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1. INTRODUCTION

Durham is rich in sites of mineral extraction which, after working
was finished, were left derelict and have subsequently become totally or
pgrtly revegetated, These sites are of two hasic kiads : those in which
surface extraction has left local superficial strata éxposed and thosé¢ in
which an assortment of subtefrancan strataare dumped as spoil heaps.
Artificial substrata such as brick rubble and ash are often associated
with such sites, The opportunity was taken to look at the development of
invertebrate faunas on these very young mineral soils, In order to bring
the prdjcct within rcasonable limits two decisions were taken., Firstly,
attention was concentrated on the carthworm populatiens, It was felt that
problemé of identification would otherwise be acute and that the earthworms
are probably the most significant group in relation to the development of
soil st?ucture and fertility (Guild, 19551; Kubiena,‘1955). Secondly, from
all the wide range of sites available (sand and clay pits; magnesium
limestone and sandstone quarries; gravel workingsj éolliery spoil; lead and
copper mining spoil) it was decided to concentrate on colliery Spoillwith
sand and clay ﬁit sites and one or two artificial substrates for comparison,
Copper and lead mining spoil was excluded because of its toxicit}; gravel
workings because of the high water table making this type of site quite
distinct from the others; magnesium limestone and sandstone quarries because
of the very shallow soils, Morcover, colliery spoil has the additional
advantage that there is usually good vehicular access to the site and
.owuership ig in the hands of a small number of organisations, of which
burham County Council and the National Coal Board are the biégesb, making
the negotiation of rights of access relatively straightforward.

Since many of these sites are being or hﬁ;; been reclaimed or restored
some consideration of the results and implications of reclamation techniques

and subsequent management is also included, o J;,m
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1 'METHODS

i. Site selection

When selecting sites four probléms had to be borne in mind:

p., The need for a range representing different
substrata, stages of succession or
management operations,

b, The need to gain access,

¢. The further need for vehicular access to
transport water and equipment to the
sampling area.

d. The need to keep travelling costs down
to a reasonable level,

e. fhe need for levéi areas for sémpling.

Preliminary searches for sites on foot in the immediate vicinity of
Durham revealed Flass Vale (V) and Durham Brickworké (X), sand and clay
sites respectively, which were chosen as representative of immature
'natural' mineral soils, A number of small spoil heap sites were also
located but only the Shincliffe (111) and Houghall (v1) sites were
subsequently used, | .

The most productive approaches were by letter to the N,C.B, H.Q. in
Team Valley and to the County Land Agent and Valuer, Durham Cpunty
Council, Both were very helpful and suggested the sites on which the
bulk of this dissertation is based.

A number ot sites were very diverse (particularly Watergate 2) and
were>therefore subdivided, The principal characteristics of each site
ana its subsites are tabulated in tables 1., and 11,

ii. Design of Sample

a. Number of sample units, Phillipson et, al. (1976), in their

beechwood study used twenty two replicates or sample units, each

25 cm, x 25 cmcMiles (unpublishcd) used three sample units of 1 m, 2.



Table 1.

Site data,

No, of

Owner of . Date of afart of
Grid ref: Site No, areat Subhstiratum gubrites Namge rolonisaticn
319507 1 N.C.D. Shale 1 lady Anae, 1900 Atandoned
226061 11 N.C.R. Shale, 4 \mtergal.;y 2 1964 Abandoned
Shale and dumped
Materiala, 3
299404 m Dean and Ash gud shale, 2 Shincliffe c.>'|920 Abandoaed
Clinpter Brick rubble, 1
254597 1w N.C.H. Shule, 2 ¥aldridge Fell 1963 Abandoned
261428 v Durham City Sand, 1 Flass Vale 1975 Restored
Council
28&&07 vi I.Nr_hnm County Shale. 1 I-Iough:;ll &1;))5_ Restored
Council
13531 Vit N.C.B. " Shale with . 2 South Medomsley €1969 Restored
brick rubble.
shale with soil 1t 1973-4 Restored
297375 vin Durhan County Shale, ] Bowburn 1973 Restored
Council soil on shale. 1 - "
160365 X Durham County Colliery 2 Roddywmaoor 1969 itentored
Council tailings,
) Slnni.e 1 . -
277437 X J.G. Usher Clay 1 Durham Brickworks ¢3950 Abandt;ned
’ and son. .
Total Subsites ;':—-
Note; All grid references are‘quoted from the Ordnance Survey 1 : 50,000

maps nos., 88 and 93.



Table 11

Subsite details

. Subsite \Made of Approx age Samnling
Type of site Tvpe af vepetatinon Site no, no, fteatoration . {yrs), date
Sand quarry Grusa/herb with young troes v 1 Sown & planted 3 7/8
Clay quarry Grase/herb X 1 ol 28 11/5
>Nn'.nrnl ly revegetating Grass/herd 1 1 ni} 78 8/6
shalo Botula scrub n 17 nil 1 9/6 and 10/3
Developing Betula serub 1n 2 -nil 14 9/6
Betula on grass heath " 3 nil 1% 9/6
Mixed woodland n 6 nil 11 23/6
Ulex thicket W 1 nil 15 22/6
Betula on Calluna heath w 2 nil 15 2/6
B Naturally -x-evege-ta!;iné -—-l-lctuln scrub T i 'II‘I - 'I .nil T 58 __;8/6 o
ash and shale Calluna heath m 2 nfl 58 19/6
o --;.\"ntural ly revegetaling ’ Grasa/hc.ri:m—m T ‘Il‘l i o 3 h De'molition un-ti 58 ’ I‘)-/i. :;;-—1;)—76
brick rubble o levelliung -only
Naturally revezetating Grass/herb 11 L nil - ‘_T\_ o 15/6
86il or rublle dumped Grass/herd n s ail 1% 21/6
on shale Grass/herd " ? nil 1A m//s
Planted brick rubble Grasa/herb with developing vt 1 Levelled 9 10/8
ou shale scrub, Planted pinca Vi1 2 Levelled 9 13/8
Planted, soiled shale Developing grass/herh, vii 3 ’ levelled soiled & 13/8
Planted pines and ridged i
" Planted colliery E};:Q/herb. Plauted mixed X 1 Levelled. and ; ;;7& o
tailings woolland drained
Planted shale Sown Festuca/Trifolium sward, VI11 1 levelled, drained 5 11/8
Planted mixed woodland and fertiliscd
Planted pines in mixed
woarllund Vi 1 Nil ) /8
Grass sward on Agricultural grassland X 2 lnvelled,—;rained 9 13/8
collicry tailings and fertilised
Gr.nu_s-w:ard on shale Agricultural grassland 1X 3 levelled, drained 9 13/8
and fertilised N
Grass sward, Soil on Agricultural grassland Vit 2 Levelled, drained, 5

shale

soiled & fertilined

1/s




Nordstrom and Rundgren (1974) used thirty two and twelve sample units
of 05 m_?. Satchell (1970) reports that to secure a 5% sampling
error of the mean thirty two 05 m.2 sample units were required at

Merlewood and one hundred and three 1 ft? sample units at Nothamstead.

Allen (1974) recommends a minimum of five to ten replicates,

Complete sampling of a subsite, taking five sample units and using
earthworm sampling techniques described below requires forty litres of
water which can just be cqified over ahout [ifty yeards by haud, The

units

smaller number (five) of sample[ was therefore chosen,

b, Size of sample unit. Philipson et. al. (1976), and others

have used a 25 cm, x 25 cm, sample, partly because of the difficulties of_
haﬁd sorting anything larger. Miles (unpublished) used 1 ﬁ?'sample units
but this raised, for me, acute pfoblems of water transport, Tinally a
02 m? sample was chosen as handsorting was not envisaged, The total
sample size ip any subsite therefore becomes 1 m.2, which makes
comparison with other workers' results easy.

¢, Sampline procedure. Allen (1974) suggests that twe viable

approaches to sampling a particular area can be cmpleyed£ the use of
random numbers in relation to a fixed co-ordinate grid reference drawn up
for the site, and sampling at regular intervals along a similar grid
network, No statistical analysis requiring random sampling was
envisaged so that-regular sampling was favﬁured. Subsite characteristics
varied greatly, however, for 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,
3o Subsite 11 3. Small islands of vegetation
c. 5' in diameter.
4, Subsitc 1 1, An undulating, elevated surface on which

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

of formalin,



Allen (1974) accepts that in an exploratory study of this kind
subj;ctive decisions on where to collecct samples are sometimes valid.
In this study a balance of subjective and more statistically derived
sampling procedures was therefore.adopted. For exaﬁple, in subsite
11 1. a baseline five paces long was established and the five sample
units positioned, again by phcing, in the pattern shown., When a tree
trunk or a large  lump of shale intervened the sample unit was placed

just to one side,

'—I

n

Similarly, in subsite 1 1, sample units were placéd in those hollows

nearest to selected points on the above kind of grid,

iii. Earthworm sampling techniques,

Earthworms play a vital role in soil ecology and their study has
always promised to be most productive of new insights, However, severe
problemé exist of efficient and consistant sampling of these animals,
Many techniques have been used: chemical methods using potassium
permanganate or formaldehyde solution, carried out in situ; handsorting,
washing and flotation methods-carried out on s0il cores or samples of
various sizes, Heat extraction and electrical processes have also been
empldyed.

- ‘Raw (1959) looked at the permanganate, formalin and hand-sorting
methods, He found permanganate ineffectivej the deep-burrowing species
were most efféctively sampled by the formalin method; surface species,
living.in the root mat or litter, were best ecstimated by hand sorting.

Raw again (1960) compared a hand-sorting with a washing technique,



He found that in a soil with a dense turf only half (by numbers) of the
worms were found by hand-sorting. It was, however, the smaller worms
which were missed so that the error was much less marked when wet worm
biomass was determined. Soils without much turf were. effectively
sampled by hand sorting. Satchell (1970) alsé reviewed techniques
available, Some of the newer techniques, e.g. by heat extraction, have
specialist uses, such as for sampling litter, but are not generally
applicable,

Recent workers have tendéd to develop combinations of techniques
- suiting the particular habitat in which they are working., Thus Phillipson
et. al, (1976) removed a soil cove for hand-sorting, extracted the deeper
burrowing forms from the hole using formalin and collected samples of

litter for processing by infra-red extractar,

for handsorting
In this study the time rcqulremcnt /ﬁp to two hours per sample unit,

was a critical factor and the formalin technigue was used, Miles
(unpublished) used 0« 225% and 0 * 55% solutions, with a fifteen minute
interval between applications, Phillipson et. al, (1976) used a 4%-
solution. I used a 0 * 25% solution which was within the iimits used by
the others. It was made up in the field by mixing pre-measured
quantities of 50 ml. of 40% formalin with water in an 8 litre watering
can, The fbllowing procedure was adopted:
a, Surface vegetation and litter were removed to aid
formalin penetration, This material was transferred
to labelled bags,
~ b, Approximately 2+ 7 litres of dilute formalin wecre
watered on using a rose,
¢, A close watch was kept and all worms appearing
were transferred to a labelled jar.
d. After 10 minutes, or when all the solution had
sunk into the soil, whichever came later, a

second similar application was made.



e, After a similur>iﬁtcrva1 a third application was
made. This time the lower stems of the
‘vegetation were thoroughly explored using the fingers,
f, The position of any wo?ms withdrawing was noted and
these werc collected by means of a spade,
Note Where soils were wateriogged or penetration limited,the full 8 litres
was not applied,
Where litter accumulation was large this was later 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 om. x 4 cm, x 15 cm, and removing it to the laboratory
in two plastic sacks for sorting.

The top 5 cm, was sorted first; The roots were curefuily teased
apart with the fingers so that the fine material Sp?iﬁkled down onto an
enamel tray. Specimens were located by touch, since the soft bodies were
easily recogniseahle; and by sight ¢ a close watch was kept on the
surface of the accumulating material in the tray, Anythipg which wriggled,
failed té bounce, fell more slowly or was dissimilar in any way from a
soil crumb or small stone were closely examined, Worms were placed
immedia£e1y into a labélled jar of 10% formalin, The remainder of the
sample was then similarly treated,

Where the sawple to be hand-sorted was wet and waterlogzged a somewhat
different technique had to be used. The soil was broken apart into
particles 1*5 cm. in diameter or less, The soil mass tended to fragment
along a burrow, through an acstivatioﬁ ~chamber or along a decaying root
thus exposing burrowing worms, The plant roots,rﬁizomes and stolons

were also teased apart to locate surface-living forms,

iv. Data collection

a. The carthworms All specimens disturbed by the formalin solution

were carefully scarched for and collected, Those from each sample unit



were collected separately., Initially it was intended to keep the

specimens alive in damp moss for about twenty four hours to empty the

guf and to ensure accurate biomass determinations, This resulted in

some deaths and it was found preferable to ki;l and preserve the worms

in 10% formalin as they were caught, Subsequently the worms were
identified., Some difficulty was experienced in efficiently distinguishing
between ‘dmmatures of L. castancus and L. rubellus which were therefore |
lumped together when counting. Small, very immature specimens of

L, terrestris, L, festivus, and L. friendi (only one mature specimen

of this species was found) may have been included in the above group,
but their numbers were wuch smaller and any consequent error was not
thought likely to be significant. Similarly, immatures of A. rosea and
A, caliginosa were lumpcd together, After a minimum of five days the

preserved worms from each sample unit were dried of superficial moisture

and weirched to determine wet biomass,

b, Soil samples for analysis, The time involved in carrying out a full

soil analysis progromme for every sample unit (over 100 of them)
promised to be prohibitive. Tomlinson et. al, (1977) quote 20 days for
a full analysis of 100'samp1es by an expert. To limit the analytical
programme to an acceptable length the following sampling procedure was
adopted, Two 5 cm, x 6 cm, deep c&rcs were taken immediately adjacent
to each sample unit. These topsoil samples were bulked to provide two
parallel samples, each with a cove from all five sample units,

A similar pai; of samples were built up from cores taken from
7_cm. to 14 cm.below the soil surface. Some sites had impenetrable
rubble or lumps of shale just below the surface, Only the upper samples
could be obtained for these sites,

c. Turf denth, A vertical cut was made in the turf which was then

carefully torn free of the underlying subsoil. The thickness of this

turf mat was measured with a pair of calipers, care being taken to aveid



crushing the turf.

ds Soil temperature. A thermometer was inserted at depths of 5 cm

and -10 cm respectively. It was allowed to stabilise each time and
the readings recorded., Unfortunately the vagaries ﬁf the weather
produced very erratic topsoil temperature readings due to periodic
intense insolation. These feadings were discontinued after the end of

June,

e. Vegetation. For each sample unit a list was made of the higher
plants found within it. The general type of vegetation of the subsite
was also noted. e.g, grass/herb, Betula scrub etc (see Table 11),

Bgaring in mind the importance of litter as a source of food for
earthworms and of the standing vegetation in insulating the ground
surfaée from extremes of heat these two elements of the vegetation were
collected separately. First the standing biomass within the sample
unit was clipped off at ground level, Then the litter was lightly raked
out and the samples were separately bagged and réturned to the laboratory
fer drying and weighing. Normally, for comparative purposes, oveh-dry
weights are determined, In this case air-dry weights were found and a
correction fahtor determined for conversion to oven-dry weight. (See
Appendix 2). Air-dry weight was determined by placing each sample in a
shallow tray in the laboratory, leaving for a minimum of five days,
turning daily, and then weighing,

The # ground cover was aiso estimated for each sample unit and for

the whole subsite,

f.  Other enviromental influences on earthworm numbers.(See Appendix 1)
1, It was assumed that the nature of the substratum would have an
effect on earthworm numbers, Eight distinct substratum ("s0il") types were

distinguished,

10
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Thus:

1. Shale

2. Shale toﬁped by dumped rubble
; 3. Shale topped by soil

4, Ash

5 Colliery tailings

6. Brick rubble

7. Sand

8. Clay

2, Vegetation tends to develop naturally on tips in three types
of situation : close to the natural contours of the surrounding land;at
%hé.b?#@?mwgf alonaas in hallawa an the tip_gﬁrfnnea Thi.s was assumed
to reflect the accumulation of moisture at the points and it was further
;ssumed that<earthwofms were likely to be similarly affected. The "moisture
facior" of each subsite was therefore estimated on the following scale:

1, Close to natural contours
2. The bottoms of hollows on a
raised tip surface

3. A raised level, or gently
undulating surface

L, A hump on a raised tip surface

' and
3., Shade gives protection both from insolation/heat loss and is

very important, if difficult to determine precisely. A four point scale

was finally divised:

1. Continuous canopy present
2, Interrupted or incomplete canopy
3. Young, well-grown trees but with

no close canopy

y, No trees or very young ones only



b, The weather during the period of data collecting showed a very
marked pattern (see Appendix 1 ) Dates of sampling were therefore

grouped as helow to fit in with the weather pattern:

} 1, Prior to  8/6
2, 8/6 to 14/6
3. - 15/6 to  20/6
i, 21/6 to 29/6
5. 7/8 to 13/8
5. Not all subsites were homogencous in terms of enviromnmental

variables, To summarisc the information about homogeueity/heterogeneity
those sites'with a reasonable number of earthworms were classified on a
four point scale,
1. ' Site homogeneous
2, . Site heterogeneous but similar
points selected for the sample units
giving apparent homegeneity
3. Site heterogencous in terms of
biotic variables
L, Site heterogeneous in terms of

physical variables

V., Soil analysis procedures,

Allen (197&) and Tomlinsén et, al. (1977) were consulted to draw up
a suitable soil analysis programme, The techniques used are outlined in
table 111 They were kept simple, concentrating on those physical variables
which scemed most likely to affect earthworm populations, These were:
a. pH This seemed likely to be critical. Satchell (1955) demonstrated
that at a pll of 4*4 carthworms died. This pH is well within the range
found 6n colliery spoil, The amount of exchangeable calcium is also

widely believed to be important for earthworms but since Satchell's work

12



suggests that the two variables are impossible to distinguish in their

effect only pH was determined.

b, - Fresh moisture, Earthworms are vulnerable both to a shortage

and an excess of water. It was hoped that the weather during the period
of study would avoid extremes so that determinations at any one time
would reflect the general characteristics of a site. In fact the
weather was extreme and changeable : drought in June and deluge in July

and early August. % loss of weight on air drying of the soil samples

was used as a measure of available fresh moisture, but the determinations

were discontinued in August when the soils were often waterlogged.

¢« Organic matter, Since many of the sites have a substratum of

eolliery gpnil difficulties were anticipated. Determination by ignition.
remofes the fossil hydrocarbons in the shale as well as the humus and
dead organic material, so leading to inaccuracy. Workers on shale at
York University (Chadwick, personal communication) are using a flotation
technique to determime organic content and a similar technique was used
here.

de Hqu§/fossil hydrocarbohs. Since carthworms seem i he

encountered so infrequently in colliery spoil it seemed possible that
fossil hydrocarbons might actually inhibit colonisation by earthworms,
The mineral residue after seéaration of dead organic matter was therefore
ignited to determine loss hy ignition as a mecasure of the levels of
fossil hydrocarbons, ‘Any completely humified material in the samples

was .expected to distort the result somewhat,

13
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Table 111

Soil analysis programme

Analyse freak:! Sub-sumple p.il, deterninntion v
1. 1, Check meter againat two Luffer solutions, one on ejther side of the expected

p.l. range,
2, Hulf fill 50 ml, beaker with fresh soil gnd add just sufficicent distilled
water (approx. 2:1 by voluse water : s0il) to allow inmersion of the electrode,
3. Stir frequently for a few minutes; allow to stand far further 15 pinates,
4, Jlwnersc electrode in slurry and wait for nue(.lle drift to cease. Record p.O,

to 1 decimal place,

“H';:;;naaple Fresh m:is'.ure
2, 1. Accurately weigh c. 100 gm fresh soil {W1) and transfer to a shallow drying tray, =
2, Allow to dry for a minioun of 5 days on the laboratory bench, stirring daily,
3. Rewecigh (Ws).
A Palanlaba feauhomaiatura ae n_f.nf frash weisht : (%, - ¥io). X 100
. %

Store ia Sub-szazple Non-hiwnificd orzanie matter

deep freezo 3. 1. Place approximately 20gw.in o wci_-,;hed evaporating basin,

for a 2, Dry in oven at 105 ¢ ove.r_ni.;hh.

. mininun of 48 3. Cool in desiccator {further brenk up any persisting luraps),

hrs,
' 4, Weigh accurciely l‘ifl_).

On rezoval from 5., Add to water in large receptacle and ‘otir thoroughly, Allow to settle.

the freczer thaw Carcfully remove organic fragments and transfer to a clean weighed
for B hrs. Lun off evaporating basin,
free watar, 6. Dry asein in oven, canl in desiccator and weigh accurately. ('ﬂ'e).

iCarcfully braak up 7. Calculate organic mntter as % of oven-dry weight { Wy - W'_’)x 100
] v

1 1
rany lumps.

flumua/foasil hvdrocarhons,

. 8. Take the settlcd, mineral faction (5. above), Piller carefully, Transfer
to weighed evaporating basin,

9, Dry in oven at 105 C, Cool in desiccator,

10, Transfer c, 1g into a weighed, dry crucible, Weigh accurately (\71)
'} 11, Place in mffle furnace and allow the temperature to rise alewly to 450 C.

12, Allow to remain at that temperature (or four hours.

i 13. Allow to cool and transfer to desiccator,Cool to rooa teaperature and woigh

accurately (Vo). '

14, Calculato ¥ loas on ignition (W, - W) , 100
Wy
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3. RESULTS AND DISCUSSION

i. Assessment of mcthods used.

Three decisions - relating to extraction method; number of sites;
size and n;mber of sample units - were made in selecting methods of
study : these clearly have a bearing on the usefulness of the results
for analysis and the validity of any conclusions, An attempt is made

here to evaluate the impact of these decisions.,

a, The effcctiveness of the earthworm sampling technique, The simple

formalin extraction technique used might be expected to be quite good at
extracting the deeper burrowing forms, but less good at extracting those
species living in turf mat and litter., The results from two grassland
BiveB, 171 ¢, @l Viil 2y irow vach vi wialchi aun aduiitivosl sample ull’v

(43 cm. x 43 cm.).was taken for hand sorting, werc used for this
assessment, TablelIVgives sample unit data for these sites.

Site 11 7.is a grass/herb site on soiled shale., Total numbers and
wet biomass of the worms in the handsorted sample unit were within the
fange found in the formalin - extracted sample units. A. longa and
A. terrestris were not found.in the handsorted sample whereas a single
specimen of 0. lacteum, not found by formalin extractiSn, was preseut:

Site V111 2.is a.pasture site, also on shale, with a very heavy,
clay toﬁsoil. Here only a few deep-burrowing specimens were found
(all A, lonsa), One such spécimen occurred in the hand-sorted sample
unit where it was removed from the top 5 em, of the soil., The lower 10 cm,
of the soil revealed neither worms nor evidence of burrows, The inference
is thét A. lonza may not have been a deep burrower on this site,

The rather low wet biomass of the handsorted sample unit of 11 7, and

the abscnce-of‘AJ longa and L, terrestris both tend to confirm the

superlority of formalin extraction over handsorting for deep burrowers,

15
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The occurrence of a single specimen of Octolasionin the handsorted

sample unit of 11 7,and the slightly above average number of

A, chlorotica in the handsorted sample unit of V111 2, do not provide

evidence that handsorting is significantly better than formalin

extraction in extracting horizontal burrowers and litter-living forms,

Table 1V

Sub—sample counts : Site 11 7.

Sample unit: 1 2 3 4 5 Total Mcan. S,error Handsorting
Sgecies: (m -2)
A. chlorotica 1 1 0-2 0.12 0
- " A, Longa | < i i 3 7 R TEY u
A, rosea 1 L 3 3 - 11 2.2 073 3
L. rubellus 1 1" 0.2 0-12 1
L. terrestris 1 ‘ 1 :2 0«4 0:25 0
0, lacteum 0 0-.0 0-0 1
| Total 1 ‘8 4 2 7 22 b4 1.36 5
Biomass(g.)0:05 1467 0"'5 0'é5 8.17 10.59 2.12 0-:95 137
Site VI11 2
Sample unit: 1 2 3 4 5 Total Mecan S.error Handsorting
Species: ‘ (m -2)
A. chlorotica 2 6 3 3 8 22 4.4 1-12 6
A, longa 3 _ 1 h 0-8 058 1
A. rosea ' 2 | 2 0.4 0-25 0
' Total 2 11 3 3 9 28 5:6 1-83 S

Biomass(g) 0-15 6 +34 1:40 038 2:57 10:84% 2.17 1.13 477



b. The study sites as representatives of other revegetating sites,
Limitations of time meant that not m;ny sites could be sampled., The question
therefore arises of whether the results of this study would be repeatable,
given a different selection of sites, A computer search of the literature
failed to reveal any published work on comparable sites with which the
earthworm data could be comparedf As a result this evaluation is limited

to the vegetation of the sites, with the assumption that vegetation
gimilarities are associated with similarities in general ecology,

Firstly, the data collected on the higher plant species found in the
sample uAits was processed to arrive at a % occurrence figure for each
species; No data was collected for the sites umder agricultural management
(V11 2; 1X 2.and 1X 3) and éite X, leaving twenty subsites with a total of
one hundred possible occurrences, Sixty four species in all were identified,
This is not a comprehensive list of species occurriné én the sites since
specimens growing outside the 0-2 m. 2 sample units were not recorded and some
closely related species, both of which occurred but were not :consistantly
distinguished between, were recorded simply under the‘gen?ric name. The low

% occurrence figures are a result of the small sample size.,” The most

commonly occurring grasses were Festuca ép. (47%), Dactylis glomerata (31%),

Arrhenatherum elatius (18%), Holcus sp. (24%), Deschampsia flexuosa (19%)

and Arrostis sp, are inflated because more than one species is involved.

The most commonly occurring herb species were Trifolium repens (20%),

Chamaencrion angustifoliom (14%) Plantage lanceolata (38%) Achillea

millefolium (16%) and Hicracium vulgatum (29%).

ﬁichardson, et. al. (1971) found eighty five species, including planted
trees which my method ;xcluded. The five commonest graéses, in their results,
were the same gpecies as in this study, though not in the same order of
abundance and at much higher % levels since individual sites were sampled

exhaustively, The main herbs found by Richardson et. al. were

17



Centaurea nigra, Chamaenerion angustifolium, Hieracium sp.,Plantago

lanceolata and Tussilaso farfara. The similarity with the results of this

study is less close than for the grasses: but the high incidence of

Achillea millefolinm and the near absence of Tﬁssilggo farfara probably

reflects the relative maturity of the sward in many of my sampled sites,

The high incidence of Trifolium repens similarly reflects the use of a

grass - legume mixture as a spoil - stabilising aid on a number of the
reclaimed sites. Richardson et. al, looked at two hundred and thirty
seven pit hecap arcas, The data from the twenty subsites used in this study
show a sufficiently close similarity to Richardson's results to support the

argunment that the sites are representative,

[Pt . T = WV an Bo oVt AN cmale Al Bleana [ 100N Ml wun
UC\'Ul.lu.l.‘y, AU 4D HBCApLUL UV AvVVLR MU uss VWAL va A suY s ey ~_ A aasw

made an attempt to classify sites by the strategies of their flora in
respoﬁse to stress, competition and disturbance, with a view to

developing a system for use by non-specialists (sec Appendix 4), He
illustrated, in his triangular ordination model, the characteristics of
maﬁy common herbaceous habitats of which two are included in Fig, 1. for
reference, Fig. 1. also shows-the ordination of the subsites (apart from
X 1) used in this stndy. It is noteworthy that the subsites, apart from
the two heather - dominated heathland sites, form a close and distinctive
group similar to that given by Grime for infrequently mown roadside verges
but slightly offset towards the stress apex., The similarity with the group
for tip and railway ballast is also close, but without the long 'tail' of
disturbed sites with predominantly ruderal plants, It is suggested that
the cloée grouping of the sites in tﬁis ordination model, at least
comparable to that for sites classified py Grime, tends to confirm that
they are representative of a distinct kind of habitatf

Co The adequacy of sample unit size and number per subsite, = The original

2]
decision to use five 0*2 m. sample units per subsite was based to a large

18
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d. The project was planned to allow the use of a multiple regression
technique in the analysis of the resnlts, Of the variables measured in this
study ;nly the p A data yiclded results which seemed sufficiently consistent
for use in coéplex analysis,

Similarly, the grading of sites for woisture, shade and homogeneity,
whilst producing results which were useful in the discermment of trends—in
the development of earthworm ponulations, was not considered sufffciently
definitive for use in such a complex technique,

It is considered that the oriéinal scheme, modified in the light of the
expérience gained in this study, and with a more extensive data collecting
prograume th;oughout the whole season might produce, through the use of a

. VRPN Y — o~ __ : — [, T - I BT W
lllu.l.u;p.l.t: Tepicaomdaivn VO LA UT g HIVIG LUUMLAWDAYL Griusuve va [ ryiv

governing the distribution and abundance of earthworm species, but for the
present study the data obtained were subjccted to a number of simpler

analyses . only,




ii Species found with notes on their life history,

a, Species List

Total occurrences

Allolobophora rosea (Savigny) ) 29
Allolobophora caliginosa (Savigny) ;-
Allolobophora chlerotica (Savigny) 9
Allolobophora longa Ude 17
Bimastos eiseni (Levinsen) 1
Dendrobaena rubida (Savigny) 7
Lumbricus castaneus (Savigny) ) 65
Lumbricus rubeilus Hoffmeister ;

Lumbricus terrestris Linnaeus 23
Lumbricus festivus (Savigny) 5
Lumbricus friendi Cognetti 1
Octolasion cyancum (Savigny) 0
Octolasion lacteum(Oerley) 0

Note: Octolasion cyaneum occurred only in the clay soil of site X 1
for which Sample unit data are not available, 0. lactecum -only occurred

as a single specimen in a handsorted sample unit of subsite 11 7.

b. ﬁifestyle caterories, Phillipson et, al. (1976), quoting Bouche,
ascribe their ten species to one of three lifestyle categories,
Nordstrom and Rundgren (1973)also studied the vertical distribution of the
worm populations of their sites, The three categories are:
.Epigges (l1itter dwellers) : L. castaneus and D, rubida were placed in
this category by Phillipson.et. al, In this study L, rubellus mﬁst also be
included. Nordstrom and Rundgren found that it was predominautly found in

the litter, Phillipson et, al, did not find it at all.



An€cique (decp burrowers) : A, longa and L, terrestris belong to this
category, though in one subsite (V11 2) A. longa seemed to have formed
much more superficial burrows comparable with those of the Endogees.

Endogé%é (horizontal burrowers):A. caliginosa, A. rosea and 0, cyaneum

were ascribed to this category by Phillipson et. al. whé also stated that A,
chlorotica was intermediate in type. Nordstrom and Rundgren, on the other
hand, found all these speéics (except 0. cyaneum on which they give no
results) at depths cssentially comparable with those of A, longa and

—

L, terrestris. In this study quite marked behavioural differences beﬁween

- 23

the species were apparent which clearly endorsed Phillipson et., al.'s distinction

between.the three categories,

The epipgees, when formalin was applied, quickly emerged and moved
briskly over the surface, oftéu crawling up into the vegetation, The
anecique were much slower to appear, They withdrew slowly from the burrow
and then they also moved away over the soil surface, but with a much
greater tendency to move through the basal stems of the vegetation. Finally
the endogees moved very reluctantly from their burrows, often not emerging
completely at all, and tended not to crawl any distance but to insinuate
themselves between stems-of vegetation at ground level ard simply lie there.
Great care in searching through the basal stems of the vegetation was
essential to locate them all, They were often moribund when picked up. The

deaths of collected worms,carly in the study (see section 11 iv ), were

almost always of species in this category.

C. Seasonal changein abundance and activity, For a small number of

sites repeat sampling was carried out after an interval of time, For two
sites this was done by a complete re-sampling whilst for two further sites

a sixth sample-unit for handsorting was collected some time after the initial

sampling by formalin extraction., The results are tabulated below: table V1 and

and V11



Seasonal change in abundance

. Table Vi

Site 11 1,

full resampling

24

Date_ 9l Juna 10th August

Samnle units 1 2 3 5 Toinl  Mean 2 3 h \ean S, er

A. rosea/ 2 h 08 26 2 8 19sk 505

caliginoea R

L. cantanous/ 24 28 34 6 162 324 2 22 22 11 182 2.2

rubellus

L. terrestris 1 1 02

Total 25 8 34 ‘38 167 3 ed 48 44 . 19 .)7-5 e

Biomass(g)  11s5 5476 10456 9.0 . 466D 94314 11410 7._s§' 5e43 7036 1- 45
SITE 1113,

Date 19th May 19th June

Sample units 1 2 3 5 Total ) Mean 2 3 L Maqn B,oer

Specics

A, rosca 1 1 2- 0} n 23 0.2 02

L. castancus/ 3 2 1 6 " 2.3 0 8 2 3 "1 s 16

rubellus

L. terresiris 2 5 3 12 2e4 1 Qe ne2s

Total 3. 04 6 10 28 5¢6 2 o A 2.2 060

Bicmass 0638 8418 1069 9+32 9e31 37.88 7458 026 0 3.61 083
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Season change

Table V11

in abundance :

resampling by handsorting

Date 23rd Juno 20th July
Sample units 1 2 3 L 5 Total Mcan S, error andasyrted
Specica

A. rosca 1

A, longa 1 1 0 2 (LS L]

L. castancus/rubcllus 8 18 1% 5 10 % M0 2-28 10

L. terrestris 3 8 4 7 22 ey 1084 1
Total 8 21 23 9 17 78 15 6 Jeng 12
Bionaes 1.76 10404 456 13425 1843 4804 9461 - 2499 260

, Site 1.1, ) -

Late 3th Juno 20th July
Sazple units 1 2 3. ’: b] Total Mean S, error liandsarted
Speeica

A, rosca 1 1 02 0 "2_ 1

L.  rubeilus 3 3 1 7 1) 2.8 LI

L. terrestris 3 2 2 y 1 .22 073

Total 6 2 3 3 . 12 26 5e2 1. 8) 1
Biorzass 1381 9'.:.2 030 2476 2402 28431 5066 2 ‘56 035

- 25
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These results seem clearly to indicate :
Te Under the drought conditions found in late May and June marked
reductions in numbers of worms extracted occurred., In exposed extreme

situations the litter~-dwelling L, rubellug/EL castaneus crash in mumbers

(Site 1 1). In more sheltcred, woodland canditions (Site 11 6) these species
maintained their numbers ratﬁcr better thouzh the drop was still marked in

site 11 1. (birch scrub) between the 9th June and 10th August. Phillipson et. al.
(1976) found a reduction in numbers of L, castancus over this period, The
deep—burfcwing spccies, L, terrestris occurs in all the later samples with

a markedly reduced frequency. Numbers per sample unit (0.2 m.2) drop from

a mean of 24 to O¢k (site 111 3) 22 to 00 (Site 1 1) and k% to 1.0

(sitp 11 6). The old grqsq/be?b site (1 1} is clearly a very critical one

for worms, The only specimen found in the later handsorted sample was a

single aestivating immature A, rosea,

2. Quite marked changes in species composition can occur, Site 11 1,was

remarkable for the tremendous increcase in A, roseq/éé caliginosa (equal

nﬁmbers of adults of the two species were found) following the wet weather
of July and early August, Looking at the data for all the sites for this
pair of species, it emerges that prior to the end of June only nine specimens
were found in thirteen subsites from which worms were collected. In early
August, hbwever, one hundred and fifty eight specimens were found in eleven

sites, Comparable figures for A, longa were one and forty three.

Evans & Guild (1948) show that A, caliginosa in pﬁsture declines in
numbers drastically after 25th April, effectively disappearing from the soil.
It increases rapidly in numbers betwecen 15th and 22nd August as the worms
emerge from the cclls in which they have spent several months in diapause,

They state that the decline in numbers after 25th April is due to a decrecase

in soil moisture. Allolobophora nocturna, a close ‘rélative off Ay longa,

showed a similar pattern. A, longa was present only in very small numbers
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but the results above suggest that it behaves similarly, Standen
(pcrsonal communication) has found a similar startling increase in

A, caliginosa in August and the phenomenon appears general,

It is noteworthy that the response of A, caliginosa / A. rosca to the
onset of summer drought is sudden whereas that of L. castancus [, rubellus
is gradual, It may be that the former, like A, lonpga go into obligate diapause
whereas the latter enter a facultative diapause though Edwards and Lofty

(1972) say that A, caliginosa and A. rosea have a facultative diapause,

An alternative explanation may be that the Allolohophora species are less
tolerant of draught and enter diapausé more quickly.

It is more difficult to interpret population changes in terms of the
reproduétive cycle, Evans & Guild (1948) showed A, nocturna and
A, caliginosa to be hatching rapidly in October but his further analysis
was dependent on his diétinction between immature, juvenile and adult
members of individual species, An attempt was made to gain some insight
into growth and reproductive cyclcs.by looking.at’immature t mature ratios
for the common species. Because of difficulties in identifying the immatures

A, rosea and A, caliginosa are again considered together, as are L. castancus
and lu_fubellus. The other species reguiarly present in any numﬁers is

L, terrestris, The results were not very producti%e. In L, terrestris the
immature : ;dult ratio stays very close to unity for single subsites

through the period of study, i.e. t 19thMay 6 : 6 ; 8th June 6 : 5 ;

21st June 3 : 2 H 23rd June 13 : 9 3 10th August 1 : 1 ,

In A, rosea/ A. caliginosa_ significant numbers were only present on and after

thg 10th August and in a period of 4 days, on different subsites, the ratios
changed from 83 : 1k to 16: 5, to 10: 1, to 13 :8, It is not possible to
draw conclusions from those results, Finélly, in L, castaneus /_E; rubellus,
where differeﬁces between subsites are again pronounced (e.g, 106 : 60

and 11 : O on 9th June and 52 : 3 on 23rd June) a single valid



- comparison exists for site 11 1. between the 9th June and 10th August :

106 : 60 and 63 : 28 respectively., This can no more than suggest

either a slightly greater mortality of adults than of juveniles over the
summer period or the_beginnings of a hatch from cocoons in the wet weather of
late July. Since Edwards and.Lofty (1972) giﬁe the length of the period from
laying to hatching as sixteen wecks for_E: rubellus and fourteén weeks for
L., castaneus, and since the peak of cocoon production is given as mid July

to end September for L, rubellus and June/July for L., castancus the last
explanation seems unlikely, unless cocoon production began in April at a

significant level,

iii, . Pactors affecting the distribution and abundance of carthworm specics

M Jlmdacslhadinan amd alucmdamann Al an acseblioimssnm minans
A AL MAL VA & WM VAV A AL L A RAMLEES W A e LERA  AeAva M ee NI A M e [v W e

dependent on its physiological needs, The importance of seil pH ,
temperature and water content is well known, Clearly one must also consider
available food, The importance of these variables, as illustrated by this

study is discussed below.

a. p. I,
Doubleday _(1971)'gave a range of pH , using data‘from 44 colliery

spoil sites, from 2¢0 to 9+ 0 with the mode at pH & -~ 5, My own
results give a range from pH 30 to pi 6. 8, TableV1ll gives the
distribution of pll for the sites used, Where the'topsoiliand 'subsoil!
values differéd by more than pH O0e¢5 the values of the topsoil was
taken on the assumption that this was the more critical for a range of
species, The data, as is shown by examination of the earthworm population
data - appendix 1., is strongly influenced by the diapause induced by the
dry weather of June and July. Table v111s8hows the maximum population

density of the four common species at each step in the pll range.

28
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Table V111

pi  and species abundance

pH 30 3 5 4-0 4.5 5-0 5-5 6-0 6°5

no, of samples 1 1 2 L oy 2 7 4

Maximum population

density (no. m ~ 2 )

of : A,rosea/caliginosa ° o | -1 2 11 97 21
A, longa | ' -2 . 7 L 25
L.rubellﬁs/castaneus 10 ' 17 12 55 1 166 14
L.terrestris 1 1 11 22 2 1 12

If one assumes that there is no distinct threshold in PH_  for the
occurrence of a particular species, and that DPH exerts a limiting effect

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

intolerant of acid conditions, A, longa being the most extreme, whilst the
Lunbricus species are much more tolerant though good populations are only
found above |ﬂf’. 5e0. This agrees with Satcbell (1955).. Nordstrom and
Rundgren(1974) found, in contrast, that of these species only L, rubellus
was indifferent to pH | and that all the other species werc acidophobic,
The low numbers of L, terrestris below pH ., 4'¢5 may be compatible with

the latter findings.

b. Soil temperature

Edwards aud Lofty (1972) reviewing the effect of tempcrature on
earthworms stressed that at soil temperatures above 10° C  the numbers
extracfed from soil tend to be inhibited, Under laboratory conditions the
thermal death point of L. terrestris is given as Qéo C, though in

combination with sustained soil aridity lower temperatures are likely to be

lethal in the field,



Initially,vfrom the 8th June onwards, tempcratures were taken at 5 cm,
and at 10 cm,depths, On the sites studied up to the 15th June both
readings were the same and vz-lried from 13, SOC to 15°C. From the 15th
to the 19th hhne temperatures up to 21° C were recorded at 5 cm.depth
and gradients from 2i‘ C at 5 cm depth to 14. 5°C at 10 cm,depth were
noted, After the 21st Junc éeriodic rain brought the soil temperatures
down again and the readings were diécontinued. .Clcarly some of the sites
being studied are intensely vulnerable to high le;els of insolation during
the summer and, as Rhee (1967) has pointed out, it is dry summers which
check the development of populations. Soil temperatures can not reflect
these seasonal stresses unless recorded over long periods of time. A
clearer indicatiqn'of the vulnerability of a site tp_ppgiéé}c_gpd lethal
high soil temperatures is given by an assessment of the amount of shade
insulating the soil surface from intense insolation, This..is discusased in

gsection 35 .,

c. Soil moisture

| Earthworms are vulnerable to prolonged drought though they-are very
tolerant of short term aridity; being able to tolerate a loss of 18% of
body weight through desiccation without loss of function and a loss'of
70 - 75% without dyiné, (.Edwnrds & Lofty; 1972). Low soil humidity
provokes’thc onset of diapause in some spécies e.g.=£: longa; Wet areas,
on the other hand are avoided by L. terrestris whereas A, caliginosa will
tolerate water.- logging, as will A, chlorotica and A, longa, (Laverack 1963).
The effects of soil moisture on populations of worms, like those of soil
temperature, arc difficult to evaluate in a short - term study of this kind,
Determinations of % water loss on air drying proved, predictably, to be-
largely depcﬁdent on the rainfall (if_any) of the previous twenty four hours,
They were discontinued when the heavy rainfall of August led to general

water - logging. Evidence of the effect of soil moisture on the real

populations of singlc species, indcpendent of diapause, is limited and
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anccdotal but probably real, Thus B, ciseni, a litter-dwelling species,
was only found in one sample unit of subsite V1 1, planted shale at
Houghall, -The sample unit in which the two specimens were found was the
only one 1oc3ted in a slight hollow and had 415 gm. of litter as compared
with litter weights for the other sample units of 493 gm., 815 gm. 682 gm.
"and 979 gm, The slightly moister litter, in this hollow}was apparently
just tolerable to this species and was possibly being decomposed a little
faster than that in the other sample units,

Further, A, chlorotica was only found in any numbers at two subsites, X
(clay) and V111 2 (heavy, clayey topsoil on shale). The water - holding
capacity of this material might be expected to be better than that of shale,
A high figure of 30% weight loss on ajr-drying was recorded for the latter
site, £hough this was after rain, Clays may, of course, be qualitatively

distinct from sands and shales in other ways of importance-to earthworms,

d. Available food

Organic matter is vital to earthworms, Seoils low in organic matter,
fér example mineral soils at early stages of colonisation by plants, contain
very few worms, Where the vegétation is productive but worms are ahsent
. organic matter accumulates in a thick mat on-the s0il surface. Weights of
litter obtained from thce samples by a light raking of the surface represent
only a paft of the food available to earthworms., Amounts varied in the
samples taken froﬁ 82 gm. m.” 2 on subsite 11 4, a very arid grass/herb
habitat to 3383 gm. m,” 2 on subsite V1 1, a very mature woodland habitat,
The % dead organic matter in the top 6 cm of the soil varied from 5% on
subsite 11 3, 11 5,and 1V 1,to 28% on site 1 1.. These figures suggest that
in the relatively heavily vegetated sites of this study the quantity of food
available is not limiting, On the other hand the large amounts of litter on
many sites (five with more than 500 gm. m. 2 ) suggests that other factors

arc inhibiting the build - up of earthworm numbers and lcading to the
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accumulation of litter,

It is known (Wallwork 1976) that the palatability of litter for
earthworms depends on the low C : N ratio, In grassland this is low,
Woodland liﬁter has a higher C : N ratio, which varies with species}
Sycamore and birch both hgve‘quite hizh palatability (Satchell & Lowe 1967).
Satchell (1967) clearly stated éhat assorted herbs and grasses (including
Agrostis sp, which occurred abundantly in many sites) were more palatable
than tree litter. These prefercnces seem to apply to a number of species,

Normally earthworm populations are higher in productive land than any
other type of habitat. Edwards & Lofty (1972) quote 37 ~ 50 gm. m.~ 2

for mixed woodland and 51 - 152 gm, m . 2 for pasture, In this study,

Jhnuneran., +ha hichant nawdhuame hiamane 57 mm and ©h8 ) wamal wannmdad faae
acwover, the highoot cowihwerm biomoeos (17 gm, ond 28 om) weore »cooxded for

woodland sites (11 1,and 11 6) though grassland sites early in the season
had good populations too. (38 gn. - site 111 3.and 28 pgn., - site 1 1),
The implication is that limiting factors, other than food, operate more
strongly on grassland than woodland sites,

Effects of specific types of litter can be discerned - in one or two
instances, Firstly the only sﬁccimens of B. eiéeni found were in a dense
mat of Deschampsia flexuosa litter (subsite Vi 1) - a common habitat for
the species, Secondly, subsite 111 2, a Calluna heath had no worms at all,
suggéstiné very low palatability, There was no grazing on this heath and
therefore no dung, with which earthworms are often associated on Calluna
moors (Svendsen 1957 ). On the other hand, site 1V 2. Calluna with Betula
scrub had populations of worms = possibl&' due to the much greater
palatability of Betula litter,

Site 1V 1 a Ulex +thicket, whose litter might be expected to be

unpalatable had an earthworm biomass of 11.3 gm. Grass and herb species
were prescnt only in very small amounts on this site and the earthworms

must have fed on the Ulex litter. Presumably, at least after weathering,

its palatability is quite high,
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iv. Factors affecting the development of earthworm population size,

The best indicator of total earthworm population is taken to be the wet

biomass for each subsite, The effect of a range of envirommental factors is
discussed:
a, ._piL

The influence of pH on populations of single species has been examined
in section iii a. Fig, 2 shows the-relationship between total earthworm
biomass and soil pl There is a tendency towards higher biomass at higher
+pH. The older grassland swards (1 1. and 111 3) and the younger, closed
canopy woodlands (11 1,and 11 6) are again notable in that the earthworm
biomass is almost of a different order from that of the other sites.

b. Moisture and shade

Fig. 3 shows the relationship between wet biomass and.soil moisture
(% weight loss on air drying). The resultant scatter diagram is very
difficult ta interpret, No clear correlation exists, For example, the very
high biomass figures at ébout 12% moisture content and the very low ﬁiomass at
36% moisture content seem out of place or inconsistant, These may be
explained by the effect of a closed woodland canopy on moist soils producing
a stable moigture regime even though soil moisture was quite low at the time
of sampling and, possibly, the effect of diapause reducing earthworm numbers
in drier soils (sites V111 2,and V1 1). Leaving these cases aside there is;
at the time of sampling ) a relationship between high numbers and soil
moisture, There can be no question that soil moisture is crucial for
earthworms and, since spot checks on soil moisture were expected to give a
poor correlation with earthworm biomass two alternative approaches to the
problem of the effect of soil moisture on earthworm biomass were prepared.

The sites were all. ranked, in the field, in terms of a "moisture factor" and

a "shade factor" as described in section 2 iv f. The "moisture factor" was
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seen as a subjective assessment of the availability of ground water and
the "shade facto?" as an estimate of the amount of protectioﬁ from
insolation’reducing loss of water from the soil and ground vegetation,
Earthworm giomass was plotted against "moisture factor" (fig., %) and
against "shade factor" (fig, 5). Fig. 4 shows the drop in maximum biomass
at higher "moisture factors", i.,e, under drier conditions,

Taking fig, 5 on the other handy, it was expected that increased shade
would promote a more stable water regime and support higher ﬁopulation§.
However, only sites 11 1,and 11 6, with a.complétely closed canopy show a
high biomass, Any break in the canopy, it seems, allows drying out of the
_soil and inhibits the development of a high eartimworm biomass., The
felatively iph vivmass oi siles X G, 171 Joamd i 6, upen muiure gragsiiaud
sites, may reflect the more vigorous dense growth of grasses and herbs in
full sunlight leading both to the increased availabilityfgf highly palatahle
-litter and to the buffering of temperature and moisture conditions at the
ground surface enabling good pobulations to develop. A thick turf mat at
éite 1 l.may indicate that the populationlis not optimum, Site 1V 1, with
a. very low biomass under wdodiand shade conditions, also }ooks anomalous,
This site, the Houghall tip, is a steeply-sided one with a high canopy and
no shrib layer. It has a very heavy build up of litter (over 3000 gm, m, 2 )
and seems to be very vulnerable to drought,

The influeﬂce of shade is thus a very complex one for.which my simple
ordination is inadequate, Where close woodland shade does protect the
ground surface from desiccation good populations develop. An interrupted
tree canopy on the other hand is certainly no more productive than a
mature, uncut grassland sward in terms of earthworm biomass.

Ce. Age of site
No clear relationship between age of site and earthworm biomass was

expected or found, The physical conditions of a particular site closely .
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dictate the rate of colonisation by vegetation and hence the development

of invertebrate populations generally, There is some evid;nce, however,
that the build = up of earthworm populations in grassland sites is slower
than in woodland sites, If a closed canopy develops quickly then a large
biomass of carthworms (approaching 50 m. 2) is possible in sites no more
than fifteen years old (e.g, 11 1). Biomass may drop on oider sites as

root competition increcases and as a raised canopy allows air circulation and
a. greater desiccation of the soil surface, On the grassland sites only two
(111 3,and 1 1.)had an carthworm biomass in excess of 25 gm, Both are over
50 years old,

d, ' The type of substratum

The relative unimportance of type of substratum as an influence on

earthworm population size is indicated when comparisons are made between

carefully matched sites, Thus sites V111 1,and V 1 ,are both recently

planted sites with a sown ground vegetation ovaesgggg/Trifolium mixture,
The number of worms (3) is the same in each case. The éarthw0rm biomass is
similar (5.9 gm, and 3 « 4 am,). The substrata: are shale and sand
respectively,

Also sites 1X 1,and 1X 2 .are on the the same substratum (colliery
tailings), of thc same age (9 years), but the one planted with mixed trees
(1X 1) has an earthworm biomass of 14+ 7 gm. whereas the other (1x 2)

(1cy or pasture) has no worms.

In short, factors other than substratetype influence the build up of
carthworm biomass though there is evidence that substratecan influence
épecieé composition, through pll for example

e. Other variables.

Preliminary analysis of the relationship between the weight of litter

collécted at cach subsite and earthworm biomass present failed to reveal any
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significant relationship, The amount of litter, in fact, represents
both the quantity of food available for wormz and the end result of worm-
aided decomposition of organic matter,

% loss on ignition was determined up to the end of June, This was
intended to reveal the % of fossil hydrocarbons in the soils with a view
to investigating any possible inhibiting effect this might have on
earthworm population development., It quickly became apparent that high %
loss on ignition was not even associated with the shales containing fossil
hydrocarbons, The highest figures were for olﬂ sites on ash and brick
rubble respectively, Both sites had a well-established vegetation so that
- loss on ignition was more likely to.bé due to the build-up of humus
.Eiamination of the basic data in appendix 1 -reveals that shales in no way
inhibit the dcvclopment of earthworm populations, Sites 11 1.and 11 6,
arc both on shale, as is 1 1, These are amongst the sites with the very
highest carthworm biomass, This conclusion became apparent by the end of
June and thereafter this determination was disbontinued.

The other envirommental variable measured was root mat depth., Fiz, 6
shows the relationship with biomass. The scatter diagram seems te show
a very weak negative correlation 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 woodlandé and older grassland sites seem to show a.similhr trend
whilst being of a different order of biomass,

The subjectively assessed "homogeneity factor" did not stand up to
rigorous analysis and was not used,

Ve Colonisation and succession by earthworms

The commouly occurring species all form part of a characteristic
mixed woodland association on mull soils (Edwards & Lofty 1972).
Association analysis by Nordstrom and Rundgren (1973) and by Phillipson

et, al, (1976) revealed detailed variations in associations in different
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habitats but the present study lacks the data to make comparable
analyses, The spccics occurring in any sitc seem to vary with the
particular conditions of pH and aridity found there, From the data
availableéone possible mode of succession by earthworms is as follows,
Once vegétation hné developed and litter for food and shélter has been
produced then individuals of L, rubellus migrate in, ‘These worms are
highly active, crawling freely over the soil surface in wet weather,
They can probably migrate at rates grecater than the 10 m, year given in
Edwardé & Lofty (1972) for A. caliginosa. As the vegetation develops
further L. terrcstris is likely to colonise where moderate acidity and

a tendency to aridity in summer are characteristic of the substratum,

Where the soils approach neutrality and seasonal desiccation is less

marked A. caliginosa A.rosea and A, longa are likely to occur. B. eiseni
and_D, rubida are dependent on the build up of litter under moist
conditions.

vi _ Implications for the reclamation and develooment of derelict land

Over the past thirty years a great deal of work has been carricd out on
problems of restoring derelict areas, Major research (University of
Newcastle~upon-Tyne 1571, 1972) and devclopment projects (Hilton 1967) have
been undertaken, Symposia have been held (Hutnik & Davis 1973) and a sub=
committee of the British Ecological Society has reported on various aspects
oflrestoration (Ranwell 1957, Goodman 1967). The assumption has often been
made that derclict sites arec basically inhospitaﬁle to plant and animal
life,The necessity of aiding soil formation and wineral turnover has been
.geqerally accepted (Ranwell 1967) but the larger soil animals have tended
to be seen as envirommental indicators rather than as primary agents in
the build up of soil fertility (Goodman 1967). This study sugzests that
n6n—t§x£é sboil and derelict sites generally can be.revegetatcd and soil

fertility built up by the agency of natural recolonisation and succession .
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The sites examined in this study are of this type.,

It is clear that undulations in the spoil surface provide far better
coﬂditions for the development of earthworm populations that flat,
carefully %raded sprfaces. Riley)in Hutnik & Davis(1973),described the
advantages of furrow regrading of spoils, Byrnes & Miller (in Hutnik and
Davis, 1973) similarly showed-how natural communities were established
quite quickly in the troughs of a ridge - trough topography. They suggest
ten years as the time needed for a prominent tree layer to become
established, This is comparable to the stage'of development of subsite 11 1.
Where the substratum tends to dry out rapidly, and most spoils do when in
the form of tips’the problem is not one of controlling run - off but of
-hé?baﬂﬂi';tmnv voinwatan A hmmaclyr av rides and furmow curfanoe can

ey - - - - - _

achieve this,

Byrnes & Miller sce such reclaimgd habitats as being very important,
not for timber but as wildlife reservoirs. In British terms one sees éhem
as low - pressurc amenity sites or nature reser;es.

Whilst, if scrub was not allowed to develop, a ridge - furrow
topography would support gooé grassland communities, the creation of flat
amenity grasslands, such as playing fields, and agricultural grassland
is fraught with difficﬁlties. Thus surface water becomes a préblem, with

.waterlogging and crosive run - off as described by Downing (University of
Newcastle-upon-Tync 1972), Earthworm populations are unlikely to develop.

In this study two silage/pasture fields (Subsites 1X 2.and 1X 3) had

Om.  and 1 m,- 2 worms re;pectively. Hutson (University of Newcastle-upon=-
Tyme 1972) found very few on the same site.three years after reclamation and
the situation had not changed six years later. Thatch development and

failure of mineral cycling are likely, in the absence of worms (Randell

et, al. 1972), to fcquire expensive management, The basic problem in

this context would seem to be onc of clese mowing which deprives the soil



surface of its insulating layer of vegetation leading to extremes of
temperature inimical to worms,

Topsqiling ﬁresents one approach to tﬁe problem of surface soil
desiccation, as at subsite V111 2, but despite moderate earthworm
populations being present (28 m, ~2 ) 10 +8 gm. biomass) deep burrowing
species werc absent and activity seemed to be limited to the top
5 em., with very little evidence of crumb structure development,

Topsoiling without the quick establishﬁent of vegetation cover seems a
waste of time since site V11 3, with 4 year old pines planted and no
ground cover had no worms after the four years despite being covered

. with a good layer of soil,

Another solution for pasture on spoil ﬁight be the application of
a dilute slurry. Pain (197%) found that a slurry of 2% dry matter
resulted in a doubling of earthworm numbers in pasture ihough_g; terrestris
declined, This result seems directly comparable with the situation found
on site V111 2,(mentioned above) in this study. This site wasmheavily
grazed and dung was much in gvidence in the arca sampled, within 50 m., of
the access goad.

It is not éossible to comment further on problems of agricultural
producﬁion on spoil soils, but even in this kind of intensive use some
undulation, if not ridge and furrow, of the ground surface seems
desirable to make the best use of availabhle water.

This study does spggcst, howevef.that, given some remodelling of
the surface of tips and derelict sites, rich and diverse habitats with
a wide range of species and closely similar to woodland, hedgerow, roadside
verge and heathland habitats can develop naturally. Such sites would
become a major visual and informal recreational amenity. Onec of the sites

( No. 111, Shincliffe) already has this status and much local enthusiasm

has been gencrated for its protection recently,
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It is arguable that reseeding and planting is always desirable
in the reclamation of mineral spoil in the interests of timesaving.

Current practice seems to favour the planting of Alnus, Robinia and

Populus sps, all producing litter with good palatability for worms,

The very low palatability of Pinus sp. and the other conifers suggests
that they are undesirable elements of a developing community on mineral
apoil and derelict sites from the point of view of developing a stable
carthworm fauna and building up s0il structure and fertility. No pure
stand of conifers was looked at in this study but subsite V1 1.(Hougha1i)
had a high proportion of pines, This might be an additional factor
causing the very low earthwrm populations of this clo;e-canopy woodland

SitEQ

My results like those of Neumann (in Hutnik & Davis 1973)-suggest,
finally, that if the soil is to develop a good earthworm population and to
build up fertility quickly, a close-canopy woodland should be created as
soon as possible, ';t would be prohihitively expensivé to plant three year

old trees at, say, 2' 6" spacing. The broadcastiny of Betula seed or the

planting of Alnus siiﬁs are cheaper alternatives,
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ATTENDIX 1

continued

46

% dead organie mattor

% lo3s on iznition

Table X1 : Soil Analyscs
Subaite : Y1 1113 11 11 1 117 113 [TIN a1 9
subsnil/topsoil se-t. 8 & s ¢ et ot s t s & 5t st s t
mean p.ll. 6.0 6°8 4e35 4e5 6+2 6°2 5:9 4°6 31 3:0 46 heS 348 ka2 3.7 36
2 soil water lons - - W oo 5 13 4 4 31 53 12 17 7 12
£ dead orgunic matter - - 1 28 1 6 1 6 o5 2 8 2 2 3 25
% loss on ignition - - 5 N 7 1 35 h & 76 w17 12 13
Subsite 1M1 3R 115 v 116 w2 V1 Vi g ;.18 Y11 1
subsoil/topaoil st st s t s t s t s t s t s t s t
pean p.i. 65 6:5 = 542 6.6 5.2 442 5.0 hu5 ko1 5.9 5.7° &s3 5.3 . - 66
% 8oil water loss b 12 - 16 5 20 5 1 12 17 18 20 1 36 ' - ~ 24
% dead organic mitter 3 14 1M 5 0 5 3 6 1 n . - - - - _
% loss on ignition 12 A B 9 6 9 6 7 9 - - . -
Subsite 117 AARRER] \"lli 2 Vi1 2 Vi1 3 1X 1 X 2 1X 3
- Subsoil/topsoil st ) .t st s -t s & 5t st s 0t
mean pJi. 6.1 5.6 3:9 6.2 - 60 6:8 67 542 5¢3 - 63 ~62h - =1
% soil water loss 12 15 - 30 - - - - -



APPENDIX 2

Conversion of air-dry weipghts to oven-dry weights

'.Throughout the study the determination of standing plant biomass
and litter weights was as air-dry weight. Normally, for comparative
purposes, oven-dry weights would be determined, The bulk of the samples
and the small capacity of the available oven-space made the
determination of oven-dry weights difficult, Moreover, over the length
of time that the field data was being éollected (particularly in late
Maf and early June) the vegetation was actively growing and thus
gimilar samples collected, say, two weeks apart could be expected to

differ substantially in dry weight.

47

For comparative purposes a correction factor was devised to convert

air-dry to oven-dry weights, Eight samples were the basis for this
correction factor. For each sample air-dry weight was determined as
described in Chapter 2, Each was then transferred to a 105ﬂ&drying
oven for twenty four hours and reweighed. A second reweighing after a

further twenty four hours resulted in no further loss of weight,

Results : Sample Air-dry weight (gm) Oven-dry weight (gm) loss(gm) % loss
1 28 - 0 25+ 0 3.0 10+7
Biomass o | 24. 0 21+5 2.5 104
| 177 16 -0 1.+7 9.6
b 155 .114-0 | 1.5 9.7
5 352 31 -7 3.5 9-9
Litter 6 31+ 7 _ 272 : 4.5 14-2
7 29 -0 258 L .8 16-5
8 2 . 3 21+ 0 3.3 1346

Correction factors : Standing plant biomass = 10%

plant litter ~ 14%

Table X11

Conversion f{rom air dry to oven dry weight



APPENDIX 3

Occurrence of hicher plants on mineral spoil or rubble

Speciecs

Species

Equisetum ar%ense. 4
Pteridium aquilinum.- 3
Ranunculus repens, 3
Cerastium vulgatum, 12
Arenaria serpyllifelia, 4
Acer pseudoplatanus, 15
Ulex curopaeus, 5
Medicago lupulina 7
Trifolium repens, 20
Trifolium pratense, L
Lotus corniculatus, 10
Vicia cracca, 12
Lathyrus pratensis,. 9
Rubus idaeus, 1
Rubus fruticosus, 12
Potentilla erecta, 1
Fragaria vesca. 1
Alchemilla vulgaris., 2
Rosa sp. 1
Crataegus monogyna, 10
Chamaenerion angustifolium, 14
Aegopodium podagraria, 2
Heracleum sphondylium, 10
Rumex acetosclla, 1
Rumex acetosa, 2
Rumex obtusifolius, 1
Betula sp. 0

Occurrence( %)

Quercus sp,

Salix sp.

Calluna vulgaris,
Linaria wvulgaris,
Prunclla vulgaris,
Plantago lanceolata,
Galium verum,

Galium saxatile,

Galinm aparine.

Sambucus nigra.
Lonicera periclymenum.
Senecio jacobaea,
Tussilago farfara,
Achillea millefolium,
Cirsium sp,
Centaurea nigra.-
Hypochoeris radicata,
Leontodon Lispidus.
Hieracium pilosella.
Hieracium vulgatum,
Taraxacum officinale,
Luzula campestris,
Carcx sp.

Molinia caerulea.
Festuca sp.

Lolium perenne,

Poa pratensis,

48

Occurrence( %)

L -
0

10



Species

Dactylis glomerata,
Cynosurus cristatus.
Arrhenatherum elatius,
Holcus sp.

Deschampsia caespitosa.
Deschampsia flexuosa,
Agrostis sp,.

Phleum pfatense.
Alopecurus pratensis,

Anthoxanthum odoratum,

Notes.

Since the sample units only recorded the ground flora the occurrences
of tree species listed reflect only the number of seedlings, It is
noteworthy, if odd, that Betula and Salix which occur as scrub on a
number of sites had no seedling occurrences whereas Quercus, Acer and
Crataégus2 much less common as scrub, do occ@r as seedlings,

Species are listed.in taxonomic order after:

Clapham, A.R., T.G. Tutin and E,F., Warburg : Excursion

Flora of the British Isles : Cambridge 1959.

Occurrence (%)

31
1
18
24
.
19
60
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APPENDIX A4,

Clasgification of sites by reference to plant strategies;

Grimq (1974) sought to develop a method of vegetation classification
to includé recent or unstable vegetation, to aveid unnecessary abstraction
and provide data intellegible to non-specialists, These considerations
seem highly relevant to studies of influences on the faunq of young,
recently colonised mineral spoil,

His method is based on the assertién that there are three basic
determinants of herbaceous vegetation - competition, stress and
.disturbance - and that each has invoked a distinct strategy on the part of
the flowering plant., His triangular ordination model consists of an
equliateral triangle 1n the corners of which the three determinants reach
their respective maxima. Each species is placed within the triangular
model in relation to two axes, One axis in the ordination (the Competitive
Index) was a numerical index based upon estimatgs of the maximum height of
canopy, lateral spread of canopy and litter accumulati&n. The ma#imum
score for height of canopy was twice that allowed for the other two
elements, The second axis (R, max.) was the maximum relative growth rate
(gms per gm. per week) determined in a standardised productive
environment 2 -~ 5 weeks after germination,

In—classifying the vegetation of specific habitats the values for
individual species were weighted according to the relative frequency of
the species in the 1 m.2 sample, Ih this study that is the frequency
of occurrence (1 - 5) in the five 0.2 m2 sample units, The R, max. and
Competitive Index data for individual species were obtained from Dr. K,
Thompson, Botany dept,, Durham University. Data for woody species were
not availaﬁle, since the system is one for classifying herbaceous
vegetation, so that ordination of scrub sites was based only on ground

flora, A number of other species had not had their R, max, determined



but their exclusion in calculating the weighted R, max, for each site
did not appear to have a significant effect.
Calculated, weighted values of R, max, and Competitive index are

given in table X111
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5. SUMMARY

A study was made of the earthworm populations of a range of sites
with a youﬁg mineral substratum derived from sand and clay extraction or

the dumping of colliery spoil,

Natural recolonisation of these sites, under favourable conditions,
produced a varied vegetational cover resembling that of hedgerow or
roadside verge in floristic composition, Thirteen earthworm species
typical of mull woodland soils were found, though species composition

of individual sites varied with soil p.H. and moisture. L. rubellus

(nnseihly with L.

ecaatanena) nraved +n hs the nianenr eanthwarm snecieq

with good tolerance of low p,H. A, rosea, A, caliginosa and A, longa,

on the other hand, were found in less acid and moister sites., Sampling
of all species changed in efficiency during the drought in the early part

of the study period- due mainly to diapause.

The moisture regime of the site proved to be critical for earthworm
populations. Anm arbitrary scaling of sites according £0 topography.seemed
to reflect the moisture regime and to correlate with earthworm biomass for
the most productive sites at each point on the "moisture factor" scale,
Where the water regime was favourable highest ecarthworm biomass developed
in young close-canopy woodland and in much older, mature grassland, DBiomass

(gn. m, 2 ) was closely similar to published data for similar habitats,

The pafticular substratum had a less marked effect on earthworm

populations than water regime and management.


http://ftiftaa.ih.l
http://v
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It is concluded that such sites,after the development of natural
'cohmunities,have considerahle potential as visual and informal
recreational resources or as nature reserves, Where a return to more

intensive use is obligatory greater problems of management arise,
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