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1. INTRODUCTION 

Durham i s r i c h i n s i t e s of mineral extraction which, a f t e r working 

was finished, were l e f t d e r e l i c t and have subsequently become t o t a l l y or 

p a r t l y revegetated. These sites are of two basic kinds : those i n which 

surface extraction has l e f t l ocal s u p e r f i c i a l strata exposed and those1 i n 

which an assortment of subterranean strataare dumped as sp o i l heaps. 

A r t i f i c i a l substrata such as brick rubble and ash are often associated 

with such s i t e s . The opportunity was taken to look at the development of 

invertebrate faunas on those very young mineral s o i l s . I n order to bring 

the project w i t h i n reasonable l i m i t s two decisions were taken. F i r s t l y , 

a t t e n t i o n was concentrated on the earthworm populations. I t was f e l t that 

problems of i d e n t i f i c a t i o n would otherwise be acute and that the earthworms 

are probably the most s i g n i f i c a n t group i n r e l a t i o n to the development of 

s o i l structure and f e r t i l i t y (Guild, 1955 ; Kubiena, 1955). Secondly, from 

a l l the wide range of sites available (sand and clay p i t s ; magnesium 

limestone and sandstone quarries: gravel workings; c o l l i e r y s p o i l ; lead and 

copper mining spoil) i t was decided to concentrate on c o l l i e r y s p o i l with 

Band and clay p i t sites and one or two a r t i f i c i a l substrates f o r comparison. 

Copper and lead mining s p o i l was excluded because of i t s t o x i c i t y ; gravel 

workings because of the high water table making t h i s type of s i t e quite 

d i s t i n c t from the others; magnesium limestone and sandstone quarries because 

of the very shallow s o i l s . Moreover, c o l l i e r y spoil has the additional 

advantage that there i s usually good vehicular access to the s i t e and 

ownership i s i n the hands of a small number of organisations, of which 

Durham County Council and the National Coal Board are the biggest, making 

the negotiation of r i g h t s of access r e l a t i v e l y straight!orward. 

Since many of these sites are being or have been reclaimed or restored 

some consideration of the results and implications of reclamation techniques 

and subsequent management i s also included. 



11 METHODS 

i . Site selection 

When selecting sites four problems had to be borne i n mind: 

a. The need f o r a range representing d i f f e r e n t 

substrata, stages of succession or 

management operations. 

b. The need to gain access. 

c. The further need f o r vehicular access to 

transport water and equipment to the 

sampling area. 

d. The need to keep t r a v e l l i n g costs down 

to a reasonable l e v e l . 

e. The need f o r level areas f o r sampling. 

Preliminary searches for sites on foot i n the immediate v i c i n i t y of 

Durham revealed Flass Vale (v) and Durham Brickworks ( x ) , sand and clay 

sites respectively, which were chosen as representative of immature 

'natural' mineral s o i l s . A number of small spoil heap sites were also 

located but only the S h i n c l i f f e (111) and Houghall (Vl ) sites were 

subsequently used„ 

The most productive approaches were by l e t t e r to the N.C.B. H.Q. i n 

Team Valley and to the County Land Agent and Valuer, Durham County 

Council. Both were very helpful and suggested the sites on which the 

bulk of t h i s d i s s e r t a t i o n i s based. 

A number of sites were very diverse ( p a r t i c u l a r l y Watergate 2) and 

were therefore subdivided. The p r i n c i p a l characteristics of each s i t e 

and i t s subsites are tabulated i n tables 1, and 11. 

i i . Design of Sample 

a. Number of sample u n i t s . Phillipson e t . a l . (1976) , i n t h e i r 

beechwood study used twenty two replicates or sample u n i t s , each 

25 cm. x 25 cra.Miles (unpublished) used three sample units of 1 m. 2 . 
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Table 1. 

Site data. 

G r i l l r e f : S i t e N'n . 
Owner o f 
fl.".rnc 

No. o f 
Suhr>tr.*itum l u i L u i t c s Kt'inp 

Date of s t a r t of 
r.oloui p o t i o n 

319507 1 N.c.n. Shale 1 l a d y Anac. 1900 Abandoned 

226061 11 n.c.n. Shale. 4 Watcrcate 2 196'i Abandoned 

Shale and dumped 

M a t e r i a l s . 3 

111 Dean nnd Ash and s h n l e . 2 S h i n c l i f f e c.1920 Abandoned 

C l i n p i c r B r i c k r u b b l a . 1 

25*597 IV N.c.n. Slmle. 2 Woldridge P e l l 1963 Abandoned 

26*428 V DurlKim C i t y Sand. 1 F l o s s V a l e 1975 Restored 

C o u n c i l 
_ . \ 

282407 V I Durhnm County Slmle. 1 l l O U g l L l l l c.1935 Restored 
C o u n c i l 

JW531 V I I N.C.B. Shale w i t h 2 South Itedomsley e!9G9 Restored 

b r i c k r u b b l e . 

shale w i t h s o i l 1 1973-'i Restored 

297375 V111 Durtvua County Shale. \ Govrburo 1973 Restored 

C o u n c i l s o i l on s h a l e . 1 

160365 I X Durham County C o l l i e r y 2 Roddynoor 1969 Restored 

C o u n c i l t a i l i n g s . 

Shale 1 m a 

277*37 X J.G. Usher Clay 1 Durham Brickworks CJ950 AbanJoned 

and eon. 

T o t a l S u b s i t e s 24 

Note; A l l grid references are quoted from the Ordnance Survey 1 : 50,000 

maps nos. 88 and 93. 
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Table 11 

Subsite d e t a i l s 

S u b s i t e Mode of Ajiprox age Sampling 
Type of s i t e : Tvpn ftf v e p e t a t i o n S i t e nu. no. Ill's (nra t.i on (VTH). date 

Sand q u a r r y Grass/herb w i t h young t r o c s V 1 Sown & pl a n t e d 3 7/8 

C l a y q u a r r y Gross/herb X 1 n i l 28 . 11/5 

N a t u r a l l y r e v e g o t a t i n g Grass/herb 1 1 n i l 78 B/6 

•ha l o B e t u l a scrub 11 1 ' n i l n 9/6 and 10/3 

Developing lie t i l l a scrub 11 2 n i l 111 9/6 

B c t u l a on grass heath 11 3 n i l n 9/6 

Uixcd woodland 11 6 n i l H 23 /6 

Ulcx t h i c k e t IV 1 n i l 15 29/6 

Be t u l a on Calluna heath IV 2 n i l 15 2?/6 

N a t u r a l l y r e v e s e t a t i n g B c t u l s scrub 111 1 n i l 58 18/6 

ash and s l i a l o C a l luna l i c a t h 111 2 n i l 58 19/6 

N a t u r a l l y r e v e g c t a t i n g Grass/herb 111 3 D e m o l i t i o n and 58 l<)/5 nud 19/6 

b r i c k r u b b l e l e v e l l i n g o n l y 

N a t u r a l l y r e v e s c t a t i n ; ; Grass/herb 11 k n i l n 15/6 

s o i l o r r u b b l e diusped Grass/herb 11 5 n i l H 2 l / 6 
/ 

10/8 on s h a l e Grass/herb 11 7 n i l U 

2 l / 6 
/ 

10/8 

P l a n t e d b r i c k r u b b l e Grass/herb w i t h d eveloping V I I 1 L e v e l l e d 9 10/8 

on shale scrub. l'Inntod pines V I I 2 Love 11 ed 9 13/a 

l J l a u t c d y s o i l e d shale Developing grass/herb. 

P l a n t e d pines 

V I I 3 L e v e l l e d s o i l e d 

and r i d g e d 

13/8 

P l a n t e d c o l l i e r y Grans/herb, r i a u l c d mixed IX 1 Levelled, and 9 13/a 
t a i l i n g s woodland d r a i n e d 

P l a n t e d s h a l e Sown t ' e s t u c a / T r i f o l i u a sward. 

Planted n i x e d woodland 

V111 1 L e v e l l e d , d r a i n e d 

and f e r t i l i s e d 

5 11/8 

P l n n t r d pines i n mixed 
woodland VI 1 N i l . 7/8 

C r i i B s sward on A g r i c u l t u r a l grassland IX 2 l e v e l l e d , d r a i n e d 9 13/8 

c o l l i e r y t a i l i n g s nnd f e r t i l i s e d 

Cross sward on shale A g r i c u l t u r a l grassland IX 3 L e v e l l e d , d r a i n e d 

and f e r t i l i s e d 

9 13/8 

Grass sward. S o i l on A g r i c u l t u r a l grassland V111 2 L e v e l l e d , d r a i n e d , 5 1l/8 

s h a l o s o i l e d & f e r t i l i s e d 



Nordstrom and Rundgren (197*0 used t h i r t y two and twelve sample un i t s 

of 0 * 5 m.2. Satchell (1970) reports that to secure a 5$ sampling 
2 

error of the mean t h i r t y two 0 • 5 m. sample units were required at 
Merlewood and one hundred and three 1 f t . 2 sample units at Rothamstead. 

Allen (197^) recommends a minimum of f i v e to ten replicates. 

Complete sampling of a subsite, taking f i v e sample un i t s and using 

earthworm sampling techniques described below, requires f o r t y l i t r e s of 

water which can j u s t be carried over about f i f t y ycards by hand. The 
units 

smaller number ( f i v e ) of sample/ was therefore chosen. 

b. Size of sample u n i t . Philipson et. a l . (1976), and others 

have used a 25 cm, x 25 cm,sample, pa r t l y because of the d i f f i c u l t i e s of 
.r\. 

hand sorting anything larger. Miles Iunpublished) used 1 mt sample units 
but t h i s raised, for me, acute problems of water transport. F i n a l l y a 

2 
0* 2 m. sample was chosen as handsorting was not envisaged. The t o t a l 

2 
sample size i n any subsitc therefore becomes 1 m . , which makes 

comparison with other workers' results easy. 

c„ Sampling procedure. Allen (197*0 suggests that two viable 

random numbers i n r e l a t i o n t o a fixed co-ordinate g r i d reference drawn up 

f o r the s i t e , and sampling a t regular intervals along a similar g r i d 

network. No s t a t i s t i c a l analysis requiring random sampling was 

envisaged so th a t regular sampling was favoured. Subsite characteristics 

varied greatly, however, f o r example: 

1. Subsite 11 1. An even, closed canopy of young 

birch scrub on level ground. 

2. Subsite 11 2. An open-canopy birch scrub. 

3 . Subsite 11 3 . Small islands of vegetation 

c. 5' i n diameter. 

k. Subsitc 1 1. An undulating, elevated surface on which 

the 'humps' could not be sampled due to surface run-off 

of formalin. 



Allen (197'0 accepts that i n an exploratory study of t h i s kind 

subjective decisions on where to c o l l e c t samples arc sometimes v a l i d . 

I n t h i s study a balance of subjective and more s t a t i s t i c a l l y derived 

sampling procedures was therefore adopted. For example, i n subsite 

11 1. a baseline f i v e paces long was established and the f i v e sample 

units positioned, again by pacing, i n the pattern shown. When a tree 

trunk or a large lump of shale intervened the sample u n i t was placed 

j u s t to one side. 

1 
1 

1 
1 

1 
S i m i l a r l y , i n subsite 1 1., sample units were placed i n those hollows 

nearest to selected points on the above kind of g r i d . 

i i i . Earthworm sampling techniques. 

Earthworms play a v i t a l role i n s o i l ecology and t h e i r study has 

always promised to be most productive of new insights. However, severe 

problems exist of e f f i c i e n t and consistent sampling of these animals. 

Many techniques have been used: chemical methods using potassium 

permanganate or formaldehyde solution, carried out i n s i t u ; handsorting 

washing and f l o t a t i o n methods carried out on s o i l cores or samples of 

various sizes. Heat extraction and e l e c t r i c a l processes have also been 

employed. 

Raw ( l 959) looked at the permanganate, formalin and hand-sorting 

methods. He found permanganate i n e f f e c t i v e ; the deep-burrowing species 

were most e f f e c t i v e l y sampled by the formalin method; surface species, 

l i v i n g i n the root mat or l i t t e r , were best estimated by hand sorting. 

Raw again (196O) compared a hand-sorting with a washing technique. 
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He found that i n a s o i l with a dense t u r f only half (by numbers) of the 
worms were found by hand-sorting. I t was, however, the smaller worms 
which were missed so tha t the error was much less marked when wet worm 
biomass was determined. Soils without much t u r f were e f f e c t i v e l y 
sampled by hand sort i n g . Satchell (1970) also reviewed techniques 
available. Some of the newer techniques, e.g. by heat extraction, have 
sp e c i a l i s t uses, such as for sampling l i t t e r , but are not generally 
applicable. 

Recent workers have tended to develop combinations of techniques 

s u i t i n g the pa r t i c u l a r habitat i n which they are working. Thus P h i l l i p s o n 

et . a l . (1976) removed a s o i l core f o r hand-sorting, extracted the deeper 

burrowing forms from the hole using formalin and collected samples of 

l i t t e r f o r processing by infra-red extractor, 
fo r hnndsorting . 

In t h i s study the time requirement,/up to two hours per sample u n i t , 

was a c r i t i c a l factor and the formalin technique was used. Miles 

(unpublished) used 0 * 225$ and 0 • 55% solutions, w i t h a f i f t e e n minute 

i n t e r v a l between applications. Phillipson e t . a l , (1976) used a k%• 

s o l u t i o n . I used a 0 • 25% solution which was w i t h i n the l i m i t s used by 

the others. I t was made up i n the f i e l d by mixing pre-measured 

quantities of 50 ml. of k0% formalin with water i n an 8 l i t r e watering 

can. The following procedure was adopted: 

a. Surface vegetation and l i t t e r were removed to aid 

formalin penetration. This material was transferred 

to labelled bags. 

b. Approximately 2 * 7 l i t r e s of d i l u t e formalin were 

watered on using a rose. 

c. A close watch was kept and a l l worms appearing 

were transferred to a labelled j a r . 

d. After 10 minutes, or when a l l the solution had 

sunk in t o the s o i l , whichever came l a t e r , a 

second similar application was made. 



e. Af t e r a similar i n t e r v a l a t h i r d application was 

made. This time the lower stems of the 

vegetation were thoroughly explored using the fingers. 

f # The position of any worms withdrawing was noted and 

these were collected by means of a spade. 

Note Where s o i l s were waterlogged or penetration limited,the f u l l 8 l i t r e s 

was not applied. 

Where l i t t e r accumulation was large t h i s was l a t e r hand-sorted. 

In addition four selected sample units were hand-sorted as a check 

on the formalin technique. The technique used involved removing a 

sample 43 cm. x 43 cm. x 15 cm. and removing i t to the laboratory 

i n two pl a s t i c sacks f o r sorting. 

The top 5 cm. was sorted f i r s t . The roots were c a r e f u l l y teased 

apart with the fingers so that the f i n e material sprinkled down onto an 

enamel tray. Specimens were located by touch, since the soft bodies were 

easily recogniseahle, and by sight i a close watch was kept on the 

surface of the accumulating material i n the tray. Anything which wriggled, 

f a i l e d to bounce, f e l l more slowly or was di s s i m i l a r i n any way from a 

s o i l crumb or small stone were closely examined. Worms were placed 

immediately i n t o a labelled j a r of 10$ formalin. The remainder of the 

sample was then s i m i l a r l y treated. 

Where the sample to be hand-sorted was wet and waterlogged a somewhat 

d i f f e r e n t technique had to be used. The s o i l was broken apart i n t o 

p a r t i c l e s 1 * 5 cm. i n diameter or less. The s o i l mass tended to fragment 

along a burrow, through an aestivation chamber or along a decaying root 

thus exposing burrowing worms. The plant roots, rhizomes and stolons 

were also teased apart to locate surface-living forms. 

i v . Data c o l l e c t i o n 

a. The earthworms A l l specimens disturbed by the formalin solution 

were care f u l l y searched f o r and collected. Those from each sample u n i t 



were collected separately. I n i t i a l l y i t was intended to keep the 

specimens alive i n damp moss fo r about twenty four hours to empty the 

gut and to ensure accurate biomass determinations. This resulted i n 

some deaths and i t was found preferable to k i l l and preserve the worms 

i n 10% formalin as they were caught. Subsequently the worms were 

i d e n t i f i e d . Some d i f f i c u l t y was experienced i n e f f i c i e n t l y distinguishing 

between 'AisHiatures of I j ^ castaneus and 1 ^ rubellus which were therefore 

lumped together when counting. Small, very immature specimens of 

L . t e r r e s t r i s , L. festivus, and 1^ f r i e n d i (only one mature specimen 

of t h i s species was found) may have been included i n the above group, 

but t h e i r numbers were much smaller and any consequent error was not 

thought l i k e l y to be s i g n i f i c a n t . Similarly- immatures of rosea and 

A. caliginosa were lumped together. A f t e r a minimum of f i v e days the 

preserved worms from each sample unit were dried of s u p e r f i c i a l moisture 

and weighed to determine wet biomass. 

b. Soil samples f o r analysis. The time involved i n carrying out a f u l l 

s o i l analysis programme f o r every sample u n i t (over 100 of them) 

promised to be p r o h i b i t i v e . Tomlinson e t . a l . (1977) quote 20 days f o r 

a f u l l analysis of 100 samples by an expert. To l i m i t the an a l y t i c a l 

programme to an acceptable length the following sampling procedure was 

adopted. Two 5 cm. x 6 cm. deep cores were taken immediately adjacent 

to each sample u n i t . These topsoil samples were bulked to provide two 

p a r a l l e l samples, each with a core from a l l f i v e sample u n i t s . 

A s i m i l a r pair of samples were b u i l t up from cores taken from 

7 cm. to 14 cm.below the s o i l surface. Some sites had impenetrable 

rubble or lumps of shale j u s t below the surface. Only the upper samples 

could be obtained f o r these s i t e s . 

c. Turf depth. A v e r t i c a l cut was made i n the t u r f which was then 

c a r e f u l l y torn free of the underlying subsoil. The thickness of t h i s 

t u r f mat was measured wi t h a pair of calipers, care being taken to avoid 
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crushing the t u r f , 

d. S o i l temperature. A thermometer was inserted at depths of 5 cm 

and -10 cm respectively. I t was allowed to s t a b i l i s e each time and 

the readings recorded. Unfortunately the vagaries of the weather 

produced very e r r a t i c t o p s o i l temperature readings due to periodic 

intense i n s o l a t i o n . These readings were discontinued a f t e r the end of 

June. 

e. Vegetation. For each sample u n i t a l i s t was made of the higher 

plants found w i t h i n i t . The general type of vegetation of the subsite 

was also noted, e.g. grass/herb, Betula scrub etc (see Table 11) . 

Bearing i n mind the importance of l i t t e r as a source of food f o r 

earthworms and of the standing ve.ee t a t ion i n insula t i n e the ground 

surface from extremes of heat these two elements of the vegetation were 

collected separately. F i r s t the standing biomass wi t h i n the sample 

u n i t was clipped o f f at ground l e v e l . Then the l i t t e r was l i g h t l y raked 

out and the samples were separately bagged and returned to the laboratory 

f o r drying and weighing. Normally, f o r comparative purposes, oven-dry 

weights are determined. In t h i s case a i r - d r y weights were found and a 

correction factor determined f o r conversion to oven-dry weight. (See 

Appendix 2 ) . Air-dry weight was determined by placing each sample i n a 

shallow, tray i n the laboratory, leaving f o r a minimum of f i v e days, 

turning d a i l y , and then weighing. 

The % ground cover was also estimated f o r each sample u n i t and f o r 

the whole subsitc. 

f . Other enviromental influences on earthworm numbers.(See Appendix l ) 

1. I t was assumed that the nature of the substratum would have an 

e f f e c t on earthworm numbers. Eight d i s t i n c t substratum ( " s o i l " ) types were 

distinguished. 

http://ve.ee
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Thus: 

1. Shale 

2 . Shale topped by dumped rubble 

; 3- Shale topped by s o i l 

k. Ash 

5« C o l l i e r y t a i l i n g s 

6. Brick rubble 

7. Sand 

8. Clay 

2. Vegetation tends to develop naturally on t i p s i n three types 

of s i t u a t i o n : close to the natural contours of the surrounding land^at 

irhc b?-*-'t-?!!i 5-Xop9f?-' n n +._I.TV fln.r;rn.r.fi.. T.hi.s was assumed 

to r e f l e c t the accumulation of moisture a t the points and i t was further 

assumed that earthworms were l i k e l y to be s i m i l a r l y affected. The "moisture 

factor" of each subsite was therefore estimated on the following scale: 

1. Close to natural contours 

2. The bottoms of hollows on a 

raised t i p surface 

3. A raised l e v e l , or gently 

undulating surface 

4 , A h.ump on a raised t i p surface 
and 

3, Shade gives protection both from insolation/heat loss and i s 

very important, i f d i f f i c u l t to determine precisely. A four point scale 

was f i n a l l y divised: 

1. Continuous canopy present 

2. Interrupted or incomplete canopy 

3. Young, well-grown trees but with 

no close canopy 

k. No trees or very young ones only 



4. The weather daring the period of data c o l l e c t i n g showed a very-

marked pattern (sec Appendix 1 ) Dates of sampling were therefore 

grouped as below to f i t i n with the weather pattern: 

1. Prior to 8/6 

2. 8/6 to 14/6 

3 . 15/6 to 20/6 

4. 21/6 to 29/6 

5. 7/8 to 13/8 

5. Not a l l subsites were homogeneous i n terms of environmental 

variables. To summarise the information about homogeneity/heterogeneity 

those sites with a reasonable number of earthworms were c l a s s i f i e d on a 

f our po.i at scale . 

1. Site homogeneous 

2 . Site heterogeneous but similar 

points selected f o r the sample units 

giving apparent homogeneity 

3 . Site heterogeneous i n terms of 

b i o t i c variables 

4. Site heterogeneous i n terms of 

physical variables 

V, Soil analysis procedures. 

A l l e n (1974) and Tomlinson et. a l . (1977) were consulted to draw up 

a suitable s o i l analysis programme. The techniques used are outlined i n 

table 111 They were kept simple, concentrating on those physical variable 

which seemed most l i k e l y to a f f e c t earthworm populations. These were: 

a. pH This seemed l i k e l y to be c r i t i c a l . Satchell (1955) demonstrated 

that a t a pll of 4*4 earthworms died. This pH i s well w i t h i n the range 

found on c o l l i e r y s p o i l . The amount of exchangeable calcium i s also 

widely believed to be important f o r earthworms but since Satchell's work 



s u g g e s t s t h a t t h e two v a r i a b l e s a r e i m p o s s i b l e t o d i s t i n g u i s h i n t h e i r 

e f f e c t o n l y pH was d e t e r m i n e d . 

b • " F r e s h m o i s t u r e . E a r t h w o r m s a r e v u l n e r a b l e b o t h t o a s h o r t a g e 

and an excess o f w a t e r . I t was hoped t h a t t h e w e a t h e r d u r i n g t h e p e r i o d 

o f s t u d y w o u l d a v o i d e x t r e m e s so t h a t d e t e r m i n a t i o n s a t a n y one t i m e 

w o u l d r e f l e c t t h e g e n e r a l c h a r a c t e r i s t i c s o f a s i t e . I n f a c t t h e 

w e a t h e r was e x t r e m e a n d changeab l e : d r o u g h t i n June and d e l u g e i n J u l y 

and e a r l y A u g u s t . % l o s s o f w e i g h t on a i r d r y i n g o f t h e s o i l samples 

was u sed as a measure o f a v a i l a b l e f r e s h m o i s t u r e , b u t t h e d e t e r m i n a t i o n s 

were d i s c o n t i n u e d i n A u g u s t when t h e s o i l s were o f t e n w a t e r l o g g e d . 

C i O r g a n i c m a t t e r . S i n c e many o f t h e s i t e s have a s u b s t r a t u m o f 

finl.l_ifi.ry s p o i l , d i f f i c u l t i e s , were a n t i c i p a t e d . D e t e r m i . n a t i o r i b y i g n i t i o n 

removes t h e f o s s i l h y d r o c a r b o n s i n t h e s h a l e as w e l l as t h e humus a n d 

dead o r g a n i c m a t e r i a l , so l e a d i n g t o i n a c c u r a c y . W o r k e r s on s h a l e a t 

Y o r k U n i v e r s i t y ( C l m d w i c k , p e r s o n a l c o m m u n i c a t i o n ) a r e u s i n g a f l o t a t i o n 

t e c h n i q u e t o d e t e r m i n e o r g a n i c c o n t e n t and a s i m i l a r t e c h n i q u e was u s e d 

h e r e . 

d . H u m u s / f o s s i l h y d r o c a r b o n s . S i n c e ea r thworms seem to be 

e n c o u n t e r e d so i n f r e q u e n t l y i n c o l l i e r y s p o i l i t seemed p o s s i b l e t h a t 

f o s s i l h y d r o c a r b o n s m i g h t a c t u a l l y i n h i b i t c o l o n i s a t i o n b y e a r t h w o r m s . 

The m i n e r a l r e s i d u e a f t e r s e p a r a t i o n o f dead o r g a n i c m a t t e r was t h e r e f o r e 

i g n i t e d t o d e t e r m i n e l o s s by i g n i t i o n as a measure o f t h e l e v e l s o f 

f o s s i l h y d r o c a r b o n s . Any c o m p l e t e l y h u m i f i e d m a t e r i a l i n t h e samples 

was e x p e c t e d t o d i s t o r t t h e r e s u l t somewhat . 

http://finl.l_ifi.ry


A n a l y s e / r e s ! ; Sub-s imple 

1 . 

Sub-saaplc 

T a b l e 111 

S o i l a n a l y s i s programme 

p . H , i ) f t c r n i i m t i o n . 

1 . Chock meter n g a i n * t two b u f f e r s o l u t i o n s , one on e i t h e r s i de of the expected 

p . H , r ange . 

2 . H u l f f i l l 5 ° m l • benkor w i t h f r e s h s o i l and add j u s t s u f f i c i e n t d i s t i l l e d 

v n t c r ( a p p r o x . 2 : 1 by v o l use o u t e r : s o i l ) t o A H o w i n n o r B i o n o f the e l e c t r o d e * 

3 . S t i r f r e q u e n t l y f o r a few s i n u t e s ; a l l o w t o s tand f o r f u r t h e r 15 D i m i t e s , 

k. Immerse e l e c t r o d e i n s l u r r y and w n i t f o r need le d r i f t t o cease. Record p . D , 

t o 1 decinul l p lace* 

F resh m o i s t u r e 

1 . A c c u r a t e l y weigh c . 100 gra f r e s h s o i l ( W l ) and t r a n s f e r to a sha l low d r y i n g t r a y . 

2 . A l l o w to d r y f o r a n i n i n u n o f 5 days on the l a b o r a t o r y bench, s t i r r i n g d a i l y , 

3 . R c v c l g h ( « 2 ) » 

i. r...i.-..i.#.* .r.»-Mh_-.i*i..»...r« . i . n f f r e sh . w c i a b t .: f.ffi- - .wjg)_ X. lOQ 

S t o r o i a 

deep f r e e z e 

f o r a 

n i n i n u n o f '18 
h r * . 

Sub-sample 

3 . 

N'on-hiimif i c d o r g a n i c n a t t e r 

1 . P l ace a p p r o x i m a t e l y 2 0 g u . i n a weighed e v a p o r a t i n g b a s i n . 

2 . D r y i n oven a t 103 C o v e r n i g h t . 

3« C o o l i n d e s i c c a t o r ( f u r t h e r hronk up any p e r s i s t i n g I m p s ) . 

4 . Weigh a c c u r a t e l y ( i V | ) -

5 . Add t o wate r i n l a r g e r e c e p t a c l e and s t i r t h o r o u g h l y . A l i o * to s e t t l e . 

C a r e f u l l y rcnovc o r g a n i c f ragments and t r a n s f e r t o a. c l ean weighed 

e v a p o r a t i n g b a s i n . 

6 . D r y n;;i*-ir. i n oven, cnn l i n d e s i c c a t o r and v o i c j i a c c u r a t e l y , ( i t '2 )* 

C a r e f u l l y break up 7 . C a l c u l a t e o r g a n i c i r n t t e r as % o f o v o n - d r y w e i g h t ( Vi'i - ff;)x 100 

H n m u n / f o a s i l hvdrocnrhonB. 

8 . Take the s e t t l e d , m i n e r a l f a c t i o n ( 5 . a b o v e ) . F i l l e r c a r e f u l l y . T r a n s f e r 

t o weighed e v a p o r a t i n g b a s i n . 

9 , Dry i n oven a t 10J C . Cool i n d e s i c c a t o r . 

1 0 . T r a n s f e r c . 1g i n t o a weighed , d r y c r u c i b l e . Weigh a c c u r a t e l y (W<) 

1 1 . P lace i n c u f f l c f u r n a c e and a l l o w the t empera tu re to r i s e a l u v l y to 130 C . 

1 2 . A l l o w to remain a t t h a t temperature f o r f o u r h o u r s . 

1 3 . A l l o w to c o o l ami t r a n s f e r to d e s i c c a t o r . C o o l t o room t c a p c r a t u r e and woigh 

accu ra t c l y ( W 2 ) . 

14 . C a l c u l a t o % l o s s on i g n i t i o n (tV, - Wo) x 100 

On r c c o v n l f ro .u 

the f r e e z e r thaw 

f o r 0 h r s . T.un o f f 

f r e e w a t e r . 

a n y lumps . 



3 . RESULTS AND DISCUSSIUN 

i . Assessment o f methods u s e d . 

T h r e e d e c i s i o n s - r e l a t i n g t o e x t r a c t i o n m e t h o d ; number o f s i t e s ; 
i 

s i z e and number o f sample u n i t s - were made i n s e l e c t i n g methods o f 

s t u d y : t h e s e c l e a r l y have a b e a r i n g on t h e u s e f u l n e s s o f t h e r e s u l t s 

f o r a n a l y s i s and t h e v a l i d i t y o f any c o n c l u s i o n s . An a t t e m p t i s made 

h e r e t o e v a l u a t e t h e i m p a c t o f t h e s e d e c i s i o n s . 

a . The e f f e c t i v e n e s s o f t h e e a r t h w o r m s a m p l i n g t e c h n i q u e . The s i m p l e 

f o r m a l i n e x t r a c t i o n t e c h n i q u e u s e d m i g h t be e x p e c t e d t o be q u i t e good a t 

e x t r a c t i n g t h e deepe r b u r r o w i n g f o r m s , b u t l e s s good a t e x t r a c t i n g t h o s e 

s p e c i e s l i v i n g i n t u r f mat and l i t t e r . The r e s u l t s f r o m two g r a s s l a n d 

B i o e S j i l / , ctuu v 11 "I <^ Xruui cctuji u± vvuii; i i t tu u u u i u i u i i u i Scinipiu u n i t 

( 4 3 cm. x 43 cm . ) was t a k e n f o r hand s o r t i n g , were used f o r t h i s 

a s s e s s m e n t . T a b l e I V g i v e s sample u n i t d a t a f o r t h e s e s i t e s . 

S i t e 11 7. i s a g r a s s / h e r b s i t e on s o i l e d s h a l e . T o t a l numbers and 

w e t b iomass o f t h e wernns i n t h e h a n d s o r t e d sample u n i t were w i t h i n t h e 

r a n g e f o u n d i n t h e f o r m a l i n - e x t r a c t e d sample u n i t s . A ^ l o n g a and 

A . t e r r e s t r i s were n o t f o u n d i n t h e h a n d s o r t e d sample whereas a s i n g l e 

spec imen o f 0 . l a c t e u m . n o t f o u n d by f o r m a l i n e x t r a c t i o n , was p r e s e n t . 

S i t e V111 2 . i s a p a s t u r e s i t e , a l s o on s h a l e , w i t h a v e r y h e a v y , 

c l a y t o p s o i l . Here o n l y a f e w d e e p - b u r r o w i n g spec imens were f o u n d 

( a l l A . l o n ^ a ) . One such spec imen o c c u r r e d i n t h e h a n d - s o r t e d sample 

u n i t where i t was removed f r o m t h e t o p 5 cm. o f t h e s o i l . The l o w e r 10 cm. 

o f t h e s o i l r e v e a l e d n e i t h e r worms n o r e v i d e n c e o f b u r r o w s . The i n f e r e n c e 

i s t h a t A . l o n g a may n o t have been a deep b u r r o w e r on t h i s s i t e . 

The r a t h e r l o w we t b iomass o f t h e h a n d s o r t e d sample u n i t o f 11 7.» and 

t h e absence o f A_, l o n g a and L . t e r r c s t r i s b o t h t e n d t o c o n f i r m t h e 

s u p e r i o r i t y o f f o r m a l i n e x t r a c t i o n o v e r h a n d s o r t i n g f o r deep b u r r o w c r s . 
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The o c c u r r e n c e o f a s i n g l e spec imen o f O c t o l a s i o n i n t h e h a n d s o r t e d 

sample u n i t o f 11 7 r a n d t h e s l i g h t l y above a v e r a g e number o f 

A , c h l o r o t i c a i n t h e h a n d s o r t e d sample u n i t o f V111 2. do n o t p r o v i d e 

e v i d e n c e t h a t h a n d s o r t i n g i s s i g n i f i c a n t l y b e t t e r t h a n f o r m a l i n 

e x t r a c t i o n i n e x t r a c t i n g h o r i z o n t a l b u r r o w e r a and l i t t e r - l i v i n g f o r m s . 

T a b l e I V 

Sub-saraple c o u n t s : S i t e 1 1 7 -

Sample u n i t ; 1 2 3 4 5 T o t a l Mean S . e r r o r H a n d s o r t i n g 

S p e c i e s : ' 

A . c h l o r o t i c a 1 1 0 - 2 0 - 1 2 0 

A . iurigu 2 i T 3 7 i • 4 u • 5 I " 

A . r o s e a 1 4 3 3 11 2 • 2 0 • 73 3 

L . r u b c l l u s 1 1 0 . 2 0 - 1 2 1 

L . t e r r e s t r i s 1 1 2 0 « 4 0 • 25 0 

0 . l a c t e u m 0 0 « 0 0 • 0 1_ 

T o t a l 1 8 4 2 7 22 4 • 4 1 • 36 5 

B i o n i a B s ( g s ) 0 ' 0 5 1*67 0-/i5 0-25 8-17 1 0 . 59 2-12 0 • 95 1 . 37 

S i t e V111 2 

Sample u n i t : 1 2 3 4 5 T o t a l Mean S . e r r o r H a n d s o r t i n q ; 

S p e c i e s : 

A . c h l o r o t i c a 2 6 3 3 8 22 4 - 4 1 ' 1 2 6 

A . l o n g a 3 1 4 0 • 8 0 • 58 1 

A . r o s e a 2 2 0 . *t 0 • 25 0 

T o t a l 2 11 3 3 9 28 5 ? 6 1 • 83 7 

B i o m a s s ( g ) 0-15 6 - 3 4 1*40 0*38 2*57 10 -84 2-17 1 • 13 4-77 
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b . The s t u d y s i t e s as r e p r e s e n t a t i v e s o f o t h e r r e v e g o t a t i n g s i t e s . 

L i m i t a t i o n s o f t i m e meant t h a t n o t many s i t e s c o u l d be s a m p l e d . The q u e s t i o n 

t h e r e f o r e a r i s e s o f w h e t h e r t h e r e s u l t s o f t h i s s t u d y w o u l d be r e p e a t a b l e , 

g i v e n a d i f f e r e n t s e l e c t i o n o f s i t e s . A compu te r s e a r c h o f t h e l i t e r a t u r e 

f a i l e d t o r e v e a l any p u b l i s h e d w o r k on c o m p a r a b l e s i t e s w i t h w h i c h t h e 

e a r t h w o r m d a t a c o u l d be c o m p a r e d . As a r e s u l t t h i s e v a l u a t i o n i s l i m i t e d 

t o t h e v e g e t a t i o n o f t h e s i t e s , w i t h t h e a s s u m p t i o n t h a t v e g e t a t i o n 

s i m i l a r i t i e s a r e a s s o c i a t e d w i t h s i m i l a r i t i e s i n g e n e r a l e c o l o g y . 

F i r s t l y , t h e d a t a c o l l e c t e d on t h e h i g h e r p l a n t s p e c i e s f o u n d i n t h e 

sample u n i t s was p r o c e s s e d t o a r r i v e a t a % o c c u r r e n c e f i g u r e f o r each 

s p e c i e s . No d a t a was c o l l e c t e d f o r t h e s i t e s u n d e r a g r i c u l t u r a l management 

(V11 2$ 1X 2 •and I X 3^ and s i t e X , l e a v i n g t w e n t y s u b s i t e s w i t h a t o t a l o f 

one h u n d r e d p o s s i b l e o c c u r r e n c e s . S i x t y f o u r s p e c i e s i n a l l were i d e n t i f i e d . 

T h i s i s n o t a c o m p r e h e n s i v e l i s t o f s p e c i e s o c c u r r i n g on t h e s i t e s s i n c e 

2 

spec imens g r o w i n g o u t s i d e t h e 0*2 m. sample u n i t s were n o t r e c o r d e d and some 

c l o s e l y r e l a t e d s p e c i e s , b o t h o f w h i c h o c c u r r e d b u t were n o t i c o n s i s t a n t l y 

d i s t i n g u i s h e d b e t w e e n , were r e c o r d e d s i m p l y u n d e r t h e g e n e r i c name. The l o w 

% o c c u r r e n c e f i g u r e s a r e a r e s u l t o f t h e s m a l l sample s i z e . ' The m o s t 

commonly o c c u r r i n g g r a s s e s were F c s t u c a s p . (*»7%)j D a c t y l i s g l o m e r a t a (31%), 

A r r h e n a t h e r u m e l a t i u s ( 18 /6) , H o l c u s s p . ( 2 4 % ) , Deschampsia f l e x u o s a (19%) 

and A t i i r o s t i s s p . a r e i n f l a t e d because more t h a n one s p e c i e s i s i n v o l v e d . 

The m o s t commonly o c c u r r i n g h e r b s p e c i e s were T r i f o l i u m repens (20%), 

Chamaener ion a n g u s t i f o l i u m (14%) P l a n t a g e l a n c e o l a t a (38%) A c h i l l e a 

m i l l e f o l i u m (16%) and H i c r a c i u m v u l g a t u m (29%). 

R i c h a r d s o n , e t . a l . ( l 9 7 l ) f o u n d e i g h t y f i v e s p e c i e s , i n c l u d i n g p l a n t e d 

t r e e s w h i c h my method e x c l u d e d . The f i v e commonest g r a s s e s , i n t h e i r r e s u l t s , 

were t h e same s p e c i e s as i n t h i s s t u d y , t h o u g h n o t i n t h e same o r d e r o f 

abundance and a t much h i g h e r % l e v e l s s i n c e i n d i v i d u a l s i t e s were sampled 

e x h a u s t i v e l y . The m a i n h e r b s f o u n d by R i c h a r d s o n e t . a l . were 



C o n t a u r c a n i g r a , Ch<amaenerion a n g u s t i f o l i u m , U i e r a c i u m s p . f P l a n t a g o 

l a n c e o l a t a and T u s s i l a g o f a r f a r a . The s i m i l a r i t y w i t h t h e r e s u l t s o f t h i s 

s t u d y i s l e s s c l o s e than f o r t h e grasses* b u t t h e h i g h i n c i d e n c e o f 

A c h i l l e a m i l l e f o l i u m and the nea r absence o f T u s s i l a g o f a r f a r a p r o b a b l y 

r e f l e c t s t h e r e l a t i v e m a t u r i t y o f t h e sward i n many o f my sampled s i t e s . 

The h i g h i n c i d e n c e o f T r i f o l i u m r epens s i m i l a r l y r e f l e c t s t h e use o f a 

g r a s s - legume m i x t u r e as a s p o i l - s t a b i l i s i n g a i d on a number o f t h e 

r e c l a i m e d s i t e s . R i c h a r d s o n e t . a l . l o o k e d a t two h u n d r e d and t h i r t y 

s e v e n p i t heap a r e a s . The d a t a f r o m t h e t w e n t y s u b s i t e s used i n t h i s s t u d y 

show a s u f f i c i e n t l y c l o s e s i m i l a r i t y t o R i c h a r d s o n ' s r e s u l t s t o s u p p o r t t h e 

a r g u m e n t t h a t t h e s i t e s a r e r e p r e s e n t a t i v e , 

_ - i - i _ — • • • • * - ~i - n—-i .1. _ i _ _ i _ _ j . j . _ 1_ ~ r « „ / 1 n i l . ^ n — ~ A 

made a n a t t e m p t t o c l a s s i f y s i t e s by t h e s t r a t e g i e s o f t h e i r f l o r a i n 

r e s p o n s e t o s t r e s s , c o m p e t i t i o n and d i s t u r b a n c e , w i t h a v i e w t o 

d e v e l o p i n g a sys tem f o r use by n o n - s p e c i a l i s t s ( s e c A p p e n d i x ' i ) . He 

i l l u s t r a t e d , i n h i s t r i a n g u l a r o r d i n a t i o n m o d e l , t h e c h a r a c t e r i s t i c s o f 

many common he rbaceous h a b i t a t s o f w h i c h two a r e i n c l u d e d i n F i g . 1. f o r 

r e f e r e n c e . F i g . 1. a l s o shows t h e o r d i n a t i o n o f t h e s u b s i t e s ( a p a r t f r o m 

X 1.) u s ed i n t h i s s t u d y . I t i s n o t e w o r t h y t h a t t h e s u b s i t e s , a p a r t f r o m 

t h e t w o h e a t h e r - d o m i n a t e d h e a t h l a n d s i t e s , f o r m a c l o s e and d i s t i n c t i v e 

g r o u p s i m i l a r t o t h a t g i v e n b y Gr ime f o r i n f r e q u e n t l y mown r o a d s i d e v e r g e s 

b u t s l i g h t l y o f f s e t t owards t h e s t r e s s a p e x . The s i m i l a r i t y w i t h t h e g r o u p 

f o r t i p and r a i l w a y b a l l a s t i s a l s o c l o s e , b u t w i t h o u t t h e l o n g ' t a i l ' o f 

d i s t u r b e d s i t e s w i t h p r e d o m i n a n t l y r u d e r a l p l a n t s . I t i s s u g g e s t e d t h a t 

t h e c l o s e g r o u p i n g o f the s i t e s i n t h i s o r d i n a t i o n m o d e l , a t l e a s t 

c o m p a r a b l e t o t h a t f o r s i t e s c l a s s i f i e d by G r i m e , t e n d s t o c o n f i r m t h a t 

t h e y a r e r e p r e s e n t a t i v e o f a d i s t i n c t k i n d o f h a b i t a t . 

c « The adequacy o f sample u n i t s i z e and number p e r s u b s i t e . . The o r i g i n a l 

9 
d e c i s i o n t o use f i v e 0*2 mT sample u n i t s p e r s u b s i t e was based t o a l a r g e 
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Urn ti 

c o n p ^ t i t i v e 

o f s u b s i t e v e g e t a t i o n 1 nricx 5-0 

•4-0 

2-0 

07 1- 19 2-7 1-5 
l l can H . m i , g. nc r e. per week . 

Unmown road verges 

^ / 

D 

Demolition sites 
(tip and railway ballast) 

D 
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d . The p r o j e c t was p l a n n e d t o a l l o w t h e use o f a m u l t i p l e r e g r e s s i o n 

t e c h n i q u e i n t h e a n a l y s i s o f t h e r e s u l t s . Of t h e v a r i a b l e s measured i n t h i s 

s t u d y o n l y t h e p H d a t a y i e l d e d r e s u l t s w h i c h seemed s u f f i c i e n t l y c o n s i s t e n t 

f o r use i n complex a n a l y s i s . 

S i m i l a r l y , t h e g r a d i n g o f s i t e s f o r m o i s t u r e , shade and h o m o g e n e i t y , 

w h i l s t p r o d u c i n g r e s u l t s w h i c h were u s e f u l i n t h e d i s c e r n m e n t o f t r e n d s i n 

t h e d e v e l o p m e n t o f e a r t h w o r m p o p u l a t i o n s , was n o t c o n s i d e r e d s u f f i c i e n t l y 

d e f i n i t i v e f o r use i n such a complex t e c h n i q u e . 

I t i s c o n s i d e r e d t h a t t h e o r i g i n a l scheme, m o d i f i e d i n t h e l i g h t o f t h e 

e x p e r i e n c e g a i n e d i n t h i s s t u d y , and w i t h a more e x t e n s i v e d a t a c o l l e c t i n g 

programme t h r o u g h o u t t h e w h o l e season m i g h t p r o d u c e , t h r o u g h t h e use o f a 

_ - — • i 1 • 1 _• J _./» J.I - _ J! J __. 
II1UX b i p i C 1 ' C ^ l t ' S S l U I I l*C O l l l l x l^lxt: , C v< \I UK* JL U I )A f *- V « . L i * o « u i n -

g o v e r n i n g t h e d i s t r i b u t i o n and abundance o f e a r t h w o r m s p e c i e s , b u t f o r t h e 

p r e s e n t s t u d y t h e d a t a o b t a i n e d were s u b j e c t e d t o a number o f s i m p l e r 

a n a l y s e s . o n l y . 
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i i S p e c i e s f o u n d w i t h n o t e s on t h e i r l i f e h i s t o r y . 
a . S p e c i e s L i s t 

T o t a l o c c u r r e n c e s 

A l l o l o b o p h o r a r o s e a ( S a v i g n y ) J 29 

A l l o l o h o p h o r a c a l i g i n o s a ( S a v i g n y ) ' 

A l l o l o b o p h o r a c h l o r o t i c a ( S a v i g n y ) 9 

A l l o l o h o p h o r a l o n g a Ude 17 

B i m a s t o s e i s c n i ( L e v i n s e n ) 1 

Dendrobaena r u b i d a ( S a v i g n y ) 7 

L u m b r i c u s c a s t a n e u s ( S a v i g n y ) ) 65 

L u m b r i c u s r u b e i i u s H o f f m e i s t e r ) 

L u m b r i c u s t e r r e s t r i s L i n n a e u s 23 

L u m b r i c u s f e s t i v u s ( S a v i g n y ) 5 

L u m b r i c u s f r i e n d i C o g n e t t i 1 

O c t o l a s i o n cyaneum ( S a v i g n y ) 0 

O c t o l a s i o n l a c t e u r n ( O e r l e y ) 0 

N o t e ; Q c t o l a a i o n cyaneum o c c u r r e d o n l y i n t h e c l a y s o i l o f s i t e X 1 

f o r w h i c h sample u n i t d a t a a r e n o t a v a i l a b l e , Q. l a c t e u m o n l y o c c u r r e d 

as a s i n g l e spec imen i n a h a n d s o r t e d sample u n i t o f s u b s i t e 11 7* 

b . L i f e s t y l e c a t e g o r i e s . P h i l l i p s o n e t . a l . (l976)> q u o t i n g Douche . 

a s c r i b e t h e i r t e n s p e c i e s t o one o f t h r e e l i f e s t y l e c a t e g o r i e s . 

N o r d s t r o m and Rundgren (1973)also s t u d i e d t h e v e r t i c a l d i s t r i b u t i o n o f t h e 

worm p o p u l a t i o n s o f t h e i r s i t e s . The t h r e e c a t e g o r i e s a r e : 

E p i gees ( l i t t e r d w e l l e r s ) : I J ^ c a s t a n e i i s and 1)^ r u b i d a were p l a c e d i n 

t h i s c a t e g o r y by P h i l l i p s o n . e t . a l . I n t h i s s t u d y l u r u b e i i u s must a l s o be 

i n c l u d e d . N o r d s t r o m and R u n d g r e n f o u n d t h a t i t was p r e d o m i n a n t l y f o u n d i n 

t h e l i t t e r , P h i l l i p s o n e t . a l . d i d n o t f i n d i t a t a l l . 
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A n e c i q u e ( d e e p b i i r r o w e r s ) : A ^ l o n g a arid I J ^ t e r r e s t r i s b e l o n g t o t h i s 

c a t e g o r y , t h o u g h i n one s u b s i t e ( V 1 1 2 ) A . l o n g a seemed t o have f o r m e d 

much more s u p e r f i c i a l b u r r o w s comparab l e w i t h t h o s e o f t h e Endogees . 

Endogccs ( h o r i z o n t a l b u r r o w e r s ) : A . c a l i g i n o s a . A . r o s e a and (K cyaneum 

were a s c r i b e d t o t h i s c a t e g o r y by P h i l l i p s o n e t . a l . who a l s o s t a t e d t h a t A . 

c h l o r o t i c a was i n t e r m e d i a t e i n t y p e . N o r d s t r o m and R u n d g r e n , on t h e o t h e r 

h a n d , f o u n d a l l t h e s e s p e c i e s ( e x c e p t 0 . cyaneum on w h i c h t h e y g i v e no 

r e s u l t s ) a t d e p t h s e s s e n t i a l l y comparab l e w i t h t h o s e o f A ^ l o n g a and 

L . t e r r e s t r i s . I n t h i s s t u d y q u i t e marked b e h a v i o u r a l d i f f e r e n c e s be tween 

t h e s p e c i e s were a p p a r e n t w h i c h c l e a r l y e n d o r s e d P h i l l i p s o n c t . a l . ' s d i s t i n c t i o n 

b e t w e e n t h e t h r e e c a t e g o r i e s . 

The e p i g c e s , when f o r m a l i n was a p p l i e d , q u i c k l y emerged and jnoved 

b r i s k l y o v e r t h e s u r f a c e , o f t e n c r a w l i n g up i n t o t h e v e g e t a t i o n . The 

a n e c i q u e were much s l o w e r t o a p p e a r . They w i t h d r e w s l o w l y f r o m t h e b u r r o w 

and t h e n t h e y a l s o moved away o v e r t h e s o i l s u r f a c e , b u t w i t h a much 

g r e a t e r t e n d e n c y t o move t h r o u g h t h e b a s a l stems o f t h e v e g e t a t i o n . F i n a l l y 

t h e endogees moved v e r y r e l u c t a n t l y f r o m t h e i r b u r r o w s , o f t e n n o t e m e r g i n g 

c o m p l e t e l y a t a l l , and t e n d e d n o t t o c r a w l a n y d i s t a n c e b u t t o i n s i n u a t e 

t h e m s e l v e s be tween s tems o f v e g e t a t i o n a t g r o u n d l e v e l arid s i m p l y l i e t h e r e . 

G r e a t c a r e i n s e a r c h i n g t h r o u g h t h e b a s a l s tems o f t h e v e g e t a t i o n was 

e s s e n t i a l t o l o c a t e them a l l . They were o f t e n m o r i b u n d when p i c k e d u p . The 

d e a t h s o f c o l l e c t e d worms, e a r l y i n t h e s t u d y ( s e e s e c t i o n 11 i v a . ) , were 

a l m o s t a l w a y s o f s p e c i e s i n t h i s c a t e g o r y , 

c . S e a s o n a l c h a n g e i n a b u n d a n c e and a c t i v i t y . F o r a s m a l l number o f 

s i t e s r e p e a t s a m p l i n g was c a r r i e d o u t a f t e r an i n t e r v a l o f t i m e . F o r two 

s i t e s t h i s was done by a c o m p l e t e r e - s a m p l i n g w h i l s t f o r two f u r t h e r s i t e s 

a s i x t h s a m p l e - u n i t f o r h a n d s o r t i n g was c o l l e c t e d some t i m e a f t e r t h e i n i t i a l 

s a m p l i n g by f o r m a l i n e x t r a c t i o n . The r e s u l t s a r e t a b u l a t e d b e l o w : t a ;b l e V1 and 

and V I 1 



T a b l e V1 

S e a s o n a l change i n abundance : f u l l r e s a m p l i n g 

Date 

Samnle u n i t s 1 

S i t e 11 1 . 

9 i l l Juno 

2 T It J T - i l n l Mran S. e r r o r 

l O t U August 

J 2 J 4 5 T o t a l Kc.in 

Spoci es 

A , r o s e a / 

c a l i g i n o e a 

L , cfiRtnnous/ 24 

r u b e l l u s 

L . t c r r o s t r i a 1 

2 2 4 0 • 8 0 M 7 26 22 8 3"i 97 . > 9 ' 1 

28 J l . 'i0 36 162 32 • 4 2 86 15 22 22 11 21 91 18.2 

1 0 « 2 0 12 

T o t a l .25 28 3'* 42 38 I67 33 • <• 3 12 22 '.8 44 19 55 168 37*6 

B i o a a s s ( B ) 11.5 5«~6 10-56 9>87 9 * 0 , 46-69 9 ' 3 4 n 98 4-53 11*10 7»B5 5«43 7-9 1 3 6 « S 2 7 .36 

Date 

. g a::mln u n i t s 1 

19th Mny 

2 2 L 

SITE 111 3 , 

T o t a l Mean S. p r r o r 1 

1 9 t h June 

_3 2 !t_ T o t a l V e i n 

Species 

A . rosea 

L . c a s t aneus / 3 

m b c l l u a 

L . t e r r c e l r i s 

1 1 .2 0 • 4 1 25 1 

1 2 6 14 2 * 3 0 86 2 2 

4 3 3 12 2 - 4 0 68 1 

1 0*2 

8 1 = 6 

2 0*4 

T o t a l 3 . 4 6 5 10 28 5 • 6 1 21 3 2 ' 0 4 2 11 2-2 

Bicmass 0 O 8 8*18 10.69 9-32 9 .31 3 7 . 8 8 7-58 3 39 O.77 0-26 0 3 . 6 1 1-51 6-15 1-23 



T a b l e V11 

change i n abundance : r e s a m p l i n g by h a n d s o r t i n g 

S i t e 1 1 6 . 

Data 23rd Juno 2 0 t h J u l y 

Snnple 11 ni t .a _ _ 1 2 J k 5. T o t a l Moan S. e r r o r H . m i l s i r t e d 

Sp.'Ci c» 

A . rosea 1 

A . longa 1 1 0 2 0 • !•> 

h. c a s t a n c u s / r u b c l l u s 8 18 14 5 10 55 11 • 0 2 - 2 8 10 

L . t e r r c s t r i s 3 8 4 7 22 4 • 4 ' • *» 1 

T o t a l 8 21 23 9 17 78 . 15 * 6 3 - " 6 12 

Bionaes 1.76 10-0 ' . 4*36 13*23 18*43 48*04 9 ' 6 1 2 * 99 2*60 

S i t e 1 1 , 

Pa t e 

Sair.i-lc unit.". 1 

3 t h Juno 

2 3 '• 1 T o t a l Venn S. i ; r r o r 

2(1 t h J u l y 

l i i i i d s o r f e ^ 

Spec ies 

A . rosea 1 1 0*2 0 >12 1 

L # ' m b c l l u s 3 3 1 7 14 2 - 8 1 • 2 

L a t c r r c s t r i s 3 2 2 4 11 . 2*2 0 .73 

T o t a l 6 2 3 3 12 26 5 . 2 1 • H3 1 

B iocas s 13*81 9*42 0*30 2*7G 2-02 28*31 5*66 2 ' 56 0 3 5 



These r e s u l t s seem c l e a r l y t o i n d i c a t e : 

1, Under t h e d r o u g h t c o n d i t i o n s f o u n d i n l a t e May and June marked 

r e d u c t i o n s i n numbers o f worms e x t r a c t e d o c c u r r e d . I n exposed ex t r eme 

s i t u a t i o n s t h e l i t t e r - d w e l l i n g I J . r u b e l l u s / L . ca s t aneus c r a s h i n numbers 

( S i t e 1 1.). I n more s h e l t e r e d , w o o d l a n d c o n d i t i o n s ( S i t e 11 6.) t h e s e s p e c i e s 

m a i n t a i n e d t h e i r numbers r a t h e r b e t t e r t h o u g h t h e d r o p was s t i l l marked i n 

s i t e 11 1. ( b i r c h s c r u b ) be tween t h e 9th June and 10th A u g u s t . P h i l l i p s o n e t . 

(1976) f o u n d a r e d u c t i o n i n numbers o f L . casfcaneus o v e r t h i s p e r i o d . The 

deep—burrowing s p e c i e s , L . t e r r e s t r i s o c c u r s i n a l l t h e l a t e r samples w i t h 

a m a r k e d l y r e d u c e d f r e q u e n c y . Numbers p e r sample u n i t (0*2 m. ) d r o p f r o m 

a mean o f 2'k t o 0*4 ( s i t e 111 3) 2»2 t o 0»0 ( S i t e 1 0 and k'k t o 1»0 

( s i t e 11 6 ) • The o l d g r a s s / h e r b s i t e ( l 1} i s c l e a r l y a v e r y c r i t i c a l one 

f o r w o r m s . The o n l y spec imen f o u n d i n t h e l a t e r h a n d s o r t e d sample was a 

s i n g l e a e s t i v a t i n g immatu re A ^ r o s e a . 

2. Q u i t e marked changes i n s p e c i e s c o m p o s i t i o n can o c c u r . S i t e 11 l . w a s 

r e m a r k a b l e f o r t h e t r emendo i i s i n c r e a s e i n A . r o s e a / A . c a l i g i n o s a ( e q u a l 

numbers o f a d u l t s o f t h e two s p e c i e s were f o u n d ) f o l l o w i n g t h e w e t w e a t h e r 

o f J u l y and e a r l y A u g u s t . L o o k i n g a t t h e d a t a f o r a l l t h e s i t e s f o r t h i s 

p a i r o f s p e c i e s , i t emerges t h a t p r i o r t o t h e end o f June o n l y n i n e spec imens 

were f o u n d i n t h i r t e e n s u b s i t e s f r o m w h i c h worms were c o l l e c t e d . I n e a r l y 

A u g u s t , h o w e v e r , one h u n d r e d and f i f t y e i g h t specimens were f o u n d i n e l e v e n 

s i t e s . Comparable f i g u r e s f o r A . l o n g a were one and f o r t y t h r e e . 

Evans & G u i l d (19*»8) show t h a t A . c a l i g i n o s a i n p a s t u r e d e c l i n e s i n 

numbers d r a s t i c a l l y a f t e r 25th A p r i l , e f f e c t i v e l y d i s a p p e a r i n g f r o m t h e s o i l . 

I t i n c r e a s e s r a p i d l y i n numbers be tween 15th and 22nd A u g u s t as t h e worms 

emerge f r o m t h e c e l l s i n w h i c h t h e y have s p e n t s e v e r a l months i n d i a p a u s e . 

They s t a t e t h a t t h e d e c l i n e i n numbers a f t e r 25th A p r i l i s due t o a d e c r e a s e 

i n s o i l , m o i s t u r e . A l l o l o b o p h o r a n o c t u r n a , a c l o s e -Tel&iTviz o"f'rA~V l o n g a . 

showed a s i m i l a r p a t t e r n . A 0 l o n g a was p r e s e n t o n l y i n v e r y s m a l l numbers 
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b u t t h e r e s u l t s above s u g g e s t t h a t i t behaves s i m i l a r l y . S t a n d c n 

( p e r s o n a l c o m m u n i c a t i o n ) has f o u n d a s i m i l a r s t a r t l i n g i n c r e a s e i n 

A„ c a l i g i n o s a i n A u g u s t and t h e phenomenon appea r s g e n e r a l . 

I t i s n o t e w o r t h y t h a t the r e sponse o f Aj_ c a l i g i n o a a / A ^ r o s e a t o t h e 

onse t ' o f summer d r o u g h t i s sudden Avhereas t h a t o f L ^ c a s t a n c u s r u b e l l u s 

i s g r a d u a l . I t may be t h a t t h e f o r m e r , l i k e A . l o n g a go i n t o o b l i g a t e d i a p a u s e 

whereas t h e l a t t e r e n t e r a f a c u l t a t i v e d i a p a u s e t h o u g h Edwards and L o f t y 

(1972) say t h a t JV. c a l i g i n o s a and _A. r o s e a have a f a c u l t a t i v e d i a p a u s e . 

An a l t e r n a t i v e e x p l a n a t i o n may be t h a t t h e A l l o l o b o p h o r a s p e c i e s a r e l e s s 

t o l e r a n t of d r a u g h t and e n t e r d i a p a u s e more q u i c k l y . 

I t i s more d i f f i c u l t t o i n t e r p r e t p o p u l a t i o n changes i n t e r m s o f t h e 

r e p r o d u c t i v e c y c l e . Evans & G u i l d ( l9' i8) showed A . n o c t u r n a and 

A . c a l i g i n o s a t o be h a t c h i n g r a p i d l y i n O c t o b e r b u t h i s f u r t h e r a n a l y s i s 

was dependen t on h i s d i s t i n c t i o n b e t w e e n i m m a t u r e , j u v e n i l e and a d u l t 

members of i n d i v i d u a l s p e c i e s . An a t t e m p t was made to g a i n some i n s i g h t 

i n t o g r o w t h and r e p r o d u c t i v e c y c l e s by l o o k i n g a t immatu re : m a t u r e r a t i o s 

f o r the common s p e c i e s . Because of d i f f i c u l t i e s i n i d e n t i f y i n g t h e i m m a t u r e s 

Ap r o s e a and A± c a l i g i n o s a a r e a g a i n c o n s i d e r e d t o g e t h e r , as a r e c a s t a n e u s 

and J J . r u b e l l u s . The o t h e r s p e c i e s r e g u l a r l y p r e s e n t i n any numbers i s 

L . t e r r e s t r i s . The r e s u l t s were not v e r y p r o d u c t i v e . I n JL^ t e r r e s t r i s t h e 

i m m a t u r e : a d u l t r a t i o s t a y s v e r y c l o s e t o u n i t y f o r s i n g l e s u b s i t e s 

t h r o u g h t h e p e r i o d of s t u d y , i . e . ; 19th Hay 6 : 6 ; 8th June 6 : 5 J 

2 1 s t June 3 : 2 j 23rd June 13 : 9 ; 10th A u g u s t 1 : 1 . 

I n A , r o s e a / A . c a l i g i n o s a s i g n i f i c a n t numbers were o n l y p r e s e n t on and a f t e r 

t h e 10th A u g u s t and i n a p e r i o d of k d a y s , on d i f f e r e n t s u b s i t e s , t h e r a t i o s 

changed f r o m 83 : 14 to 16: 5, to 10 : 1 , to 13 : 8. I t i s not p o s s i b l e to 

draw c o n c l u s i o n s f r o m t h o s e r e s u l t s . F i n a l l y , i n L . c a s t aneus / L . r u b e l l u s , 

where d i f f e r e n c e s be tween s u b s i t c s a r c a g a i n p ronounced ( e . g . 106 : 60 

and 11 : 0 on 9th June and 52 : 3 o n 23rd J u n e ) a s i n g l e v a l i d 
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c o m p a r i s o n e x i s t s f o r s i t e 11 1. be tween t h e 9th June and 10th A u g u s t : 

106 : 60 and 63 : 28 r e s p e c t i v e l y . T h i s can no more t h a n s u g g e s t 

e i t h e r a s l i g h t l y g r e a t e r m o r t a l i t y o f a d u l t s t h a n o f j u v e n i l e s o v e r t h e 

r 

summer p e r i o d o r t h e b e g i n n i n g s o f a h a t c h f r o m cocoons i n t h e w e t w e a t h e r o f 

l a t e J u l y . S i n c e Edwards and L o f t y (1972) g i v e t h e l e n g t h o f t h e p e r i o d f r o m 

l a y i n g t o h a t c h i n g as s i x t e e n weeks f o r L . r u b e l l u s and f o u r t e e n weeks f o r 

L . c a s t a n e u s , and s i n c e t h e peak o f c o c o o n p r o d u c t i o n i s g i v e n as m i d J u l y 

t o end September f o r r u b e 1 1 u s and J u n e / J u l y f o r _ L . c a s t a n c u s t h e l a s t 

e x p l a n a t i o n seems u n l i k e l y , u n l e s s cocoon p r o d u c t i o n began i n A p r i l a t a 

s i g n i f i c a n t l e v e l . 

i i i , . F a c t o r s a f f e c t i n g t h e d i s t r i b u t i o n and abundance o f e a r t h w o r m s p e c i e s 
m i . _ ~ 1 I „ v — _ . i . . u . . -.•: „ „ i „ i 

d e p e n d e n t on i t s p h y s i o l o g i c a l n e e d s . The i m p o r t a n c e o f s o i l p H , 

t e m p e r a t u r e and w a t e r c o n t e n t i s w e l l k n o w n . C l e a r l y one m u s t a l s o c o n s i d e r 

a v a i l a b l e f o o d . The i m p o r t a n c e o f t h e s e v a r i a b l e s , as i l l u s t r a t e d b y t h i s 

s t u d y i s d i s c u s s e d b e l o w , 

a., p . n . 

D o u b l e d a y (1971) gave a r ange o f p H , u s i n g d a t a ' f r o m 44 c o l l i e r y 

s p o i l s i t e s , f r o m 2 • 0 t o 9*0 w i t h t h e mode a t p l l 4 - 5 . My own 

r e s u l t s g i v e a r ange f r o m p l l 3*0 t o p l l 6» 8. TableV111 g i v e s t h e 

d i s t r i b u t i o n o f pH f o r t he s i t e s u s e d . Where t h e ' t o p s o i l and ' s u b s o i l ' 

v a l u e s d i f f e r e d b y more t h a n pH 0 • 5 t h e v a l u e s o f t h e t o p s o i l was 

t a k e n on t h e a s s u m p t i o n t h a t t h i s was t h e more c r i t i c a l f o r a r a n g e o f 

s p e c i e s . The d a t a , as i s shown by e x a m i n a t i o n o f t h e e a r t h w o r m p o p u l a t i o n 

d a t a - a p p e n d i x 1., i s s t r o n g l y i n f l u e n c e d by t h e d i a p a u s e i n d u c e d by t h e 

d r y w e a t h e r o f June and J u l y . T a b l e V111 shows the maximum p o p u l a t i o n 

d e n s i t y o f t h e f o u r common s p e c i e s a t e ach s t e p i n t h e p l l r a n g e . 



Table V111 

pH ami species abundance 

pH 
no. of samples 

3 0 3 5 4 0 

1 1 2 

4- 5 

4 

5 0 

4 

5 5 

2 

6 - 0 

7 

6 

Maximum population 
— 2 

density (no. m ) 
of : A.rosea/caliginosa 1 2 11 97 21 

A. longa 2 7 4 25 

L.rubellus/castaneus 10 17 12 55 1 166 14 

L o t e r r e s t r i s 1 1 11 22 2 1 12 

I f one assumes that there i s no d i s t i n c t thre.shold i n pH fo r the 

occurrence of a particular species, and that pE exerts a l i m i t i n g e f f e c t 

on population size then the data shows the three Allolobophora species to be 

i n t o l e r a n t of acid conditions, A» longa being the most extreme, wh i l s t the 

Lumbricus species are much more to l e r a n t though good populations are only 

found above pH . 5 * 0 . This agrees with Satchel 1 (1955).. Nordstrom and 

Bandgren(1974) found, i n contrast, that of these species only L. rubellus 

was i n d i f f e r e n t to pli and that a l l the other species were acidophobic. 

The low numbers of jLj, t e r r e s t r i s below pH , 4 • 5 may be compatible with 

the l a t t e r findings, 

b. S o i l temperature 

Edwards and Lofty (1972) reviewing the effect of temperature on 

earthworms stressed that at s o i l temperatures above 10° C the numbers 

extracted from s o i l tend to be i n h i b i t e d . Under laboratory conditions the 
' o 

thermal death point of t e r r e s t r i s i s given as 28 C, though i n 

combination with sustained s o i l a r i d i t y lower temperatures arc l i k e l y to be 

l e t h a l i n the f i e l d . 
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I n i t i a l l y , from the 8th June onwards, temperatures were taken at 5 cm. 

anil at 10 cm. depths. On the sites studied up to the 15th June both 

readings were the same and varied from 13» 5 C to 15 C. From the 15th 

to the 19th June temperatures up to 2 1 0 C were recorded at 5 cm. depth 

and gradients from 21 C at 5 cm, depth to 14- 5 ° C at 10 cm.depth were 

noted. A f t e r the 21st June periodic r a i n brought the s o i l temperatures 

down again and the readings were discontinued. Clearly some of the s i t e s 

being studied are intensely vulnerable to high levels of i n s o l a t i o n during 

the summer and, as Rhee (1967) has pointed out, i t i s dry summers which 

check the development of populations. S o i l temperatures can not r e f l e c t 

these seasonal stresses unless recorded over long periods of time. A 

clearer i n d i c a t i o n of the v u l n e r a b i l i t y of a s i t e to periodic and l e t h a l 

high s o i l temperatures i s given by an assessment of the amount of shade 

i n s u l a t i n g the s o i l surface from intense i n s o l a t i o n . This i s discussed i n 

section 3 • 

c. So i l moisture 

Earthworms are vulnerable to prolonged drought though they are very 

toler a n t of short term a r i d i t y , being able to tolerate a loss of 18$ of 

body weight through desiccation without loss of function and a loss of 

70 - 75$ without dying, ( Edwards & Lofty, 1972). Low s o i l humidity 

provokes the onset of diapause i n some species e.g._A. longa. Wet areas, 

on the other hand are avoided by L. t c r r e s t r i s whereas A, caliginosa w i l l 

tolerate water - logging, as w i l l A^ chlorotica and A± longa. (Lavcrack 1963). 

The effects of s o i l moisture on populations of worms, l i k e those of s o i l 

temperature, are d i f f i c u l t to evaluate i n a short - term study of t h i s kind. 

Determinations of % water loss on a i r drying proved, predictably, to be 

larg e l y dependent on the r a i n f a l l ( i f any) of the previous twenty four hours. 

They were discontinued when the heavy r a i n f a l l of August led to general 

water - logging. Evidence of the e f f e c t of s o i l moisture on the real 

populations of single species, independent of diapause, i s li m i t e d and 



anecdotal but probably r e a l . Thus B. cis e n i , a l i t t e r - d v r e l l i n g species, 

was only found i n one sample u n i t of. sub site V1 1., planted shale at 

Houghall. The sample u n i t i n which the two specimens were found was the 

only one located i n a s l i g h t hollow and had 415 gnu of l i t t e r as compared 

wit h l i t t e r weights f o r the other sample un i t s of '«93 gm. 815 gm. 682 gm. 

and 979 gm. The s l i g h t l y moister l i t t e r , i n t h i s hollow was apparently 

j u s t tolerable to t h i s species and was possibly being decomposed a l i t t l e 

f aster than that i n the other sample u n i t s . 

Further, A^ chlorotica was only found i n any numbers at two subsites, X 

( c l a y ) and V111 2 (heavy, clayey t o p s o i l on shale). The water - holding 

capacity of t h i s material might be expected to be better than that of shale. 

A high figure of 30% weight loss on air-drying was recorded f o r the l a t t e r 

s i t e , though t h i s was a f t e r r a i n . Clays may, of course, be q u a l i t a t i v e l y 

d i s t i n c t from sands and shales i n other ways of importance to earthworms. 

d. Available food 

Organic matter i s v i t a l to earthworms. Soils low i n organic matter, 

f o r example mineral soi l s at early stages o£ colonisation by plants, contain 

very few worms. Where the vegetation i s productive but worms are absent 

organic matter accumulates i n a thick mat on the s o i l surface. Weights of 

l i t t e r obtained from the samples by a l i g h t raking of the surface represent 

only a part of the food available to earthworms. Amounts varied i n the 

samples taken from 82 gm. m. on subsite 11 ^ a very a r i d grass/herb 
- 2 

habitat to 3383 gm. m. on subsite V1 1., a very mature woodland habitat. 

The % dead organic matter i n the top 6 cm of the s o i l varied from 5% on 

subsite 11 3., 11 5.and 1V 1.to 28$ on s i t e 1 1.. These figures suggest that 

i n the r e l a t i v e l y heavily vegetated sites of t h i s study the quantity of food 

available i s not l i m i t i n g . On the other hand the large amounts of l i t t e r on 

many sites ( f i v e with more than 500 gm. m ." ) suggests that other factors 

arc i n h i b i t i n g the bui l d - up of earthworm numbers and leading to the 



accumulation of l i t t e r . 

I t i s known (Wallwork 1976) t l i a t the p a l a t a b i l i t y of l i t t e r f o r 

earthworms depends on the low C : N r a t i o . In grassland t h i s i s low. 

Woodland l i t t e r has a hij^her C : N r a t i o , which varies with species. 

Sycamore and bi r c h both have quite high p a l a t a b i l i t y (Satchell & Lowe 1967). 

Satchell (1967) c l e a r l y stated that assorted herbs and grasses ( i n c l u d i n g 

Agrostis sp. which occurred abundantly i n many s i t e s ) were more palatable 

than tree l i t t e r . These preferences seem to apply to a number of species. 

Normally earthworm populations are higher i n productive land than any 

other type of habitat. Edwards & Lofty (1972) quote 37 - 50 gm. m." 2 

_ 2 
f o r mixed woodland and 51 - 152 gm. m.. f o r pasture. In t h i s study, 
. V i n i i r n « T n « - 4-.lt r* *r.lts«n.-4- rt r\ -vi-i- 1t*im V» -I n • i r-i f 11 I rmvt n n r l . ./f.Q \ u r n v * n 

. j n * " ^ *" " - — " ~ — \ - I o » " » " " " O*"/ 1" ~ — ' — ~ 

woodland sites (11 Land 11 6) though grassland sites early i n the season 

had good populations too. (38 gm. - s i t e 111 3. and 28 gm. - site 1 1.). 

The implication i s that l i m i t i n g factors, other than food, operate more 

strongly on grassland than woodland s i t e s . 

Effects of specific types of l i t t e r can be discerned in one or two 

instances. F i r s t l y the only specimens of TJ. eiseni found were i n a deuse 

mat of Deschampsia flexuosa l i t t e r (subsite V1 1.) - a common habitat f o r 

the species. Secondly, subsite 111 2,, a Calluna heath had no worms at a l l , 

suggesting very low p a l a t a b i l i t y . There was no grazing on t h i s heath and 

therefore no dung, with which earthworms are often associated on Calluna 

moors (Svendsen 1957 )• On the other hand, s i t e 1V 2 . Calluna with Be tula 

scrub had populations of worms - possibly due to the much greater 

p a l a t a b i l i t y of Bctula l i t t e r . 

Site IV 1 a Ulcx t h i c k e t , whose l i t t e r might be expected to be 

unpalatable had an earthworm biomass of 11.3 gm. Grass and herb species 

were present only i n very small amounts on t h i s s i t e and the earthworms 

must have fed on the Ulcx l i t t e r . Presumably, at least a f t e r weathering, 

i t s p a l a t a b i l i t y i s quite high. 

http://4-.lt
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i v . Factors a f f e c t i n g the development of earthworm population size. 

The best indicator of t o t a l earthworm population i s taken to be the wet 

biomass f o r each subsite. The effec t of a range of environmental factors i s 

discussed: 

a. . J J H 

The influence of pll on populations of single species has been examined 

i n section i i i a. Fig, 2 shows the relationship between t o t a l earthworm 

biomass and s o i l pll There i s a tendency towards higher biomass at higher 

,pH. The older grassland swards ( l 1. and 111 3) and the younger, closed 

canopy woodlands (11 1,and 11 6) are again notable i n that the earthworm 

biomass i s almost of a d i f f e r e n t order from that of the other s i t e s . 

b. Moisture and shade 

Fig. 3 shows the relationship between wet biomass and.soil moisture 

{% weight loss on a i r drying). The resultant scatter diagram i s very 

d i f f i c u l t to i n t e r p r e t . No clear correlation e x i s t s . For example, the very 

high biomass figures at about 12$ moisture content and the very low biomass at 

36$ moisture content seem out of place or inconsistant. These may be 

explained by the e f f e c t of a closed woodland canopy on moist s o i l s producing 

a- stable moisture regime even though s o i l moisture was quite low at the time 

of sampling and, possibly, the effec t of diapause reducing earthworm numbers 

i n d r i e r s o i l s ( s i t e s V111 2. and VI I^.Leaving these cases aside there i s , 

at the time of sampling a relationship between high numbers and s o i l 

moisture. There can be no question that s o i l moisture i s crucial f o r 

earthworms and, since spot checks on s o i l moisture were expected to give a 

poor correlation with earthworm biomass two al t e r n a t i v e approaches to the 

problem of the e f f e c t of s o i l moisture on earthworm biomass were prepared. 

The sites were a l l ranked, i n the f i e l d , i n terms of.a "moisture factor" and 

a "shade factor" as described i n section 2 i v f . The "moisture factor" was 
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seen as a subjective assessment of the a v a i l a b i l i t y of ground water and 

the "shade factor" as an estimate of the amount of protection from 

insolation^reducing loss of water from the s o i l and ground vegetation. 

Earthworm biomass was plotted against "moisture factor" ( f i g . 4) and 

against "shade factor" ( f i g . 5 ) . Fig. k shows the drop i n maximum biomass 

at higher "moisture factors", i . e . under d r i e r conditions. 

Taking f i g . 5 on the other hand, i t was expected that increased shade 

would promote a more stable water regime and support higher populations. 

However, only sites 11 1. and 11 6., with a completely closed canopy show a 

high biomass. Any break i n the canopy, i t seems, allows drying out of the 

s o i l and i n h i b i t s the development of a high eartliworm biomass. The 

i e a . a o i v e x y U - L ^ M u i o i n u a s o f s i i , e a A . I . , a i m I i . , o p e n u iuoure g i ' c t s s i . i n u 

s i t e s , may r e f l e c t the more vigorous dense growth of grasses and herbs i n 

f u l l sunlight leading both to the increased a v a i l a b i l i t y of highly palatahl 

l i t t e r and to the buffering of temperature and moisture conditions at the 

ground surface enabling good populations to develop. A t h i c k t u r f mat at 

s i t e 1 l.may indicate that the population i s not optimum. Site 1V \ with 

a'very low biomass under woodland shade conditions, also looks anomalous. 

This s i t e , the Houghall t i p , i s a steeply-sided one with a high canopy and 

no shrub layer. I t has a very heavy b u i l d up of l i t t e r (over 3000 gm. m. 

and seems to be very vulnerable to drought. 

The influence of shade i s thus a very complex one f o r which my simple 

ordination i s inadequate. Where close woodland shade does protect the 

ground surface from desiccation good populations develop. An interrupted 

tree canopy on the other hand i s c e r t a i n l y no more productive than a 

mature, uncut grassland sward i n terras of earthworm biomass. 

c. Age of s i t e 

No clear relationship between age of s i t e and earthworm biomass was 

expected or found. The physical conditions of a pa r t i c u l a r s i t e closely . 
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d i c t a t e the rate of colonisation by vegetation and hence the development 

of invertebrate populations generally. There i s some evidence, however, 

that the bui l d - up of earthworm populations i n grassland sites i s slower 

than i n woodland s i t e s . I f a closed canopy develops quickly then a large 
- 2 \ 

biomass of earthworms (approaching 50 m. ) i s possible i n sites no more 

than f i f t e e n years old (e.g. 11 1). Biomass may drop on older sites as 

root competition increases and as a raised canopy allows a i r c i r c u l a t i o n and 

a- greater desiccation of the s o i l surface. On the grassland sites only two 

(111 3.and 1 1.)had an earthworm biomass i n excess of 25 gm. Both are over 

50 years old, 

d 0 The type of substratum 

The r e l a t i v e unimportance of type of substratum as an influence on 

earthworm population size i s indicated when comparisons are made between 

c a r e f u l l y matched s i t e s . Thus sites V111 1. and V '1 .are both recently 

planted sites w i t h a sown ground vegetation of Festuca/Trifolium mixture. 

The number of worms (3) i s the same i n each case. The earthworm biomass i s 

similar ( 5 * 9 gm. and 3 • 4 gm»)o The substrata are shale and sand 

respectively. 

Also sites IX 1. and 1X 2 .are on the the same substratum ( c o l l i e r y 

t a i l i n g s ) , of the same age (9 years), but the one planted with mixed trees 

( i X 1) lias an earthworm bioraass of 14 • 7 gm. whereas the other (1X 2) 

( l e y or pasture) has no worms. 

In short, factors other than subs tratetj-pe influence the b u i l d up of 

earthworm biomass though there i s evidence that substvatccan influence-

species composition, through pH for example 

e. Other variables. 

Preliminary analysis of the relationship between the weight of l i t t e r 

collected at each subsitc and earthworm biomass present f a i l e d to reveal any 



s i g n i f i c a n t relationship. The amount of l i t t e r , i n f a c t , represents 

both the quantity of food available f o r worms and the end r e s u l t of worm-

aided decomposition of organic matter. 

% loss on i g n i t i o n was determined up to the end of June, This was 

intended to reveal the % of f o s s i l hydrocarbons i n the s o i l s with a view 

to investigating any possible i n h i b i t i n g e f f e c t t h i s might have on 

earthworm population development. I t quickly became apparent that high % 

loss on i g n i t i o n was not even associated with the shales containing f o s s i l 

hydrocarbons. The highest figures were for old sites on ash and br i c k 

rubble respectively. Both sites had a well-established vegetation so that 

loss on i g n i t i o n was more l i k e l y to be due to the build-up of humus 

Examination of the basic data i n appendix 1 reveals that shales i n no way 

i n h i b i t the development of earthworm populations. Sites 11 Land 11 6 

are both on shale, as i s 1 1. These are amongst the sites with the very 

highest earthworm biomass. This conclusion became apparent by the end of 

June and thereafter t h i s determination was discontinued. 

The other environmental variable measured was root mat depth. Fig. 6 

shows the relationship w i t h biomass. The scatter diagram seems to show 

a very weak negative cor r e l a t i o n between earthworm biomass and root mat 

depth implying that root mat depth builds up when worm populations, and 

hence rates of decomposition of organic matter, are low. The young closed 

canopy woodlands and older grassland sites seem to show a similar trend 

w h i l s t being of a d i f f e r e n t order of biomass. 

The subjectively assessed "homogeneity factor" did not stand up to 

rigorous analysis and was not used. 

V, Colonisation and succession by earthworms 

The commonly occurring species a l l form part of a c h a r a c t e r i s t i c 

mixed woodland association on mull s o i l s (Edwards & Lofty 1972). 

Association analysis by Nordstrom and Itundgren (1973) and by Phillipson • 

e t , a l . (1976) revealed detailed variations i n associations i n d i f f e r e n t 
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habitats but the present study lacks the data to make comparable 

analyses. The species occurring i n any s i t e seem to vary with the 

p a r t i c u l a r conditions of pH and a r i d i t y found there. From the data 

available one possible mode of succession by earthworms i s as follows. 

Once vegetation has developed and l i t t e r f o r food and shelter has been 

produced then individuals of L± rubellus migrate i n . These worms are 

highly active, crawling f r e e l y over the s o i l surface i n wet weather. 

They can probably migrate a t rates greater than the 10 m. year given i n 

Edwards & Lofty (1972) f o r caliginosa. As the vegetation develops 

fur t h e r I J ^ t e r r c s t r i s i s l i k e l y to colonise where moderate a c i d i t y and 

a tendency to a r i d i t y i n summer are characteristic of the substratum. 

Where the s o i l s approach n e u t r a l i t y and seasonal desiccation i s less 

marked A. caliginosa /V.rosea and_A_. longa are l i k e l y to occur. B^ eiseni 

and D. rubida are dependent on the b u i l d up of l i t t e r under moist 

conditions. 

v i Implications f o r the reclamation and development of d e r e l i c t land 

Over the past t h i r t y years a great deal of work has been carried out on 

problems of restoring d e r e l i c t areas. Major research (University of 

Newcastle-upon-Tyne 1971, 1972) and development projects ( H i l t o n 196?) have 

been undertaken. Symposia have been held (Hutnik & Davis 1973) and a sub

committee of the B r i t i s h Ecological Society has reported on various aspects 

of restoration (Ranwell 1967., Goodman 1967). The assumption has often been 

made that d e r e l i c t sites arc basically inhospitable to plant and animal 

life.The necessity of aiding s o i l formation and mineral turnover has been 

generally accepted (llanwell 1967) but the larger s o i l animals have tended 

to be seen as environmental indicators rather than as primary agents i n 

the b u i l d up of s o i l f e r t i l i t y (Goodman 1967). This study suggests t h a t 

non-toxic spoil and d e r e l i c t sites generally can be revegetated and s o i l 

f e r t i l i t y b u i l t up by the agency of natural rccolonisation and succession . 
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The sites examined i n t h i s study are of t h i s type. 

I t i s clear that undulations i n the s p o i l surface provide f a r better 

conditions for the development of earthworm populations that f l a t , 

c a r e f u l l y graded surfaces. R i l e y / i n Hutnik & Davis ( l973),described the 

advantages of furrow regrading of spoils. Byrnes & M i l l e r ( i n Hutriik and 

DaviSj 1973) s i m i l a r l y showed how natural communities were established 

quite quickly i n the troughs of a ridge - trough topography. They suggest 

ten years as the time needed f o r a prominent tree layer to become 

established. This i s comparable to the stage of development of subsite 11 1. 

Where the substratum tends to dry out rapidly, and most spoils do when i n 

the form of tips^the problem i s not one of c o n t r o l l i n g run - o f f but of 

acliieve t h i s . 

Byrnes & M i l l e r see such reclaimed habitats as being very important, 

not f o r timber but as w i l d l i f e reservoirs. In B r i t i s h terms one sees them 

as low - pressure amenity sites or nature reserves. 

Whilst, i f scrub was not allowed to develop, a ridge - furrow 

topography would support good grassland communities, the creation of f l a t 

amenity grasslands, such as playing f i e l d s , and a g r i c u l t u r a l grassland 

i s fraught with d i f f i c u l t i e s . Thus surface water becomes a problem, with 

waterlogging and erosive run - off as described by Downing (University of 

Newcastle-upon-Tyne 1972). Earthworm populations are u n l i k e l y to develop. 

In t h i s study two silage/pasture f i e l d s (Subsites 1X 2.and 1X 3.) had 
- 2 - 2 , 

0 m. and 1 m. worms respectively. Hutson (University of Newcastle-upon-

Tyne 1972) found very few on the same site.three years a f t e r reclamation and 

the s i t u a t i o n had not changed six years l a t e r . Thatch development and 

f a i l u r e of mineral cycling are l i k e l y , i n the absence of worms (Randell 

et . a l . 1972), to require expensive management. The basic problem i n 

t h i s context would seem to be one of close mowing which deprives the s o i l 
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surface of i t s in s u l a t i n g layer of vegetation leading to extremes of 

temperature inimical to worms. 

Topsoiling presents one approach to the problem of surface s o i l 

desiccation, as at subsite V111 2, but despite moderate earthworm 

populations being present (28 m, " 2 ) 10*8 gm. biomass) deep burrowing 

species were absent and a c t i v i t y seemed to be lim i t e d to the top 

5 cm. wit h very l i t t l e evidence of crumb structure development. 

Topsoiling without the quick establishment of vegetation cover seems a 

waste of time since s i t e V11 3 , w i t h *i year old pines planted and no 

ground cover had no worms a f t e r the four years despite being covered 

with a good layer of soil,. 

Another solution f o r pasture on spoil might be the application of 

a d i l u t e s l u r r y . Pain (197*0 found that a slu r r y of 2% dry matter 

resulted i n a doubling of earthworm numbers i n pasture though t e r r c s t r i s 

declined. This res u l t seems d i r e c t l y comparable with the s i t u a t i o n found 

on s i t e V111 2.(mentioned above) i n t h i s study. This s i t e was heavily 

grazed and dung was much i n evidence i n the area sampled, w i t h i n 50 m. of 

the access road. 

I t i s not possible to comment f u r t h e r on problems of a g r i c u l t u r a l 

production on spo i l s o i l s , but even i n t h i s kind of intensive use some 

undulation, i f not ridge and furrow, of the ground surface seems 

desirable to make the best use of available water. 

This study does suggest, however tha t , given some remodelling of 

the surface of t i p s and d e r e l i c t s i t e s , r i c h and diverse habitats with 

a wide range of species and closely similar to woodland, hedgerow, roadside 

verge and heathland habitats can develop n a t u r a l l y . Such sites would 

become a major visual and informal recreational amenity. One of the sites 

( No. 111, S h i n c l i f f e ) already has t h i s status and much loc a l enthusiasm 

has been generated f o r i t s protection recently. 



I t i s arguable that rcBeeding and planting i s always desirable 

i n the reclamation of mineral s p o i l i n the interests of timesaving. 

Current practice seems to favour the planting of Alnus, Robinia and 

Populus sp^, a l l producing l i t t e r with good p a l a t a b i l i t y f o r worms. 

The very low p a l a t a b i l i t y of Pinus sp. and the other conifers suggests 

that they are undesirable elements of a developing community on mineral 

spoil and d e r e l i c t sites^frora the point of view of developing a stable 

earthworm fauna and building up s o i l structure and f e r t i l i t y . No pure 

stand of conifers was looked at i n t h i s study but subsite V1 1 .(Houghall) 

had a high proportion of pines. This might be an additional factor 

causing the very low earthvorm populations of t h i s close-canopy woodland 

s i t e . 

My results l i k e those of Neumann ( i n Hutnik & Davis 1973) suggest,, 

f i n a l l y , that i f the s o i l is to develop a good earthworm population and to 

bui l d up f e r t i l i t y quickly, a close-canopy woodland should bo created as 

soon as possible. I t would be p r o h i b i t i v e l y expensive to plant three year 

old trees a t , say, 2 ' 6" spacing. The broadcasting of Hetula seed or the 

planting of Alnus s l i p s are cheaper a l t e r n a t i v e s . 



•g 

E i 

e c 
O I-00 •* « o * to 

K £ *$ ° 09 

r*» K\ -\ oo M « s a a 

»- r» K\ 

CJ C4 V\ 

i» ci 

2 
•i 

s 
3 
e u o 
3 

ci o « o n 

tt 

C d 
» 2 « 
u 

MS 
* ' (ft 

• IT* ^ 
WO o 

r~l r-t 

a ' ' 3 8 2 
•* « pj 



f? 2 ., 

8 5 8 — .A I 

CI O f v\ 

o r\ c4 
-* • • • 

i K 3 • » 

o> O -* CO 
CI r - c* o 

' • • 
O r- -» 

r- O* m Ift 
« in K \ o> 
* ° • > 

Cl r- n 
M o tn 

I I • i • » i i 

to m m r- »- i n 
• • • 
8 - -» 
« K 5 
- • » 

*- K \ 

CT» VO O 
• • * 
O O -* 

O v* 

« M 

O 00 

C% 90 CI a -2 
O r - * 

<* « O « 

3 oo v\ -r o v\ >o a n 
a 

• S 3 • » •» « o 

« m 
p\ in .# 

« o* -* *o -J" -* 3 • • » 
O r - - * 

O «• K l 

Q V> Ci 
H\ K» CI 

rA -* 00 

•* O Ift M O M 

0 - n 
1 I I 

f i l l - * 

~ 3 
ft s 

3 ~ , 
O +* 

• #0 U 

u 8 3 
W 11 
„ 8. 3 • 

vi «A ;r. -a • 



46 

ArPENDLX 1 cont inued 

Table X1 : So i l Analyses 

fill!l!*l tp v 1 111 T i i i i i i i •> i i •< i ' 4 . U 4 - J - 111 2 

hubsni l / topsoi l n . - t . s t • t a ' t a t a t a t a t a t 

mean p«U« 6 - 0 6*8 4 • 5 4« 5 6*2 6 • 2 5-9 4« 6 3 • 1 3 - 0 4 >6 * -3 3 - 8 4 . 7 3 . 7 3 

% s o i l water Ions - - 4 24 4 13 4 4 3 1 4 3 12 17 7 12 

% dend orgunic matter - 1 28 1 6 1 6 0 5 2 8 2 26 3 23 

% loss on i g n i t i o n 4 11 7 12 3 5 4 4 7 6 14 17 12 13 

Subsite i l l 3« 11 5 IV 1 11 6 IV 2 V 1 VI 1 11 1 R V I I 1 

aubaoi l / topaoil s t a t a t a t a t a t a t a t a t 

Dean p.11. 6 • 5 6-5 - 5 «2 6-6 5 - 2 «i • 2 5 -0 . 5 4 • 1 5 ' 9 5 . 7 • 4 . 3 4 •3 - 6 - 0 

% Boi l vaLcr loss k 12 - 16 5 20 5 11 12 17 13 20 1'. 36 - - 24 

% dead organic matter 3 I'I 11 5 0 5 3 6 1 11 - -
% loss on i g n i t i o n 12 14 8 9 6 9 6 14 7 9 - - -

Subsite 11 7 V111 1 * V I I ! 2 V11 v i l 3 IX 1 IX 2 IX 3 

Subsoil/ topnoi l • t • t a t a t a t a t a t a t 

mean p«Ii« 6 . 1 5 "6 3*9 6*2 - 6 - 0 6 • 8 6 • 7 5 - 2 5 ' ' 3 m 6«3 " 6 * 4 - 6= i 

% s o i l water loss 12 18 - JO 

% dead organic mattor - * * 

£ loss on i g n i t i o n . • . 
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APPENDIX 2 

Converaion of a i r - d r y weights to oven-dry weights 

• Throughout the study the determination of standing plant biomass 

and l i t t e r ' w e i g h t s was as a i r - d r y weight. Normally, f o r comparative 

purposes, oven-dry weights would be determined. The bulk of the samples 

and the small capacity of the avai lable oven-space made the 

determination of oven-dry weights d i f f i c u l t . Moreover, over the length 

of time tha t the f i e l d data was being col lec ted ( p a r t i c u l a r l y i n la te 

May and early June) the vegetation was a c t i v e l y growing and thus 

s imi l a r samples col lec ted , say, two weeks apart could be expected to 

d i f f e r subs tan t ia l ly i n dry weight. 

For comparative purposes a cor rec t ion fac tor was devised to convert 

a i r - d r y to oven-dry weights. Eight samples were the basis f o r t h i s 

cor rec t ion f a c t o r . For each sample a i r - d r y weight was determined as 

described i n Chapter 2. Each was then t ransferred to a 105 .^.drying 

oven f o r twenty four hours and reweighed, A second reweighing a f t e r a 

f u r t h e r twenty four hours resulted i n no f u r t h e r loss of weight. 

Results : Sample A i r - d r y weight (gm) Oven-dry weight (gm) loss(gm) % loss 

1 2 8 - 0 25 * 0 3 * 0 10«7 

Biomass 2 24 - 0 21 • 5 2 • 5 10*4 

3 1 7 - 7 16 • 0 1 . 7 9-6 

4 15 • 5 H • 0 1-5 9-7 

5 3 5 - 2 31 - 7 3 - 5 9-9 

L i t t e r 6 31 * 7 27 • 2 4 * 5 H ' 2 

7 29 * 0 25 • 8 4 . 8 16.5 

8 24 • 3 21 - 0 3 -3 13*6 

Correct ion fac tors : Standing plant biomass ~ 10/6 

plant l i t t e r - 14$ 

Table X11 

Conversion from a i r dry to oven dry weight 
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APPENDIX 3 

Occurrence of hig her plants on mineral spo i l or rubble 

Species Occurrencc(%) Species Occurrcncc(^) 

Equisetura arvensc. 4 Quereus sp. 4 

Pteridium aquil inum. 3 Sal ix sp. 0 

Ranunculus repens. 3 Calluna v u l g a r i s . 10 

Cerastiuin vulgatum. 12 Linar ia vu lga r i s . 3 

Arenaria s e r p y l l i f o l i a . 4 Prunella v u l g a r i s . 1 

Acer pseudoplatanus. 15 Plantago lanceolata . 38 

Ulex curopaeus. 5 Galium verum. 1 

Medicago lupul ina 7 Galium saxa t i l e . 2 

T r i f o l i u m repens. 20 .GaLliim anfL.ri.ni?.. .1 

T r i fo l i u r a pratense. 4 Sambucus n igra . 1 

Lotus cornicula tus . 10 Lonicera periclymenum. 1 

V i c i a cracca. 12 Senecio jacobaea. 1 

Lathyrus pra tens is . 9 Tussilago f a r f a r a . 7 

Rubus idaeus. 1 Ach i l l ea m i l l e f o l i u m . 16 

Rubus f r u t i c o s u s . Cirsium sp. 7 

P o t e n t i l l a erecta. 1 Centaurea n igra . 8 

Pragaria vesca. 1 Hypochoeris radicata . 8 

Alchcrail la v u l g a r i s . 2 Leontodon Lispidus. 2 

Rosa sp. 1 Hicracium p i l o s e l l a . 6 

Ciataegus monogyna. 10 Hieracium vulgatum. 29 

Chamaenerion angus t i fo l ium. 14 Taraxacum o f f i c i n a l e . 3 

Aegopodiuin podugraria. 2 Luzula campestris. 1 

Heracleum sphondylium. 10 Carcx sp. 1 

Rumcx acetosel la . 1 Mol in ia caerulca. 1 

Rumex acetosa. 2 Festuca sp. 47 

Rumcx o b t u s i f o l i u s . 1 Loliura perennc. 5 

Bctula sp. 0 Poa pratensis . 9 



Speciea Occurrence (%) 

Dac ty l i s glomerata* 31 

Cynosurus c r i s t a t u s . 1 

Arrhenatherum c l a t i u s . 18 

Holcus sp. 24 

Deschampsia caespitosa. 7 

Descliampsia f lexuosa . 19 

Agrost is sp. 60 

Phleum pratense. . 3 

Alopccurus pratensis . 2 

Anthoxanthura odoratum. '' 1 

No-tc.:. 

Since the sample un i t s only recorded the ground f l o r a the occurrences 

of tree species l i s t e d r e f l e c t only the number of seedlings. I t i s 

noteworthy, i f odd, that Hetula and Sal ix which occur as scrub on a 

number of s i te t i hud no seedling occurrences whereas Qucrcus. Acer and 

Crataegus, much less common as scrub, do occur as seedlings. 

Species are l i s t e d i n taxonomic order a f t e r : 

Clapham, A„R., T„G. Tut in and E.F. Warburg : Excursion 

Flora of the B r i t i s h Is les : Cambridge 1959. 



50 

APPENDIX h. 

C l a s s i f i c a t i o n of s i tes by reference to plant s t ra tegies . 

Grime (197'*) sought to develop a method of vegetation c l a s s i f i c a t i o n 

to include recent or unstable vegetation, to avoid unnecessary abs t rac t ion 

and provide data i n t e l l e g i b l e to non-special is ts . These considerations 

seem highly relevant to studies of influences on the fauna of young, 

recent ly colonised mineral s p o i l . 

His method i s based on the assert ion that there are three basic 

determinants of herbaceous vegetation - competit ion, stress and 

disturbance - and tha t each has invoked a d i s t i n c t strategy on the part of 

the f lower ing p lan t . His t r i angula r ord ina t ion model consists of an 

equ i l a t e ra l t r i ang le i n tne corners of which the three determinants reach 

t h e i r respective maxima. Each species i s placed w i t h i n the t r i angu la r 

model i n r e l a t i o n to two axes. One axis i n the ord ina t ion ( the Competitive 

Index) was a numerical index based upon estimates of the maximum height of 

canopy, l a t e r a l spread of canopy and l i t t e r accumulation. The maximum 

score f o r height of canopy was twice that allowed f o r the other two 

elements„ The second axis (R 0 max.) was the maximum r e l a t i v e growth rate 

(gms per gm. per week) determined i n a standardised productive 

environment 2—5 weeks a f t e r germination. 

I n c l a s s i f y i n g the vegetation of spec i f i c habi tats the values f o r 

i n d i v i d u a l species were weighted according to the r e l a t i ve frequency of 
o 

the species i n the 1 m. sample. I n t h i s study that i s the frequency 

of occurrence ( l - 5) i n the f i v e 0*2 m^ sample u n i t s . The R. max. and 

Competitive Index data f o r ind iv idua l species were obtained from Dr. K. 

Thompson, Botany dept. , Durham Unive r s i ty . Data f o r woody species were 

not ava i lab le , since the system i s one f o r c l a s s i f y i n g herbaceous 

vegetat ion, so that ord ina t ion of scrub s i tes was based only on ground 

f l o r a . A number of other species had not had the i r R. max. determined 
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but t h e i r exclusion i n ca lcu la t ing the weighted R. max. f o r each s i t e 
d i d not appear to have a s i g n i f i c a n t e f f e c t . 

Calculated, weighted values of R. max. and Competitive index are 

given i n table X11 1 



GO 
r— CM 
t— 4 • 

• 
CM 

00 VO 
in 00 

r - • o 

o 
-31 o o> 

CM 

CM O 

* * I 
r— r~ -3* 

ON 

CM o -* 
CM VD 

r - vo r-
OI 00 

X ' * 

.1- r- m 

ON ON 

oi 

m m CI 
« • CM 

in CM 

t^i 
t o o> r - • t 90 

r - PN. CM 

d 
13 

X 
o VO 

T3 t o 
B • • 00 

t-t -3" r\ 
Ol 

•H 
-P • 
•H CM VD 
+3 CM rr. 
O % m 
C T— 
E 
c 
u 

• 
e vD -3" 

t O tn r— • k T. 
• -31 

« 

• erf t O 00 00 
t o ON 

—1 Y-» t T— 
U If— t<"N f N 

-P 
XI 
fcl 

•H 
0) • 

CM CM 
T — t o 

T— * • 1— 
T— r— vo CM 

0) 
1—1 
fO -

rt 00 
rH tO 

• 1 as 
T— -31 CM 

T— I O m in *- tn 

o 
CM 

00 
CM 

u ^ 
•31 

00 

ON 
CM 

© 
CM 

tn 

in 

J * 
CM 

-31 

CM 

KN 

CM 
t n 

ON 

CM 

CM 

VO 
CM 

CM 

*— VO 
^ » 

• • > r— -31 
CM 

J " 00 
CM O 

• • CM 
t - -3" r ~ 

IfN 
CM 
VO 

7- i - tn 

CM 
KN CM 

T— KN CM 

• • > 

KN 
KN. 

00 
CM 

> r-

CM 

> 
C N 
VD 

CM 

•3* 

O 

-3* 

in 

CM 

•3" 

in 

GO 

CM 

f N 

CO 

CM 

CM 

CM 

i— t— -31 T -

m 
-3" 

O 

tn 

c 
CM 

1̂ 1 

CM 

CM 

o 
KN 

CM 

ON 

CM 

ON 

to • X\ 
M 
St 

o 
e i 

+ 
1

 1
/ 

ID
 

e 

X 
C

 

o 
M 

• e u CO en- £3 
U o 

o 
b 

I - l ce
 

E 
-o o c 0 c O 
o o 01 o « -p -p u u r-t c u C 

to hP C3 3 CI 
•p •H •H -P> o c u o -p 
•H 0) O u a o c •H 

EH o o to 

to 
• ti

l 

<d • C •i-l 
B 0) B 
• e Vi 01 • CO 

U o
il

 

ce
 

cc
 

13 T3 o c • c 
fl> 01 o CJ O CI 

-P -P 
^= 

rH c tfl tc £3 3 > 3 •H •rt -P CJ o u 01 01 O u c u 
5: EH o o 

<s 
E 

o c 



5. SUMMARY 

A study was made of the earthworm populations of a range of s i tes 

w i t h a young mineral substratum derived from sand and clay ex t rac t ion or 

the dumping of c o l l i e r y s p o i l . 

Natural recolonisa t ion of these s i t e s , under favourable condi t ions , 

produced a varied vegetat ional cover resembling that of hedgerow or 

roadside verge i n f l o r i s t i c composition. Thirteen earthworm species 

t y p i c a l of mull woodland so i l s were found, though species composition 

of i n d i v i d u a l s i tes varied wi th s o i l p.13. and moisture. L . mbel lus 

f t i f t a a . i h . l v w i .+.h T... r . a . s . + . a n o i . i H ^ n r rnvpr l +.n h p +.Vie m n n n n r .Pf i .TL+. l iu 'nKm anprs.i.pa 

w i t h good tolerance of low p . I I . A^ rosea, A. caliginosa and longa, 

on the other hand, were found i n less acid and moister s i t e s . Sampling 

of a l l species changed i n e f f i c i e n c y during the drought i n the early par t 

of the study period due mainly to diapause. 

The moisture regime of the s i t e proved to be c r i t i c a l f o r earthworm 

populations. An a r b i t r a r y scaling of s i tes according to topography seemed 

to r e f l e c t the moisture regime and to corre la te w i t h earthworm biomass f o r 

the most productive s i tes at each point on the "moisture fac to r" scale. 

Where the water regime was favourable highest earthworm biomass developed 

i n young close-canopy woodland and i n much older , mature grassland. Biomass 

(gm. m. ) was closely s imi la r to published data f o r s imi l a r habitats. 

The pa r t i cu la r substratum had a less marked e f f e c t on earthworm 

populations than water regime and management. 

http://ftiftaa.ih.l
http://v


I t i s concluded that such s i t e s , a f t e r the development of natural 

communitieSjhavc considerable po ten t ia l as v i sua l and informal 

recreat ional resources or as nature reserves. Where a re turn to more 
r 

intensive use i s ob l iga tory greater problems of management a r i s e . 
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