h o c c a s i o n a l f r e s h 

i n j e c t i o n s of b a l l a s t to give adequate support f o r 

the r a i l s and t h e i r load. On c l o s u r e of the l i n e 

the organic content would i n c r e a s e s i n c e wind blown 

m a t e r i a l would continue to accumulate but a l s o v e g e t a t i o n 

would c o l o n i s e the t r a c k . With the decomposition of 

these p l a n t s the organic content would i n c r e a s e . 

The i n c r e a s e i n organic content would a l s o 

i n f l u e n c e other s o i l c h a r a c t e r i s t i c s e.g. the water 

r e t a i n i n g c a p a c i t y of the s o i l s . T h i s would give 

advantage to s p e c i e s which could b e n e f i t from the 

more mesic c o n d i t i o n s e.g. competitive g r a s s e s l i k e 

Arrhenatherum e l a t l u s . S p e c i e s a l r e a d y i n s i t u would 

not n e c e s s a r i l y be ousted i f they could adapt to the 

changing c o n d i t i o n s e.g. D a c t y l i s glomerata which was 

an e f f e c t i v e competitor w i t h Arrhenatherum e l a t i u s 

on embankment or c u t t i n g s l o p e s where s o i l moisture 

l e v e l s are l i k e l y to be higher. 

i v ) Changes i n S o i l C h a r a c t e r i s t i c s and Time Since C l o s u r e 
of the T r a c k s . 

Both pH and organic content of the s o i l s were 

c o r r e l a t e d with the time s i n c e c l o s u r e of the t r a c k s , 

the former d e c l i n i n g and the l a t t e r i n c r e a s i n g w i t h 

time s i n c e c l o s u r e . These changes would be expected 

as the nature of the b a l l a s t would i n i t i a l l y i n f l u e n c e 

s t r o n g l y the pH of the t h i n s o i l l a y e r , which would have 

a low organic content. 
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Chapter 4 

The I n f luence of the Embankment and C u t t i n g S p e c i e s on 

the Track S p e c i e s &t Disused S i t e s . 

A S i m i l a r i t y of Vegetation Between T r a c k s and Slopes 

The c o e f f i c i e n t of s i m i l a r i t y was used to determine 

the s i m i l a r i t y of s p e c i e s between the disused t r a c k s and 

the embankment or c u t t i n g s l o p e s . C o e f f i c i e n t s were 

c a l c u l a t e d f o r the t r a c k and s l o p e s and a l s o f o r the two 

sl o p e s . The data was obtained f o r twenty seven s i t e s 

( s i t e Nb at Copley was a vi a d u c t and thus had no s l o p e s ) , 

see Appendix Table 12. 

I n i t i a l l y a n a l y s i s sought to determine i f the 

embankment or c u t t i n g s l o p e s were more s i m i l a r (with 

r e s p e c t to s p e c i e s composition) to each other than they 

were to the t r a c k . The hypothesis under t e s t was t h a t 

there was no d i f f e r e n c e i n s i m i l a r i t y between the two 

slope and between the t r a c k and the s l o p e s , 

icontingency t a b l e i s o u t l i n e d below: 

The 

Track & 
Slopes 

Both 
Slopes 

T o t a l Number 
of s i t e s 

The number of 
s i t e s where e i t h e r 
the t r a c k and slo p e s 
or both s l o p e s were 
more s i m i l a r . iJL^ 

8 18 26 

X= 3.85 ( d f = l ) 

(Only twenty s i x s i t e s occur i n the t a b l e as at one s i t e 
P, the c o e f f i c i e n t s were i d e n t i c a l ) 

A s i g n i f i c a n t d i f f e r e n c e was thus found to e x i s t . 

The two embankment or c u t t i n g s l o p e s are thus more s i m i l a r 

than are the slo p e s and t r a c k . 
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The s l o p e s and t r a c k were a l s o compared as to 

the number of s p e c i e s and percentage cover found at 

each s i t e . When the number of s p e c i e s o c c u r r i n g on the 

t r a c k s and on the s l o p e s at each s i t e was s t u d i e d no 

s i g n i f i c a n t d i f f e r e n c e was found between the two 

environments. 

A h i g h l y s i g n i f i c a n t d i f f e r e n c e , however, was 

found between the t r a c k s and the s l o p e s when the 

percentage cover was s t u d i e d ( f o r the s l o p e s the mean 

percentage cover of the two slo p e s was used). The 

contingency t a b l e i s i l l u s t r a t e d below. 

Tracks Embankment or 
C u t t i n g Slopes T o t a l 

Percentage 

Clover 

^Median 

<Median 

7 

20 
21 
6 

28 

26 

Percentage 

Clover 

^Median 

<Median 

Tot a L 27 27 54 

(Median percentage cover = 84.0% : the median was 

derived by ranking the percenta-ge cover at a l l s i t e s 

and then s e l e c t i n g the c e n t r a l v a l u e ) . 

The hypothesis under t e s t was t h a t t h e r e was no 

d i f f e r e n c e between the t r a c k s and the s l o p e s w i t h r e s p e c t 
2 

to percentage cover. The ̂  value was 14.538 *** ( d f = l ) . 

T h i s s i g n i f i c a n t d i f f e r e n c e would be expected s i n c e 

when the a r r e s t i n g f a c t o r ( d i s t u r b a n c e through the annual 

a p p l i c a t i o n of w e e d k i l l e r ) was removed from the t r a c k when 

i t ceased to be o p e r a t i o n a l , s u c c e s s i o n would proceed 

from an unvegetated s u b s t r a t e . The s l o p e s , however, 

(though they had s u f f e r e d disturbance through c u t t i n g 

and burning) would subsequently develop from an al r e a d y 

vegetated s t a t e when the l i n e was c l o s e d . 
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Data was c o l l e c t e d r e l a t i n g the t o t a l cover of p a r t i c u l a r 

s p e c i e s (those s p e c i e s with^0.5% of the t o t a l cover at a l l 

s i t e s ) and the number of s i t e s at which they were found. 

The data i s represented g r a p h i c a l l y F i g s . 10 and 11. 

For the t r a c k s i t e s the dominance of F e s t u c a rubra 

i s c l e a r with a second group of p l a n t s having both e x t e n s i v e 

cover and a l s o were found at most s i t e s v i z . Lotus c o r n i c u l a t u s , 

Cynosurus c r i s t a t u s , T r i f o l i u m repens, D a c t y l i s glomerat a, 

Plantago l a n c e o l a t a , and Poa annua. The remaining s p e c i e s 

show a f a i r l y constant cover per s i t e . 

A d i f f e r e n t p a t t e r n of p o i n t s i s shown i n the embankment 

p l o t . A f a i r l y uniform i n c r e a s e i n cover per s i t e i s shown by , 

the s i x s p e c i e s with g r e a t e s t cover v i z . U r t i c a d i o i c a , 

Arrhenatherum e l a t i u s , Chamaenerion angustifolium, Rubus 

f r u t i c o s u s , D a c t y l i s glomerata and F e s t u c a rubra. I t might be 

expected that Arrhenatherum e l a t i u s , Chamaenerion a n g u s t i f o l i u m 

and U r t i c a d i o i c a (with competitive i n d i c e s of 6.0,.7.5 and 

6.5 r e s p e c t i v e l y ) would have occurred at more s i t e s as they 

are l a r g e and very competitive s p e c i e s . They often occur i n 

monocultural stands i n wastelands, f i e l d boundaries e t c . but 

they did not e x h i b i t t h i s tendency to any degree at any of 

the sampled s i t e s . I n c o n t r a s t to these, other s p e c i e s e.g. 

Plantago l a n c e o l a t a , Poa annua, have l e s s competitive growth 

forms (with competitive i n d i c e s of 2.0 and I f . 0 r e s p e c t i v e l y ) 

yet occur at most s i t e s . T h i s would suggest that the r a i l w a y 

embankment and c u t t i n g s l o p e s are a l s o s t r e s s e d environments 

of low n u t r i e n t supply. Though s o i l depth, organic content 

and water r e t e n t i o n c a p a c i t y were not measured i n t h i s 

study i t i s l i k e l y that they were g r e a t e r , i n each r e s p e c t , 

than the t r a c k s , and t h a t competitive growth forms 

e.g. U r t i c a dioca, Chamaenerion a n g u s t i f o l i u m and 

Arrhenatherum e l a t i u s had been able to make use of these 

improvements i n the s o i l . Although these competitive 

s p e c i e s may be found on the embankment and c u t t i n g s l o p e s 

i t i s l i k e l y to be some time before they i n c r e a s e t h e i r 
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t r a c k cover s u b s t a n t i a l l y i . e . not u n t i l the s t r e s s of 

the t r a c k environment i s reduced. 

I n v e s t i g a t i o n was a l s o made as to whether the aspect 

of the s l o p e s was i n f l u e n t i a l i n e x p l a i n i n g the s i m i l a r i t y 

of v e g e t a t i o n i . e . i f the east/west alignment of the s l o p e s 

were as s i m i l a r as north/south alignment. E x p e c t a t i o n 

may be that north/south s l o p e s may be l e s s s i m i l a r s i n c e 

they experience d i f f e r e n t m i c r o - c l i m a t i c c o n d i t i o n s 

(Suominen 1969, Niemi 1969). A n a l y s i s was undertaken by 

r e f e r e n c e to the median value of the s i m i l a r i t y c o e f f i c i e n t s 

f o r the s l o p e s . The hypothesis under t e s t was t h a t t h e r e 

was no d i f f e r e n c e i n the s i m i l a r i t y of v e g e t a t i o n and the 

aspect of the s l o p e s . The data i s t a b u l a t e d below: 

Slope Aspeci ; | East/West 
| Alignment 

North/South 
Alignment 

T o t a l 

n 

14 

13 

^ Median 

< Median 

I 8 

1 3 

6 

10 

14 

13 
I 

1 11 16 27 

H 
(Median s i m i l a r i t y c o e f f i c i e n t = 60.9) 

y £ = 3.251 df=l N.S. 

The n u l l hypothesis i s thus accepted and the 
d i f f e r e n c e t h a t e x i s t e d regarding the s i m i l a r i t y of the 
vegetation was not r e l a t e d to the aspect of the s l o p e s . 

B. S o i l C h a r a c t e r i s t i c s of the Fambalikmeiit and C u t t i n g Slopes 

i n R e l a t i o n t o the T r a c k s . 

The pH and phosphorus content of the s o i l s on the 

embankment and c u t t i n g s l o p e s was determined at each 

s i t e . I n each case the hypothesis of no d i f f e r e n c e i n 

the pH or phosphorus content of the t r a c k and slope s o i l 

was t e s t e d . The data was dichotomized on the b a s i s of 

the median. I n t h i s a n a l y s i s the i n d i v i d u a l v a l u e s 
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obtained f o r each slope were used. The data i s 

t a b u l a t e d below: 

Tracks Embankment or T o t a l 
C u t t i n g Slopes 

Median 19 23 42 

<. Median 8 31 39 

T o t a l 27 54 81 

(Median pH = 7.2) 

X 2 = 5.563 * df = 1 

A s i g n i f i c a n t d i f f e r e n c e was thus found to e x i s t i n 

the pH v a l u e s of the t r a c k s and the s l o p e s , w i t h t r a c k 

s i t e s r e v e a l i n g higher pH v a l u e s . T h i s i s to be 

expected s i n c e although the t r a c k s and slopes had i n 

most cas e s a s u b s t r a t e derived from s i m i l a r geology, 

as s u c c e s s i o n proceeds and v e g e t a t i o n cover i n c r e a s e s the 

s o i l becomes more organic, l e s s m i neral and (on a s u b s t r a t e 

of i n i t i a l l y high pH) the pH of the s o i l d e c l i n e s . 

| Tracks Embankment or 
C u t t i n g Slopes 

T o t a l 

--
Median 

< Median 

I 15 

I 12 

26 

28 

41 

40 

-

81 

-

T o t a l I 27 54 81 

--

(Median phosphorus content = 0.027 mg/g dry wt.) 

X? = 0.393 df = 1 N.S. 

No s i g n i f i c a n t d i f f e r e n c e was found to e x i s t 

between the t r a c k s and the s l o p e s with regard to the 
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phosphorus content of the s o i l s . I n t h i s r e s p e c t 

the s l o p e s and t r a c k s r e v e a l e d homogeneity. 

However, a s i g n i f i c a n t c o r r e l a t i o n ( r = 0.398 ***) 

was found between phosphorus l e v e l s and the type of 

t e r r a i n i . e . i f the t r a c k was on l e v e l ground, on an 

embankment or w i t h i n a c u t t i n g , the c o r r e l a t i o n 

i n d i c a t e d t h a t phosphorus l e v e l s were higher at l e v e l 

ground s i t e s . Although no s o i l samples were taken from 

the land adjacent to the dis u s e d t r a c k s , i t may be that 

the i n c r e a s e d l e v e l s of phosphorus at these l e v e l s i t e s 

was i n f l u e n c e d by a g r i c u l t u r a l p r a c t i c e s on the adjacent 

land through the a p p l i c a t i o n of f e r t i l i s e r s . 

Thus d i f f e r e n c e s i n s i m i l a r i t y of veg e t a t i o n between 

the t r a c k s and the s l o p e s are thus seen to be i n f l u e n c e d 

by the pH of the s o i l s i n the two d i f f e r e n t environments. 

D i f f e r e n c e s a l s o e x i s t i n the percentage cover of t r a c k s 

and the embankment and c u t t i n g s l o p e s . F u r t h e r d i f f e r e n c e s 

between the s l o p e s and the t r a c k s are l i k e l y to be 

i n f l u e n t i a l a l s o v i z . time and distu r b a n c e , though t h i s 

was not measured i n t h i s study. 

The emb-ankment and c u t t i n g s l o p e s w i l l have had a 

gr e a t e r period of time s i n c e i n i t i a l c o l o n i s a t i o n f o r the 

vegetation to develop, i n s p i t e of di s t u r b a n c e , and r e v e a l 

a g r e a t e r cover and number of shrub and t r e e s p e c i e s e.g. 

Rosa spp., Crataegus mohogyna e t c . , Also more h i g h l y 

competitive s p e c i e s were found on embankments and c u t t i n g s 

w i t h a g r e a t e r cover and t h i s would again r e f l e c t g r e a t e r 

s u c c e s s i o n a l development, as w e l l as d i f f e r e n c e s i n the s o i l 

c h a r a c t e r i s t i c s . I t was n o t i c e a b l e t h a t many t y p i c a l 

r u d e r a l s p e c i e s e.g., Senecio jacobaea^, Senecio s q u a l i d u s , 

were only found on t r a c k s w h i c h ^ i s ^ i n d i c a t i v e of an e a r l i e r 

s u c c e s s i o n a l stage. 

The embankment and c u t t i n g s l o p e s w i l l not have 

7 
J 
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r e c e i v e d such r e g u l a r d i s t u r b a n c e . When i n use the 

t r a c k s were sprayed annually w i t h w e e d k i l l e r to l i m i t 

v e g e t a t i o n . The sl o p e s were cut or burnt to prevent 

the re-generation of woody s p e c i e s which would c o n s t i t u t e 

a f i r e hazard, p a r t i c u l a r l y i n the days of steam engine. 

Such disturbance, however, was not a r e g u l a r annual event. 

On c l o s u r e of the l i n e s i t i s l i k e l y t h a t the t r a c k s would 

have s u f f e r e d more disturbance from tjampling than the 

sl o p e s . The t r a c k s thus show a higher number of s p e c i e s 

which can accommodate such disturbance e.g. Plantago major. 
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Chapter 5 

Examination of T y p i c a l S p e c i e s 

The two t r a c k s p e c i e s chosen f o r more d e t a i l e d 

a n a l y s i s were PIantago 1anceolata and D a c t y l i s glomerata. 

A n a l y s i s was confined to fourteen s i t e s because of 

l i m i t e d time a v a i l a b l e . 

A P a t t e r n of D i s t r i b u t i o n 

The method of a n a l y s i s of the p a t t e r n of 

d i s t r i b u t i o n of both s p e c i e s was o u t l i n e d i n Chapter 2. 

The method allows f o r a measure of the d e v i a t i o n of the 

p a t t e r n from a random d i s t r i b u t i o n and the r e s u l t s are 

t a b u l a t e d i n the Appendix (s e e Table 13 ) . 

The data shows that both Plantago and D a c t y l i s 

are g e n e r a l l y a s s o c i a t e d w i t h aggregated d i s t r i b u t i o n s 

on the disused r a i l w a y t r a c k s , w i t h only one s i t e (Nb) 

where t h i s does not apply to e i t h e r of the s p e c i e s . 

For Plantago l a n c e o l a t a the p a t t e r n of d i s t r i b u t i o n 

accords w i t h the observations made by Sagar and Harper 

(1964) and i s a f u n c t i o n of the p l a n t reproducing 

v e g e t a t i v e l y . 

For D a c t y l i s glomerata an aggregated d i s t r i b u t i o n would 

be expected s i n c e the s i t e s were not grazed and had 

s u f f e r e d only l i g h t trampling. Beddows (1959) notes 

that i n the absence of g r a z i n g animals p l a n t s of D a c t y l i s 

grow to form t u s s o c k s . A l l t r a c k s p e c i e s i n v e s t i g a t e d 

i n t h i s study were found to form tu s s o c k s , The p a t t e r n 

of d i s t r i b u t i o n found v i z . an aggregated one, i s 

explained by D a c t y l i s producing r e l a t i v e l y l a r g e seeds 

which thus s t a y c l o s e to the parent p l a n t , hence the 

observed c l u s t e r i n g . 
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B Performance of the Speci e s 

i ) PIantago l a n c e o l a t a 

The b a s i c data r e l a t i n g to Plantago l a n c e o l a t a 

i s summarised i n the Appendix (Table 7 ) . 

a) P l a n t C h a r a c t e r i s t i c s 

A n a l y s i s was undertaken to e s t a b l i s h i f a s i g n i f i c a n t 

d i f f e r e n c e e x i s t e d between the i n d i v i d u a l s taken from 

e i t h e r of the two embankment or c u t t i n g slopes w i t h 

regard to height, weight and weight l o s s on drying. 

The r e l e v a n t data i s t a b u l a t e d below w i t h the data 

dichotomized on the b a s i s of the median. The hypothesis 

under t e s t was that no d i f f e r e n c e e x i s t e d between the 

i n d i v i d u a l s from the s l o p e s . The Chi-Square s t a t i s t i c 

and the F i s h e r Exact P r o b a b i l i t y Test were used to t e s t 

the hypothesis. 

Tables o v e r l e a f 



- 3 -

Scape height 

(Median = 39.1 cm) 

Dry Weight' of Leaf 

(Median = 0.08 g) 

West/ 
South 

E a s t / 
North T o t a l West/ 

South 
E a s t / 
North T o t a l West/ 

South T o t a l 

^Median 7 

{ Median 6 

5 

6 

12 

12 

^Median 

( Median 

9 

4 

6 

5 

15 

9 

T o t a l 13 11 24 13 11 24 

X = 0.168 df= 1 N.S. 

Leaf Length 
(Median = 19.8 cm) 

p = 0.505 N.S. 

West / 
South 

E a s t / 
North T o t a l 

Median 6 

4 Median 7 

6 

5 

12 

12 

T o t a l 13 11 24 

XT = 0.168 df = 1 N.S 

Dry Weight of Scape 
(Median = 0.24g) 

(Median = 0.295) 

West/ 
South 

E a s t / 
torth T o t a l 

^Median 6 6 12 
^ Median 7 5 12 

13 11 24 

X »• 0.168 df = 1 N.S 

Dry/Fresh Weight of Leaf 
(Median = 0.190) 

West/ 
Smith 

E a s t / 
North T o t a l West/ 

S o u t h 
Sast/ 
Yortti T o t a l T o t a l 

£ Median 8 

< Median 5 

6 

5 
14 
10 

^Median 

^.Median 

8 

5 
4 
7 

12 
12 

T o t a l 13 11 24 13 11 24 

^ 2 = 0 1 2 2 d f = x N > s X? = 1.510 df = 1 N.S 

No s i g n i f i c a n t d i f f e r e n c e s were found and thus the 

i n d i v i d u a l s of P l a n t ago 1anceolat a in c l u d e d i n the samples 

were homogeneous with r e s p e c t to the q u a l i t i e s measured. 
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I n v e s t i g a t i o n was then undertaken to e s t a b l i s h 

i f s i g n i f i c a n t d i f f e r e n c e s e x i s t e d between the slope 

and t r a c k i n d i v i d u a l s with r e s p e c t to the p l a n t 

c h a r a c t e r i s t i c s s t u d i e d . The data i s t a b u l a t e d below 

and again the data was dichotomized on the b a s i s of 

the median. 

(Median = 28.5 cm) 

Tracks Slopes T o t a l 

^Median 

^ Median 

2 

11 

11 

2 
13 

13 

T o t a l 13 13 26 

X2 = 12.461 df = 1 *** 

Leaf Length 

(Median = 12.05 cm) 

Tracks ! Slopes r o t a l 

^Median 

(Median 

4 

9 

9 

4 

13 

13 

13 13 26 

X2 = 3.846 df = 1 * 

Dry Weight of Scape 

(Median = 0.165 g) 

Dry Weight Of Leaf 

(Median 0.063g) 

Tracks Slopes T o t a l T r a c k s Slopes r o t a l r o t a l 

^Median 

^ Median 

2 

11 

11 

2 

13 

13 

Median 

^ Median 

4 

9 4 

13 

13 
Tntal 13 13 13 2fi 

X = 12.461 df = 1 *** 

Dry/Fresh Weight of Scape 

(Median = 0.309) 

Tracks Slopes T o t a l 

^Median 

^Median 

8 

8 

5 

5 

13 

13 

T o t a l 16 10 26 

X = 3.846 df = 1 * 

Dry/Fresh Weight of Leaf 

CMedian = 0.201) 

T r a c k s [ Slopes T o t a l 

^.Median 

^ Median 

8 

8 

5 

5 

13 

13 

16 10 26 

X = 1.385 df = 1 N.S X = 1.385 df = 1 N.S 
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Angle of Growth of Scape 

(Median = 8.0 stems) 

Tracks Slopes T o t a l 

^Median 9 3 12 

^Median 4 8 12 

T o t a l ; 13 11 24 

X = 4.196 df = 1 * 

For t h i s c h a r a c t e r i s t i c 

a t t e n t i o n focused on the 

number of Plantago stems 

on the t r a c k or sl o p e s which 

were found i n angle c l a s s 

one v i z . with an angle of 

growth from 0° - 30°. 

I n t h i s a n a l y s i s only eleven 

s i t e s had Plantago growing on 

both s l o p e s . 

At the other two s i t e s i t was 

found on only one of the 

sl o p e s and these two s i t e s were 

thus excluded from t h i s a n a l y s i s 

S i g n i f i c a n t d i f f e r e n c e s between the two environments 

were noted f o r the height of the scapes, the length of l e a f , 

the dry weight of the scape, the dry weight of the l e a f and 

the node of growth of the l e a f . 

Thus i n d i v i d u a l s of Plantago l a n c e o l a t a found growing on 

the embankment or c u t t i n g s l o p e s were t a l l e r , h e a v i e r and 

had l e a v e s t h a t were not appressed. T h i s suggests t h a t 

there are s i g n i f i c a n t phenotypic d i f f e r e n c e s between t r a c k 

and slope i n d i v i d u a l s which i s l i k e l y to r e f l e c t d i f f e r e n c e s 

i n s o i l depth, the water r e t e n t i o n c a p a c i t y of the s o i l s 

and the degree of disturbance to which the two environments 

are s u b j e c t . / Nowhere was trampling severe on the s l o p e s 

and the slopes have a more mesic s u b s t r a t e and both f a c t o r s 

would be important i n e x p l a i n i n g the v a r i a t i o n i n the pl a n t 

c h a r a c t e r i s t i c s t h at were noted. 

A 

D i f f e r e n c e s i n l o s s of weight of both scape and l e a f 

on being d r i e d were not found to be s i g n i f i c a n t and the 

two populations of Plantago thus e x h i b i t e d s i m i l a r weight 

l o s s . ^This) would suggest that the t r a c k i n d i v i d u a l s 

are more l i k e l y to s u f f e r from water s t r e s s than the slope 

i n d i v i d u a l s s i n c e drainage would be more r a p i d on t h e / t r a c k 

A 
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s u b s t r a t e which w i l l a l s o have a t h i n n e r s o i l . The 

gr e a t e r s t r e s s experienced by the t r a c k i n d i v i d u a l s 

would a l s o be i n f l u e n t i a l i n determining t h e i r s i z e 

and weight which has been found to be s i g n i f i c a n t l y 

l e s s than slope i n d i v i d u a l s . 

The data r e l a t i n g dry and f r e s h weights of the 

mean of the i n d i v i d u a l s sampled at each s i t e was 

graphed and i s i l l u s t r a t e d below ( F i g s . 12 and 1 3 ) . 
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Note was also made of the number of scapes 
per plant and the number of leaves per plant for track 
and slope s i t e s . The data reveals that the tracks 
have a greater number of scapes and leaves per plant. 
There was, however, i n s u f f i c i e n t data to assess i f these 
differences were s i g n i f i c a n t and represent different 
strategies adopted by the individuals i n the two 
environments in response to the severity of the s t r e s s , 
disturbance or competition with other species. Though 
track individuals are smaller and li g h t e r than slope 
individuals, by producing a greater number of scapes 
and leaves reproductive success may be assured. On 
the embankments PIantago individuals are in greater 
competition with more competitive species e.g. 
Arrhenatherum e l a t i u s , Chamaenerion angustifolium, 
and t a l l e r and hence fewer, scapes and leaves would be 
produced. 

b) S o i l Character1stics 

Study was also made of the influence of pH, 
organic content and the phosphorus content of the track 
s o i l s on the performance of Plant ago 1anceyoTat a v i z . 
on the height and weight of the scapes and leaves. 
The data i s tabulated below. The Fisher Exact 
Probability Test was used to te s t the hypothesis of 
independence. 

Scape 
height 

PH Total Scape 
height ^Mdn <Mdn 

Total 

>Mdn 
^Mdn 

4 
4 

3 
2 

7 
6 

Total 8 5 13 

Mdn 
Mdn 

pH = 7.3 
= 26.2 cm height 

p s 0.408 



Leaf 

Length 

pH Total Leaf 

Length £Mdn <Mdn 

Total 

^Mdn 
<Mdn 

4 3 
4 2 

7 
6 

Total 8 5 13 

Weight 
of scape 

pH Total Weight 
of scape ^Mdn <Mdn 

Total 

£ Mdn 
< Mdn 

5 2 
3 3 

7 
6 

Total 8 5 13 

Leaf PH Total 
Weight j £Mdn <Mdn 

Total 

^. Mdn 
< Mdn 

5 2 
3 3 

7 
6 

Total 8 5 13 

Scape 
height 

Organic content Total Scape 
height £Mdn <Mdn 

Total 

^ Mdn 
< Mdn 

4 3 
3 3 

7 
6 

Total 7 6 13 

Leaf 
length 

Organic contenl : Total Leaf 
length M̂dn <Mdn 

^. Mdn 
< Mdn 

4 3 
3 3 

7 
6 

Total 7 6 13 

Mdn „ = 7.3 pH 

M d n l e n g t h = 1 0 ' 5 c m 

p = 0.408 

Mdn „ = 7.3 pH 

Mdn . , , = 0.14g weight & 

p = 0.163 

Mdn „ =7.3 pH 

M d n w e i g h t - °- 0 5e 

p = 0.163 

Mdn o r g = 24% 

M d f i e l g h t = 26.2 cm 

p = 0.408 

M d 8 r g a n i c = 2 4 * 

M d l e n g t h = 1 0 ' 5 c m 

p = 0.408 










































































































