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SUMMARY

1. The plant ecology of re-vegetated peat cuttings in ombrotrophic

mires was investigated to elucidate factors having a major
influence on the vegetation, with the aim of formulating management

guidelines for the rehabilitation of such areas for nature
conservation.

2. Most of the investigations were carried out at Thorne Moors,
a cut—-over derelict raised bog near Doncaster, S. Yorkshire.

3. The vegetation of the wide range of abandoned peat cuttings
present at this site is described. Particular attention was paid
to re-vegetated peat cuttings within an area comprising a series

of cuttings, baulks and canals abandoned about 1920, now a proposed
National Nature Reserve. Successional,hydrological and chemical
factors and processes important in determining the distribution of

vegetation were investigated.

4, Stratigraphical investigations show that some species which
recolonized the abandoned peat cuttings (e.g. Sphagnum Tmbricatum
and S. magellanicum) have disappeared from the site since 1920.
They have been replaced by species which were not major components
of the undisturbed mire (e.g. Sphagnum recurvum and S. fimbriatum).

5. The distribution of the vegetation in peat cuttings principally

reflects the height of the water table. Hydrological studies have
also shown that the methods used to maintain the water table 1in the

proposed National Nature Reserve (dams in ditches and drains and
peat baulks), a virtually isolated peatland block, are effective.
The peat of the baulks appears to have an extremely low hydraulic

conductivity which may be a result of drainage.



6. The chemical characteristics of the peat waters suggest weakly
minerotrophic rather than ombrotrophic conditions. This is attributed
to various sources of nutrient enrichment as well as to the

effects of peat drainage. The vegetation reflects this enrichment.

7. The concentration of bisulphite in the rainwater may explain
the disappearance of Sphagnum tmbricatwn and S. magellanicum

from Thorne Moors, the current low diversity of Sphagnum species
and the dominance of S. recurvum at the site. However, there is
no evidence that the growth of Sphagnum species introduced onto
Thorne Moors was substantially affected by bisulphite in the rain.

8. The abundance of Sphagnum recurvum is consistent with the
chemical composition of the peat waters in cuttings and with its
wide tolerance as regards the height of the water table.

9. Many cuttings are dominated by Eriophorum vaginatun. This
species, which can withstand a wide range of water table conditions,
probably became established when the water table was somewhat

lower than at present.

10. The dominance of Juncus effusus in some cuttings may be
asgsociated with water flow and is sustained by flooding with
nutrient-rich water and nutrients provided by Black-headed gulls.
Juncus effusus became established when the water table was relatively

low.

11. Betula pubescens achieved its present dominance when the water
table was somewhat lower than at present. This species is now
becoming moribund and is dying in flooded peat cuttings.

12. The composition of the vegetation relates to the time which
has elapsed since the peat cuttings were abandoned.

13. On the basis of the present findings and also of observations
on other derelict sites, guidelines for the management of cut-over
peatlands are presented. The importance of maintaining a constant
water table somewhat above the cut-over surface is emphasized.
Attention 1s also drawn to the importance of water quality and

a source of colonizing species as well as to the need to create
conditions suitable for the colonization of Sphagnum spp.

14, Guidelines for the management of Thorne Moors are formulated.
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CHAPTER 1

INTRODUCTION



1.1 THE NATURE OF THE INVESTIGATION

Ombrotrophic mires (i.e. mires irrigated directly and

exclusively by rainwater) support various and specialized plant
communities. These have drastically declined over the last

200 years as a result of agricultural reclamation, afforestation
and commercial peat extraction (Tansley 1939; Godwin 1981; Goode
1981). Lowland raised bogs, particularly, have been destroyed

or severely modified by peat cutting (Ratcliffe 1977; Goode 1981).
However, although many of the cut-over peatlands which remain
have lost their former importance as intact raised mires, many
support a wide variety of semi-natural habitats, and may provide
the potential, through appropriate management, for rehabilitation
of communities of ombrotrophic mires. Indeed some cut-over sites,
including Shapwick Heath in Somerset, Moorthwaite Moss in Cumbria

and Thorne Moors (or Waste), S. Yorkshire have been conserved partly

because of their potential for the regeneration of mire communities

(Ratcliffe 1977).

Little information is available on the plant ecology of
re-vegetated peat cuttings and, therefore, the management strategies
required for the recreation of peatland communities (Barker &

Gibson 1922; White 1930; Giller 1982). The objective of the present

study was to investigate the plant ecology of re-vegetated peat

cuttings in ombrotrophic mires and to assess the major ecological
differences between intact and cut-over peatlands. It was hoped

to formulate guidelines for the management of cut-over peatlands

on the basis of these findings.



Most of the investigations were carried out at Thorne
Moors, S. Yorkshire, because of the considerable range of abandoned
peat cuttings present at this site, These are of various ages
and contain a wide variety. of vegetation types; the water table,
nutrient status of the water and the residual peat depth also

vary. In addition, part of the site is a proposed National

Nature Reserve (pNNR). To make the investigation more comprehensive,

cut-over areas were also examined on other peatland sites. These
included: Danes Moss, Cheshire; several Cumbrian peatlands;

Fenn's and Whixall Moss, Clwyd/Shropshire; and Shapwick Heath,

Somerset.

1.2 RESEARCH APPROACH

The plant ecology of re-vegetated peat cuttings and
the ecological differences between intact and cut-over peatlands
were studied by investigating the factors and processes influencing
the distribution of the vegetation (Chapter 3). The factors
which appear to be most important in determining the distribution
of vegetation types both within and between mire systems are
hydrology (Lopatin 1949; Ivanov 1953; Ingram 1967; Goode 1970),
chemistry (Sjors 1950; Gorham 1956a, b; Gorham & Pearsall 1956)
and successional status (Tansley 1939; Walker 1970). Individual
investigations were therefore carried out into the hydrology
(Chapter 5), chemistry (Chapter 6) and stratigraphy (Chapter 4)
in a wide variety of peat cuttings. In view of the likely importance
of bisulphite pollution in influencing re-vegetation by Sphagnum

spp. (Ferguson, Lee & Bell 1978), the effect of suvch pollution



on certain Sphagnum spp. has also been investigated (Chapter 7).
Results of these studies are presented after a consideration of
the land use history of Thorne Moors (Chapter 2). On the basis
of these findings, factors affecting the main floristic features
of the re-vegetated peat cuttings (relevant to the management of
peatlands) are discussed (Chépter 8). Observations on other cut-
over peatlands visited during the course of this study are
included (Chapter 9); these are followed by suggested guidelines
for the management of cut-over peatlands (Chapter 10) and guidelines
for the management of Thorne Moors (Chapter 11).

The investigations at Thorne Moors were mostly completed
before 2 June 1982 when a severe fire burnt much of the site.

The management guidelines (Chapter 11), however, take the effects

of this fire into account.



1.3 DETAILS OF THE MAIN STUDY AREA

F o

1.3.1 The situation of Thorne Moors

Thorne Moors (or Waste*) peatland is a cut-over raised
bog situated 18 km north-east of Doncaster and 5 km south of Goole
(Nat. Grid Ref. SE 720155; Vice—-County 63); the S. Yorkshire/
Humberside boundary passes through the site (Figs. 1.1 and 1.2).
Together with the adjoining site of Crowle Waste (situated to the
east of the Swinefleet Warping Drain; cf. Figs. 1.1 and 1.2; not
studied during the present investigation) this peatland covers
an area of 2630 ha. Most of the site is underlain by Bunter
Sandstone; to the east of Will Pitts(Fig. 1.2), however, this
is overlain by Keuper Marl. Drift deposits of clay and silt
cover the'underlying bedrock below the peat (Cory 1972). To the
south and east The Moors are bordered by the alluvium of the
former main channel of the River Don (Fig. 1.1; 2.3). This
separates the site from Hatfield Moors, another cut-over raised
bog (Smith 1958; not studied in the present investigation).
Thorne Moorsiare otherwise surrounded by warpland, i1.e. land
(mainly reclaimed for agriculture) on which river-borne sediment

has been allowed. to settle (2.5). The present surface of Thorne

Moors lies at c. 2 m 0.D, The average annual rainfall is 568 mm

* The site is subsequently referred to as 'Thorne Moors' or
'"The Moors' in accordance with the wishes of local naturalists;
this is because the name 'Waste' tends to be used to make a case

for developing the area (Chapter 2; 3.2).
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(Appendix 3), typical for lowland eastern Britain.

1.3.2 Site description

The raised bog at Thorne formed c. 3000 years ago

during the Bronze Age (zones VIIb and VIII; Pigott 1956:

Turner 1962, 1965; Buckland & Kenward 1973; Buckland 1979;

4.1). The site has been almost entirely cut-over for peat
(Chapter 2) and no areas of undisturbed mire remain. At

present the peatland is owned and worked by Fisons Ltd. (Fig. 1.2;
2.63 this ownership, however, has recently been questioned;
Bunting et al. 1969; Skidmore 1970).

Owing to the peat cutting methods used, a wide variety
of semi-natural habitats have developed on Thorne Moors (Peacock
1920, 1921; excursions of the Yorkshire Naturalists' Union 1907-
1970 (3.2); Bunting et al. 1969) and in the early 1970's the
Nature Conservancy Council declared this peatland a Site of
Special Scientific Interest. Of particular interest is the
Dutch Canal System (Fig. 1,2), a series of re-vegetated cuttings,
baulks and canals originally worked by a Dutch peat cutting
company and abandoned around 1920 (Chapter 2). The canals contain
an extremely diverse flora consisting of some elements of the
original raised mire as well as species characteristic of fen
conditions (Skidmore 1970; Rogers 1971; Rogers & Bellamy 1972;
Chapter 3). Most of the Dutch Canal System has been protected
since 1978 under Section 15 of the Countryside Act (1968), which
allows for certain management work and scientific recording to

be undertaken; in addition, Fisons Ltd. have agreed to consult
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the. NCC over peat extraction (and related activities), the removal

of tramways and baulks and the chemical spraying of tramways

(Fig. 1.2). Part of. the Southern Dutch Canal System is also a
proposed National Nature Reserve (pNNR ; cf. Figs. 1.2 and 1.3;:

1.3.43 2.7). Individual canals, tramways (Chapter 23 3.3) and

peat baulks as well as an area of unreclaimed warpland (which

has reverted to fen; 3.3) are protected under the Section.1l5
Agreement and the warpland is, in addition, a further pNNR (Fig. 1.2).
The peat baulks and tramways are being retained because, on completion
of cutting activities, it is hoped that some cut-over areas will be
re~flooded (Goode 1973:; 11.6).

N
¥

1.3.3 The drainage system of Thorne Moors

The pNNR in the Southern Dutch Canal System is actively
managed for nature conservation (l1.3.4) and, therefore, hydrologically
'sealed' by means of peat baulks and dams in ditches and drains
(Figs. 1.3 and 2.2). This area receives no run-off from elsewhere
as it is situated above the level of its surroundings (6.5). Most
of the remainder of the area protected under the Section 15
Agreement is also hydrologically sealed. . Otherwise, The Moors
are drained as follows (Fig. 1.2): The eastern extension of Main
Canal North (now a drain; 2.7) flows into Mill Drain which, with
the eastern reaches of Cottage Dike and Southern Drain, receive
water from the eastern parts of the peatland and discharge into
the Swinefleet Warping Drain. Northern parts of The Moors are

drained by Blackwater Dike; this drain also flows into the Swinefleet




Warping Drain which eventually discharges into the River Ouse
near Goole, 7 km north of the site (Fig. 1.1). The western
reaches of Southern Drain and water from the north of Angle Drain
flow into the Southern Boundary Draih; this flows westwards into
Thorne Moor Drain. Thorne Moor Drain also receives drainage water
from the drain at the base of the colliery tip (2.9; 6.5) and

the southern reaches of Angle Drain; it eventually discharges into
the River Trent at Keadby (Fig. 1.1l; 2.3). This drainage pattern
is modified from time to time by Fisons Ltd. (2.8). No feeder

drains flow onto The Moors.

1.3.4 The proposed National Nature Reserve (pNNR) in the

Southern Dutch Canal System

The pNNR, 81 ha in area, comprises parallel series of
alternate peat cuttings' and peat baulks separated by canals,
originally used to transport peat from the area (Fig. 1.3; 2.7).
Owing to the presence of dense birch scrub (Chapter 3), accurate
levels were not determined across the area; there appears, however,
to be a slight rise in height to the south and west of the pNNR.

The primary aim of management in the pNNR 1s to encourage
the development of communities characteristic of ombrotrophic

mires (Goode 1973: Bonner 1978). At present, management activities

include: maintenance of dams in ditches and drains, monitoring of
the water table, scrub clearance, recording of flora and fauna and

firehwatching; these are undertaken by a full-time NCC warden.
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1.3.5 Study sites
1.3.5.1 Study sites within the pNNR

Most of the investigations were carried out in the pNNR.
Within this area, sample sites were. located in peat cuttings,
on peat baulks and' in-canals along transects across the length
and breadth of the pNNR (Fig. 3.1; 3.4.2; Fig. 8.1).

One cutting in the centre of the pNNR was investigated
particularly thoroughly; this cutting (4/5W5, Fig. 3.1) was considered
to be of particular interest owing to its central location and diverse
vegetation (3.4). To prevent disturbance to the long term investigations
carried out in this cutting, damaging activities (e.g.peat boring)
were restricted primarily to an adjacent peat cutting, also relatively
species-rich (4/5W4, Fig. 3.1). Some species-rich cuttings were

avoided completely to prevent undue damage by trampling.

1.3.5.2 Other peat cutting study sites

A Juncus effusus swamp adjacent to and south of Main
Canal North (JA on Figs. 1.2 and 2.2; 2.7; 3.3.2) was selected
as a major study site. A tramway borders this cutting on its
eastern side; in the south and west it is bordered by parts of
the Northern Dutch Canal System (Fig. 1.2; 2.7). The complete
dominance of Juncus effusus in this cutting and the possibility that
water flows through this area from surrounding cuttings were

considered to be of particular interest (cf. Rogers 1971).

11



The Experimental Plot (EP; Figs 1.2 and 2.2; 2.8;
3.3.2) is an area of c. 2.5 ha offered for research by Fisons Ltd.;
this was selected for particular study as an example of a shallow
peat cutting abandoned relatively recently. This cutting rises
gently to the north where it is bordered by the Southern Boundary

Drain; it 1s surrounded by peat baulks on the other three sides.

All borders were 'hydrologically sealed' in 1979 (Lindsav 1979).
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CHAPTER 2

THE LAND-USE HISTORY OF THORNE MOORS



2.1 INTRODUCTION

Thorne Moors was once part of a vast, low-lying
wetland complex of bog and fen situated around the head of the
Humber. This region, which stretches north to York, west to
Selby and Snaith and south, between the Don and Trent, to

Gainsborough is known as the Humberhead Levels (Wilcox 1933;

Figs. 2.1 and 1.1).

The southern part of the Humberhead Levels is known as

Hatfield Chase, a Royal hunting forest at the time of James I.

This area, in which Thorne Moors is situated, 1s roughly rectangular

in shape. It is bordered by the River Ouse in the north, the
River Trent in the east and the River Idle in the south (Fig. 1.1).
The Isle of Axholme lies in the south east of Hatfield Chase;
this 'hillock' is formed of Keuper Marl and has a maximum elevation

of 39 m.

The land use history of Thorne Moors is mainly concerned

with the reclamation of a vast raised bog through drainage,

peat cutting and warping. Much reclamation occurred in the
seventeenth, eighteenth and nineteenth centuries. In 1874,

however, Thorne Moors was still 'a shaking bog, trembling in waves
when you jumped on its 'scurf' or 'floral blanket'' (Peacock 1920).
Although the total peatland area has remained approximately the
gsame (Skidmore 1970), commercial peat winning activities have

radically altered the nature of the raised bog at-Thorne.

13
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2,2 EARLY OBSERVATIONS ON THE HISTORY OF THE HUMBERHEAD

-LEVELS

The first paper devoted to a consideration of fossil
material and its origin in the Humberhead Levels was by de la Pryme
(1701), who noted the occurrence of 'pitch trees', oak, birch,
yvew, 'wirethorn', willow, ash and hazel beneath the peat.

He observed.that, although the formation of the peat bogs was
attributed by some to Noah's flood, the 'real truth is that ...
they have been produced from trees falling upon Springs and Rivers
and obstructing their courses; they ... were made by ye Romans
cutting down ... ye Woods in ye Low grounds and Levels ... in

the first century A.D.' (Tomlinson 1882). This theory was
subsequently quoted and elaborated by other historians including
Stonehouse (1839), Casson (1869), Tomlinson (1882) and Bunker
(1898, 1905). Indeed, in spite of recent work which indicates
that the wood at the base of the peat at Thorne Moors dates from
the Bronze Age (Turner 1962, 1965; Buckland 1979), the destruction
of a vast forest by the Romans is still considered by some to mark
the initiation of peat formation at Thorne Moors (Goodchild 1971).

It 1s clear that the inhabitants of Hatfield Chase
knew of the existence of the remains of a forest below the peat
from the time of the seventeenth century drainage (Stonehouse
1839; 2.3); some even gained a living by retrieving tree trunks
from the peat (Bunker 1898). As it is possible that the forest
remains were observed even earlier, caution is needed in the
interpretation of the observation by Roger de Mowbray, Lord of

Axholme, in 1100 A.D. that 'the whole of the Levels twixt Don and

15



Trent were covered in a great old decaying forest of oaks and

firs'. This phrase, quoted by Peacock (1920, 1921), Skidmore

(1970) and Rogers & Bellamy (1972) as indicating conditions in
1100 A.D. may have referred either to conditions at this time
or to the previous existence of a forest in the Humberhead
Levels,

Other historical records of woodland in areas of the
Humberhead Levels are also somewhat difficult to interpret. This
_1s because it was apparently assumed that woodlands present in the

area were relicts of the forest which originally covered the
whole region, and were, therefore, still gradually disappearing
owing to the continuation of the process which destroyed the
original forest. For example, the statement quoted by Skidmore
(1970) and Rogers & Bellamy (1972) (the source of which is not
identified) that 'during Elizabeth I's reign the last standing
pines, remnants of the great old forest of pine and oaks which
covered the whole of the Humberhead Levels long before, sank
into the morass' gives the impression that the Humberhead Levels
became significantly wetter during the last few hundred years.
De la Pryme's suggestion (1704) that 'pitch trees called firr'
lasted into the eleventh century and finally disappeared just
before the drainage (seventeenth century) also gives this
impression; however, a relatively recent rise in water table

may not, necessarily,have taken place (cf. Buckland 1979).



2.3 THE DRAINAGE OF THE HUMBERHEAD LEVELS

2.3.1 The rivers of the Humberhead Levels (Cory-197é;

Severn Trént Water Aﬁﬁhority 1979; Fig, 1.1)

Before the reclamation of the Humberhead Levels three

major rivers and their tributary streams meandered across the region:

the Rivers Don, Torrie and Idle. They flowed in unstable river
channels which may have become divided fromrtime topEime.

The River Don entered Hatfield Chase west of Thorne.
It then divided into two parts: a northerly branch joined the
River Aire and an easterly branch flowed eastwards between Thorme
and Hatfield Moors to meet the River Idle at Sandtoft. From
Sandtoft, the Don, with the added waters of the Idle (north

course), followedha'wavering channel to enter the Trent near

Adlingfleet.

In the southern part of the Chase the River Idle split
into two parts; one part flowed eastwards towards the Trent
north of Misterton; the other extended northwards to join the

River Torne east of Wroot and the River Don at Sandtoft.

17
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2.3.2 Drainage operations before the seventeenth century

The Romans may have been the first to attempt the
drainage of the Humberhead Levels. They apparently built banks
to keep out the sea and dykes to drain submerged land (Tomlinson
1882).

During the mediaeval period the course of the northerly
branch of the River Don was altered (Buckland 1973) and doubtless

small areas of land were recovered from marsh during the

Middle Ages (Cory 1972).

2.3.3 The seventeenth century drainage (Stonehouse 1839;

Cory 1972; Fig. 1l.1)

2.3.3.1 The agreement between Charles I and Vermuyden

The first major marshland reclamation in Britain
was undertaken in Hatfield Chase in 1626 by a syndicate of
Dutchmen (known as 'Participants') led by Cornelius Vermuyden.
An agreement between Charles I and Vermuyden provided for. the
distribution of 77,000 acres (31,000 hectares) of marshland in
three parts: a third each to the Participants, to the Crown and
to the Tenants of Axholme. Also included in the area was 3,000

acres (1,210 hectares) reserved for flooding.



2.3.3.2 Drainage operations carried out by Vermuyden:

1626-1629

Vermuyden's plan for the drainage of Hatfield Chase
was based on the principles of first intercepting incoming
rivers and then constructing straight internal'watercoursés to
suitable outfalls. Bfiefly, the southern branch of the Don was
blocked near Thorne so that the whole of this river discharged
along an eniarged channel into the Aire. At the same time the
Idle was stopped in the south of Hatfield Chase and diverted
eastwards into the Trent and the Torne was confined to a new
channel which discharged into the Trent at Althorpe. In addition
to these major diversions many straight drains were also cut to

deal with the meres and meanderings of many watercourses.

2.3.3.3 Dra{nagé operations after 1629

" The three-year drainage project fell far short of
complete success. The discharge of the Don into the Aire and
the Torne into the Trent proved to be too great for the channels
desighed to convey these riveré; this resulted in the flooding
of large areas, some of which had been previously dry. Remedial
work was enforced upon the Dutch Participants; this included the
raising of the Don banks and, in 1635, the cutting of the Dutch

River in order to provide a satisfactory outfall for the Don into

the Quse at Goole.

19



2.3.4 Eighteenth and nineteenth century drainage operations

(Cory 1972; Rogers 1971; Fig. 1.1)

In the latter part of the eighteenth century, drainage
operations included the widening and deepening of outfalls into
the tidal River Trent and improvements to the New Torne. The
construction of the Stainforth and Keadby Canal in 1792, which
passes between Thorne and Hatfield Moors, also eased drainage
problems in the area.

iIn 1830 one George Leathers suggested that a northern
outfall was necessary for a new tidal drain. He proposed that
this watercourse should start west of the new Idle, drain
Thorne Moors and follow a straightened version of the old Don's
Adlingfleet arm. However, this bold plan was not adopted.

Although wind pumps were used in the drainage of the
Fens before 1600, there is no mention of the use of these power
sources in Hatfield Chase. The first mentioned mechanical aid
to drainage is the steam engine, first used between Epworth and
the Trent in 1837. In the latter part of the nineteenth century
at least three further steam pumping engines were installed in

Hatfield Chase.
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2.3.5 Twentieth cenfury drainage operations (Severn Trent

Water Authority 1979; Fig. 1l.1)

Subsequent to the passing of the Land Drainage Act in
1930 the entire drainage system of Hatfield Chase was reviewed.
A detailed levelling survey of the area was carried out and key

sites were selected for the location of pumping stations.

At the south-west margin of Thorne Moors the Elmhirst
pumping station, located on Thorne Moor Drain (Fig. 1.2), discharges
water from this peatland into the North Soak Drain c. 1 km south
of The Moors. This drain, which runs parallel to the Stainforth

and Keadby canal, eventually discharges into the River Trent at

Keadby.

2.4 PEAT CUTTING ON THORNE MOORS BEFORE 1870

2.4.1 Introduction

Turf has protably been removed from turbaries on Thorne
Moors since early mediaeval times, the peat being used for building
houses as well as for fuel (Tomlinson 1882). The following
quotation from the Stovin manuscript (1730; see Jackson 1881)
suggests that turf was removed from all margins of this peatland:
'Thorne Waste is of great extent, being twenty-five miles round.
It affords turbary to Croul in Lincolnshire, Eastoft, Haldenby,
Folkerby, Adlingfleet, Ousefleet, Goule, Hooke, Ayremin, Rawcliff

in Marshland, Snaith, Sykehouse, Fishlake, & c., i1n the county

of York'.
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The vast region suggested by this passage (cf. Fig. 1.1)
may reflect the extent of the peatland area exposed by the seventeenth
century drainage (2.3), and may not, necessarily, represent the
area covered by the undisturbed ombrotrophic mire. However, 1its
huge size, and the fact that the River Don was navigable to
Thorne (through the cutting of the Dutch River, 2.3.3), may have
provided the incentive for the development of a turf trade in

the seventeenth century.

2.4.2 The turf trade during the seventeenth and eighteenth

centuries (Casson 1869; Goodchild 1971)

One of the few references to the seventeenth century
turf trade, which probably developed soon after the drainage,
concerns the theft, in 1652, of 'one Catch (open sailing barge)
loade of Turves and Wood'. However, by the eighteenth century,
it is known that the south-west side of the turf moors at Thorne
was being worked for peat from a series of excavations adjoining
canals (drains), which ran for short distances westwards and
out of the moor. The peat was transported in 30-40 small boats;
these were clinker-built, about 28 feet long and 6 feet wide,
sharp at both ends and made to work either stem or stern foremost
(the drains being too narrow to allow the boats to be turned).
Boating Dykes were used to convey the peat; one of these ran from
The Moors to the River Don at Thorne and another was cut eastwards
to the River Trent, the old River Don no longer being navigable.

The peat was apparently shipped to towns on the banks of the Don,

Ouse, Trent and Humber.

'T‘A-"*fr'wn_*-r-.-.-r-



The turf trade appears to have begun to decline in the
1790's. Firstly the construction of the Stainforth and Keadby
Canal (2.3.4) probably resulted in the closure to navigation of
part of the Boating Dyke System and meant that dues had to be
paid for the carriage of peat; secéndly coal began to replace

peat as fuel between the Aire and Don valleys.

2.4.3 The turf trade between 1800-1870 (Casson 1869;

Goodchild 1971)

In 1815 the Enclosure Commissioners authorized the
cutting of a new drain, about 2 miles in length, along the edge

of Thorne Moors to the North Soak Drain of the Stainforth and

Keadby Canal. However, this drain and the rest of the Boating

Dyke System was used only until 1829 when it was decided that

'boating was injurious to the drainage'’.

said to have been only 8 or 9 boats in use 'chiefly confined to

the moors'.

After the abandonment of boating all peat was carted

either to Thorne town for sale or to the Stainforth and Keadby

Canal for shipment.

At this time there were
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2.5 THE USE OF WARPING TO RECLAIM LAND IN THE THORNE AREA

2.5.1 The practice of warping (Creyke 1845; Casson 1869)

'Warp' 1s the term applied to the river borne sediment
which by natural or artificial means has settled on land surrounding
the Humber estuary and its vicinity. Natural warping has, of
course, been utilized by farmers for centuries and in the first
half of the nineteenth century extensive areas in the Humberhead
Levels were warped artificially.

The warping procedure called for a straight, well
reinforced drain connected to the main tidal rivers: Trent, Ouse
or Don. At each tide silt laden waters were directed onto strongly
embanked areas of land (below sea level) known as warping
compartments. Carefully designed drains in the warping compartments
allowed the deposit of a uniform depth of silt and the water to
be drawn off completely between tides. Occasionally, however,
excess water was drained into a 'warping pond'.

Under ideal conditions land was reclamined in one year
during which time a depth of 2-3 feet of warp was deposited. For
higher land, however, a warping period of 4 or more years was
necessary. Many abandoned turbaries were warped in the nineteenth

century owing to their location below sea level. Indeed, in some

areas it is clear that peat removal was hastened to allow warping

to take place.
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2.5.2 Warping of the Thorne area (Creyke 1845; Edwards 1851;

Casson 1869)

Warping of land around Thorne Moors began in 1821.
By 1826 the following areas were covered: 1600 acres at Goole,
Swinefleet and Reedness; 800 acres at Eastoft; 250 acres at
Crowle Moors.

Areas to the north and east of Thorne Moors were warped

by means of the Swinefleet Warping Drain (Fig. 1.2). This drain

connected with the River Ouse 7 km from The Moors and still drains

the peatland today. Adequate drainage was essential for the
cultivation of warplands. The waterlogged Shearburn Pitts Warp
to the west of the Swinefleet Warping Drain was never cultivated
and today this area has reverted to fen (Fig. 1.2).

In 1848 the 'Thorne Moor Improvement Company' was
established to reclaim Thorne Moors in conjunction with plans by
the Great Northern Railway Company to lay a railway between
Doncaster and Gainsborough (via Thorne, Crowle and Epworth).

A scheme to reclaim Thorne Moors by a process of 'dry warping'
was drawn up: alluvium from the riverbed of the old Don was to be
transported by rail and spread over the peat. However, the plans
were abandoned after 'a pressure on the money market' caused the
Great Northern Railway Company to refuse to take the railway to

Crowle and Epworth.
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Subsequent to the failure of this scheme, one of
the subscribers to the Improvement Company, Makin Durham,
turned his attention to the construction of a new warping drain.
The Durham Warping Drain connects the western edge of Thorne Moors
to the River Don, approximately 3 miles north of Thorne; excess
water from the drain flowed into Bells Pond (Fig. 1.2). This
drain, today utilized as a land drain, resulted in the raising
of a large tract of swampy ground to 3-5 feet above its originai

4

level.

2.6 THE PEAT CUTTING INDUSTRY AT THORNE MOORS SINCE 1870
(Mr S Marshall, employee“Zf Fisons Ltd., personal

communication; Goodchild 1973)

The peat cutting industry at Thorne Moors revived
around 1870 (BuntingJQt'aZ. 1969), principally because of an
increased demand for peat for use as horse and cattle litter.

In 1896, four peat cutting concerns then working on
Thorne Moors were amalgamated into the British Peat Moss Litter

Compény:
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1. The Dutch Griendstveen Moss Litter Company (which
was only partially taken over) transported peat from the west and
centre of Thorne Moors by a system of canals (2.7) to a mill on
the western margin of The Moors (the '0ld Paraffin Mill', Fig. 1.2).
From here peat was transported out of the area by means of a
short branch of the Thorne-Goole railway. This company operated
until c¢. 1920 when the Paraffin Mill was closed.

2. In the south of The Moors the Moss Litter, Charcoal
and Manure Company used an internal tramway system to transport
peat to Medge Hall mill, c¢. 1 km south-east of the peatland.
Until 1965, when Medge Hall closed, a short branch of the Thorne-
Keadby railway was used to transport peat out of the area.

3. The north of Thorne Moors was worked by a concern
(probably William Smith and Company) whose works, known as
'Creykes Siding', were located adjacent to the Thorne-Goole
railway. A branch of this railway led to the north-west margin
of The Moors; peat was transported to this point by means of an
internal tramway system. The Creykes Siding peat works probably
closed sometime after 1920,

4, The Goole Moss Litter Company used an internal
tramway system to transport peat cut fram the north-east of
Thorne Moors to a mill located 2 km north-east of the peatland.

A fifth peat company, the Hatfield Chase Peat Moss Litter
Company, which may have cut peat from Hatfield Moors, was also

taken over by the British Moss Litter Company.



In 1900 the British Moss Litter Company merged with
three other large national companies to form the Peat Moss
Litter Supply Company. At this time the greatest concentration
of sales was in northern England and the north-east Midlands.
In addition to its use as litter for cattle and horses, peat
was also used for the production of paraffin, creosote, ammonia
water, tar and as an ingredient in cattle food.

The British Moss Litter Company (in spite of the merger
in 1900 the Company retained its old name) continued to cut
much of the area of Thorne Moors until 1950 when it was taken
over by Fisons (Horticultural Division) Ltd. This company extracts
substantial quantities of peat from most of The Moors at the
present time (Fig. 1.2). The peat is transported to the
'Swinefleet' processing plant (of the old Goole Moss Litter Company)

2 km north—-east of Thorne Moors by means of an internal tramway

system.
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2.7 THE DUTCH CANAL SYSTEM

2.7.1 The canal and drainage systems

The Dutch worked an area of Thorne Moors bordered in
the north by Mill Drain, in the east by Thousand Acre Drain

and in the south by Southern Drain and the Southern Boundary

Drain (Figs. 1.2 and 2.2).

They excavated two major canal series: the Northern
and Southern Systems. In each of these, lateral or ‘'side’
canals (12 in the Southern System and 11 in the Northern System)
were cut perpendicular to a 'main' canal at intervals of 9 chains
(c. 180 m). The side canals are numbered in a westerly sequence
(Fig., 2.2). The pNNR (Fig. 1.3) consists of an area bordered by
the Mﬁin Canal and canals 1 and 6 of the Southern System and
the Southern Boundary Drain (Fig. 2.2).

The Main Canal of the Southern System was joined to
Main Canal North by canal 1; from the north end of canal 1 the
route of the Main Canal was west to the edge of The Moors; from
here it ran in a north-west direction to the Paraffin Mill,

crossing the Durham Warping Drain by means of a brick aqueduct

(Goodchild 1973).
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Two smaller canal series, the Pighill and Mill Canals,
were cut perpendicular to canal 1 (south) and the north-west

portion of the Main Canal respectively (Fig. 1.2).

The canals were approximately 5 m wide and enclosed
on both sides by banks or baulks of peat, also approximately

5 m wide.

A drainage system was excavated quite separate from the
canal systems. Drains between the side canals of the Southern
System ran into the Southern Boundary and Southern Drains whilst
those between the side canals of the Northern System ran into
Cottage Dike (Fig. 1.2). In some places drains are
thought to have run under the canals by means of culverts; for
example, where canal 1 crossed Cottage Dike. The aim of this
system was to drain the bog sufficiently to cut the surface
layers of peat, whilst maintaining a relatively high water level
in the canals. However, it seems that there was a chronic water
shortage in the canals which was partially rectified by pumping
water into the Main Canal from the Durham Warping Drain (Goode
1973). Warp clay (2.5) was also dumped into some of the canals
in an attempt, to ease this problem.

Double-ended barges similar to those used on the early
Boating Dyke System (2.4.2) were used to transport peat from the
cuttings to the Paraffin Mill., They were drawn by horses and
steered by a pole from behind along a towpath constructed on the
north side of the Main Canal. This was made from limestone

rubble and other hard core material (Goode 1973). The canals

were widened at intervals to form passing places.
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2.7.2 The peat cuttings

The first stage in the cutting of areas between the side

canals appears to have been the excavation of deep ditches at
intervals of 1 chain (c. 10 m), perpendicular to the side canals
and larger drains (Fig. 2.3). Peat was then rémoved from a series
of cutting bays; these were generally 1 chain (c. 20 m) in width
and encompassed two of the original ditches. The cuttings were
geparated by uncut areas (peat baulks) generally 13} chains

(c. 30 m) in width (Fig. 2.4). In addition to 3 of the original
west—east ditches the peat baulks were also usually drained

by 3 lateral (north-south) ditches. Peat was also removed from
the area between the end of the peat baulks and the drains
(Figs. 2.3 and 2.4). In the pNNR 12 cutting bays were excavated
between each side canal and drainFtFig. 1.3);- this diagram also

shows that the dimensions of the cuttings and baulks varied

e
somewhat.

Peat removed from the cuttings was stacked and dried
on the peat baulks. From here, peat wheelbarrows were used to
cart the peat to the canals,

The peat baulks now stand approximately 35 cm above the
'central' section of each cutting (that part enclosed by the
two original ditches) so that it is known that at least 35 cm of
peat was removéd from these areas (Chapter 4). A further 15 cm
of peat, at least, was removed from the parts of éhe cuttings
between the original ditches and the long edges of the peat baulks

(subsequently referred to as 'outer' or 'peripheral' cutting sections).



upig
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Fig. 2.3 The relationship between cuttings, baulks,
drains, ditches and canals in the Dutch
Canal System (ditches on baulks are not

shown for clarity).
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Vegetation cleared from the surface of the cuttings

was apparently piled up in the middle of the central sections

of the cuttings; this 1s subsequently referred to as peat 'rubble'.

The Southern Dutch Canal System may have been worked
from west to east so that western areas may have been abandoned

before eastern areas (Mr J Kempton, Dutch peat cutter, personal

communication).
2.7.3 The Dutch Canal System since 1920

Since 1t was abandoned in 1920 the Dutch Canal System

has been modified in a number of ways:

1., At present shallow ditches perpendicular to the
canals occur at regular intervals across the peat baulks
(parallel to the canals); these may have been cut sometime after

1920 to drain the canals.

2. The culverts by which the drains ran under the
canals have collapsed.

3. Peat baulks have been cut away from: areas between
the Mill and Pighill Canals; from some parts of the Northern
Dutch Canal System; and from between canals 1 and 2 and the western
series between canals 2 and 3 of the Southern Dutch Canal System
(Fig. 1.3). It is not known when this cutting took place but since

it probably involved breaching of the canals it presumably was

after 1920.
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4, Tramways have been constructed adjacent to canals

6 and 9. This involved the filling in of canal 9.

5. In 1956, an area to the east of canal 6 (north and
south) and part of the Northern Dutch Canal System (the 'Juncus
effusus' area, Fig. 2.2; 3.3.2.1) was cut away by Fisons Ltd.
Main Canal North east of canal 6 was apparently deepened and
effectively became a drain. This operation was abandoned, however,
about 1960 owing to flooding. (Mill Drain did not drain the area
as effectively as it does now — see no. 8 below).

6. In the Northern Dutch Canal System, canal 11 and
the cuttings adjacent to it have been completely cut away; in
the Southern Dutch Canal System parts of canals 10, 11 and 12,
and cuttings adjacent to them have been cut (Fig. 1.2).

7. To the north-west of the Mill Canals the Main Canal
has almost completely dried out (Fig. 1.2).

8. In March 1972 Fisons Ltd. began to drain the Dutch
Canal System. Mill Drain and the Southern/Southern Boundary
Drains (including the nothern part of Angle Drain) were enlarged
and the New Cut wastconstructed (Figs. 1.2 and 2.2). These
drains were cut down to between 45 and 70 cm into the underlying
clay (Dr D Shimwell, personal communication). Canal 10 (south)
was connected to Mill Drain by way of canal 10 (north), and canals

6 and 9 (south) were connected to the Southern Boundary/Southern
Drain. In addition, the southern ends of the drains which run

parallel to the side canals in the Southern System were joined to

the Southern Boundary Drain.
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The complete drainage of the Dutch Canal System
was prevented by Wm. Bunting of Thorne and a team of concerned
naturalists (known as 'Bunting's Beavers') who dammed the drains
at strategic points. A period of over one year elapsed, however,
before the Canal Systems were 'sealed off'. These dams are

indicated on Fig. 2.2 by means of symbols as well as by discontinuities

in the drains and canals.

9. Many dams have been reinforced and new ones

constructed by the NCC warden, especially in the pNNR.
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2.8 PEAT CUTTING METHODS USED BY THE BRITISH MOSS LITTER
COMPANY (EXCLUDING THE GRIENDSTVEEN COMPANY) AND

FISONS LTD .

2.8.1 Peat cutting methods used by the British Moss Litter

Company

In contrast to the methods used by the Dutch, the other
constituent companies of the British Moss Litter Company
excavated large, rectangular peat cuttings adjacent to continuous,
narrow baulks of peat on which the tramways were located. Smaller
peat baulks were used for stacking and drying the peat
(Bunker 1898).

Most of the early peat cuttings have been re-cut by
Fisons Ltd.; however, a small area of cuttings which date from
1900 occurs in the south of the site (3.3.2.1, no. 1).

Many of the tramways had a foundation of 'cinders from
the engine room fire' (Peacock, YNU 1907; 3.3.5). Small waggons
of turves were drawn by horses in the early 1900's; these
were later replaced by locomotives. Many of the tramways are

abandoned but are retained under the Section 15 Agreement

(Chapter 1).



2.8.2 Peat cutting methods used by Fisons Ltd.

Fisons Ltd. extract peat from areas which have been

previously drained and cleared of vegetation by means of a
machine which cuts a series of 'channels' ¢. 1.5 m wide and

c. 0.8 m deep. Baulks are left between the 'channels' on which
the cut peat 'blocks' are stacked to dry for several months.

The peat 1s then transported to the peat processing plant.

'Modern' cuttings therefore consist of series of large, shallow

cuttings and baulks. Areas are re-cut at intervals of approximately

5 years. Bylcéntrast, on Hatfield Moors, a more up-to-date

process, peat milling, is carried out.

The Experimental Plot, (Chapter 1; Figs. 1.2 and 2.2;

3.3.2) was last cut in 1972.

Fisons Ltd. control the water level at Thorne Moors by
constructing temporary dams in the main drains, breaching existing
dams, constructing new drains and by means of sluices in the main
drains, for example at the west end of the Southern Boundary
Drain.

Fire is a hazard on The Moors where so much dry peat is

exposed. Some of Fisons' employees therefore carry out 'fire

watching' activities.
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2,9 DEVELOPMENT PRESSURES

2.9.1 Thorne Colliery

The 'High Hazel' coal seam was extensively worked at

Thorne Colliery from 1930 until the colliery closure in 1956.
Approximately 500 hectares of Thorne Moors were undermined; this
has resulted in a shallow subsidence basin extending to c. 5 km
east of the colliery, ranging from zero to a calculated maximum
of 110 cm in depth (National Coal Board, personal communication).
The NCB 1s currently carrying out work to reopen
Thorne Colliery. The Board originally expected to begin production
in 1984~5; recent financial cutbacks, however, seem likely to
affect the target date . The renewal of mining operations 1is
likely to cause further subsidence of the Thorne Moors area.
Colliery waste production is likely to be high once
the mine runs into full production. The existing tip (Fig. 1.2)
has spare capacity until 1991; pressure for extension of the tip
may become necessary after this date (South Yorkshire County

Council 1981). Such a proposal is likely to cover land on the

fringe of Thorne Moors.

Drainage water from the mine flows into the Durham

Warping Drain and south towards Thorne Moor Drain (Fig. 1.2;

Chapter 6).
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2.9.2 Pulverized fuel ash disposal

In 1969, proposals were made by the Central Electricity
Generating Board to use the western portion of Thorne Moors

for the tipping of pulverized fuel ash from Drax Power Station
(3.2.3). Although this threat was averted, further prOpos;IS
were made to dump this material on Thorne Moors, once the peat
has been extracted. However, in May 1974 South Yorkshire County
Council decided to take an unfavourable view of this proposal

'for agricultural, nature conservation and peat operational

reasons’.

2.9.3 Regional airport

There. has been a long-standing proposal to construct
a new regional airport for Yorkshire and Humberside on the
northern part of Thorne Moors. South Yorkshire County Council
consider, however, that such a proposal would have serious
repercussions on conservation and agricultural after—-use and
therefore decided to withdraw its 'protection' of the potential

airport site in April 1979 (South Yorkshire County Council 1981).
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CHAPTER 3

- THE VEGETATION OF THORNE MOORS




3.1 INTRODUCTION

The flora of the raised bog at Thorne has undergone
many changes since the peat was first cut, drained and warped.
Past records of the vegetation are presented here in order to
assess the nature of the undisturbed raised bog and the effect of
reclamation and'improvement'(B.Z).

Also included in this chapter are accounts of:

1. The present vegetation of the Thorne Moors peatland,
excluding areas described in 3.4 and 3.5 (3.3).

2. A detailed investigation into the vegetation of
the re-colonized peat cuttings and baulks of the Dutch Canal
System (3.4).

3. An investigation into the flora of the Dutch Canals
(3.5).

Owing to the present rapid exploitation of the area
by peat cutting, the accounts of the vegetation of some areas

may already be out of date. No attempt was made to make full

species lists from areas other than the peat cuttings of the pNNR.
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3.2 PAST RECORDS OF THE VEGETATION

3.2.1 The 18th and 19th Centuries

3.2.1.1 The raised bog flora

One of the earliest references to plants growing on the
raised bog at Thorne was made by Stovin (see Jackson 1881) in a
manuscript written around 1730: '.... this waste .... affords
plenty of cranberries, and an odoreferous (sic) shrub called
Gale; some call it Sweet willow or Dutch myrtle'.

Although few specific references were made to species
of Sphagnum by the early botanists it seems likely that the bog
was covered with several species of this genus. Casson (1869),
for example, states that 'the margins of the ponds at some
seasons are beautifully fringed with variously coloured moss,
in greens, in pinks, and up to dark maroon or brown' and Tomlinson
(1882) writes that '.. we used to gather bundles of bright-coloured
moss, the hues of which were almost endless, or buynches of the
cotton-grass' (from the turf-moor).

The mire surface may have exhibited some patterning;
Casson (1869) describes 'large ponds ... of dark coloured water,
clear and perfectly free from weeds and aquatic plants; many of
them are extremely curious in shape - one perhaps will be like
two miniature seas divided by a narrow strait, others will have
the edges indented with large bays and inlets'., Peacock (1920,

1921), writing of the closing decades of the 19th Century, mentions
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'pools of the central waste' ..... 'constantly growing up on the
Sphagnum peat (which) when used (for duck rests) had to be

frequently opened out'.

Plants associated with the pools included Carex limosa,
Eleocharis palustris, Menyanthes trifoliata, Rhynchospora alba,
Osmunda regalie and Scheuchzeria palustris (Peacock 1920).

Seheuchzertia palustris was found at Thorne Moors 'in
great plenty' by Appleby in 1831 (Appleby 1832). Imn 1870, however,
the last authenticated Thorne Moors specimen of Scheuchzeria
was collected by Lees (1888). Just forty years after its discovery
the Rannoch Rush was extinct in the area.

Elsewhere on Thorne Moors Calluna vulgarig and Erica
tetralix were frequent as were Andromeda polifolia and Vaceinium
oxycocceus (Bunker 1898). Bunker (1898) also observed that 'the
crow berry (Empetrum nigrum) .... grows sparingly' and that 'you
may meet with a bed of bog asphodels' (Narthecium ossifragum).
Drosera anglica, D. intermedia and D. rotundifolia were 'so common
that wheelbarrow loads might be collected' (Bunker 1898); indeed
Peacock (1920) 'sent out hundreds of specimens of the Droserae

to workers in many parts of England’.



3.2.1.2 The flora of the bog margins and ancient turbaries

It was perhaps owing to the difficult terrain that much
botanising was carried out at the margins of the bog as well as
because the flora of the edges was particularly diverse. Lees
(1884), for example, gathered Lastraea cristata (Dryopteris cristata)
and Peucedanum palustre on the 'less open border' of The Moors
nearer Thorne. Bunker (1898), too, noted that 'sweet gale or bog
myrtle (Myrica gale) is very common near the borders’.

Peacock (1920, 1921) recognized that the flora of the
bog in the mid 19th Century was, through the cutting of drains,
dykes, turbaries and decoys, more diverse than that of an
undisturbed bog. He notes that ancient turbaries on the eastern
edge of The Moors which 'had long ceased to be used' were the
most 'botanically interesting districts' in the area. Bewailing
the warping of these turbaries in approximately 1842, Peacock

(1920, 1921) considered that the area subsequently became a
botanical wilderness. These turbaries contained plants such as
Cladium mariscus, Lathyrus palustris, Dryopteris cristata and
Scheuchzeria palustris. Peacock (1921) though that the latter

plant survived throughout the mid 19th century in the turbaries

.on account of their 'wetness'.

The influence of the 'limy' Keuper Marl in the turbaries
on the eastern side of the bog (Chapter 1) was also recognized

by Peacock (1920, 1921). Anagallis tenella, Pyrola minor,
Hypericum elodes and Potentilla palustris were some of the plants

associated with the Keuper Marl recorded from the Lincolnshire

turbaries.
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3.2.1.3 The effects of drainage and reclamation

In 1829 Casson (1869) remarked that owing to the drainage
of The Moors 'such plants as the Utricularia minor and the
Scheuchzeria palustris will soon be found there no more'. Indeed,
as has been mentioned, Scheuchzeria palustris was to become
extinct before the end of the 19th Century. Casson (1869) also
observed that 'on the margin of the moras, the Osmunda regalis,
the Peucedanum palustre and the Lastraea (Dryopteris) cristata
are fast giving way to oats, and turnips, and marigolds'. The
drying of the bog was also noted by Peacock (1920, 1921) who
observed that the 'south edge flora consisted practically wholly

of pure Pteris' (Pteridium aquilinum).

3.2.2 Records of the vegetation between 1900-1966

3.2.2.1 Recording of the vegetation

The Yorkshire Naturalists' Union (YNU) was responsible
for the majority of the botanical records from Thorne Moors between
1900-1966. The area may have received more attention from the
YNU and others were it not for the difficulty of access, not
helped by the restrictions imposed by the peat-cutting authorities.
In addition, the paper published by Peacock (1920, 1921) which
included the gloomy prediction that it was only a matter of time
before 'the whole area of turf is removed or covered with

alluvium' may have convinced naturalists that the site was doomed

(Skidmore 1970).
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3.2.2.2 The plant records

The 204th YNU excursion, in July 1907 (see YNU 1907)
was the first to Thorne Moors. On the southern borders of The

Moors Myrica gale and Potentilla palustris were plentiful;
Peucedanum palustre was also observed. Peacock, however, present
on this excursion, felt that the bog flora was 'characteristic
of a desiccating quagmire'. Pteridium aquilinum was the dominant
species with Calluna vulgaris and Eriophorum vaginatum. 1t was
also considered that the place was 'far too well drained to
harbour many mosses',

In 1934 the YNU visited Goole Moors (YNU 1934) in the
north of the site (see Fig. 1.2) and recorded large quantities
of Eriea tetralix, Myrica gale and Andromeda polifolia.

W A Sledge visited Thorne Moors in 1941 to search
for some of the rarities recorded by Lees (1888). On the south-
west margin he found some plants of Peucedanum palustre but did
not find Dryopteris cristata (Sledge 1941). A search for Drosera
anglica, Rhynchospora alba and Carex limosa on the north-easf
margins was also without success, although he considered that all
these plants might be found on the less accessible parts of
the area. Sledge (1943) also confirmed the identification of

Viola stagnina, a plant which had long been puzzling naturalists

from Thorne Moors. Lees (1888) had 'considered it very unlikely

indeed that the true stagnina' occurred.
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The YNU next visited Thorne Moors in 1946 (YNU 1946).
In the 'boggy thickets of the south-west margin' species found
included one surviving plant of Lathyrus palustris, a few plants
of Peucedanum palustre, Viola stagnina and Myrica gale. Sphagnum
fimbriatum and S. squarrosum were also recorded.

In 1949 W Bunting, who began working on The Moors 1in

the 1940's, introduced a few hundred plants of Drosera intermedia

onto the area (Bunting 1949). At the time this plant had not been

recorded on Thorne Moors for several years.

The 1966 YNU excursion to Thorne Moors visited Snaith

and Cowick Moors (YNU 1966), to the north-west of the site (Fig.

1.2). Sledge (YNU 1966), writing on the vascular plants, observed

that the flora was only an ‘'impoverished remnant of early days'.
On this excursion no Myrica gale was encountered and only two

small colonies of Andromeda polifolia were seen.

3.2.3 Recent investigations into the vegetation

Modern vegetation recording can be said to have begun
in 1969 after proposals had been made by the Central Electricity
Generating Board to use the western portion of Thorne Moors for
the tipping of pulverized fuel ash from the new Drax Power
Station (2.9). William Bunting, who had been working on the
natural history of The Moors for several years, joined forces
with the Natural History Department of Doncaster Museum to
survey the entire site. The result was a dossiaé entitled

'An Outline Study of Hatfield Chase' (Bunting et al. 1969) which




included a summary of all records relating to the flora and

fauna of Thorne Moors. This, together with further survey work
summarized by Skidmore (1970), showed that the site was
botanically richer than at the time Peacock was writing (1920,
1921). Subsequent to this work the Nature Conservancy Council
(e.g. Goode 1973) and other workers (e.g. Rogers 1971;

Rogers & Bellamy 1972) carried out vegetation surveys of the

site. In 1970 the Yorkshire Naturalists' Union also re-visited

the site (YNU 1970).
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3.3 THE PRESENT VEGETATION OF THORNE MOORS

3.3.1 Current or recent peat workings (Fig. 1.2)

The cuttings and drier baulks of peat produced by
modern peat cutting methods (2.8) become colonized by some plants
which are subsequently stripped off when the area is re-cut.
Wetter areas contain Eriophorum angustifolium and E. vaginatum
with some Erica tetralix whilst drier areas favour the growth of
Rumex acetosella and Pteridium aqutlinum; Calluna vulgaris, Pohlia
nutans and Betula pubescens may also colonize the baulks. The
extent of re-colonization of the bare peat surface depends on the

time which elapses before re-cutting (usually less than five

years).

3.3.2 Re-vegetated peat cuttings and baulks (Fig. 1.2)

Cuttings range in age from those abandoned in 1920
or before (the Dutch Canal Systems - see 3.4) to cuttings recently
abandoned by Fisons Ltd. and colonized by the vegetation described
in 3.3.1. The size, shape and depth of the cuttings and baulks
are very varied; for convenience, however, the communities are
described under three headings which represent broad categories

with respect to water depth and occupy approximately equal areas

of The Moors.
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3.3.2.1 Flooded peat cuttings

In addition to Eriophorum angustifolium, E. vaginatum
and Erica tetralix, most flooded peat cuttings have become
colonized by mats of Sphagnum recurvum on which Drosera rotundifolia
grows. Open water areas contain Jurncus bquosﬁs, Sphagnum cuspidatwn,
Drepanocladus revolvens and D. fluitans. Vaceinium oxycoccus
and Andromeda polifolia are also sometimes present in these
cuttings.

Flooded cuttings of particular interest include:

1. A series of peat cuttings to the south of the
Southern Dutch Canal System and the east of Angle Drain. These
were abandoned in approximately 1900 and contain extensive
Sphagnum recurvum flats with much Andromeda polifolia and
Vaceinium oxyecoccus; Sphagnum balticum has also been recorded from
these cuttings (Mr B Eversham, personal communication).

2. dJuncus effusus swamps

Two areas have become almost entirely dominated by
Juncus effusus with some Drepanocladus fluttans, Sphagnum recurvum
and stunted Betula pubescens. One large Juncus effusus swamp
occurs in a cutting made into the Northern Dutch Canal System
(2.7; JA on Fig. 1.2); the other is situated south of Blackwater
Dike and west of Thousand Acre Drain. Both these cuttings

are periodically used by Black-headed gulls as nesting sites

(see 6.3).




3.3.2.2 Cuttings in which the water table is near the

peat surface

These cuttings are generally dominated by Calluna
vulgarts and Betula pubescens with Erica tetraliz; Andromeda

polifolia and Vaceinium oxycoccus also occur. Bare peat areas
are colonized by bryophytes including Pohlia nutans and
Campylopus paradoxus as well as Drosera rotundifolia whilst

Molinia caerulea, present only occasionally, is associated with

the sides of drains. Of the Sphagna, S. recurvum is the most

common species but S. fimbriatum, S. subnitens and S. papillosum

are also present. FRhododendron ponticum occurs sporadically.
This category of peat cuttings includes:

1. The Experimental Plot (Fig. 1.2).

The Experimental Plot consists of several cutting

strips which run north-south. Cutting strips just above the

level of the water table are dominated by Calluna vulgaris whilst

those situated at, or just below, the water table are dominated
by Eriophorum vaginatum or E. angustifolium. Betula pubescens

is present in the whole area.

2, Casson Gardens (Fig. 1.2)

In the middle of the last century William Casson
of Thorne planted a garden of flowering shrubs, including
rhododendrons, fuchsias and dahlias, in the south of The Moors
(Tomlinson 1882). All that remains of the gardenftoday 1s a dense
Rhododendron thicket with a small patch of Empetrum nigrum and some

plants of the exotic XKalmia angustifolia.
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3.3.2.3 Dry peat baulks

In addition to Pteridium aquilinum and Rumex acetosella

(3.3.1), dry peat baulks are colonized by Calluna vulgaris,
Betula pubescens and a range of bryophytes including Pohlia
nutans, Campylopus introflexus, Polytrichum juniperinum, P.
piliferum and Cephalozia bicuspidata. Seedlings of Pinus

sylvestris are.infrequent. Lichens present include Lecidea
granulosa, L. uliginosa, Cladonia floerkeana, C. fimbriata,

C. coceifera and C. chlorophaea.

3.3.3 Vegetation of the drains

The deep peatland drains generally contain little
vegetation; however, Typha latifolia and Juncus effusus are

occasionally present. Molinia caerulea and J. effusus also

occur along the drain edges.

3.3.4 Wood and warpland

3.3.4.1 Woodland

The semi-mature woodland in the southern section of
The Moors (Fig. 1.2), which has never been warped (Mr W Bunting,
personal communication; cf. Rogers & Bellamy 1972), but which
has probably been cut, consists principally of Betula
pubegcens. Quercus robur, Populus tremula and Crataegus

monogyna also occur with Vaceinium oxycoccus in the understory.
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3.3.4.2 Warpland

The poor class warpland to the west of the Swinefleet
Warping Drain has reverted to fen and marshland; many of the
plants which Peacock (1920, 1921) never found and feared
completely lost when parts of the area were warped over in
the 1840's have re-appeared (Skidmore 1970).

This area consists of Salix caprea-Betula pubescens
carr (with Frangula alnus, Carex paniculata and Sparganium
erectum) together with beds of Phragmites australis (with
Potentilla palustris) and stands of Glyceria maxima and Typha
latifolia. Other plants recorded include Eupatorium cannabinum,
Seirpus maritimus and Ophioglossum vulgatum.

Warp-influenced drains in the area (for example the
eastern reaches of Cottage Dike (Fig. 1.2)), contain plants such
as Callitriche platycarpa, C. hamulata and Polygonum persicaria;
Epipactis palustris occurs at the drain edges. The Swinefleet
Warping Drain (Fig. 1.2) contains Hottonia palusiris, Lycopus
europaeus, Alisma plantago-aquatica and Ranunculus sceleratus
(Rogers 1971).

Portions of Inkle Moor, a cut and warped area in the
west of The Moors, are variously dominated by Phragmites
australis, Phalaris arundinacea and Glyceria maxima. Other

plants characteristic of the eastern warpland are also present

together with Lathyrus palustris.
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3.3.5 Tramways

Some of the numerous tramways or trackways on The Moors
(Fig. 1.2) are still in operation but more are abandoned (2.8)
and used as footpaths. Those with a limestone foundation support
a particularly interesting flora which Peacock (YNU 1907) listed
in full; Skidmore considered this list equally applicable in
1970 except for a few species which had arrived since Peacock's
time, e.g. Senecto viscosus {(Skidmore 1970). The species
list included Linum catharticum, Euphrastia officinalzis,
Angelica sylvestris, Prunella vulgaris, Lotus corniculatus,
Equisetum arvense and Rhytidiadelphus squarrosus.

The limestone-based towpath along the northern side
of the Main Canal is particularly rich; Ophioglossum vulgatum,
Listera ovata, Calamagrostis epigejos, Eurhynchium praelongum

and Lophocolea bidentata have all been observed there.
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3.4 CLASSIFICATION OF THE VEGETATION OF PEAT CUTTINGS

AND BAULKS IN THE DUTCH CANAL SYSTEM

3.4.1 Introduction

This sectilon describes a detailed investigation into
the vegetation of the pNNR area (part of the Southern Dutch
Canal System). The vegetation of cuttings in the eastern section
of the Southern Dutch Canal System, the Northern Dutch Canal
System and the Mill and Pighill Canals (Fig. 2.2) is also

described briefly and compared with that of the pNNR.

3.4.2 Identification of individual peat cuttilngs

The peat cuttings of the pNNR are identified according

to their position within this area. Fig. 3.1 shows the reference

codes of all cuttings studied in this and subsequent investigations.

The first two numbers (separated by an oblique stroke) refer

to the two canals between which the cutting 1s situated (the

canals are numbered 1-6 in a west-east sequence); the suffix
locates the cutting in either the western or eastern cutting |
series between any two canals. In each series individual cuttings
are numbered 1-12 in a north to south sequence and the final

digit refers to this location. Thus, for example, cutting

4/5W5 is located in the fifth cutting of the western series between
canals 4 and 5 and 3/4E9 is located in the ninth éutting of the

eastern series between canals 3 and 4.
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In the area between canals 1 and 2 and in the western

section of the area between canals 2 and 3, peat baulks are

absent; for convenience, however, the reference system is used

here and applied as i1f peat baulks were present. Cutting 2/3W10,

for example, 1s positioned by its location opposite 2/3E10.
In studies relating to canal 4 (C4; Fig. 3.1) sample
positions are located by their adjacent cutting numbers so that

C49 refers to a point in canal 4 adjacent to cutting 9.
To locate a peat baulk the suffix 'NB' or 'SB'

(abbreviations for 'north baulk' and 'south baulk' respectively)

can be added to the cutting reference code.

3.4.3 Methods of vegetation analysis

3.4,3.1 Location of sample sites

In order to a) investigate the vegetation in cuttings
across the length and breadth of the pNNR and b) compare the
vegetation in the cutting area where peat baulks separate the

cutting bays with that of the cutting area where baulks are

absent, the vegetation was surveyed along 3 transects (Figs. 3.1,

3.3 and 3.4):

1. West-east across the pNNR through cutting no. 5.
2. North-south along section 2/3W (along this
transect the only sample sites investigated were those where

hydrological and chemical studies were carried out (Chapters

5 and 6).
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3. North-south along section 5/6W.

A west—-east transect along the peat baulks north

of cutting 5 was also sampled.

3.4.3.2 Data collection

In the part of the pNNR where baulks separate the
cutting bays the vegetation at each cutting or baulk was sampled
by means of quadrats arranged as shown in Fig. 3.2. 1In sections
1/2W, 1/2E and 2/3W, where baulks are absent, areas equivalent
to 'main' cuttings only were sampled (Fig. 3.2). Two data sets
were collected at each cutting or baulk:

1. Lists were made of all specles present in 'main'
cuttings, 'side' cuttings and on baulks. The location and number
of the 52 quadrats used in the collection of this data set,
subsequently referred to as 'MS' (an abbreviation for 'main/side'),
are shown in Fig. 3.3.

2. The vegetation was further sampled in the main
cuttings by means of three 5x5 m quadrats, one located in the
central section and one located in each of the two outer or
peripheral séctions of each cutting (Fig. 3.2). In 5/6leand
5/6W2, where the total cutting area was equivalent to the central
section of most other cuttings, only one quadrat was sampled

(Fig. 3.4). The peat baulks were further sampled by’ﬁeans of

two 5x5 m quadrats (Fig. 3.2).
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In each quadrat, species lists were recorded using
the cover—abundance scale (Table 3.1) of Braun-Blanquet (1964).
This data set is subsequently referred to as 'AC' (an abbreviation
for 'all cutting sections'). The location and number of the 91

quadrats used in the collection of these data are shown in Fig. 3.4.

+ sparsely or very sparsely present; cover very small

1 plentiful but of small cover value,

2 very numerous, or covering at least 1/20 of the area

3 any number of individuals covering i to i of the

drea

4 any number of individuals covering 3 to # of the area

5 any number of individuals covering more than  of the

area

Table 3.1. The cover—abundance scale of Braun-Blanquet (1964).

3.4.3.3 Analysis of data

The data from surveys MS and AC were classified by cluster
analysis (CLUSTAN IC package) using Ward's method of hierarchical
fusion (Ward 1963). The cover—abundance data (AC data set only)
were transformed by an 'ordinal transformation' (van der Maarel

1979) prior to analysis, according to the following scale:

Braun-Blanquet value + 1 2 3 4 5

transformed value 2 3 5 7 8 9
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3.4.4  Results

Dendograms displaying the classification of data sets
MS and AC are shown in Figs. 3.5 and 3.6 respectively. The
degree of similarity of the quadrats is indicated by the value
of the error sum of squares at which they were fused together
in the analysis.

Ten clusters, vegetation categories or noda (the term
nodum is used to refer to an abstract vegetation unit of un-
determined rank and status (Poore 1955)) were recognized from
each of classifications MS and AC. The floristic features of
these are displayed graphically in Appendices 1 and 2.

The data are also presented as structured species -
site tables (Tables 3.2 and 3.3). 1In order to display clearly
the main floristic features of each nodum some species occurring
in one or two quadrats only were deleted. The sequence of noda
and quadrats within them was also re-ordered. Species removed
from both the MS and AC lists were Calamagrostis canescens,
Phragmites australis, Potentilla palustris and Sphagnum subnitens.
Aulacommium palustre and Sphagnum squarrosum were also deleted
from the AC list.

The distribution of noda generated by both classifications

is shown in Figs. 3.7 and 3.8.
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Fig. 3.5 Classification of MS quadrat data using Ward's
method, based on qualitative (presence/absence)

values.

Quadrat locations are shown in Fig. 3.3.
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3.4.5 Features of noda generated by classifications MS and

AC

The floristic identity of the vegetation noda was

determined by inspection of the structured species-site tables
and from the ‘graphs displaying the characteristics of each nodum

(Appendices 1 and 2). The vegetation noda were named subjectively
by dominant and/or characteristic species. This section describes

floristic and distributional features of each nodum.

3.4.5.1 Classification MS

Table 3.4 Noda generated by classification MS

nodum

number name
1 Ptertdium-Campy lopus
2 Sphagnum recurvum - Cephalozia
3 Vaceiniun .- Andromeda
4 Pteridium - Rhododendron -~ Sphagnum recurvum
5 Sphagnum fimbriatum — Quercus
6 Polytrichum commune - Juncus
7 Sphagnum — Drosera
8 Sphagnum - Juncus - Molinia
9 Sphagnum - Drepanocladus

10 Sphagnum fimbriatum
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Pteridium-Canpylopus (nodum 1)

This nodum is characterized by high constancies of
Pteridium aquilinum, Campylopus paradoxus and Pohlia nutans;
Polytrichum juniperinum and Calypogeia trichomanis are also
consistently present. This vegetation type 1is entirely

restricted to the peat baulks.

Sphagnum recurvum-Cephalozia (nodum 2)

Sphagnum recurvum and Cephalozia bicuspidata occur
consistently in nodum 2; Pohlia nutans and Campylopus paradoxus
are also present. Thilis vegetation type occurs in several sample

sites along the 2/3W transect, at the eastern end of the transect

in cutting 5 and on aone peat baulk.

Vaceintum-Andromeda (nodum 3)

Vaceinium oxycoccus and Andromeda polifolia are

consistently present in nodum 3; three specles of Sphagnum

also occur: S. recurvum, S. fimbriatum and S. cuspidatum. Cutting

2/3W3 and three 'main' cuttings at the eastern end of the pNNR

contain this vegetation type.
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Pteridium-Rhododendron-Sphagnum recurvum (nodum 4)

Nodum 4 1s characterized by high constancies of
Ptertdium aquilinum, Rhododendron ponticum, Sphagnum recurvum
and Cephaloztia bicuspidata; S. fimbriatum is also present.
Vegetation of this type occurs in all three of the major transects;
it is possibly associated with areas of peat 'rubble' (2.7) in

the cuttings.

Sphagnum fimbriatum-Quercus (nodum 5)

The four quadrats which contailn vegetation of nodum 5
occur in the extreme west and south-east of thé pNNR. Sphagnum
fimbriatum and Quercus robur which are consistently presenE are
associated with Pohlia ﬁutans, Polytrichum commune and Cephalozia

bieusptidata in this vegetation type.

Polytrichum commune-Juncus (nodum 6)

This nodum 1s characterized by the consistent occurrence
of Polytrichum commune and Juncus effusus and, like nodum 5,

occurs in the west and south-east of the pNNR.
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Sphagnum~-Drosera (nodum 7)

Sphagnum fimbriatum, S. rvecurvum and Drosera rotund: folia
are consistently present in this nodum. The sundew may have
beenmissed in some other quadrats through winter sampling.

This may have resulted in a degree of mis-~classification. This

vegetation type 1s present in cuttings along all three of the

major transects.

Sphagnum-Juncus-Molinia (nodum 8)

Sphagnum recurvum, S. fimbriatum, Juncus effusus,

Molinia caerulea, Cephalozia bicuspidata and Pteridium aquilinum
are all consistently present in this nodum. The three quadrats
which contain thlis vegetation type are restricted to an area

between canals 3 and 4 in and adjacent to cutting 5.

Sphagnum-Drepanocladus (nodum 9)

Nodum 9 1s characterized by high frequencies of three
species of Sphagnum: S. recurvum, S. fimbriatum and S. cusptdatum,

as well as Drepanocladus revolvens. The quadrats which contain

this vegetation type occur mainly in the 5/6W transect.
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Sphagnum fimbriatwn (nodum 10)

Sphagnum fimbriatum is consistently present in this

nodum; S. recurvum and Cephalozia bicuspidata also occur. Nodum

10 vegetation 1s entirely restricted to side cuttings in the

5/6W transect.

3.4.5.2 Classification AC

Table 3.5 Noda generated by classification AC.

nodum

number

10

name

Pteridium-Campylopus

Calluna-Sphagnum recurvum

Ertophorum vaginatumn—S. recurvum-Vaccinium
Eriophorum angustifolium—Sphagnum
Andromeda—~Sphagnum recurvum

Calluna~Erica

Sphagnum fimbriatum=-Sphagnum cuspidatum
Erica-Eriophorum vaginatum-Sphagnum fimbz;iatwn
Sphagnum fimbriatum-Sphagnum recurvum

Vaceinium—Andromeda
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Pteridium-Campylopus (nodum 1)

This nodum is characterized by dominant Pteridium
aqutlinum, Campylopus paradoxus, C. introflexus and Polytrichum
guniperinums; Pohlia nutans, Polytrichum piliferum and
Calypogeta trichomanis also occur frequently. Vegetation of

nodum 1 type is entirely restricted to the peat baulks.

Calluna-Sphagnum recurvum (nodum 2)

Nodum 2 is characterized by dominant Calluna vulgaris
and the consistent presence of S. recurvum. Betula pubescens,
Pohlia nutans and Campylopus paradoxus are also present and
Rhododendron ponticum and Pteridium aquilinum occur sporadically.
This vegetation type is widespread; it occurs on some peat baulks,
in the central sections of cuttings towards the east of the pNNR
and in both central and peripheral cutting sections in the

south and west of the pNNR.

Ertophorum vaginatum-Sphagnum recurvum-Yaceiniunm (nodum 3)

Eriophorum vaginatum and S. recurvum are dominant in
this nodum; Vaceinium oxycoccus is frequent. Some Andromeda
polifolia and S. papillosum also occur. Nodum 3 type vegetation
occurs 1in peripheral sections of cuttings 4/5E5 and 5/6W6 but is

mostly restricted to the cuttings of the 2/3W transect.
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Eriophorum angustifolium=-Sphagnum (nodum 4)

This nodum is dominated by E. angustifolium and three
species of Sphagnum: S. recurvum, S. fimbriatum and S. cuspidatum
Drepanocladus revolvens is also characteristic. Nodum 4
vegetation occurs in the northern portion of the pNNR, mainly

in the central sections of cuttings in the 5/6W transect.

Andromeda-Sphagnum recurvum (nodum 5)

Andromeda polifolia and S. recurvum characterize this
vegetation type; Eriophorum angustifolium and E. vaginatum
are also frequent. Peripheral sections of peat cuttings contain

this vegetation type; 1t also occurs in the central section of

5/6W3.

Calluna-Erica (nodum 6)

This vegetation type is dominated by Calluna vulgaris
and Erica tetralix. FEriophorum vaginatum is also abundant.

Nodum 6 occurs in the south and west of the pNNR.
Sphagnum fimbriatum-Sphagnum cuspidatum (nodum 7)

Sphagnum fimbriatum, S, cuspidatum and Eriophorum
vaginatum are abundant in nodum 7; Drepanocladus spp. also

occur. Vegetation of this type 1s mostly restricted to the

peripheral sections of peat cuttings in the 5/6W transect.
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Erica—-Eriophorum vaginatum-Sphagnum fimbriatum (nodum 8)

Nodum 8 vegetation 1s dominated by Erica tetralix,
Eriophorum vaginatum and Sphagnum fimbriatum; Betula pubescens
and F. angustifolium are also consistently present and some
S. recurvum occurs, This vegetation occurs in all three

transects but mostly in the peripheral sections of cuttings and

towards the eastern end of the pNNR.

Sphagnum fimbriatum—Sphagnum recurvum (nodum 9)

Sphagnum fimbriatum, S. recurvum and Eriophorum
vaginatun are abundant and dominant in this nodum. Vegetation
of this type occurs mostly in the peripheral sections of peat

cuttings; it is found in the transect along cutting 5 and in the

south of the 5/6W transect.

Vaceintum-Andromeda (nodum 10)

Vaceiniun oxycoccus and Andromeda polifolia are
both abundant in this nodum which also contains Eriophorum
vaginatum, E. angustifolium and four species of Sphagnum:

S. pecurvum, S. cuspidatwn, S. fimbriatum and S. papillosum.

Only the central sections of cuttings 4/5W5 and 4/5E5 contain

this vegetation type.
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3.4.6 Comparison of classifications MS and AC

3.4.6.1 The effect of common species

Table 3.2 and Appendix 1 show that Eriophorum angustifolium,
E. vaginatum, Calluna vulgaris, Betula pubescens and Erica
tetralix were present in nearly all the quadrats examined in
survey MS. They therefore played little part in the
discrimination of vegetation classes in the presence-absence
classification (3.4.5.1). The varying abundance of these species,
however, as recorded in survey AC, does help differentiate the
quadrat data into classes based on the quantitative records
(Table 3.3, Appendix 2 and 3.4.5.2). For example, the dominance
of Calluna vulgaris in AC nodum 2 and Eriophorum vaginatum in AC
nodum 3 distinguishes these noda. Classification MS is largely
dependent on species of intermediate constancy to differentiate
noda; as these may, for example, be missed (e.g. Drosera
rotundifolia), the usefulness of some of the noda generated

by this classification may be questioned.



3.4.6.2 Noda of similar composition

Table 3.6 Noda of similar composition generated by classifications

MS and AC.
Classification MS Classification AC

nodum nodum nodum nodum
number name number name

1 Ptertdium—-Campy lopus 1 Pteridium=-Campylopus

2 Sphagnum recurvum- 2 Calluna-Sphagnum recurvum

Cephalozia
3 Vacernium=Andromeda 10 Vaceinium—Andromeda

The noda shown in Table 3.6 are comparable vegetation
types recognized in both classifications. MS nodum 1, for example,
is characterized by Pteridium aquilinum, Campylopus paradoxus and
Pohlia nutans as is AC nodum 1. The species composition of the
other nodum pairs listed is also similar.

Figs. 3.7 and 3.8 show that these pairs of noda also
have a similar distribution in the pNNR: the nodum 1 vegetation
of both classifications i1is restricted to peat baulks; MS nodum
3 and AC nodum iO occur only in cuttings 4/5W5 and 4/5E5 and the

nodum 2 vegetation of MS and AC occurs in the west, south-west

and eastern portions of the pNNR.
The greater use of the relative abundance of species
to differentiate units in classification AC probably explains

why only three noda of similar composition were generated by these

two classifications.



3.4.7 Other peat cuttings of the Dutch Canal System

The noda generated by classification AC may be used to
describe the vegetation of peat cuttings of the canal systems

outside the pNNR.
3.4.7.1 The eastern Southern and Northern Dutch Canal Systems

Most of the Northern Dutch Canal System and the area
to the east of canal 6 in the Southern Dutch Canal System consist
of series of alternating baulks and cuttings similar to those of
the pNNR (2.7).

In the cuttings most of the vegetation may be classified
in noda dominated by Eriophorunm spp.: noda 3 (Eriophorum vaginatum-
Sphagnum recurvum-Vaceinium), 4 (Eriophorum angustifolium-Sphagnum)
and 8 (Erieca-E. vaginatum-Sphagnum fimbriatum). Nodum 2 (Calluna-
S. recurvum) and nodum 6 (Calluna-Erica) also frequently occur
in parts of the cuttings. In the eastern Southern Dutch Canal
System noda dominated by Sphagnum fimbriatum (7: S. fimbriatun-

S. cusptdatum and 9: S. fimbriatum-S. recurvum) cover a greater
cutting area than in the Northern Dutch Canal System. Andromeda
polifolia is less common in the eastern Southern and Northern
Dutch Canal Systems than in the pNNR and noda 5 (4Andromeda-

S. recurvum) and 10 (Vaceinium-Andromeda) occur only rarely.

The drf peat baulks are mostly occupied by vegetation of nodum 1

(Pteridium-Campylopus) ; nodum 2 vegetation (Calluna-S. recurvum)

also occurs 1n these areas.,



3.4.7.2 The Mill and Pighill Canals area

The region between the Mill and Pighill Canals consists
mostly of peat cutting areas with a few, relatively small,
intervening peat baulks (2.7).

Flooded peat cuttings principally contain Eriophorum
dominated noda (3, 4 and 8). Towards the western edge of The
Moors vegetation of nodum 2 (Calluna—-Sphagnum recurvum),
nodum 6 (Calluna-Erica) and the Pteridium—Campylopus nodum

(also present on the peat baulks) becomes more frequent in the

cutting areas.

3.4.8 Other species recorded from peat cuttings and baulks

Species present in the peat cuttings of the pNNR
but rare and not recorded during surveys MS and AC, include
Juncus bulbosus, Dryopteris dilatata, D. carthusiana, Sphagnum
palustre, S. capillifolium, Calypogeia muellerana, C. fissa and
Dicranella heteromalla. Betula pendula and Populus tremula
occur infrequently on the peat baulks.

Some species formerly recorded from Thorne Moors have
not been observed at all during the present investigation e.g.
Drosera intermedia. This specles was seen in 1973 (Dr J G Hodgson,
personal communication); however, it is likely that the specimens
observed at this time were present as a result of fhe introduction

of this plant to the area by Bunting (Bunting 1949; 3.2.2.2).
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Myrica gale, recorded as 'scarce' by Skidmore (1970) and

Sphagnum russowtt recorded by Dalby (YNU 1970) were also not

observed.
3.5 VEGETATION OF THE DUTCH CANALS
3.5.1 Introduction

The Dutch Canals would probably have been of little
botanical interest when Peacock wrote his monograph (Peacock 1920,
1921). Since their abandonment in 1920, however, they have
become colonized by a flora which contains some species Peacock

thought had disappeared completely from the site (Skidmore 1970;

3.2.3).

In June 1974 Dr T Dargie carried out an investigation
into the vegetation of the Dutch Canals in the pNNR area: canals
1-6 of the Southern Dutch Canal System and the Main Canal between
canals 1-6 (Fig. 2.2). A summary of the results of this investigation

1s presented here. The vegetation of the other canals is also

described briefly.
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3.5.2 Data analysis and results

The data were classified by a cluster analysis with

Ward's method of hierarchical fusion (Ward 1963).
Six noda (subsequently referred to as noda C1-C6)
were recognized from the cluster analysis. The number of
occurrences of each species in the sample units of each nodum
are represented as percentage values in Table 3.7. The distribution

of the six vegetation noda in the canals is shown in Fig. 3.9.

3.5.3 Floristic and distributional features of each nodum

Nodum C1

This nodum is dominated by Phragmites australis,
Juncus artieulatus, Sphagnum fimbriatum, Molinia caerulea and
Rhododendron ponticum. Carex acutiformis, S. paptllosum and
Equisetum fluviatile are also frequent in this vegetation type,
E. f?uvidfile being entirely restricted to this nodum. This
vegetation occurs in the northern reaches of canals 1, 2 and 4;

one nodum Cl sample unit also occurs in the north of canal 5.



Table 3.7 Percentage occurrence of species in sample units within each nodum

NODUM NUMBER
NUMBER OF SAMPLE UNITS

Agrostis stolonifera
Andromeda polifolia
Betula pubescens
Calamagrostie canescens
Calamgrostis epigejos
Calluna vulgarts
Cardamine pratensgis
Carex acutiformis
Carex curlia

Carex elata

Carex nigra

Cirstun palustre
Cladium mariscus
Drogsera rotundifolia
Dryopteris dilatata
Equisetwn fluviatile
Erica tetralix
Ertophorun angustifolium
Eriophorum vaginatum
Galium palustre
Glyceria maxima
Hydrocotyle vulgaris
Juncus articulatus
Juncus bulbosus
Juncus effusus
Lerma spp.

Lycopus europaeus
Lythrum salicaria
Molinia caerulea
Osmunda regalis
Phalaris arundinaceq
Phragmites australis

Potamogeton polygonifolius

Potentilla palustris
Ranunculus flammula
Rhododendron ponticum
Salix cinerea

Salix repens

Schoenoplectus tabernaemontani

Serophularta nodosa
Spargantum erectum
Typha latifolia
Utricularia vulgaris
Vaceiniwn oxycoccus
Aulacomnium palustre
Calliergon straminewn
Drepanocladus revolvens
Polytrichun commune
Sphagnum cuspidatwn
Sphagnum fimbriatum
Sphagnun papillosum
Sphagnuwn recurvum
Sphagnum squarroswn
Sphagnwn gsubnitens

Cl

14

21
100
79

57

14
57

14

21

21
93
71
64
57

29
79
14
100
14

43
79

79
21
79

79
100

50
14

79
29
14
100
36
100
50
86
29
57

C2

17

100
94

29
41

100

o O O OO

12

82
41
24
71
18
71
41
12
100
29

59
24

29
&7
12
88
35

100

18
12
76
24

47
47
29
71

417

94

94
12

C3

19

32
11
100
89
11
32

32
21

100
63
32

; 28

42

95
100

23
100
21

32
42
16

100
32

32

11
21
21
47
37
37
68
16
89

11
89

C4

15

40
67
100

100
80
73
33

/3
33
80
100
20
100
67

13

60
40
33

13
100
13
47

47

27
100
60
80
93

100

80

73
100

C5

25

32
100

92
32

100
100
80
32

48
12
24
100

52

O O O +~ o

100

100

48

76
32

92
92

12

80

36
32

Co

17

47
53

12

29

100

65

41

24

12

o O o

s O O
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Nodum C2

Phalaris arundinacea, Tyvha latifolia, Carex curta
and Potentilla palustris are dominant in nodum C2; Sparganium
erectum, Glyceria maxima, Cladium mariscus and Ranunculus
flammula also occur frequently., In addition, this vegetation
type 1s characterized by a high proportion of Sphagnum recurvum
and S. squarrosum. Nodum C2 vegetation occurs mainly at the west

and eastern ends of the Main Canal and approximately half way

down canal 4.

Nodum C3

Nodum C3 contains a high proportion of Juncus bulbosus,
Sphagnum subnitens, Carex elata, Salix repens and Potamogeton
polygontfolius and is also characterized by the presence of
Cirsfum*palustre, Vaccinium oxycoccus, Calamagrostis epigejos
and Osmunda regalis. This vegetation type occurs only in the

middle and southern reaches of canals 1 and 2.

Nodum C4

Andromeda polifolia, Lycopus europaeus and Aulacommium
palustre are dominant in this nodum which is also characterized by
a relatively high proportion of Carex elata, C. acutiformis,

C. nigra, Osmunda regalis, Schoenoplectus taberna;wontani and
Vaceinium oxycoccus. Of the -Sphagna,S. fimbriatum, S. subnitens
and S. squarrosum occur frequently. Nodum C4 vegetation 1is

restricted to the middle and southern reaches of canal 3 and the

south of canal 4.
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Nodum C5

This nodum is dominated by Calamagrostis canescens,
Potentilla palustris, Drosera rotundifolia and Typha latifolia.
Dryopterts dilatata and Schoenoplectus tabernaemontani are also
present in this vegetation type. This vegetation occuples most

of canals 5 and 6.

Nodum C6

Phalarts arundinacea, Glyceria maxima, Typha latifolia
and Lythrum salicaria are dominant in nodum C6; this reedswamp
vegetation also contains Phragmites australis, Cladium mariscus,
Utricularia vulgaris, Galium palustre, Lemma spp. and a relatively
low proportion of Sphagnum spp. Nodum 6 vegetation 1s mostly

restricted to the middle reaches of the Main Canal and the north

of canal 3.

3.5.4 ° The vegetation of the Dutch Canals outside the pNNR

3.5.4.1 The Southern Dutch Canal System east of canal 6.

The vegetation of the Main Canal between side canals 6
and 12 grades from the nodum C6 reedswamp vegetation into a
community dominated by Carex demissa, Sphagnum squarrosum,
S. cuspidatum and Potentilla palustris; Phragmites australis,

Typha latifolia, Molinia caerulea and Schoenoplectus tabernaemontant

also occur,
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Canal 7 is dominated by Eriophorum angustifolium and
Sphagnum spp. — particularly S. cuspidatum, S. auriculatum var.
aurtculatum and S. fimbriatum; Andromeda polifolia, Potentilla
palustris, Juncus bulbosus, Sphagnum recurvum and Drepanocladus

spp. also occur.

Canal 8 contains much Sphagnum fimbriatum, Eriophorum

angustifolium, Juncus effusus, Typha latifolia and Phragmites
australis. Other species present in this canal include Potentilla

%

palustris, Erica tetralix, Drosera rotundifolia and Drepanccladus
fluitans.

Of the remaining canals, no. 9, adjacent to a tramway
(Fig. 2.2), is filled in and no. 10 is much overgrown, containing
mostly Juncus effusus and MbZiniéfcaeruZea. Parts of canals 11

and 12 are either cut-away or contain J. effusus, Phragmites

australis and Molinta caerulea (2.7).

3.5.4.2 The Northern Dutch Canal System and the Mill and

Pighill Canals

The canals to the north of Cottage Dike and west of
canal 1 are less species-rich than those of the Southern System.
They contain stands of Phragmites australis with Typha latifolia,
Sphagnum fimbriatum and some Potentilla palustris but otherwise

communities similar to those of the peat cuttings of the pNNR

(3.4) fill these canals.
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3.5.5 Other species recorded from the Dutch Canals

Species observed during the present investigation or

recorded relatively recently in the canals by other workers
which are not shown in Table 3.7 are listed in Table 3.8.

At present the canals contain some species found
originally on the bog margins and in the ancient turbaries such
as, for example, Cladium mariscus, Potentilla palustris, Lycopus
europaeus and Ranunculus flammula (Peacock 1920, 1921; 3.2.1.2).

However, other species, also at one time characteristic of

the mire edges including Dryopteris ecristata, Peucedanum palustre,
Hypericum elodes, Anagallis tenella and Pyrola minor, have

not been recorded either in the canals or elsewhere on Thorne

Moors for many years (3.2.2).

3.5.6. Species composition of the canal vegetation

Tables 3.7 and 3.8 show that the Dutch Canals,

particularly those of the pNNR, are extremely species~rich.
In addition, species characteristic of both ombrotrophic and
mesotrophic mires and maritime habitats co-exist in the canals.

Table 3.9 shows the habitats in which certain species recorded

from the canals are usually restricted.
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Table 3.8 Other species recorded from the Southern Dutch Canal

System (not listed in Table 3.7).

Species marked *

have been observed during the present investigation.

Calamagrostis stricta
Carex demigsa®

Carex otrubae*

Carex panicea
Dryopteris carthustana*
Eleocharis palugtrig*
Eptlobium palustre*
Equisetun palustre*
Calium saxatile*

Holcus lanatus*
Hottonia palustris*
Juncus bufonius?
Lysimachia vulgarisg
Menyanthes trifoliata
Myrtophyllum alterntflorum
Oenanthe fistulosa
Pingutecula vulgaris
Ranunculus sceleratus
Salix caprea

Salix viminalis
Schoenoplectus lacustris
Setrpus maritims
Sparganiwn emerswn*
Triglochin palustris
Typha angustifolia*
Utricularia minor

Viola stagnina
Calliergon cordifoliun*
Calliergon cuspidatwn*
Calypogeia trichomanie*
Drepanocladus exannulatus*
Drepanocladus fluitans#*
Gymmocolea inflata*
Pellia epiphylla*

Sphagnum auriculatum var. auriculatum*
Sphagnum aurtculatun var. tnundatum*

Sphagnum capillifoliwn*
Sphagnum contortum
Sphagnun subsecundum
Sphagnum palustre?

Dr J G Hodgson (1972), personal communication

Dr J G Hodgson (1972), personal communication

Skidmore (1970)
YNU (1970)
YNU (1970)
Skidmore (1970)

Dr J G Hodgson (1972), personal communication
Dr J G Hodgson (1972), personal communication
YNU (1970)
YNU (1970)

Skidmore (1970)

Miss F E Crackles (YNU 1969), personal communication
Skidmore (1970)

Goode (1973)
YNU (1970)
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Table 3.9 Typical habitats (in Britain) of species recorded

from the canals

rich fen

Carex acutiformis

Carex elata
Cladium mariscus
Glyceria maxima
Lystmachia vulgaris
Lythrum salicaria

Phalaris arundinaceq

ombrotrophic mire

Andromeda polifolia
Erica tetralix
Ertophorum vaginatum

Vaceinium oxycoccus

Sphagnum capillifolium

Sphagnum cuspidatum

Sphagnum papillosum

poor fen
Carex curta
Carex demissa
Juncus bulbosus
Myriophyllum alterniflorum
Potamogeton polygonifolius
Calliergon straminewum

Sphagnum squarrosum

maritime habitats

Sehoenoplectus tabernaemontani
Seitrpus maritimus

Triglochin palustris
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CHAPTER 4

STRATIGRAPHICAL INVESTIGATIONS



4,1 INTRODUCTION

4.1.1 Previous research

The earliest palaeoecological studies on Thorne Moors
were carried out by Erdtman (1928) who concluded that peat
formation began late in the Atlantic period (zone VIIa). Subsequent
work by Pigott (1956), however, suggested that the Thorne Moors
peats corresponded to the upper part of zone VIIb and zone VIII.
Investigations which involved radio-carbon dating of the peat
deposits (Turner 1962, 1965; Buckland & Kenward 1973; Buckland
1979) confirmed Pigott's observations, showing that the main
period of peat formation at Thorne Moors began c. 3000 years ago,
during the Bronze Age. The palaeoecological studies carried out
by Buckland & Kenward (1973) suggested that the construction of an
ancient trackway, found at the base of the peat at Thorne, and
the initiation of peat formation, were a response to increasingly
wet conditions., They also considered that waterlogging of the area
may have curtailed all agricultural activity in the region (cf.
Turner 1962, 1965).

Of the investigations cited above, only Pigott (1956) carried
out detailed stratigraphical studies into the plant macrofossils,
but this work was not published in full. However, a detailed
stratigraphical and palynological analysis has been carried out

on Hatfield Moors, 3 km south of Thorne Moors, by Smith (1958).
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4.1.2 Specific objectives

Peat cores were extracted down to the clay in several
areas to investigate the general stratigraphical development
£ the mire. However, the main emphasis of the present work was

on the most recent stratigraphical changes, as follows:

1. In the pNNR:

a) An attempt was made to determine the depth of
the base of the abandoned peat cuttings (last cut around 1920).
The stages i1n recolonization of cut-over areas were investigated
in several cores.

b) Cores from peat baulks were examined to investigate

recent vegetational changes and to establish i1f these areas were

cut for peat.

c) The Dutch Canals were sampled in order to investigate

their recolonization by vegetation since abandonment (around 1920).

2. Other peat cuttings ;

a) Recent vegetational changes were investigated in the

Juncus effusus area (JA), a peat cutting abandoned in the early

1960's.

b) The Experimental Plot (EP) was sampled in order to

investigate the extent of recolonization since 1972, when this

cutting was abandoned.



c) A peat core was extracted from a peat cutting
currently being worked by Fisons Ltd., subsequently referred
to as a 'modern peat cutting'. Particular interest was in
determining the type of peat being extracted at the present time.

The depth of the peat was established in all areas

investigated.
4.2 MATERIALS AND METHODS
4.2.1 Location of sample sites

In the pNNR peat cores were extracted from a north-south
transect across cutting 4/5W4 and from a west-east transect in
the central sections of peat cuttings, on their adjacent southern
peat baulks and in the canals at the position of cutting 5; the
Main Canal was also sampled (Fig. 4.1). In addition, peat cores
were collected from JA, EP (Fig. 5.3) and from a modern peat
cutting located to the east of the tramway adjacent to canal 9

and north of the Main Canal (Fig. 2.2).

4.2.2 Collection of samples

Peat cores were obtained with a 'Russian' pattern borer
(Jowsey 1966). In the peat cuttings the areas of peat 'rubble'
(2.7) were avoided. With the exception of the central section
of cutting 4/5W4 and its southern baulk (which were sampled down
to the underlying clay), all cuttings and baulks in the pNNR were

sampled to a depth of 1 m only. At all other sample sites
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(excluding additional samples collected from canal 3; see
Fig. 4.8a) cores were extracted to the level of the underlying
clay.

In an attempt to establish the depth of the original
cutting surface the humification and density of some surface
peat cores were examined in the field. Most cores, however,
were transported to the laboratory in rigid plastic containers
wrapped in plastic sheets. They were stored at 2°¢C prior to

examination (completed within 14 days).

4.2.3 Stratigraphical examination

The macrofossils, including leaves, cuticles, seeds,
stems and wood i1n each 1 or 2 cm segment of each core were
identified to a depth of 50 cm; below this depth each 10 cm segment
was examined. In each sample the predominant macrofossil present
was given a frequency rating on a three-class scale, according to
whether it contributed up to 257, 25-757 or 75-1007 of the total
sample. The degree of humification was also recorded on a
three-class basis using the humification scale of Von Post &
Granlund (1926): H1-H3 (weakly humified material); H4-H6

(moderately humified); H7-H10 (strongly humified).



4.3 THE PEAT STRATIGRAPHY DIAGRAMS

4.3.1 Representation of the stratigraphy

The peat stratigraphy is shown in Figs. 4.3-4.9;
a key to stratigraphical symbols is given in Fig. 4.2.

To classify and subsequently describe the peat deposits
a modification of the Troels-Smith (1955) system was used (Aaby
1979: Smart 1982). The number of symbols per unit area indicates
the frequency of the predominant macrofossil on a three class
scale (4.2.3); the highest density corresponds to the highest
frequency class. The thickness of the symbol strokes indicates
the degree of humification in one of three classes; the thickest
strokes represent the most strongly humified deposits (H7-H10).
The other classes are H4-H6 and H1-H3.

The vegetation of the sites from which peat cores were
extracted is described in Chapter 3. The water level of the
4/5W4 transect (in April 1982) 1is shown in Fig. 4.3; this
transect was levelled when the surface was completely flooded
by determination of the depth of standing water above the peat
surface. With the exception of the cores extracted from cuttings

and their adjacent baulks (Figs. 4.5-4.7), the relative heights

of the study sites are unknown; this is because of the difficulty

in determining levels across the area (Chapter 1). The

water level of the other peat cutting study sites is described

in Chapter 5.
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Sphagnum sect. Acutifolia Campylopus
Sphagnum  sect. Subsecunda Drepanocladus

Sphagnum sect. Sphagnum Hypnoid peat

Sphagnum cuspidatum

Sphagnum compactum
Sphagnum  fimbriatum
Sphagnum  imbricatum
Sphagnum  magellanicum
Sphagnum  papillosum
Sphagnum recurvum
Sphagnum squarrosum
Bryophyte peat
Aulacomnium

Fig. 4.2 Key to peat deposits,

2 <1 Polytrichum




In the following section the gross stratigraphy of

the 4/5W4 transect is described; thereafter only contrasting
and sub-surface features of the stratigraphy are mentioned in

relation to the other study sites.
4.3.2 Stratigraphy of the 4/5W4 transect (Fig. 4.3)

4.3.2.1 Gross stratigraphical features

1. Wood peat, consisting mostly of the remains of
Betula sp(p).,occupied the base of the complete cores (C and F)
above the underlying clay.

2. Above the wood peat, to a depth of 95 cm, the
cores contained a variety of peat types including the remains

of Sphagnum imbricatum (often weakly humified), S. sect.

Acutifolia, S. cuspidatum, S. sect. Subsecunda, Aulacomnium,
ericaceous plants (consisting mostly of Vaceiniwm oxycoccus and

Calluna) and Scheuchzeria palustris.

3. Scheuchzeria palustris peat did not form a consistent
horizon across all cores. Nevertheless it was often present
at a similar depth in several cores. Above 60 cm and between

165-175 cm and 205-235 cm remains of Scheuchzeria palustris

were absent from all cores.

4. With the exception of the cores from -the ditches
(B andD), the weakly humified remains of Sphagnwh imbricatum

occurred in all cores above 95 cm; core F also contained

Scheuchzeria palustris peat.
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4.3.2.2 Sub-surface stratigraphical features

1. Core B (from a ditch)

Between 3-6 cm from the surface (at a depth of 83-86 cm)
a band of ericaceous peat occurred above Sphagnum tmbricatum
peat; the surface deposit (at the base of the ditch) consisted

of Drepanocladus remains.

2. Core D (from a ditch)

Between 14~15 cm from the surface (at a depth of 94-95 cm)
a band of Sphagnum recurvum peat occurred over S. cuspidatum
remains; ericaceous and Drepanocladus peats occurred between 4

and 14 cm from the surface (84-94 cm) whilst the top 4 cm of the

core (at the base of the ditch) consisted of Sphagnum recurvum

remains.

3. Cores A and E (from the peat cutting)

The surface deposits of peat in cores A and E (at
depths of 50 and 40 cm respectively) consisted of moderately

humified Sphagnum itmbricatum remains.

4. Core C (from the peat cutting)

The top 10 cm peat deposit (between 35 and 45 cm)

consisted of Sphagnum fimbriatum; this was present above remains

of S. 1mbricatum.



5. Core F (from the peat baulk)

This core contained the remains of Sphagnum compactum

to a depth of 30 cm; below this was S. imbricatum peat.

4.3.3 Stratigraphy of cores from peat cuttings 1/2W5 and

2/3W5 (Fig. 4.4)

4.3.3.1 Gross stratigraphical features

The gross stratigraphy of these peat cores was similar

to that of the cores from the 4/5W4 transect.

4.3.3.2 Sub-surface stratigraphical features

1. Cutting 1/2W5

The surface peat deposit consisted of a 6 cm layer of
ericaceous remains; these occurred above moderately humified

Sphagnum imbricatum peat.

2. Cutting 2/3W5

A 4 cm deposit of ericaceous peat was present above

moderately humified remains of S. imbricatum at the surface of

this core.
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Fig. 4.4 Peat stratigraphy of surface cores from

peat cuttings 1/2W5 and 2/3W5.



103

4.3.4 Stratigraphy of cores from peat cutting 3/4W5 and its

adjacent southern baulk (Fig. 4.5)

4.3.4.1 Gross stratigraphical features

The gross stratigraphy of these peat cores was similar

to that of the cores from the 4/5W4 transect.

4.3.4.2 Sub-surface stratigraphical features

1. Cutting 3/4W5

The surface peat consisted of a 4 cm deposit of
Sphagnum recurvum; below this a 12 cm band of ericaceous peat

occurred above the remains of S. Zmbricatum.

2. The peat baulk

Strongly humified remains of Polytrichum occurred

to a depth of 2 cm above the remains of Sphagnum imbricatum.

4.3.5 Stratigraphy of cores from peat cutting 4/5W5 and its

adjacent southern baulk (Fig. 4.6)

4.3.5.1 Gross stratigraphical features

Between 49-65 cm the core from the peat cutting contained
a 16 cm deposit of Sphagnum magellanicum remains. .Otherwise, the

gross stratigraphy was similar to that of the cores from the

4/5W4 transect.
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cutting 4/5W5 and its adjacent southern peat
baulk.
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4.3.5.2 Sub=-surface stratigraphical features

1. Cutting 4/5W5

The surface deposit consisted of a 10 cm layer of
Sphagnum cuspidatum peat; below this the remains of Drepanocladus

occurred above the Sphagnum magellanicum peat.

2. The peat baulk

Between 10-30 cm below the surface, a layer of
Sphagnum cuspidatum peat was present above moderately humified
S. tmbricatum remains; above the S. cuspidatum peat shallow
deposits (2-3 cm) of S. recurvum, S. imbricatum and S. sect.

Acutifolia occurred; the surface peat layer consisted of a 2 cm

tand of Campylopus remains.

4.3.6 Stratigraphy of cores from peat cutting 5/6W5 and its

adjacent southern baulk (Fig. 4.7)

4.3.6.1 Gross stratigraphical features

In the core from the peat cutting, the remains of
Sphagnum papillosum occurred between 65-75 cm. Otherwise, the

gross stratigraphy was similar to that of the cores from the

4/5W4 transect.
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4.3.6.2 Sub-surface stratigraphical features

1. Cutting 5/6W5

The surface peat deposit consisted of a 15 cm
layer of moderately humified Sphagnum recurvum remains; this

was present above S. Tmbricatum peat.

2. The peat baulk

A 10 cm band of strongly humified Sphagnum compactum
peat occurred above moderately humified S. imbricatum remains at

the surface of the baulk.

4.3.7 Stratigraphy of cores from canals 1-6 and the Main

Canal of the Southern Dutch Canal System (Fig. 4.8a, b)

4.3.7.1 Gross stratigraphical features

The central portions of the cores (above the basal
wood peat and below 77 cm) variously contained deposits of
herbaceous peat (8ensu Troels-Smith 1955), as well as the remains
of Sphagnum sect. Sphagnum, Phragmites, Campylopus and wood
in addition to peat types described from the 4/5W4 transect
(4.3.2.1, no. 2). Otherwise, the gross stratigraphy was similar

to that of the cores from the 4/5W4 transect.
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4.3.7.2 Sub-surface stratigraphical features

1. Layers of clay, variable in thickness, were present
in the cores from canals 1 and 3; clay was not present in the
cores from the other canals. In canal 1 the clay occurred at
a depth of 53-66 cm; in canal 3 the clay was at depths of 73-77 cm

(3A), 60-75 cm (3B) and 40-50 cm (3C).

2. Canal 1

Above the clay layer in canal 1 a shallow (4 cm),
strongly humified, deposit of Sphagnum tmbricatum peat was
present; above these remains, towards the top of the core, peat
layers of S. sect., Acutifolia, S. itmbricatum and S. sect.
Subsecunda occurred; the surface deposit consisted of a weakly

humified deposit of S. recurvum, 17 cm in thickness.

3. Canal 2

Between 10-40 cm moderately humified remains of
Sphagnum sect. Acutifolia were present above Scheuchzeria
palustris peat; the top 10 cm of the core contained Eriophorum

vaginatum peat.

4. Canal 3

The upper portions of the three cores from canal 3
contained weakly humified Sphagnum fimbriatwum peat; in 3A this
occurred above the moderately humified remains of Sphagnum
tmbricatum which overlaid the clay; in 3B and 3C the S. fimbriatum

peat occurred immediately above the clay.



5. Canal 4

Between 20-40 cm below the surface, a layer of
Sphagnum sect. Acutifolia peat overlaid Scheuchzeria palustris
peat; above the Sphagnum sect. Acutifolia remains deposits
of Hypnoid and S. tmbricatum peat occurred; the surface peat

layer consisted of a 5 cm deposit of S. squarrosum remains.

6. Canal 5

The surface peat consisted of a 12 cm deposit of
Sphagnum fimbriatum which occurred above S. squarrosum peat;

at 20-30 cm S. sect. Acutifolia peat and bryophyte peat (sensu

Troels-Smith 1955) occurred above the remains of S. tmbricatum.

7. Canal 6

Between 10-17 cm, above a deposit of Sphagnum imbricatum
peat, the core contained the remains of ericaceous plants; above
10 cm a surface layer of S. squarrosum peat overlaid S. recurvum

peat.

8. Main Canal

Between 10-12 cm, a shallow layer of ericaceous peat
occurred above Sphagnum tmbricatum peat; S. imbricatwn remains
also occurred above this ericaceous peat below the 4 cm surface

deposit of Phragmites peat.
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4.3.8 Stratigraphy of cores from JA, EP and a modern

peat cutting (Fig. 4.9)

4.3.8.1 Gross stratigraphical features

The gross stratigraphy of these peat cores was similar

to that of the cores from the 4/5W4 transect.

4.3.8.2 Sub-surface stratigraphical features

1. JA

Between 7-20 cm, moderately humified remains of
Sphagnum magellanicum occurred above Scheuchzeria palustris peat;
above this Sphagnum magellanicum peat, ericaceous remains occurred
below the shallow (2 cm) surface deposit of Juncus effusus

remains.

2. LEP

A relatively shallowtlayer of peat was present in EP,
the Experimental Plot (see also Fig. 6.29). At a depth of 3-20 cm
a layer of moderately humified Sphagnum imbricatum remains
occurred above Scheuchzeria palustris peat and below the

shallow surface deposit of Campylopus peat.
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3. Modern peat cutting

A deposit of Sphagnum imbricatum peat occurred from the
surface of the core to a depth of 30 ecm; this overlaid
Scheuchzeria palustris peat. The Sphagnum imbricatum peat is

the deposit currently being extracted by Fisons Ltd.

4.4 STRATIGRAPHICAL DEVELOPMENT OF THE MIRE

4.b4.1 Problems in interpretation of the peat stratigraphy

Owing to the removal of some peat from most of Thorme
Moors, the stratigraphy does not show the complete development
of the mire. Further, whilst it is almost certain that. the
baulks of the pNNR have never been cut for peat (Chapter 2),
it 1s likely that the drainage of these baulks (caused by the
excavation of ditches and the removal of peat from adjacent
cuttings) will have affected the composition and nature of their
superficial peat horizons (4.5). In addition, subsequent burning
and erosion of the dry peat baulks have probably removed and altered
the character of some surface peats (5.6). In the following
section, therefore, only the relatively early stages in the natural
development of the mire are considered.

Comparable depths in the profiles do not necessarily

represent contemporaneous surfaces; this is because of:
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1. Variation in a) the amount of peat removed by
cutting and b) the depth of peat which has developed over the
cutting surface, in cores where the relative level of the
sample sites 1s unknown.

2. Differential decay and compression.

3. Possible heterogeneity in the undisturbed mire
surface.

4. Possible variation in the topography of the

"underlying clay.

b.b.2 Mire development

The wood peat at the base of the cores which penetrate the
underlying clay (subsequently referred to as 'complete' cores), is
probably the remains of the forest which covered the area just
over 3000 years ago, during the Bronz;e Age (cf. de la Pryme 1701;
Turner 1962; Buckland & Kenward 1973: Bucklandﬁ1979).

Remains of Scheuchzeria‘paléétris above the wood peat
in many of the cores, alsé observed by Margaret Pigott (Pigott
1956), may reflect thefwet conditions which chafacterized the
eari& sub-Atlantic period, zone VIIIa (Buckland 1979). At
Hatfield Moors, where peat formation began during the early
Atlantic period (zone VII); Smith (1958) observed a phase of
increased surface wetness marked byfremains of Scheuchzeria
palustris close to the zone VIIb/VIIIa boundary; this 'flooding

horizon' (sensu Smith 1958) may be contemporaneous with the

main initiation of peat formation on Thorne Moors (cf. Buckland

1979).
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Above the depth at which the lowest remains of
Scheuchzeria palustris occurred, the cores contained a variety
of peat types including Sphagnum imbricatum, S. cuspidatum,

S. sect. Acutifolia, S. sect. Subsecunda, ericaceous peat and

herbaceous peat; these suggest the existence of an ombrotrophic
mire surface with some microtopographical heterogeneity.

A second phase during which conditions were relatively
wet on the mire surface may be indicated by Scheuchzeria palustris
and Sphagnum cuspidatum peats in the upper and middle portions
of the cores; these remains occurred, for example, above 165 cm
in the cores from the 4/5W4 transect (Fig. 4.3) at a depth below
which Scheuchzeria palustris was absent from all cores.

Dr J Turner (personal communication) obtained a date of 1855 * 110
B P from material collected from a band of S. palustris remains

in an exposed peat face, situated at a depth of 74-76 cm above

the underlying clay. This corresponds to a depth of about 160 cm
in the cores from the 4/5W4 transect and may indicate the
approximate age of these remains. These upper Scheuchzeria

peats probably correspond to a flooding horizon in the peat

at Hatfield Moors which Smith (1958) considered may date from

the end of the Roman occupation.

Although there i1s some evidence for the existence
of flooding horizons, the occurrence of Scheuchzeria palustris
at most levels above the wood peat and below 60 cm in the cores
from the 4/5W4 transect suggests that this plant was a regular

and persistent constituent of the flora of the undisturbed mire.



4.5 THE RECOLONIZATION OF CUT-OVER AREAS

4.5.1 Detection of the cutting surface

The depth of peat which represents the base of the
abandoned peat cuttings of the Dutch Canal System (last cut
63-113 years ago), subsequently referred to as the 'cutting
surface', 1s not obvious from the peat stratigraphy. It cannot,
for example, be detected by the sudden disappearance of the remains
of plants which no longer occur at Thorne Moors; this is shown
by the presence of‘Sphagnum imbricatum remains immediately
above the layers of clay, almost certainly dumped by the Dutch
at the start of peat cutting (4.5.3), in the cores from canals
1 and 3 (Fig. 4.8a). Features which have been used in an attempt
to detect the cutting surface include the presence of the remains
of plants which were not major constituents of the flora of the

undisturbed bog (4.4) and changes in the humification and frequency

of macrofossils.

4.5.2 Recolonization of the cuttings and baulks of the pNNR

4.5.2.1 Peat cuttings of the pNNR

In core C from cutting 4/5W4 (Fig. 4.3) the cutting

surface probably occurs at a depth of approximately 25 cm from the

surface of the cutting and 60 cm from the surface .of the peat
baulk. 60 cm of peat, therefore, was cut away by the Dutch

(although as peat has been removed by burning and erosion and
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the baulks are likely to have subsided since 1920 (4.6 and 5.6)
the amount of peat removed was probably greater than 60 cm).
This horizon corresponds to a decrease in the frequency of
Sphagnun tmbricatum remains and to a colour change observed

in the field: from brown peat below 60 cm, to black peat above.
It 1s possible, therefore, that S. imbricatwn, a plant currently
rare in Britain but abundant*in Post-glacial peats (Green 1968),
may have recolonized cut-over areas in the pNNR. This moss
certainly occurred at, or very near, the surface in other cores
from the pNNR; for example, cores A and E from cutting 4/5W4
(Fig. 4.3).

Sphagnum magellanicum, 