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A history of vegetation and climate change during the last two millennia is elucidated
from ombrogenous blanket peat sequences from the central and eastern North York
Moors. The evidence is derived from five mires Harwood Dale Bog, May Moss, Fen
Bogs, Yarlsey Moss and Bluewath Beck. May Moss received particular attention
because it is the only remaining unmodified blanket mire on the North York Moors. All
the sites were cored, with May Moss yielding seven cores, four of which were extruded
along a five metres transect. The cores were selectively analysed for plant macrofossil,
testate amoebae, humification and pollen. Chronologies were constructed using '*C
dating and the judicious use of biostratigraphic marker horizons. Comparison of “C
dates obtained on bulk peat samples and on pure Sphagnum remains encountered
substantial differences, which raises anxieties about '‘C dating of a material as

heterogeneous as peat.

The regional vegetation history elucidated from the pollen evidence reflects changes in
the demography, culture, economy and climate of the North York Moors. Evidence of
woodland decline and abundant agricultural taxa are attributed to phases of increased
agricultural exploitation of the uplands in response to a commercial approach to farming
during the Romano-British period, population expansion during the Anglo-Scandinavian
period, and attempts to exploit the moorlands during the boom periods of the 12"-13"
and 15"-16™ centuries. Conversely, phases of woodland expansion and agricultural
decline are associated with the Roman withdrawal from England, the ‘harrying of the
north’ in AD 1069-70 and demographic collapse during the 14" century.

Testate amoebae, plant macrofossil and humification stratigraphies provide a record of
mire palaeohydrology, which is used to infer a history of effective precipitation. There is
a broad consistency within the palaeohydrological indications from a single core, which
indicates that the techniques support each other. Furthermore, similar testate amoebae,
plant macrofossil and humification stratigraphies were encountered in adjacent cores at
May Moss. There is evidence of pronounced shifts to wetter/cooler conditions circa 500
BC, AD 450, 850, 1400, 1625 and 1825 separated by unambiguously drier/warmer
phases circa AD 200-450, 700-800, 1100-1200, 1550-1600 and 1750-1800. The
palaeoclimate time series displays a strong correlation with the record of solar variability;
however, biosphere, atmosphere and oceanic interactions in the North Atlantic region

and global volcanism also affect regional climate.
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Introduction

1.1 Introduction and objectives of this research

Since the early 1900s the North York Moors have been a popular region for palaeoenvironmental
research. Much of this popularity stems from the abundance of organic sediment, peat, that
blankets much of the upland moor. There is an abundance of palaecoenvironmental data available
from the North York Moors, mainly in the form of pollen diagrams, which has produced a
reasonably comprehensive regional vegetation history (Simmons ef al., 1993). Peat is an
extremely useful sediment for palaeoenvironmental research because it contains a wealth of well-
preserved fossil material, including leaves, seeds, flowers, stems and roots. These plant
macrofossils are the main sedimentary components of peat; however, there is also a diverse range
of micro-fossils within the sedimentary matrix, including pollen grains, fungal spores and various
micro-organisms. Many of these remains are identifiable in a subfossil condition and are the

subject for palaeoecological investigations of peat deposits.

The palaeoenvironmental information contained within this fossil archive is clearly controlled by
the environmental parameters that affect the floral, faunal and mycological communities. This
thesis concentrates upon two lines of palacoenvironmental mquiry utilising the fossil record of
pollen grains, plant macrofossils, testate amoebae and the degree of decomposition within several
peat sequences. The first objective is to uncover a vegetation history for the central and eastern
North York Moors using pollen analysis to provide regional and local information, and plant
macrofossil analysis to provide purely local mformation. The second objective is to uncover a
history of mire hydrology using moisture-related changes in local plant and testate amoebae
communities, and moisture-driven fluctuations in the degree of peat humification. This
environmental archive forms part of a project developing a climate and landscape history for the

North York Moors.

A parallel component of this research involves the archive of documentary evidence for landscape
and climate change collated by Noél Menuge during 1995-1996. The documentary evidence
concentrates upon the last 1500 years (James Menuge, 1997); consequently a broadly equivalent

time period was adopted for the palaeoecological analysis targeting the last two millennia.



1.2 Peat: an environmental archive

Peat is an organic sediment, with organic matter contributing at least 30% of the total dry weight.
In the peat sequences utilised in this thesis organic matter typically forms 75-100 % of the total
dry weight (Heathwaite ef al., 1993a). Peat accumulates because dead plant matter is rapidly
incorporated within an oxygen-deficient sedimentary system which inhibits further decay. When
mires exist for long periods of time deep peat sequences are produced, with the peat stratigraphy
reflecting the development of a mire. The speed of accumulation is controlled by a balance
between net productivity of plants on the mire and net losses through decomposition processes.
However, accumulation of biomass is primarily the result of poor rates of decomposition, because
mures are not noted for high rates of productivity. Decomposition processes are the critical
control upon the nature of peat deposits (Clymo, 1991), with the rate of peat decomposition in

turn controlled by surface saturation.

Peat sequences divide into two distinct layers. The uppermost surface layers are aerobic and the
majority of decomposition occurs within this horizon. The deeper layers are anaerobic within
which comparatively little decomposition occurs. Ingram (1978) termed these two layers the
acrotelm and catotelm respectively. The boundary between these two horizons occurs at the mean
minimum summer water table, which is the maximum depth beneath the mire surface
experiencing aerobic decay. The depth of the acrotelm/catotelm boundary is a fundamental
control upon the rate of peat accumulation, with surface saturation of the mire controlling the rate

of decomposition.

Mires are very diverse and have been subject to a range of classification schemes (Heathwaite et
al., 1993a; Grosse-Brauckman, 1996). Sub-divisions using hydrochemical criteria or trophic
conditions are particularly pertinent to this research. Minerotrophic mires or fens derive their
water from both rainfall and surface flow from surrounding mineral soils or rocks, and are rich in
nutrients and minerals. Ombrotrophic mires or bogs receive water solely through precipitation
and are deficient in both minerals and nutrients. In ombrotrophic mires surface wetness 1s more or
less directly coupled with rainfall, or more accurately “effective precipitation”, which is the
amount of water received as precipitation minus losses through evapotranspiration. Fluctuations
in mire surface wetness, and by inference climate, have considerable impact upon both the degree
of peat decomposition, and the flora and fauna mhabiting the mire. Evidence of these fluctuations
can be incorporated with peat stratigraphy by the sedimentary process, providing a record of mire
palaeohydrology. Careful analysis of the stratigraphy within a peat bog may uncover a history of
moisture fluctuations, which in the case of ombrotrophic mires will reflect climate change. This

precept is the foundation to peat-based palaeoclimate research.



Ombrotrophic mires include lowland raised bogs, which are domed shaped and raised above the
mineral water table, and blanket bogs located in the water-shedding parts of the uplands. Both
these environments reduce the water received as surface flow to negligible quantities and render
the peat stratigraphy at these mires suitable for palaeoclimate research. Climate information is
elucidated from ombrogenous peat stratigraphy using the history of surface moisture conditions
reconstructed from the fossil record of mire plants, micro-organisms and the sedimentary
characteristics of the peat matrix. In summary, peat bogs are an archive of environmental
information, with the palynostratigraphy providing information about vegetation changes around
the mire, and with the plant remains and other fossils providing information about environmental

conditions on the mire (Barber, 1993).

1.3 Mire development and palaeoecology

Raised mires do not occur on the North York Moors. However, they warrant further comment
because the vast majority of peat-based palacoclimatic research has been centred on raised mires,
for example in Cumbria (Barber, 1981: Barber ef al., 1994a) and the Netherlands (Aaby, 1976).
Raised mires are domed lowland features likened to inverted “frying pans” (Heathwaite ef al.,
1993a). The dome raises the peat above spring, soil or mineral water; consequently raised mires
have an independent water table fed primarily by precipitation and can only form where
precipitation exceeds evaporation and run-off. Rainfall is deficient in minerals and nutnients, and
so the nutrient status of raised mires is poor. Acidic, oxygen-poor and nutrient-poor conditions
inhibit the growth of many plant species, resulting in a distinctive low-diversity raised mire flora

dominated by heather, sedges and bog-mosses.

Blanket mires cover large areas of north-western and upland Britain. They tend to form in areas
of high precipitation, with accumulation initially centred where drainage is impeded. However as
peat accumulates the mire spreads over the surrounding topography forming a “blanket” over
large areas of land. Blanket mires consist of a mixture of ombrotrophic and locally rheotrophic
facies. Ombrotrophic tracts of blanket mires are similar to raised mires in that they are
characterised by acidic, nutrient-poor and oxygen-poor water conditions, and by a low-diversity
flora dominated by heather, sedges and bog-mosses. Blanket mires do occur on the North York

Moors and are utilised in this thesis.

Not all the changes within peat stratigraphy are a response to climate, with other sources of
environmental change also important. This is clearly exemplified by the variety of reasons

proposed as causes of the inception of peat accumulation. The initiation of peat accumulation is
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indicative of a change in the hydrological budget, with increased moisture availability (Moore,
1986). In the case of upland blanket mires on the North York Moors, peat inception occurs in
response to a complex array of factors, with the formation of the wet mire habitat referred to as
paludification. Inception of peat accumulation in upland Britain has been attributed to a
combination of climate change, woodland clearance and pedological factors (Moore, 1986; Smith
& Taylor, 1989). Particular climatic periods appear to favour the inception of peat accumulation,
but climate is not the only factor. Forest clearance and subsequent pedological changes are
believed to be important causes of peat inception and create favourable circumstances for the

expansion of peat from accumulating centres (Smith & Taylor, 1989).

Hydrology is an important control upon peat stratigraphy after the blanket mire facies has
become established. Hydrological changes on blanket mires arise owing to variations in either the
net moisture gained or the net moisture shed by the mire. In the case of ombrotrophic mires, net
moisture gained can only be affected by changes in effective precipitation, which could occur as
the result of climate change or by increasing evapotranspiration around the mire. Moisture losses
from ombrotrophic mires can only occur by means of natural or anthropogenic drainage of the
mire. Elucidating the nature and origin of hydrological changes is a fundamental component of
this thesis, which, given the use of ombrotrophic tracts of blanket mires, will contribute an
understanding of climate history.

1.4 Organisation of the thesis

The thesis is divided into three sections. The first involves chapters two, three and four, which
introduce and define the research strategy, objectives and methodologies. They also provide a
review of previous research both within the region and research elsewhere using a similar
methodological approach. The second involves the presentation of the results. Chapter five
presents, interprets and discusses the results of the pollen analysis and formulates a regional
vegetation history for the last two millennia. Chapter six presents the results of the peat
stratigraphic research, and formulates a hydrological history for each of the mires. The final
section, chapters seven and eight, presents a detailed discussion of the evidence for climate
change on the North York Moors during the last 2000 years, which is discussed in relation to
previous peat stratigraphic research, established histories of late Holocene climate and
hypothesised forcing agents of global climate change. The implications of the research are also
reviewed in terms of future moorland management and conservation, future peat stratigraphic

research and predicted future climate changes.



Introduction to the North York Moors

2.1 The Physical Environment

The North York Moors is an isolated upland area located in the north-cast of Yorkshire. The
moors cover a large area stretching over 60 km from east to west and 35 km from north to south.
The topography of the North York Moors is displayed in figure 2.1, which also identifies the
locations referred to in this chapter. In the cast the North York Moors are bounded by high cliffs
overlooking the North Sea, which reach 210 m at Boulby - the highest cliff in England. In the
north and west the moors are bordered by a steep 300m escarpment, which overlooks the Vale of
York, the Vale of Mowbray and the lower Tees valley. The Hambleton, Tabular and Hackness
Hills form the southern border of the North York Moors, sloping gently into the Vale of
Pickering.

The moors can be divided into three broad upland areas. The Cleveland Hills to the north of
Eskdale, rising to 328m on Guisborough Moor. have a Middle and Upper Jurassic bedrock.
However. 1t is the central Middle Jurassic sandstone plateau covered by heather and peat that
popularly characterises the North York Moors. The central belt is heavily dissected by broad,
steep-sided dales, which drain to the north and south off this gently inclined plateau. Erosion of
these dales has divided the central plateau into four upland masses aligned east to west across the

moors.

In the east near the coast are Stainton Dale and Harwood Dale Moors. which rise to 266m. Six
miles further inland is the Fylingdales Moor upland mass rising to 299m, bordered in the east by
the headwaters of the river Derwent and in the west by the deeply incised Newtondale proglacial
valley. Further west, the main upland massif of the North York Moors extends from Wheeldale
Moor in the east to Urra Moor in the west. The majority of this plateau i1s over 300m rising to
454m at Urra Moor. the highest point on the North York Moors. The farthest-west upland area
includes Bilsdale West Moor. Whorlton Moor and Snilesworth Moor. rising to 404m at Noan

Hill, and is bordered by Bilsdale in the east and by the steep western escarpment.

The central plateau slopes gently southwards towards the Tabular Hills. Hackness Hills and part

of the Hambleton Hills. which border the southern edge of the moors. These hills seldom exceed
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7
200m and have an Upper Jurassic limestone and grit bedrock. Resistant lavers within the
stratigraphy control the topography, for example the 60-70m high north-facing escarpment that
delimits the north edge of these southern hills is capped by the resistant Lower Calcareous Grit.

The Hambleton. Tabular and Hackness Hills slope gently southwards into the lowland expanse of

the Vale of Pickering.

2.2 Geology of the North York Moors

The North York Moors have a sedimentary bedrock deposited during the Jurassic Period (193-
I35 million years ago) in the episodically marine Cleveland basin, which developed due to
subsidence during the late Triassic. The strata of the North York Moors have attracted the
attention of geologists since the early nineteenth century (Y oung & Bird. 1822: Phillips. 1829).

The region is geologically important because it displays a virtually complete sequence of Jurassic

strata (Hemmingway ef al., 1963).

Recently the strata of the North York Moors have attracted renewed attention, because it 1s a
critical region for comparison with the off-shore geology, which is of particular interest to the oil
industry. The following description of the geology draws heavily on two svntheses of recent
rescarch, which provide the current consensus on the Jurassic stratigraphy of the North York
Moors. namely Rawson & Wright (1992) and Scrutton (1994). The Jurassic strata were
deposited horizontally within the Cleveland basin and consist largely of marine. littoral and
deltaic sediments. Rawson & Wright (1992) divide the sedimentary stratigraphy of the North
York Moors into the four broad groups listed in table 2.1,

The central massif of the North York Moors forms the broad anticline of the Cleveland and
Eskdale domes. which' 1s responsible for the present drainage off the central platcau. Differential
rates of erosion during the late Tertiary and Pleistocene have removed the centre of the anticline
creating three geological regions with a different type of bedrock, which are identified in figure
2.2. Lower Jurassic Lias Group sediments are exposed in the centre of the Cleveland Dome.
where the deeplv incised broad flat-bottomed dales have cut through the Middle and Upper
Jurassic strata. The Lias Group consists of a mixture of marine and shallow marine sandstones
and shales. which were easily eroded after the rivers and streams of the dales broke through
resistant Middle Jurassic strata. Middle Jurassic Ravenscar Group strata form the bedrock of the
central moorland massif. The Ravenscar Group consists of fluvial to shallow marine sandstoncs
mostly deposited in a deltaic environment. Ravenscar Group sandstones provide the resistant cap-

rock for the central moorland plateau and the stecp escarpment to the north and west of the



Table 2.1. Geological subdivision of the Jurassic strata of the North York Moors.

GROUPS

FORMATIONS

Kimmeridge
Clay Group

140 Ma

Kimmeridge Clay Formation

Upper

Middle
Oolite
Group

Ampthill Clay Formation

Upper Calcareous Grit Fm

Coralline Oolite Formation

Lower Calcareous Grit Fm

Oxford Clay Formation

Osgodby Formation

Cayton Clay Formation

Cormnbrash Limestone Formation

Ravenscar
Group

160 Ma

Jurassic
Middle

Lower

Lias Group

Scalby Formation

Scarborough Formation

Cloughton Formation

Eller Beck Formation

Saltwick Formation

Dogger Formation

182 Ma

204 Ma

Blea Wyke Sandstone Formation|

Whitby Mudstone Formation

Cleveland Ironstone Formation

Staithes Sandstone Formation

Redcar Mudstone Formation

Table 2.2. Meteorological information available for the North York Moors.

Weather Grid Rainfall  Relative Wind Snow  Sunshine
Station Ref. (mm) Humidity speed lying (hours)
(%) (knots) _ (days)
Fylingdales SE 862 262 m 1984 to 1984 to 1984 to 1984to0 nodata nodata
971 1997 1997 1997 1997
Pickering SE795 44m 1962 to 1962 to no data nodata 1971to nodata
842 1981 1981 1981
Silpho Moor SE 957 203m  nodata no data no data 1970to nodata  nodata
946 1986
Scarborough TA 044 36 m no data no data nodata nodata nodata 1931to
884 1986
Whitby NZ904 41m nodata  nodata 1983to  1983to nodata 1976to
114 1997 1997 1997
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moors. Upper Jurassic Middle Oolite Group rocks have been eroded from the central plateau and
are only exposed on the southern dip-slope of the Cleveland anticline. Middle Oolite Group strata

form the bedrock of the Hackness. Tabular and Hambleton Hills.

The north-facing scarp slope forming the northern edge of the Tabular Hills is capped by
resistant Lower Calcareous Grit. The formation of the escarpment was assisted by rapid crosion
of the less resistant Oxford Clay exposed to north of the Lower Calcareous Grit outcrop. More
recent sediments from the Kimmeridgian sub-stage and the Cretaceous Period are absent from the
North York Moors. However. the soft Kimmeridge Clay Formation forms the sub-surface
bedrock of the Vale of Pickering, albeit buried under Pleistocene alluvium. lacustrine and glacial

sediments.

During the Pleistocene the North York Moors were affected by the vast climatic fluctuations.
which almost certainly were responsible for substantial erosion of the uplands shaping the current
landscape. The Pleistocene was characterised by severe climatic fluctuations that produced vast
ice-sheets that blanketed much of the British Isles. The North York Moors were not covered by
ice during the last glacial. with ice-sheets only impinging on the edges of the moors on the way to
maximum limmits in the Vale of York and on Holderness (Rose. 1985). Although Devensian ice
only skirted around North York Moors, directly affecting the edges of the moors. the Cleveland
Hills and Eskdale. proglacial drainage and out-wash associated with deglaciation had a profound
impact on the landscape (Gregory. 1962: 1965). Proglacial and sub-glacial dramage produced
numerous deeply incised valleys across the moors, including Newton Dale. Lady Bridge Slack.

Moss Swang and Tranmire Slack. to name but a few (Gregory. 1962).

It is possible the North York Moors were covered with ice during previous glacial advances.
possibly during the preceding Saalian glaciation (5'°0 stage 6-8) and almost certainly during the
Elster glaciation (6'°O stage 12). Catt (1987) attributes glacial deposits on the North York Moors
to earlier pre-Devensian cold stages. However, considering the consensus is that the moors were
not glaciated during many of the numerous cold stages of the Pleistocene. they did experience
vigorous periglacial activity and proglacial fluvial erosion. which have assisted with formation of

the current landscape.

2.3 Present day vegetation and landscape of the North York Moors
The mixture of vegetation and land-use covering the present day landscape of the North York

Moors to some extent is controlled by the physical environment and bedrock geology. but mostly
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by the activity of people. Elgee (1908) thought the North York Moors were a natural landscape
covered with a relict tundra flora. However. thirty vears of palynological research reveals that
people have interacted with and changed the vegetated landscape of the North York Moors
throughout the last 9000 vears (Simmons. 1995). A review of 15.000 years of vegetation history

and palacoecological research on the North York Moors is presented in chapter 2.5

The high moorland with a Middle Jurassic sandstone bedrock is covered with the characteristic
flora of the North York Moors. the heather. cotton-grasses. purple moor grass and mosses. The
former Nature Conservancy Council survey the vegetation of the North York Moors in great
detail in the Phase 1 Habitat Survey revealing substantial variation in the flora across the moors.
The typical moorland plants prefer wet acidic conditions growing on deep peat deposits (3-3
metres) and in association with raw peat soils and stagnohumic gley soils that occur across the
high moorland (Carroll & Bendelow. 1981). The peat and peat soils characterise the centre of the

basins. with the stagnohumic gley soils around the margins.

This association of vegetation and soils is not the natural environment of the North York Moors.
but 1s the product of human interference through woodland clearances during the last 8000 years
and particularly due to land-use changes during the 19th century. Grouse rearing became the
dominant land-use activity on the North York Moors and involved regular burning of the
moorland to encourage a high density of heather. Land management practices have maintained the
heather-covered moors since the late 19th century and encouraged the development of peat and

stagnohumic gley soils that are little suited for utilisation other than as moorland or forestry.

The drier edges of the moorland and the steep valley sides are covered with a mixture of bracken.
grassland and remnants of woodland. The soils of these arcas vary from stagnohumic glev soils
on the edge of the mocl)rs- which only sustain rough grazing, to loamy brown earths which sustain
both pastoral and arable agriculture. Obviously in these valley side and moorland edge
environments steepness of the slopes is an important factor controlling utilisation of the
landscape. Much of the woodland that once covered the North York Moors has been cleared
gradually during the last 8000 years. with the only remnants of the broad-leaved woodland
remaining today Lmited to the steep valley sides and maintained woods located on the Tabular
Hills (Atherden & Simmons. 1989). Woodland on the North York Moors has been supplemented
with twentieth century conifer plantations. initially in the Dalby. Bicklev and Hackness arca. but

later expanding into Wykeham. Cropton and Harwood Dale (Statham. 1989).
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Farmland. including pastoral grassland and arable fields is restricted to specific areas within the
North York Moors. The majority of arable activity on the moors is limited to the fertile soils.
gentle slopes and lower rainfall of the Hambleton. Tabular and Hackness Hills. These arcas
sustain brown earth soils offering a soil-type better suited for arable and pastoral activity. which
explains why the majority of arable cropping within the North York Moors takes place on the
southern limestone hills. The coastal plain has also been improved for agriculture serving coastal
fishing communitics in Staithes. Runswick Bay and Robin Hood's Bay. The dominant land-usc in
the Dales and on arcas of reclaimed moorland is livestock farming with fields developed for

grazing and silage cropping. with the higher edges of the moors used as rough grazing.

The moors. particularly the higher moorland plateau and steep valley sides. have never been ideal
for agricultural use. Statham (1989) suggests use of the moorland edge has fluctuated between
exploitation during periods of agricultural boom and virtual abandonment during periods of
agricultural depression. An important objective of this research 1s to Investigate the
palacoecological evidence for landscape evolution on the North York Moors. Palacoecological
sites on or near the moorland edge may be ideally located for the identification of fluctuations in
land-use pressure. between extensive use during favourable economic. social and climatic

conditions, with perhaps virtual abandonment under inclement conditions.

2.4 Climate of the North York Moors

Located on the East Coast of England. the North York Moors are one of the driest uplands
sustaining peat accumulation in the British Isles. Conditions favouring peat accumulation require
a saturated environment caused either by impedance of drainage or by wet climatic conditions.
The amount of rainfall received by the North York Moors indicates the region is currently

marginal for the accumulation of peat.

Climatic information for the North York Moors is derived from recordings at five weather
stations located at Fylingdales. Silpho Moor. Pickering. Whitby and Scarborough (information
provided by the Meteorological Office). The locations of the weather stations are identified on
figure 2.1. Unfortunately. a complete range of meteorological information was not available from
all of the sites. The most complete set of data was obtained from the Fylingdales weather station
located high on the E}'lingdales upland massif (262m) and closc to the palacoecological sites.
Relatively detailed records from Pickering provide a useful lowland comparison with the upland

data. The tvpe and duration of the information obtamned from the weather stations arc listed in

table 2.2.
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Figure 2.3. Meteorological data provided by the Met. Office. a) Average monthly
temperature (degrees C) and b) average monthly rainfall (mm) recorded at Pickering
between 1962 and 1981. ¢) Average monthly temperature (degrees C) and d) average
monthly rainfall (mm) recorded at Fylingdales between 1984 and 1997.
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The average and range of temperatures measured at Fylingdales and Pickering weather stations
are displayved in figure 2.3. During the measurement period Fylingdales recorded an average
annual temperature of 7.5°C. which is cooler than the 8.39°C recorded at Pickering. Fylingdales
received an annual average rainfall of 908.8mm and a range of 1001.8-727.8mm. The average
monthly distribution of rainfall. displayed in figure 2.3. highlights the marked dry summers
experienced by the North York Moors. Pickering. in the lowlands to the south of the moors.
receives an average annual rainfall of 686.6mm. with a range of 877-455.6mm. This evidence
demonstrates that the high moors are on average 1°C cooler and receive 220mm more rainfall
than the surrounding lowland areas. Furthermore the conclusion that the upland moors experience
a wetter micro-climate is supported by the comparison of the annual average relative humidity of

87.5% at Fylingdales. with onlv 80.81% at Whitby

Little information has'been recorded about snowfall on the North York Moors. An average of 19
days per vear with snow lving was recorded at Pickering between 1971-1981. The number of
days with snow lying for upland sites is likely to be much higher. Wind-speed measurements are
available for Silpho Moor, Fylingdales and Whitby. The highest annual average wind-speed (11.8
knots) was recorded on the coast at Whitby, with 11.3 knots recorded on the exposed Fvlingdales
Moor. Silpho Moor. which is at a lower altitude and less exposed than Fylingdales. recorded a

much lower average wind-speed (6.29 knots).

The meteorological data provide useful information on the climatic parameters affecting the
North York Moors and identify clear differences with other peatland sustaining environments in
the British Isles. Areas of north-west Scotland. including the peatlands of Caithness and
Sutherland: Wales: the Cumbrian lowlands: the Lake District and the west of the Pennines all
sustain active peat accumulation and typically receive annual rainfall in excess of 1200mm and
up to 2000mm. The average annual rainfall of 900mm on Fylingdales Moor suggests the North
York Moors are not a prime region for the accumulation of blanket peat. Consequently peat
stratigraphy on the North York Moors may be suited for the identification of significantly drier
phases. because the impact of dry/hot climate on mire ecology will be magnified in a region
marginal for peat accumulation. A principal aim of this research is to investigate the
palacoecological response of peatlands to drier climatic periods. perhaps providing an important
analogue for environmental management in response to future climate change. which is

particularly significant given the paucity of blanket mire on the North York Moors.
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2.5 Published palaeoecological research from the North York Moors
2.5.1 Introduction

The North York Moors is one of the most intensively palacoecologically investigated areas of the
British Isles. Erdtman (1927) carried out the earliest palaeoccological research. and the North
York Moors have attracted the attention of palacoccologists throughout much of the last 70 vears.
This research has g&?nerated a large number of pollen diagrams produced with the aim of
uncovering the post-glacial vegetation history of the North York Moors. Currently there are in
excess of 30 published pollen profiles from the North York Moors. which are listed in table 2 3.
The distribution of palacoecological sites is displayed in figure 2.4, which reveals the coverage of
sites across the moors is not uniform. The majority of sites are on the central moorland plateau.
which has a Middle Jurassic sandstone bedrock and is typically covered with a blanket of peat.
There 1s distinctly less peat in the lower dales and on the southern limestone hills. which explains

the comparative lack of palynological analysis.

The initiation of peat formation is not synchronous across the moors. with peat deposits
accumulating over differing periods of time. Consequently the peat stratigraphic record from the
palacoecological sites pertains to different sections of the Holocene. Figure 2.5 shows the
duration of each peat profile and identifies extremely good coverage of the late Mesolithic.
Neolithic. Bronze Age and Iron Age. and a comparative paucity of material pertaining to the
Palaceolithic, early Mesolithic and post Iron Age. This is of particular significance for this project.
with the current understanding of vegetation changes during the last 2000 vears based on a small
number of sites. Consequently there is considerable scope for further analvsis. which will
improve this database and address problems within the palynological record. Unfortunately the
paucity of palacoecological profiles covering the last 2000 vears raises questions about the
availability of peat stratigraphy of an appropriate age. A further limitation with current
understanding of the vegetation history of the North York Moors is that the chronologies derived
for the pollen diagrams are based on a relatively small number of radiocarbon dates. The extent

of radiocarbon dated stratigraphy is also identified on figure 2.5.

The discussion above identifies previously published palacoecological sites on the North York
Moors. which provide the basis of current understanding of the region’s vegetation history.
However. nothing has been said about previous research on the North York Moors clucidating
climatic changes from the peat stratigraphy. a palacoecological approach widely applied to other
peatlands in the British Isles. for example the Cumbrian lowlands (Barber. 1981. Barber c7 al.,

1993: 1994a: 1994b). Prcvious research of this type is remarkably Iimited on the North York
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Palaeoecological Sites *

BB - Botany Bay MM - May Moss

BGH - Bonfield Gill Head MS - Moss Swang

BL - Blakey Landslip MSG - Moss Slack Goathland
BWB - Bluewath Beck NG - North Gill

Carrs - Vale of Pickering PHB - Potter House Bog

CG - Collier Gill SC(Sto) - Seamer Carr (Stokesley)
DD - Dargate Dykes SH - Small Howe

ECS - Ewe Crag Slack StH - St Helena
EHS - E:’,v:n 1-11‘?)%‘,3 gfack SHM - Simon Howe Moss

FB - Fen Bogs SS - Seavy Slack

FS - Foul Sike TMS - Tranmire Slack

GC - Glaisdale Gill WDG Wheeldale Gill

GF - Gale Field WHM - West House Moss

HB - Harold's Beg WG - White Gill Distance (km)
HH - Howdale Hill YHR - Yondhead Rigg 0 5 10
HWD - Harwood Dale Bog ~ YM - Yarlsey Moss R S

KDH - Kildale Hall
LBS - Lady Bridge Slack Relief

LH - Loose Howe
0 - 150 metres

Major Settlements O 150 - 300 metres
over 300 metres

Figure 2.4. Distribution of palacoecological sites investigated between 1960 and
1995. The chronological duration of each profile is identified in figure 2.5. The
publications presenting the research at each site are listed intable 2.3.
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fl“abl.e 2.3. Sites with published palaeoecological research from the North York Moors
identifying the key publications.

Palaeoecological Key Publications
Site
Botany Bay Simmons & Innes, 1988¢c
Bonfield Gill Head Simmons & Innes, 1988c¢
Blakey Landslip Simmons & Cundill, 1974b
Bluewath Beck Innes, 1981
The Carrs, Pickering. Cloutman, 1988a; 1988b; Cloutman & Smith, 1988
Collier Gill Simmons, 1969
Dargates Dykes Simmons ez al., 1993

Ewe Crag Slack
Evan Howe Slack
Fen Bogs
Foul Sike
Glaisdale Gill
Gale Field
Harold’s Bog
Howdale Hill
Harwood Dale Bog
Kildale Hall
Lady Bridge Slack
Loose Howe
May Moss
Moss Swang
Moss Slack Goathland
North Gill
Potter House Bog
Seamer Carr (Stokesley)
Small Howe
St Helena
Simon Howe Moss
Seavy Slack
Tranmire Slack
Wheeldale Gill
West House Moss
White Gill
Yondhead Rigg
Yarlsey Moss

Jones, 1978

Atherden, 1989

Atherden, 1976a; 1976b
Atherden, 1989

Simmons & Cundill, 1974a
Atherden, 1979

Blackford & Chambers, 1991; in press
Simmons & Cundill, 1974a
Atherden, 1989

Jones, 1977a;, Keen ef al., 1984
Simmons, 1969

Simmons & Cundill, 1974a
Atherden, 1979

Simmons, 1969

Atherden, 1979

Simmons, 1969; Simmons & Innes, 1988a; 1988b; 1988d
Blackford et al., in press
Jones, 1976

Simmons & Cundill, 1974a
Simmons & Cundill, 1974b
Atherden, 1979

Simmons et al., 1993

Jones, 1978

Simmons & Cundill, 1974a
Jones, 1977b

Simmons & Cundill, 1974a
Simmons et al., 1993

Simmons & Cundill, 1974a
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Figure 2.5. Duration of peat sequences investigated in previous research. Solid
lines denote stratigraphy secured by radiocarbon chronology, whereas the
dashed lines denote undated stratigraphy. The locations of these sites are
identified in figure 2.4. The publications presenting the palaeoecological
information are listed in table 2.3.
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Moors. perhaps reflecting the absence of raised mires. the conventional environment for this tvpe
of research. In recent years increased attention has been paid to the palacoclimate record
contamned in blanket peat sequences (Blackford. 1989: Tallis 1994). an environment the North
York Moors has in abundance. Blackford & Chambers (1991: in press) analysed the peat
stratigraphy from a blanket bog called Harold's Bog on Conisor Howl. East Bilsdale Moor. The
degree of humification within a peat profile was utilised to identify fluctuations in mire surface
wetness and this record was interpreted as a proxy-record of climatic fluctuations between 3170-

300 years BP. This is the only example of research of this type previously carried out on the

North York Moors.

2.5.2 Historiography of palaeoecological research on the North York Moors

The history of palacoecological investigation of peat deposits on the North York Moors divides
into three phases of research activity that mayv be termed the pioncer. proliferation and critical
phases. Boundaries between the phases are diffuse reflecting the evolution in established
knowledge. the scientific process. and gradual improvements within research techniques and

methodologies.

Early palacoecological investigations on the North York Moors demonstrate the importance of
palynology as a tool for environmental reconstruction. Erdtman (1927) identified that trees were a
component of the past vegetation, falsifying the traditional vicw that the heather moor and open
grasslands were relict tundra ecosystems preserved by an upland climate since the last Ice Age
(Elgee. 1912). Dimbleby (1961: 1962) and Simmons (1969) presented the earliest attempts to
formulate a complete Holocene vegetation history of the North York Moors based upon pollen
analysis of peat sediments. which included evidence of the post-glacial climatic amelioration and
early Holocene forest development. predominantly controlled by climate change and differential
speeds of tree immigration. Additionally a series of subsequent episodic forest clearances was
identified throughout the Holocene. and have been attributed to the activity of prehistoric and

historic populations.

Palacoecological analysis on the North York Moors proliferated during the 1960s and 1970s.
encouraged by the research of these early pioneers. This proliferation involved three doctoral
research theses (Cundill. 1971 Jones. 1971: Atherden. 1972) supervised by Simmons at Durham
University. This wealth of palacoecological research based on a large number of sites from across
the moors. generated a detailed vegetation history of the North York Moors from 16.000 BP to

the present day. The improved spatial coverage of palacoecological sites has enabled
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identification of regional variations in vegetation cover. The detailed regional vegetation history
has been interpreted in the light of established archacological (Jones er al.. 1979). historical

(Atherden. 1976a) and palacoclimatic knowledge (Godwin. 1975 Lamb. 1977),

Detailed scientific investigation often identifies as many problems and gaps 1n knowledge as it
provides answers. The final and theoretically limitless phase of research involves detailed critical
analvsis targeting ideptiﬁed problem areas. thereby filling gaps in current understanding and
providing further critical evaluation of the established knowledge. This phase has already
included a number of research initiatives extending the temporal coverage. for example using
palacoecological and archacological techniques to investigate the natural and cultural
environment of upper Palacolithic and Mesolithic sites in the Vale of Pickering. namely at

Seamer. Star and Flixton Carrs (Cloutman. 1988a; 1988b: Cloutman & Smith. 1988).

Simmons & Innes (1988a:; 1988b: 1988d) applied fine-resolution pollen analysis to North Gill
and other sites on the central watershed. in an investigation of the nature of Mesolithic/Neolithic
woodland disturbances on the upland moors. Further improvements in the spatial coverage of
palacoecological sites were made investigating peat sequences on the coastal fringe of the North
York Moors (Atherden. 1989: Simmons ¢f al.. 1993). and on East Bilsdale Moor (Simmons &
Innes, 1988c). Turner er al. (1989) carried out a critical evaluation of the accuracy of
palynological investigation by analysing replicate profiles from the same peat sequence. which
assesses within-site variation in the pollen record. Blackford & Chambers (1991: in press)
extended the range of palacoecological procedures applied to peat sequences on the North York
Moors by using analysis of the degree of peat humification to elucidate palacoclimatic

information from the peat stratigraphy.

The rescarch in this thesis is a further addition to the “critical” phase, contributing to the
understanding of the environmental history of the North York Moors. Pollen analysis is utilised to
investigate a series of sites. concentrating solely on peat stratigraphy post-dating the Iron Age.
Additionally all of the sites are located in the eastern half of the North York Moors. Furthermore
a wider range of palaecoenvironmental techniques. namely testate amoebae. plant macrofossil and
humification analysis. are applied to these peat sequences as an integrated strategy for the first
timc on the North York Moors. Each of these palacoenvironmental proccdures provides
information about mire palacohydrology. which in the case of ombrotrophic peat stratigraphy is a

proxy record of climate change.
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2.5.3 Vegetation history of the North York Moors

Uninterrupted peat stratigraphy covering the entire period from the termination of the Devensian
Ice Age to the present day is not abundant on the North York Moors. Consequently the vegetation
history of the North York Moors is derived from analysis at over thirty sites cach covering
differing parts of the Holocene. The pollen diagrams from these sites are interpreted to form a
composite vegetation history formulated by correlating changes n the palynostratigraphy between
peat sequences. However the reconstruction of Holocene vegetation history is assisted by the
presence of three pollen profiles that extend from the base of the Holocene to the present day.
namely Fen Bogs (Atherden. 1976a: 1976b). May Moss (Atherden, 1979) and West House Moss
(Jones. 1978). Vegetation history research relies heavily on independently dated pollen diagrams
and the "*C dated peat sequences are identified on figure 2.5. Unfortunately Fen Bogs. Harwood

Dale Bog. Wheeldale Gill, North Gill and Bonfield Gill are the only peat sequences secured with

a reasonable number of *C dates.

Termination of the Devensian Ice Age

The earliest palacoecological record on the North York Moors began ca. 16.700 BP at Kildale
Hall (Jones. 1977a). In the Devensian. glacial ice reached the northern and eastern flanks of the
North York Moors, filling the Leven-Esk valley, but it did not mount either the prominent western
¢scarpment or the high massif of the moors during the advance to glacial maximum limits in the
Vale of York (Gregory. 1963). Despite the absence of glacial activity there are relatively few
sites with a complete record of the complex vegetational and climatic changes associated with this
period. These sites are Kildale Hall (Jones. 1977a: 1977b: Keen ef al.. 1984). Seamer Carr near
Stokesley (Jones. 1976) and Seamer. Flixton and Star Carr in the Vale of Pickering (Cloutman.
1988a: 1988b). These organic and inorganic sediments viclded substantial quantitics of
palacoecological evidence. specifically pollen, plant macro-fossils and molluscs. which have
provided a relatively complete history of the climate and vegetation changes associated with the
late Devensian climatic amelioration. A chronology for this period 1s available at Kildale Hall.
Scamer Car near Stokeslev and the Carrs in the Vale of Pickering. The late Devensian
environmental history for the North York Moors is summarised in table 2.4. This late Devensian
vegetation sequence conforms with the established view of climatic change found in arcas

adjacent to the North Atlantic (Lowe er al.. 1994).

Holocene vegetation history of the North York Moors
The Holocene vegetation history for the North York Moors is derived from over thirty pollen

profiles generated across the region. A summary of the Holocene vegetation history is presented
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Table 2.4. Summary of Late Devensian climatic and vegetation changes on the North
t‘)[ork Moors. Location and citation for the “C ages ® Kildale Hall (Jones, 1977a).

Seamer Carr near Stokesley (Jones, 1976). © Seamer Carr in the Vale of Pickering
(Cloutman, 1988b).

changes
“Younger 10,350 +200° Herbaceous and shrub heath
Dryas Stadial” communities, with limited tree Cold
growth in isolated sheltered
12,010 £130° localities.
Late Glacial Open birch woodland, with diverse
Interstadial herbaceous and shrub heath Warm
“Aller6d” communities.
“Older Dryas | 13,042 +140° Reduction in tree birch, with Cold or
Stadial” increased abundance of open unstable
habitat shrubs and herbs. environment
“Bélling Species-rich shrub and herb
Interstadial” communities, with stands of tree Warmer
birch.
Devensian 16,713 £340° | Sparse herbaceous and shrub heath
Glaciation communities. Cold
Ice Covered in some places.
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in figure 2 6. During the carlyv Holocene the climate continued to improve and the landscape of
the North York Moors was altered by the immigration of tree species. eventually leading to the
formation of a mixed deciduous forest during the Mesolithic. Kildale Hall. Scamer Carrs
(Stokesley). Tranmire Slack. West House Moss (Jones. 1976: 1977a: 1977b. 1978). Fen Bogs.
Mav Moss. Harwood Dale Bog. Foul Sike (Atherden. 1976a: 1976b: 1979: 1989) and Moss
Swang (Simmons. 1969) all contain evidence of woodland colonisation during the carly
Holocene. Woodland immigration commenced with pioneer colonising species producing a birch
forest. Colonisation of the upland areas lagged behind the lowlands. with the development of a
species-rich heath scrub and scattered Berula woodland. However. as the climate ameliorated

Betula woodland covered the upland areas.

Corylus avellana infiltrated the Betula forests circa 9500 BP during the early Holocene. and
subsequently after 9000 BP this Berula-Corylus avellana association was succeeded by a Pinus-
Corylus avellana forest. With the exception of the 6550 BP Alnus rise. the chronology of carly
Holocene woodland colonisation on the North York Moors is not secured by "*C dating and is
derived by correlation with a standard British chronological sequence derived by pollen analysis
(West. 1970. Godwin. 1975). The thermophilous trees. Ulmus. Quercus. Tilia and Alnus. began
to mnvade the lowlands surrounding the North York Moors around 8000 BP. shortly after the
establishment of the Pinus / Corylus avellana forest at higher altitudes. Between 8000 and 6600
BP the flora of the North York Moors evolved from a Pinus / Corylus avellana forest to a mixed
deciduous woodland dominated by Ulmus. Quercus. Tilia and Alnus. with an under-storcy of

Corylus avellana.

A large part of the palacoecological research on the North York Moors has concentrated upon the
late Mesolithic. primarily after the development of this mixed deciduous forest. This research has
produced a vast archive of palynological data from North Gill (Simmons, 1969: Simmons &
Innes. 1988a: 1988b: 1988d: Simmons et al/.. 1989: 1993: Tumer et al.. 1993). other sites on
Glaisdale Moor (Simmons & Innes. 1988 d) and Bonficld Gill Head on East Bilsdale Moor
(Simmons & Innes. 1988 ¢). These pollen profiles identify a number of episodic woodland
clearances. which have been divided into stability and disturbance phases (Simmons ef al.. 1993).
These phases are related to the activity of Mesolithic people clearing and thinning woodland to
encourage larger accessible populations of game. Woodland clearance appears to be partially
responsible for the onset of peat accumulation at scveral sites. especially in poorly drained
Jocalitics. In summary. the Mesolithic vegetated landscape of the North York Moors can be

described as an >ver-changing mosaic of open woodland. cleared ground and regencrating
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| Vegetation of the North York Moors
based on palynological evidence

Blytt-Sernander
Periods
Godwin (1940)
Pollen Zones
West (1977)
Chronozones
Archaeological
Periods

Post- Modern conifer plantations
Medieval Massive expaesion of heather mooriand

Renewed clearance activity
and declining tree popalations

Limited wood!and regeneration

SUB-ATLANTIC

Major woodland clearance

Minor woodland clearances
interspersed with regeneration phases

Oak, Alder, Elm, Lime, Ash, Beech forest,
with increased amount of cleared ground
| covered with grasses and cleared ground herbs.

3
3
-
:

Neolithic
Minor woodland clearance

—_— The "Elm Decline"
Mixed Deciduous Forest

Oak, Alder, Eim, with some scrub,
Birch, Lime and bog, heath and

Hazel forest. grassiand
(continued sporadic localised woodland
disturbance)

Increase in the Alder population

ATLANTIC

Late
Mesolithic
Birch, Elm, Pine-Hazel forest, with
Oak, Pine, scrub, heath and
Lime, Hazel grassiand
forest

(Sporadic and localised disturbarce of upland
vegetation by Mesolithic people. Cleared areas
covered with grasses and open habitat herbs.)

Early .
oy o irch- Birch-Hazel scrub
Mesolithic Birch-Hazel forest - w:nd r

Birch forest Scrub heathland, with
— — stands of Birch
Palaeolithic Trees increase in abundance

Figure 2.6. A summary of the Holocene vegetation history on the North
York Moors modified from Simmons et al., (1993), identifying the Blytt-
Sernander periods, Godwin's (1940) pollen zones, West's (1977) pollen
chronozones and the main archaeological periods (Spratt, 1993).
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woodland communities. with semi-permanent areas of bog. heath and clearcd ground (Simmons.
1995). This landscape has changed and cvolved in response to a complex mixture of climatic

change. migration of Mesolithic people. pedogenic factors and vegetational succession.

The cultural change to a farming economy associated with the Mesolithic-Neolithic transition had
a significant impact on the vegetation of the North York Moors. The elm decline is a
characteristic feature of north-west European pollen diagrams. On the North York Moors it is '*C
dated to 4767 £60 BP at North Gill (Jones et al.. 1979) and 4720 +90 BP at Fen Bogs (Atherden.
1976a). There are also declines in other arboreal species during the Neolithic, with significant
woodland clearances identified at Fen Bogs. May Moss. Harwood Dale Bog (Atherden. 1976a:
1976b: 1979: 1989). Collier Gill. North Gill and Bonfield Gill Head (Simmons. 1969: Simmons
& Innes, 1988a; 1988b: 1988c: 1988d). The Neolithic woodland clearances were bv no means
comprehensive. and woodland disturbance probably was only occurring on a limited and sporadic
scale (Atherden. 1976b). Peat accumulation began at a number of sites during the Neolithic.
including Bonfield Qill Head. Howdale Hill. White Gill and Moss Slack Goathland. which
perhaps reflects a causal link between forest clearance and the inception of peat accumulation
(Moore. 1986). The initiation of peat accumulation is the product of a number of factors. which

include forest clearance. wetter climatic conditions and local impedance of drainage.

The first widespread destruction of woodland on the North York Moors occurred during the
Bronze Age. Although woodland clearance had occurred during the Mesolithic and Neolithic. the
decline in Bronze Age arboreal pollen and the abundance of Bronze Age archaeological remains
on the moors denote woodland clearance and human activity on a much larger scale. Declines in
arboreal pollen frequencies are evident at several sites including Fen Bogs, Mav Moss. Moss
Slack Goathland. Harwood Dale Bog (Atherden. 1976a: 1976b: 1979: 1989) Wheeldale Gill and
Loose Howe (Simmons & Cundill. 1974a). These clearances have been *C dated to 3210 £90 BP
at Wheeldale Gill (Simmons & Cundill. 1974a) and 3400 £90 at Fen Bogs (Atherden. 1976a).
These woodland clearances are the result of human pressure on the landscape. and although
pastoralism probably' was the dominant agricultural activity on the moors during this period.
cereal pollen grains signify arable activity (Simmons et al.. 1993). Towards the end of the Bronze
Age there is evidence of limited woodland regeneration. reflecting a reduction in agricultural
pressure. This woodland regencration may also reflect the impact of a climatic deterioration circa
3250-3000 BP during the late Bronze Age (Barber er al.. 1994a). which would have had a

considerable impact on subsistence communities exploiting the upland moors.
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A series of temporary woodland clearances characterises the early Iron Age. These clearances are
evident in peat sequences from across the moors including the radiocarbon-dated profiles at Fen
Bogs and Harwood Dale Bog (Atherden. 1976b: 1989). The most significant decline in the
arboreal population of the North York Moors visible in pollen profiles occurs during the late Iron
Age. This massive clearance has been "C dated to 2280 +120 BP at Fen Bogs (Atherden.
[976b). 2190 £90 BP at Harwood Dale Bog (Atherden. 1989) and approximately 2390-1570 BP
at Wheeldale Gill (Simmons & Cundill, 1974a). During the Iron Age and the subsequent
Romano-British period the population of the North York Moors increased. expanding the area of
the landscape exploited for pastoral or mixed agricultural activity (Simmons er al.. 1993),
Archaeological evidence suggests the population mainly occupied the southern hills and the
bottoms of the dales. These secttlement patterns probably represent the culmination of a trend
begun in the Neolithic (Spratt. 1993). Low arboreal pollen frequencies occur at all palynological
sites across the North York Moors throughout the Romano-British period. reflecting increased

agricultural activity stimulated by economic prosperity during the period of Roman occupation.

The last 2000 years are of most interest in terms of the focus of this thesis. and the remainder of
this section synthesises current understanding of vegetational and environmental changes during
this period. The North York Moors at the end of the Iron Age was a largely treeless agriculturally
exploited landscape. with remaining woodland limited to steep valley sides and the moorland
edge. Figure 2.5 indicates palacoecological evidence pertaining to the last 2000 years is available
at several sites: however. only peat profiles from Fen Bogs. and to a lesser extent Wheeldale Gill

and Harwood Dale Bog are secured by '*C dates.

The Iron Age / Romano-British clearance phase terminates sharply at many sites. with an
increase in the abundance of arboreal species recorded at Fen Bogs, May Moss and Harwood
Dale Bog (Atherden. 1976b: 1979: 1989). The woodland regeneration is "C dated to 1530 £130
BP at Fen Bogs. which is broadly synchronous with the Roman withdrawal from Britain.
Although increases in the heliophytic trees. Betula and Fraxinus. are accompanied by a
regeneration of Quercus. Alnus and Corvius avellana. pollen frequencies do not return to the
levels in existence before the Iron Age/Romano-British clearance. Atherden (1976b) suggests
that. although the Roman withdrawal had a significant impact on the land-use of the North York
Moors. continued exploitation by native Britons. albeit at a reduced level. only allowed limited

regrowth of woodland in marginal arcas. for example the steep sides of the dales and the

moorland edge.
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After the initial woodland regeneration following the Roman withdrawal arboreal pollen
frequencies begin to decline during the Anglo-Scandinavian period. This decline is evident at
numerous sites on the' North York Moors: however. only Fen Bogs has "*C dates for this period.
Atherden (1976b) found the woodland regeneration was particularly noticeable in heliophytic
species. specifically Betula. Fraxinus. Salix and Corylus avellana. and that there was a
subsequent decline in arboreal species extending up to 1060 +£160 BP at Fen Bogs. Atherden
(1976a: 1976b) attributed the Anglo-Scandinavian woodland clearances to a period of more
Intensive agricultural activity, perhaps related to monastic settlement encouraging increased

exploitation of upland marginal agricultural land and the peripheral lowland areas of the North

York Moors.

Atherden (1976a) links historical records of tree felling within the Royal Forest of Pickering
during the late Medieval period to further declines in arboreal frequencies. The Roval Forest is in
the pollen catchment area for peat sequences at Fen Bogs, May Moss. Simon Howe Moss. Gale
Ficld and Moss Slack Goathland. All of these sites display evidence of woodland clearance during
the Medieval Period. which has been "“C dated to 1060 £160 BP at Fen Bogs (Atherden. 1976a:
1976b: 1979). There is a minor expansion of trees towards the end of the Medieval Period.
evidenced at Fen Bogs. Gale Field and Moss Slack Goathland. which has been attributed to the
impact of the Dissolution of the Monasteries in cal. AD 1336, which encouraged a reduced scale
of agricultural activity in upland arcas as the monastic estates were dispersed amongst lay

farmers (Atherden. 1976a: 1979).

A decline in woodland species and an expansion of C'alluna vulgaris can be identified towards
the top of the pollen diagrams from Fen Bogs. May Moss. Simon Howe Moss (Atherden. 1976b:
1979), West House Moss (Jones. 1977) and Yarlsey Moss (Simmons & Cundill, 1974a). This
arboreal decline 1s attributed to extensive woodland exploitation during the 17th and 18th
centuries. and the Calluna vulgaris rise 1s the product of moorland expansion during the 19th and
20th centuries. produced by management of the upland moors to raise grouse. A further
palynological change visible in peat sequences on the North York Moors entails an increase in
pin¢ frequencies and occasional spruce and fir towards the top of pollen diagrams. The increase

in conifer populations 1s the product of modern commercial afforestation across the moors from

the 1930s onwards.

Published palacoclimate rescarch on the North York Moors is not as comprehensive as

investigations into the vegetation history. Previous analyses are limited to a single peat profile
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from Harold’s Bog on Conisor Howl. East Bilsdale Moor (Blackford & Chambers. 1991: in
press). This research analvsed the degree of humification in a peat sequence and the humification
stratigraphy was used to identify changes to a wetter mire surface. The palacohydrological
history is used to identify several shifts to wetter conditions circa 900-600 cal. BC. between 168
cal. BC and cal. AD 130. cal. AD 540-730. 890-1160. 1000-1260 and 1565. which are attributed

to climatic change (Blackford & Chambers. in press).

2.6 Gaps in the palaeoecological history

The previous discussion identifies a considerable quantity of research carried out on the North
York Moors: however. gaps can be identified in this established knowledge. At present.
understanding of the vegetation history is hampered by a paucity of *C dates and an absence of
fine-resolution pollen analysis pertaining to most of the Holocene. with the noticeable exception
of the Mesolithic period where the North York Moors has both in abundance. There are few
pollen sites away from the central sandstone moorland plateau and this lack of a complete
regional coverage especially on the southern limestone hills is keenly felt (Simmons. 1995). A
further gap involves the virtual absence of palacoclimate research utilising the c¢vidence contained
within peat stratigraphy. with the exception of the research on East Bilsdale Moor (Blackford &

Chambers. 1991: in press).

There is considerable scope for further research on the North York Moors using fine resolution
pollen analysis and detailed "*C dating to investigate Neolithic. Bronze Age. Iron Age and
Historic peat sequences. Research of this type would redress an imbalance in palynological
rescarch on the North York Moors by concentrating on parts of the Holocene other than the
Mesolithic. Simmons (1995) links the comparative lack of palynological investigation of the post-
Iron Age to a relative absence of peat profiles pertaining to this period. and this problem may
hamper future rescarch. Research extending the spatial range of palynological sites would also be
useful: howcver. this will be hampered by a paucity of peat away from the central sandstone
platcau. Furthermore. peat stratigraphies on the North York Moors have been under-utilised as a
source for palacoclimate research and there are several ombrogenous peat sequences suitable for

rescarch of this type.

This thesis addresses two of these gaps. by carrving out a detailed palacoclimatic reconstruction
utilising the peat stratigraphy from five sites on the North York Moors. Previous palacoclimate
rescarch is limited to stratigraphic analysis of a single site. which identifics changes to a wectter

climate circa 168 cal. BC - cal. AD 230. cal. AD 540-730. 890-1160 and 1565. Additionally
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pollen analyscs supplemented by *C dating will address the relative lack of radiocarbon dated
palynological profiles pertaining to the last 2000 years. Current understanding of the vegetation
history for the last 2000 vears identifies woodland clearance phases circa 400 cal. BC - cal. AD
450. cal. AD 900-1450 and from cal. AD 1600 onwards. separated by limited woodland
generation cal. AD 500-900 and AD1500-1600. These vegetation changes are correlated with
periods of either enhanced or reduced agricultural exploitation of the uplands. which arise for a
variety of reasons discussed in the previous sections. This thesis contributes a detailed regional
climatic history clucidated from peat stratigraphy and improves current understanding of the

regional vegetation history during the last two millennia on the North York Moors.
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Peat stratigraphy: an archive of climate
history

3.1 An introduction to peat-based palaeoclimate research

There is a vast amount of published research that uses the stratigraphy of ombrotrophic peat bogs
to reconstruct past climate. Although palaeoclimate research utilising peat sequences began in the
late 19th century, it is a resurgence of interest during the last 20 years that is responsible for
many of the procedures currently applied in peat stratigraphic research. This resurgence of
interest has seen a number of methodological advances within the field of mire palaeoecology. A
semi-quantitative method of analysing the degree of peat humification popularised by Aaby
(1976), has been rigorously assessed and improved by Blackford & Chambers (1993). Barber
and a series of doctoral students have developed plant macrofossil analysis as a tool for
identifying moisture shifts within peat stratigraphy (Barber, 1981; Haslam, 1987; Stoneman,
1993; Barber ef al. 1994a; 1994b). Testate amoebae have long been utilised in investigations of
peat stratigraphy (Tolonen, 1966; Aaby, 1976), but recent ecological research has enabled
quantitative reconstruction of past environmental characteristics, for example the depth of the

mire water table (Warmer & Charman, 1994; Woodland et al., 1998).

Van Geel (1978; 1986) attempted to identify and record all the micro-fossils encountered within a
palynological preparation, which include numerous fungal and algal remains, an approach he
complemented with plant macrofossil analysis of several Dutch peat sequences to produce
detailed environmental histories. A different procedure for elucidating a climate history from peat
deposits has recently been developed, which mvolves isotopic analysis. Brenninkmeijer et al.
(1982) used H/H and "*0/'°0 ratios determined from analysis of cellulose to reconstruct climatic
variations. Subsequent research has tentatively linked fluctuations in isotope stratigraphies to
changes in temperature and precipitation (Dupont & Brenninkmeijer, 1984; Dupont, 1986; van
Geel & Middeldorp, 1988), thereby providing the most specific climatic information that has
currently been obtamed from peat sequences. This variety of palaeoenvironmental techniques
allows detailed reconstruction of mire surface conditions and in some cases allows investigation
of the precise nature of an environmental or climatic change, for example the depth of the water
table or temperature. Peat stratigraphic research currently involves the utilisation of several
palaeoecological techniques to investigate a sequence. This multi-proxy approach has the

advantage that it increases confidence in the eventual environmental reconstruction, and it is now
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rare to find palaececological research investigating mire environments relying upon a single

procedure.

During the past 120 years, like many sciences, peat stratigraphic research has experienced a
number of paradigm shifts. The earliest palaeoclimate research using peat sequences divided the
Holocene into the five broad climatic periods listed in table 3.1 (after Blytt, 1876; Sernander,
1908). This research held that layers of poorly decomposed Sphagnum-rich peat were indicative
of a wetter, colder climate and well decomposed horizons of peat were attributed to drier, warmer
periods, using evidence derived from the peat humification and plant macrofossil stratigraphy.
The Blytt & Sernander scheme was not initially universally accepted and now is generally
regarded as an oversimplification (Smith, 1981; Bell & Walker, 1993; Blackford, 1993;
Ballantyne & Harris, 1994). However, the Pre-Boreal, Boreal, Atlantic, Sub-Boreal and Sub-
Atlantic climatic periods are a corerstone of Holocene research. Even though anxieties regarding
regional correlation, stratigraphic resolution and geochronology reduce the value of the scheme
(Smith & Pilcher, 1973, Birks, 1975; Smith, 1981; Blackford, 1993), it is still referred to in

recent palaeoecological publications Simmons ef al., 1993 for example.

Table 3.1. The Blytt & Semander post-glacial climatic periods (after Sernander, 1908).

Climatic Period Climatic Conditions
Sub-Atlantic Humid and at the beginning cool.
Sub-Boreal Dry and warm.
Atlantic Maritime and mild, probably with warm and long autumns.
Boreal Dry and warm.
Pre-boreal Undetermined climatic conditions.

Early research using peat stratigraphy to elucidate climate history concentrated upon features
called recurrence surfaces (Weber, 1900). Recurrence surfaces are stratigraphic changes,
which well humified peat is succeeded by poorly humified Sphagnum-rich peat. Recurrence
surfaces reflect an ecological and diagenetic response to increased availability of water on the
mire surface (Blackford, 1993). Much of the peat-based palaeoclimatic research during the first
half of the twentieth century concentrated upon identifying and correlating these recurrence
surfaces between mires across north-west Europe, a strategy Barber (1982) describes as a

“search for fixed points”.

The other foundation to peat stratigraphic research during the first half of the twentieth century

was the autogenic theory of bog evolution, which held that bogs were self-perpetuating systems
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with changes in peat stratigraphy reflecting replacement of a hollow environment with that of a
hummock (Osvald, 1923; 1949). Tansley (1939) and Godwin & Conway (1948) have
subsequently perpetuated the theory. The autogenic theory has also been referred to as the
regeneration cycle theory or complex (Barber, 1981), and as the hummock-hollow cycle or
complex. Figure 3.1 displays a diagrammatic representation of the autogenic theory, which
demonstrates how a hollow through comparatively rapid peat accumulation can reach
topographic parity with the surrounding hummocks and ridges, eventually transforming into a
hummock. This process of mire evolution involves a change in local surface moisture conditions,
which occurs independently of any external influences, for example mire drainage or climate. The
autogenic hummock-hollow cycle is a neatly encapsulated closed system. Plant macrofossil and

humification analyses were an integral part of research identifying these autogenic cycles
(Osvald, 1923).

Clearly the existence of recurrence surfaces constitutes an interruption to the autogenic process of
bog evolution, thereby denoting an allogenic impact on the mire environment. It became the
established scientific orthodoxy that recurrence surfaces, the major changes in peat stratigraphy,
were the only evidence of climate fluctuations contained within peat sequences, with the majority
of the stratigraphic changes being the product of the hummock-hollow cycle (Barber, 1981;
1982). Recurrence surfaces were first identified by Weber (1900), who termed the major change
in peat decomposition in north-western and central European mires the Grenzhorizont. Granlund
(1932) developed this theme identifying five recurrence surfaces in Snoeroms Moss, a raised mire
in Sweden. The recurrence surfaces were numbered RY I to V, and they occurred circa. 2300
BC, 1200 BC, 500 BC, AD 400 and AD 1200. This chronology was based upon correlation of
palynological and archaeological evidence. Recurrence surfaces have been identified within the
humification (Weber, 1900; Granlund, 1932), plant macrofossil (Granlund, 1932; Nilssen, 1935;
1961; Tolonen, 1966; Dickinson, 1975) and testate amoebae (Tolonen, 1966) stratigraphies of

peat sequences across Europe.

The development of '“C dating as a routine tool in palaeoecological research led to the
questioning of regional correlation of recurrence surfaces. Features perceived to be an equivalent
horizon yielded a variety of '*C ages (Frenzel, 1983; Barber, 1981; 1982; Blackford, 1993).
Haslam (1987) used a detailed program of "C dating to confirm a wide spread of ages for the
Main Humification Change in mires across northem Europe. Despite the realisation that
recurrence surfaces were not always regional phenomena and were an unsuitable basis for
correlation of peat sequences, the detailed research involved in their identification had a number

of benefits. Blackford (1993) ascribes a change in focus associated with this phase of research,
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Figure 3.1.
a). A schematic stratigraphic cross-section across a hummock / hollow

microtopography demonstrating the pattern of changes expected through time under
the autogenic theory of mire evolution (after Osvald, 1923).

b). A schematic stratigraphic cross-section across a hummock / hollow
microtopography, identifying the expansion (blue) and contraction (red) of habitats
expected in a system controlled by climatically driven moisture changes (after
Walker & Walker, 1961; Aaby, 1976, Barber, 1981). Also demonstrating the
hypothetical distribution of Sphagnum communities expected on the North York
Moors, under wet, average and dry conditions.
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concentrating upon local fine-resolution variations in the recurrence surface record, which clearly
contrasts with the regional low-resolution approach of the Blytt and Semander scheme. This local
emphasis is partially responsible for a greater understanding of mire hydrology, and for a focus
upon minor features and local differences within peat stratigraphies. There are some drawbacks
with this paradigm mainly involving the concentration on a narrow chronological period around
the major recurrence surfaces, and arising from the imprecise and problematic climate history

yielded by recurrence surface research (Barber, 1981; 1982; Blackford, 1993).

Despite research indicating that chronological correlation of peat sequences using recurrence
surfaces is unsound, as discrete features they do represent shifts to wetter mire surface conditions
and are an important focus for palacoclimate research. Several studies have used humification
analyses often integrated with other palaeoecological procedures to identify a number of periods
favouring the formation of recurrence surfaces, circa 3850 BP, 3500 BP, between 2800-2200
BP, 2050 BP and 1400 BP (Tolonen, 1966; Dickinson, 1975; Blackford, 1993). The broad
consensus unaffected by the chronological controversies is that recurrence surfaces form due to

increased availability of water on the mire surface and they reflect a wetter climate.

Doubts about the validity of the hummock-hollow theory as a main cause of changes within peat
sequences began to surface as researchers failed to find stratigraphic evidence of the hummock-
hollow cycle (Walker & Walker, 1961; Aaby, 1976; Barber, 1981). It was becoming evident that
hummocks had the ability to persist for long periods of time, with the hummock habitat
expanding and contracting in response to climatic change or moisture availability. Barber (1981)
formally tested the hummock-hollow theory investigating the plant macrofossil stratigraphy of
Bolton Fell Moss, a raised mire in Cumbria and claimed to have falsified the hummock-hollow
theory. Subsequently he proposed an alternative theory, the “Phasic” theory of bog evolution,
which holds that mire growth is controlled above all by climate, with stratigraphic changes
reflecting expansion and contraction of drier habitats in response to phases of dry or wet climate.

The evolution of a mire conforming to the phasic theory is displayed schematically in figure 3.1.

Implicit in the phasic theory of bog evolution as proposed by Barber (1981), is that the plant
macrofossil communities evidenced in the peat stratigraphy of an ombrotrophic mire will contain
a continuous record of climate-driven moisture changes. This record will include climate
fluctuations of the magnitude of recurrence surfaces and a series of less visual yet significant
stratigraphic changes. Aaby & Tauber (1975) and Aaby (1976) suggest that climate was the
major factor behind changes in the peat humification, plant macrofossil and testate amoebae

stratigraphy of six Danish mires, supporting the view that climate is perhaps the most important
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factor controlling bog development. There has been a wealth of research on the mire environment
since doubts were expressed about the chronology of recurrence surfaces and the validity of the
hummock-hollow theory in the 1960s. This research includes attention to present day
hydrological, chemical and ecological characteristics of the mire ecosystem, which have been

synthesised in a number of excellent texts (Moore & Bellamy, 1974; Gore, 1983; Heathwaite &
Géttlich, 1993).

The majority of peat-based palaeoclimate research has concentrated upon raised mires. However
in recent years there has been an increase in research investigating the climate signal contained
within ombrotrophic blanket peat. Tallis (1985; 1987; 1991; 1994; 1995) and Tallis & Livett
(1994) present detailed analyses of the stratigraphy of blanket mires in the south Pennines, which
include quantitative analysis of plant macrofossils. Tallis (1994) identified a series of shifts in
mire surface wetness within the macrofossil stratigraphy at Alport Moor. There is a broad
agreement between the climate curves generated from raised mire stratigraphies (Barber, 1981;
Barber et al., 1994a; 1994b) and the moisture signal identified in the peat stratigraphy at Alport
Moor (Tallis, 1994). Blackford & Chambers (1991; 1993; 1995) and Chambers et al. (1997)
used a humification procedure and uncovered evidence of changes in palaeohydrology within
blanket mire peat sequences across the British Isles. These studies demonstrate the potential of
upland ombrotrophic blanket peat, which currently is an under-exploited resource for

palaeoclimate research.

The wealth of peat stratigraphic research has made substantial contributions to the understanding
of climate history. This palaeoclimate history is more appropriately discussed alongside the
research on the North York Moors in chapter 7. Recent methodological advances within the field
of palaeoecology offer a range of opportunities for palacoclimate research utilising blanket mire
stratigraphy. Research of this type has not previously been applied to blanket mires of the North
York Moors. The research presented in this thesis utilises three palacoenvironmental procedures,
assessing sub-fossil testate amoebae, plant macrofossils and the degree of peat humification to

reconstruct mire palacohydrology, and by inference past climate.

3.2 Analysing the degree of peat humification

Peat humification stratigraphy became a focus for palaeoenvironmental investigation because
researchers became aware of a propensity for prolonged periods of dry climate to produce highly
decomposed peat. Conversely, prolonged wet climate produces saturated mire surface conditions,
which inhibit decay processes producing poorly decomposed peat. A logical progression of this
state of affairs is that in fossil peat, well-humified layers will reflect a dry or hot climate and
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poorly humified layers will identify periods with a cold or wet climate. Two main processes of
decomposition operate within peat bogs. Humification is the process by which organic matter is
converted into humic substances, thereby losing cellular and tissue structure. Mineralisation
involves microbial utilisation of organic matter, releasing carbon dioxide, water and other
nutrients from the original plant material (Eggelsmann ef al., 1993). Both of these decomposition
processes require the presence of active microorganisms to breakdown organic matter (Kuster,
1993). Peat comprises a mixture of primary or partially decomposed plant material and various

humic substances, which accumulate because decomposition processes are negligible or occur

extremely slowly under anaerobic conditions.

The abundance and composition of the microbial population varies with depth and the degree of
aeration of the peat profile. Aerobic micro-organisms are responsible for humification, and so this
only occurs in the aerobic surface layers of a mire. Anaerobic bacteria are not very abundant in
peat, but they can occur throughout the peat sequence and are essential for the mineralisation
processes to take place. Ingram (1978) termed this aerobic zone the “acrotelm” and the lower
anaerobic zone the “catotelm”. Many researchers indicate the rate of decomposition in the
catotelm is either extremely slow or negligible, and the actual processes and rate of
decomposition within the catotelm are poorly understood (Eggelsmann et al., 1993). The
transition from the acrotelm to the catotelm occurs within the surface layers of peat and the
boundary is typically located at the depth of the average mmimum summer water table (Ingram,
1978). The state of decomposition displayed by fossil peat reflects endurance of relatively rapid
acrotelmic decay and slow/negligible catotelmic decay, both experienced during the sedimentary

process.

The majority of decomposition experienced by peat appears to occur in the acrotelm above the
water table prior to further burial, and so the degree of peat decomposition broadly corresponds
to the amount of time spent in the acrotelm. The degree of humification displayed by deep peat
reflects the depth of the acrotelm at the time of sedimentation. If peat is poorly humified the
acrotelm was probably quite shallow and the water table was close to the surface, whereas well-
humified peat is produced by a greater duration of acrotelmic decay indicating that the water
table was deeper. In summary the degree of peat humification can be regarded as a semi-
quantitative proxy record of average minimum summer water table depths, which if the mire is

ombrogenous will reflect climatic conditions (Aaby & Tauber, 1975).

Early research assessed the degree of decomposition by means of visual examination of the peat

sediment, which typically involved description of colour, identification of the main plant species



36

and qualitative assessment of the degree of preservation displayed by the plant remains. Von Post
(1924) developed a 10-point categorical scheme to describe the degree of peat humification
qualitatively. Von Post’s scheme is based on several descriptive characteristics, including colour,
texture and the state of physical deterioration of plant remains, and has been widely used to

describe sedimentary sequences normally in association with other palaeoecological techniques,

for example pollen analysis.

In the wake of the falsification of the autogenic theory of bog evolution and chronological debate
about recurrence surfaces, a new approach to peat-based palaeoclimate research has developed.
The approach relies upon detailed systematic analysis of entire peat sequences, producing high-
resolution palaeoenvironmental histories. In this context there are several methodological
problems with the von Post peat humification classification, which arise because it 1s a
classification producing qualitative results not recorded on a continuous measurement scale.
Measurements on a continuous numeric scale are essential for the detection of short duration
changes in peat humification. The von Post scheme is also subjective and dependent on the
judgement of the individual researcher, an approach that is inadequate for identification of small-
scale or cyclic changes in peat humification. Furthermore, the von Post scheme is reliant on
Sphagnum remains for categories one to seven, which renders it of limited use in peat where
Sphagnum species are either rare or absent. In some blanket mires the entire peat sequence will
fall into categories 8-10, in which case the von Post scheme is of limited value for analysing

small-scale changes in peat humification.

Various methods of quantifying the degree of peat humification have been developed, which
assess the colour either of extracted peat water or a chemical extraction of humic acid. Troels-
Smith (1955) devised a method for assessing humification, which involved squeezing the peat and
dividing the extracted peat-water into five colour classes. Similarly Stoneman (1993) devised a
“turbidity index” of peat humification, which assesses the quantity of disaggregated peat required
to obscure a mark on the base of a water-filled measuring cylinder. Both these methods operate
with the premise that the degree of humification is reflected in the abundance of dark humic
substances contained within peat. The most significant methodological development in the
analysis of peat humification, involved the creation of a technique that assesses humification on a
continuous numeric scale. Aaby (1976) applied a chemical procedure, originally developed by
Overbeck (1947) and Bahnson (1968), to assess the degree of humification in peat sequences
from rtaised mires in Denmark. Aaby and Tauber (1975) used time series analysis of this

humification signal to infer hydrological and climatic changes with a 260-year periodicity.
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Humic acids are produced by decomposition of organic matter, with the quantity of humic acid
increasing as plant remains decompose. The amount of humic acid in peat could provide a
measure of the degree of humification. Humic acids are complex compounds and typically are
dark brown in colour. The alkali extraction produces a brown solution and the darkness of this
solution reflects the concentration of humic acid. The darkness of the solution can be measured
on a spectrophotometer, which assesses the quantity of light either transmitted through, or
absorbed by the alkali solution. The percentage of light transmission recorded on a
spectrophotometer through an alkali extraction of humic acid is used as a semi-quantitative
estimate of the degree of peat humification (Aaby, 1976; Blackford & Chambers, 1993). High
percentages of light transmission identify a low humic acid content, and conversely low
percentage light transmission indicates the extract is rich in humic acids. The percentage light
transmission curve for a peat profile will identify changes in peat humification, which in turn will
reflect changes in mire surface wetness. Blackford & Chambers (1993) rigorously tested the
alkali-extract procedure and improved the methodological integrity of the technique,

recommending several modifications.

Rowell & Tumer, (1985), Blackford & Chambers (1991; 1993; 1995; in press), Chambers et al.
(1997) and Caseldne et al., (1998) have used the alkali extraction procedure in
palaeohydrological investigations of mires across the British Isles. Humification stratigraphies
have been used to reconstruct a Holocene climatic history for the British Isles, and have identified
several phases of wetter climatic conditions during the last two millennia, circa 1450 BP, 550 BP
and 300 BP (Blackford & Chambers, 1991; 1995). Wet climatic periods signified in peat
stratigraphies appear to be concurrent with phases of reduced sunspot activity, and solar forcing
has been proposed as a possible cause of climate change during the late Holocene (Blackford &
Chambers, 1995). Linking the palaeoclimate history derived from peat stratigraphy with factors
hypothesised as potential agents affecting or forcing global climate change is not without
problems. A discussion of these issues at this stage is premature and the debate 1s presented in the

context of the palaeoclimate history for the North York Moors in chapter seven.

3.3 Plant macrofossil analysis

The principal aim of plant macrofossil analysis is to reconstruct a history of the local mire
vegetation from a palaeoecological sequence. The vegetation of an ombrotrophic mire is a
complex community, which prefers environmental conditions that are inhospitable to a large
number of species. These saturated acidic nutrient-poor conditions encourage the development of
a low diversity flora dominated by ericaceous shrubs, sedges and bryophytes. The Sphagnaceae,

a group of mosses particularly abundant on ombrotrophic mires, dominate the bryophyte



38
community. Less abundant members of this blanket mire community, include Drosera spp.,
Narthecium ossifragum, Molinia caerulea and Myrica gale, amongst others (Heathwaite ef al.,
1993a). The flora of blanket mires is not uniformly distributed across a complex micro-
topography consisting of hummocks and hollows. Furthermore, each mire has individual

environmental characteristics that affect the composition of plant communities.

Surface moisture conditions are identified as a critical factor controlling the distribution of plants,
with certain species preferring specific environmental habitats - for example the tops of
hummocks, sides of hummocks, hollows and pools. Individual species often prefer an
environmental habitat a specific distance from the water table, and the abundance of plant species
with specific moisture requirements can allow mire surface wetness to be monitored through
changes in the composition of the mire flora. Changes in the mire flora have been used as a tool
for monitoring a variety of environmental changes, including the assessment of hydroseral
changes (Tallis, 1983) and the success of mire restoration schemes (Heathwaite er al., 1993b:;

Buttler e al., 1996).

The mire vegetation is transformed into peat through sedimentary and decompositional processes.
The nature of the eventual peat sediment is controlled by the composition of the bioceonosis
combined with the vigour of diagenetic processes. Dead plant matter loses cellular structure and
mass as 1t is incorporated into the acrotelm, until after further sedimentation the plant remains
reach the relative safety of the catotelm. The majority of decay experienced by dead plant
material must occur before reaching this anaerobic zone, because rates of decomposition in
catotelmic peat are very slow (Eggelsmann ef al., 1993). Despite the decomposition involved in
transforming plant material into peat sediment, a large proportion of plant remains is preserved as
fossils within the peat stratigraphy, and many of these sub-fossils are identifiable to species or

sub-genus level (Barber, 1993).

Changes in the mire flora elucidated from the sub-fossils contained within peat sequences reflect
the response of species or communities to various environmental parameters. Reconstructing
climate change through analysis of plant macrofossils contained within peat stratigraphy is based
upon two underlying precepts. Firstly, the mire under investigation must be ombrogenous, which
provides a more or less direct link between surface wetness conditions and effective precipitation.
Secondly, changes in mire surface wetness must be identifiable through ecological interpretation
of the plant macrofossil history. In the absence of human interference, changes in mire surface
wetness most likely reflect fluctuations in effective precipitation, thereby providing a proxy

climatic record.
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The change in emphasis associated with the establishment of the phasic theory (Barber, 1981),
has necessitated a number of methodological advances in plant macrofossil analysis. Analysis of
small-scale fluctuations in peat stratigraphy requires sequential sampling at a fine-resolution, and
furthermore the abundance of plant macrofossils has to be assessed quantitatively. Traditionally,
the abundance of plant macrofossils has been recorded either qualitatively as presence/absence
data, or semi-quantitatively using a “rare, occasional, frequent, common and abundant”
categorical procedure (Walker & Walker 1961; Tolonen, 1966; van Geel, 1978; Barber 1981). In
fact much of the research questioning the synchrony of recurrence surfaces and the validity of the
autogenic regeneration model relied on this semi-quantitative categorical scale (Walker &
Walker, 1961, Aaby, 1976, Barber, 1981). In comparison with other palaeoecological

techniques, for example pollen analysis, plant macrofossils have proved relatively difficult to

quantify (Birks & Birks, 1980).

There are a number of problems with the rare, occasional, frequent, common, abundant scheme,
which arise because the classification is dependent on the researcher’s judgement of the
abundance of plant remains. Additionally the scheme produces categorical data, which hinders the
identification of small-scale fluctuations in the composition of Sphagnum communities and
furthermore it is difficult to carry out quantitative analysis on categorical data. There are further
problems arising from the unsystematic manner in which this categorical procedure has been
used, with one or two samples extracted within pre-determined stratigraphic units (Barber, 1981).
In order to extract fine-resolution climatic data, the peat stratigraphy must be sampled

systematically using a close sampling interval.

Recent research at Southampton University has put plant macrofossil analysis of mire sediments
firmly on a quantitative footing (Haslam, 1987, Stoneman, 1993). Haslam (1987) developed a
“Quadrat and Leaf Count” method, in which the main peat components; Unidentified Organic
Matter (UOM), Monocotyledonous remains, Ericaceae remains and Identifiable Sphagnum are
identified and quantified. The Sphagnum leaf counts and estimated abundance of the main peat
components are expressed as percentages. Stoneman (1993) modified the quadrat and leaf count
method by expressing the Sphagnum leaf counts as percentages of the total identifiable
Sphagnum, which gives the Sphagnum leaf counts equal weighting with the percentages of the
main peat components. Barber et al. (1994b) used a weighted average ordination technique on
this quantitative data to generate palaeohydrological curves, by giving each species a value

reflecting respective moisture tolerance.
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Barber et al. (1994a) used a different ordination technique, unconstrained detrended
correspondence analysis (DCA), as a tool to interpret the macrofossil data objectively. Axis 1 of
the DCA summarised the majority of the variation within the data set and appeared to identify a
moisture gradient, with species preferring wetter environmental conditions (e.g. Sphagnum
section Cuspidata) located at one end of the axis and species preferring drier environmental
conditions (e.g. Ericaceae and Sphagnum section Acutifolia) grading to the other end. If DCA
axis 1 does represent a moisture gradient the scores for each fossil sample on this axis provide a
record of changes in mire surface wetness and by inference palacoclimate. The sample scores on
DCA axis 1 of a core from Bolton Fell Moss have been proposed as a more accurate model of
Holocene climate change than produced by previous methods of iterpreting peat sequences,

namely recurrence surface stratigraphy and the Blytt-Serander scheme (Barber ef al., 1994a).

Methodological developments improving the plant macrofossil analysis procedure have provided
a means of quantitatively assessing the relative abundance of components within peat sequences.
Perhaps more importantly, it has also become possible to analyse changes in plant macrofossil
communities statistically and present semi-quantitative moisture gradients using various
ordination techniques. This approach has the advantage of providing a long and continuous
history of mire evolution, which in the case of an ombrotrophic mire can be viewed as a proxy-

history of climate change.

3.4 Analysis of sub-fossil testate amoebae

3.4.1 Introduction

Protozoa in the subphylum Sarcodina and the superclass Rhizopodea are a group of freshwater
organisms that produce tests or shells. These tests are readily incorporated and preserved within
aquatic and semi-aquatic sedimentary sequences. They are the subject of a palaeoecological
technique colloquially referred to as “testate amoebae analysis” (Wamer & Charman, 1994) or
“rhizopod analysis” (Tolonen, 1986). Research on testate amoebae is limited to mire, lacustrine
and soil environments. However, this thesis relies entirely on analysis of peat sequences, and so
the remainder of this section concentrates upon testate amoebae analysis as a palaeoecological
tool for analysing peat sequences. Peat stratigraphic research using testate amoebae was first
applied by Steinecke (1927) and subsequently testate amoebae analysis has been utilised by
various researchers to investigate mire palaeoecology (Hamnisch, 1927, Grospietsch, 1958,

Tolonen, 1966; Aaby, 1976; Beyens, 1985, Wamer & Charman, 1994; Woodland et al., 1998).

Testate amoebae are a very abundant component of the microfauna of Sphagnum mires, with a

. . 7 - . ~ . . 7. ..
biocoenosis of circa 1.6x10" live organisms m 2 and a necrocoenosis of circa 2.0x10" individuals
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m™ (Heal, 1962). This level of abundance combined with the fact that many species are readily
preserved within peat, allows quantitative investigation of sub-fossil communities. Testate
amoebae have a number of advantageous characteristics that render them an extremely useful tool
for palaeohydrological research; for example a wealth of research into ecology of modem testate
amoebae suggests that mire surface wetness is the most important control on the occurrence of
species and the composition of communities (Heal, 1961; 1962; 1964; Meisterfeld, 1977,
Hamisch, 1927; Schénbom, 1962; Tolonen et al., 1992; 1994; Wamer & Charman, 1994;
Woodland er al., 1998). Systematic accumulation of peat converts the necrocoenosis into a
representative fossil assemblage, with no significant loss of species during the fossilisation
process (Woodland et al., 1998). The diversity of sub-fossil communities is typically high with
circa 15 species per sample, with most testate amoebae taxonomically identifiable to species level
in a sub-fossil condition. Additionally, many testate amoebae species display a reasonable
turnover along a number of environmental parameters. These factors render testate amoebae

analysis an extremely valuable tool for the interpretation of peat sequences.

Testate amoebae are unicellular organisms, which consist of a cytoplasm surrounded and
protected by a single chamber test or shell. In the case of smaller testate amoebae the cytoplasm
fills the test chamber. However, species with larger tests only partially fill the test chamber,
attaching themselves to the wall with cytoplasmic strands extended from the cytoplasm (Ogden &
Hedley, 1980). Typically the tests have either one or two openings which are utilised for both
movement and feeding. Testate amoebae achieve mobility using flowing extensions to the
cytoplasm, which are projected through an aperture. These cytoplasmic strands are called
pseudopodia and are also used to adhere the test to the substrate. Taxonomic classification of
testate amoebae is based on the form of the pseudopodia; however, this is of little use when
analysing sub-fossil assemblages because the soft body parts are not preserved. The formation of
the test is tied in with the reproductive cycle, with identical tests constructed on daughter cells
prior to mytosis. In sub-fossil testate amoebae the manner of test construction, the sculpture,
shape and size of the test and test aperture are used as taxonomically diagnostic features

(Grospietsch, 1958; Ogden & Hedley, 1980; Heathwaite et al., 1993).

Detailed ecological research on modem testate amoebae populations in Britain identifies that
most species are active between May and October, followed by death or encystment during the
winter (Heal, 1961; 1962; 1964). Testate amoebae appear to feed on bacteria, algae and fungi,
with larger species preying upon other testate amoebae, diatoms and rotifers (Heal, 1964; Corbet,
1973; Ogden & Hedley, 1980). In addition some species, including members of the genus

Amphitrema, digest symbiotic zoochloroellae, which live within tests, and derive food and energy
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directly from sunlight. Heal (1962) and Meisterfeld (1977) found that no living testate amoebae
occur beneath the brown undecomposed section of Sphagnum moss, which can vary from a depth
of 10-15 cm in very wet Sphagnum carpets to just beneath the mire surface in dry dense
hummocks. The lack of living testate amoebae at depths in mires is due to the lack of interstitial
gaps and the anoxic conditions prevalent in deep peat (Tolonen, 1986). There is vertical variation
m the occurrence of species in the surface layers of Sphagnum moss, with species sustained by
symbiotic zoochloroellae displaying a maximum abundance in the top 6 cm, because they require
light to survive. Species without symbiotic zoochloroellae have their maxima at depths between
6-12 cm, perhaps reflecting a need for peat and mineral particles for test construction
(Meisterfeld, 1977). Beneath circa 15 cm very few living testate amoebae occur and the

necrocoenoses are gradually converted into fossil assemblages.

3.4.2 Ecology of modern testate amoebae

Palaeoecological research requires a full understanding of the ecological and environmental
requirements of modemn populations. Tolonen (1986) and Wamer & Charman (1994) recommend
caution in the use of sub-fossil testate amoebae until more is known about the distribution and
ecology of modern communities. This caution is surprising given that testate amoebae have been
a subject for research since the early 20th century (Steincke, 1927). There is a substantial body
of published literature on the ecology of modemn testate amoebae (Hamisch, 1927; 1951;
Schénborn, 1962; 1964; 1967; Grospietsch, 1953; 1958; Meisterfeld, 1977; 1979). A problem
arises because few ecological measurements of the habitats preferred by modem testate amoebae
have been obtained by direct field analysis (Heal, 1964; Meisterfeld, 1977). This imbalance has
been recently re-addressed to some extent (Tolonen ef al., 1992; 1994; Charman & Warmer,
1992), and continues to be addressed in research (Woodland, 1996; Woodland et al., 1998).
Despite these problems there is a broad agreement that habitat moisture conditions are the most
important of the environmental parameters affecting the distribution of species. Many species are
sufficiently stenotopic to be placed within substrate moisture categories and early research on
their ecology concentrates on analysing the species assemblages associated with specific moisture
conditions (Hamisch, 1927; Grospietsch, 1958; Schénborn, 1963). Other environmental factors
affecting the distribution of testate amoebae include acidity of the mure water, the trophic
conditions and, in the case of testate amoebae that construct their tests from detritus, the

availability of material.

Early research on the ecology of testate amoebae communities assigned species to categories
using a long-established moisture-conditions classification scheme, with each category possessing

a distinctive assemblage of testate amoebae (Hamisch, 1927; Grospietsch, 1958). The testate
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amoebae communities associated with the four categories are displayed in table 3.2, alongside a
description of the moisture conditions. Hamisch (1927) and Grospietsch (1958) also proposed a
series of diagnostic communities for a variety of mire habitats including forested mires, fen mires,
bog pools and bog hummocks. Schénbomn (1962) and Meisterfeld (1977) improved the
classification of testate amoebae communities by linking the occurrence of species to moisture
conditions, using the eight-point categorical scheme displayed in table 3.3. Direct linkage of the
occurrence of testate amoebae species with specific ecological conditions is a preferable
interpretative tool to the broad groups devised by Hamisch (Heathwaite er al., 1993a; Tolonen,
1986). The moisture classes and representative testate amoebae assemblages form the ecological

basis for much of the published palaeoecological analyses of subfossil testate amoebae (Tolonen,

1966; Beyens, 1985).

The resurgence of interest in peat-based palaeoclimate research during the last decade has had a
particular focus upon methodological advances (Blackford, 1993). In the case of testate amoebae
analysis this has necessitated comprehensive quantitative assessment of the environmental
preferences of modern testate amoebae. Surveys carried out in Finland (Tolonen ef al., 1992;
1994), Canada (Charman & Warmer, 1992) and Great Britain (Woodland, 1996; Woodland et
al., 1998) have quantified the average ecological preferences and the range of environmental

conditions tolerated by most testate amoebae species.

Tolonen et al. (1992; 1994) assessed the impact of water table depth, percentage moisture
content of the substrate, trophic conditions, acidity of the mire water, electric conductivity of the
mire water, peat bulk density, calcium content, nitrogen content, the carbon:nitrogen ratio and
quantity of dissolved organic carbon upon the distribution of testate amoebae at ninety micro-
sites from six mires in Finland. Two of the mires were ombrotrophic raised mires and the other
four displayed a wide range of trophic conditions. Tolonen ef al. (1992) suggest this selection of
sites 1s representative of the range of unmodified mires in this area of Finland. Detrended
correspondence analysis of the data attributes 70% of the variation in the distribution of testate
amoebae species to these environmental parameters (Tolonen ef al., 1994). The most important
factors in decreasing order of importance were identified as the depth of the water table, soil
moisture content and trophic conditions. Charman & Warmer (1992) carried out a similar survey
on 107 microsites representative of a wide range of managed and unmanaged habitats on a
forested peatland in north-eastern Ontario, Canada. The distribution of testate amoebae species
was most strongly affected by depth of the water table, moisture content of the substrate and
acidity of the mire water (Charman & Wamer, 1992). Both these studies converted the raw data

summarising the environmental conditions tolerated by individual testate amoebae species into
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Table 3.2 Moisture categories and typical testate amoebae species assemblages (after
Harnisch, 1927; Grospietsch, 1958).

Moisture Moisture Characteristic species
Category Conditions
Tyrphoxene Dry or drained peat Hyalosphenia subflava, Bullinularia indica,
or moorland Trigonopyxis arcula
Xerophilous Moderately dry Bullinularia indica, Assulina muscorum
mire habitat
Hygrophilous Damp to wet mire Nebela collaris, Assulina seminulum
habitat
Hydrophilous Very wet mire Amphitrema flavum, Amphitrema wrightianum
habitat

Table 3.3. Testate amoebae communities associated with the average water content of
the substrate categories of Jung (1936), according to Schonborn (1963) and Meisterfeld

(1977).

Moisture

Average water content of the substrate

Characteristic species.

Category

I

II

I

vV

VII

VI

Open water or submerged vegetation.
>95%

Floating vegetation, partly submerge and
partly at the surface. >95%

Emerged vegetation, very wet, water
drops out without pressure. >95%

Wet, water drops out with weak pressure.

~95%

Half wet, water drops out with moderate
pressure. 95-85%

Moist, water drops out with strong
pressure. 90-85%

Half dry, a few drops with strong
pressure. <80%

Dry, no water drops out with strong
pressure. <50%

Arcella discoides

Amphitrema stenostoma
Amphitrema wrightianum

Hyalosphenia papilio
Amphitrema flavum

Hyalosphenia elegens
Hyalosphenia papilio
Arcella artocrea

Arcella artocrea

Corythion dubium-type
Assulina muscorum
Assulina seminulum

Assulina muscorum

Bullinularia indica

Trigonopyxis arcula
Hyalosphenia subflava
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weighted averages and weighted standard deviations. These values are quantitative estimates of

the optimum environmental preferences and the range of environmental conditions tolerated by

testate amoebae species.

The ecological research of Woodland (1996) is particularly pertinent for this research project,
because it involves quantitative assessment of the environmental preferences and the range of
environmental conditions tolerated by testate amoebae in the British Isles. The survey utilised 163
micro-sites from nine peatlands distributed across England, Scotland and Wales. The survey
assessed the impact of the mean annual water table depth, percentage moisture content of the
substrate, bulk density, vegetation cover, acidity, electric conductivity and temperature of the
mire water, and the C1", SO,”, Ca®" and Mg2+ ionic content of a mire water sample on the
occurrence of testate amoebae. Canonical correspondence analysis of the data indicated that mean
annual water table depth and percentage moisture content of the substrate were the most
important environmental parameters controlling the distribution of species (Woodland e al.,
1998).

This research in Finland, Canada and Britain has moved understanding of testate amoebae
ecology from the qualitative base of the 1960s and 1970s (Hamisch, 1927; Grospietsch, 1958;
Schénborn, 1962; Meisterfeld, 1977). Currently testate amoebae analysis is based on a rigorous
quantitative ecological approach, which potentially renders it an invaluable tool for environmental
monitoring of peatlands (Buttler ef al., 1996). Numerical estimation of the environmental
conditions preferred by testate amoebae species has allowed quantitative reconstruction of
palaeohydrology using ecological transfer functions (Wamer & Charman, 1994; Woodland et al.,
1998). Quantitative coupling of the ecological tolerance and sub-fossil abundance of testate
amoebae has greatly advanced testate amoebae analysis as both an ecological and

palaeoecological tool.

3.4.3 Testate amoebae analysis as a palaeoecological tool

Testate amoebae were first utilised in palaeoecological research by Steinecke (1927), and by
Hamisch (1927) and Grospietsch (1958). Early palaeoenvironmental research using testate
amoebae concentrated on clarifying the changes in mire surface wetness integral to the
Blytt/Sernander scheme. Testate amoebae analysis has proven useful in peat-based research
investigating recurrence surface stratigraphy (Frey, 1964; Tolonen, 1966). Tolonen (1966) used
testate amoebae stratigraphy to identify the regeneration or ‘hummock/hollow’ complex in a
Finnish peat sequence. It should be noted that Barber (1981) suggests this site is different from

most raised mires, and regional correlation of recurrence surfaces and the status of the ‘cyclic
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regeneration theory’ are difficult to sustain in the light of subsequent research (Walker & Walker,
1961; Aaby, 1976; Barber, 1981; 1985; Haslam, 1987).

Aaby & Tauber (1975) and Aaby (1976) made use of testate amoebae, alongside pollen analysis,
humification analysis and quantification of the abundance of Sphagnum remains to reconstruct a
5,500 year surface moisture history for raised mires in Denmark. Aaby identified units where
Assulina spp. and Amphitrema flavum were abundant, which were interpreted as indicative of a
wetter mire surface. Aaby attributed fluctuations in mire surface wetness to cyclic climate
changes, not to the autonomic wet/dry fluctuations of the hummock/hollow regeneration cycle.
Unfortunately, Aaby (1976) eliminated a number of species by using a pollen preparation
procedure, which selectively removes species by sieving and chemically destroying certain tests
(Hendon & Charman, 1997). However, only two genera were counted and both do not appear to
be affected by this procedure; consequently these results are of interest identifying a broad
agreement between surface moisture information derived from testate amoebae and other
palaeoenvironmental procedures. Beyens (1985) reconstructed climatic conditions from a Sub-
Boreal peat sequence in Belgium, by assigning moisture content classes developed by Meisterfeld
(1977) to the peat stratigraphy based on the sub-fossil testate amoebae communities. The
moisture classes were assigned to the sub-fossil testate amoebae assemblages allowing the
generation of a relative surface wetness curve, which summarised mire surface moisture

conditions between circa 4680 and 3200 BP.

Palacoecological research prior to the 1990s was based on qualitative or semi-quantitative
assessment of the present-day ecology of testate amoebae. Wamer & Charman (1994) used
transfer functions to link the optimum environmental tolerances of modern testate amoebae with
sub-fossil assemblages to reconstruct the moisture content of the substrate and depth to the water
table for a mire in north-west Ontario during the last 6500 years. This procedure aided the
interpretation of the palaeoecological sequence by examining the evolution of a mire from a
limnic environment to a relatively wet Sphagnum-dominated peatland. Using the optimum
ecological tolerances of modem testate amoebae to reconstruct past environments from sub-fossil
assemblages in this manner is at an embryonic stage as a quantitative palaeoecological tool.
Wamer & Charman (1994) demonstrate the considerable potential of this approach, but they
suggest that much more research is required on the ecology of testate amoebae, and at this
developmental stage they recommend that these surface wetness curves are only used as a semi-

quantitative aid to palaeoenvironmental reconstruction.
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Woodland ef al. (1998) used a British ecological data-set to reconstruct water table depth
fluctuations during the last 1,500 years from sub-fossil testate amoebae communities based upon
analysis of a peat core from Bolton Fell Moss, Cumbria. Quantitative reconstruction of
environment parameters of this type is a significant development in peat-based palaeoclimate
research, because the magnitude of moisture changes can now be assessed rather than relying
upon the semi-quantitative assessments produced by plant macrofossil, humification and until
recently testate amoebae analysis. The reconstructions of water table depth derived from testate
amoebae allow the comparative performance of other palaeoecological procedures to be assessed
against a quantitative palaeoenvironmental parameter. Research of this type is currently at an

embryonic stage and is further advanced in the context of ombrotrophic blanket mires in this

thesis.

3.4.4 Problems and limitations with testate amoebae analysis

The previous two sections discuss a series of recent developments in testate amoebae analysis,
which suggest that the future of palaeoecological research reconstructing mire water table depths
lies in quantitative environmental estimations derived using modem ecological data (Charman &
Warner, 1992; Warner & Charman, 1994; Woodland e al., 1998). In spite of a resurgence of
interest in testate amoebae and these methodological developments a number of problems remain.
Firstly, there are only three data-sets describing the environmental conditions preferred by
modem testate amoebae, measured in Finland (Tolonen ef al., 1992), northern Ontario, Canada
(Charman & Wamer, 1992) and Britain (Woodland et al., 1998). This record of modem testate
amoebae communities is by no means comprehensive and data from a wider set of geographical
locations and environmental conditions is required before testate amoebae analysis can offer a
reliable quantitative model for reconstructing past environments. Quantitative reconstruction of
environmental parameters should only be attempted if there is modern ecological data for that

particular region.

The multivariate statistics, employed by Charman & Wamer (1992), Tolonen et al. (1994) and
Woodland et al., (1998), reveal that not all the variation in the distribution of species can be
attributed to the environmental parameters assessed. It is possible this may be due to the
incomplete geographical and environmental coverage within the ecological data, but there are also
problems with the individual ecological data-sets. Charman & Warner (1992) obtained more
samples from micro-sites with a 75-95% moisture content, because testate amoebae were more
likely to occur than at drier sites. Although this selection procedure introduces an inherent bias in
the weighted averages, it should be overcome as research progresses increasing the range of

habitats or environmental conditions sampled.
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The response or distribution of testate amoebae along an ecological or environmental gradient can
be modelled by a Gaussian curve, with a species most abundant at the ecological optimum and
decreasing away from the optimum (Birks, 1995). The weighted standard deviations express the
range of environmental conditions tolerated by testate amoebae, which indicates that some species
are extremely stenotopic, whereas others are eurytopic, with an optimum occurrence over a wide
range of environmental conditions. The ecological transfer functions use the entire fossil
assemblage to generate a weighted average reconstruction of an environmental parameter.
Therefore this reconstruction is based on a range of stenotopic and eurytopic species, and
consequently it will be an approximation. Eventually, after substantial improvements in the
knowledge of testate amoebae ecology, it may be possible to base an environmental

reconstruction solely on stenotopic species, but at present this is an inadvisable approach

(Woodland ef al., 1998).

The mire surface wetness data are presented as estimates of both water table depth and
percentage moisture content (Charman & Wamer, 1992; Tolonen ef al, 1992). This 1s a
problem, because the assessments of the ecological parameters were derived on single field visits,
producing ‘snap-shot’ ecological data. The degree of surface wetness will be affected by the
season in which the measurement was made and by antecedent weather conditions. Surface
wetness should be measured continuously over several years, but in many cases this would be

prohibitively expensive and time consuming.

Woodland ef al. (1998) address this problem in the context of the British data-set, by basing the
ecological research at sites recording mean annual water table information. For the first time the
occurrence of testate amoebae species are linked with a meaningful environmental parameter - the
mean annual depth of the water table. It is possible to calculate numerical estimates of
environmental parameters from sub-fossil testate amoebae, which are broadly equivalent to the
reconstructions of salinity possible using sub-fossil diatom assemblages and palaeotemperature
histories derived using sub-fossil Coleopteran communities. One reservation with these numerical
estimates arises because testate amoebae are active between May and October, which implies that
perhaps mean summer water tables operate a greater control over testate amoebae communities
than the mean annual water table. Consequently at sites with pronounced seasonal water table
variations the value of the reconstructed mean annual water table depths can be questioned. At
present it is difficult to envisage or realise a solution to some of the problems introduced above,
but fortuitously for this research the geographical range of ecological data does cover the British

Isles (Woodland er al., 1998). Despite the remaining problems testate amoebae analysis offers a



49

great deal to the mire palacoecologist, because this type of ‘quantitative’ reconstruction out-

performs many other palaeoenvironmental techniques.

3.5 Problems with peat-based palaeoclimate research

The resolution and precision of the palaeoclimate signal available from peat causes problems.
The taxonomic and ecological resolution of palaeoecological analysis affects the sensitivity of the
climate signal yielded by ombrotrophic peat stratigraphy. This problem is best exemplified by
species within Sphagnum section Acutifolia, which contains a number of species capable of
mhabiting a wide range of moisture conditions. Unfortunately it is not possible to identify sub-
fossil Sphagnum section Acutifolia leaves to species level, and so Sphagnum section Acutifolia
are of limited value for palaeohydrological research. The ideal palacoecological site will have a

stratigraphy containing several identifiable species which clearly fluctuate in response to changes

in bog surface wetness (Barber, 1993).

Accumulation and decay rates in peat bogs are so slow that potentially not all the climatic shifts
will be represented in the peat stratigraphy. The degree of peat decomposition depends on the
depth of the water table or acrotelm over a long period of time, and so peat humification
effectively summarises average surface wetness conditions over a decade or more, thereby
reducing the resolution of the climate signal. Precision in this type of research is inherently
constrained, because a definitive climatic variable cannot be elucidated from peat stratigraphy.
Humification, plant macrofossil and testate amoebae analyses effectively only identify qualitative
oscillations between a dry mire surface and a wet mire surface, and it is impossible to identify
whether these conditions arise from changes in precipitation or temperature (Aaby, 1976). A
palaeoecological technique reconstructing mire surface wetness only provides a history of
precipitation received by the mire surface after losses through evapotranspiration, surface flow

and mire seepage.

Problems arise from anxieties about the link between surface wetness and the evidence recorded
in peat stratigraphy. Environmental factors other than mire surface wetness can affect peat
stratigraphy. The plant remains forming the peat will affect the rate of decomposition, because
some species decay more rapidly than others. Coulson & Butterfield (1978) measured the rates of
decay of different plant species, revealing that Calluna vulgaris and Eriophorum vaginatum
decay more rapidly than Sphagnum, which has implications for plant macrofossil and
humification analysis. Blackford & Chambers (1993) suggest the impact of plant species may
actually enhance the palaeohydrological signal contained m the humification record. Peat

stratigraphy dominated by Sphagnum is likely to have accumulated under relatively wet
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conditions, which is an environment likely to produce relatively poorly humified peat. The
tendency of Sphagnum remains to decompose slowly will contribute to the formation of poorly
humified peat, thereby enhancing the indication of a wet environment. The reverse is trie of
Ericaceae remains, which decay rapidly and are typical of a drier mire environment. This is a

combination of environmental conditions and plant species likely to encourage the production of

well-humified peat.

There is also considerable variation in the rate of decay between sections of the same plant.
Aerial parts of vascular plants decay rapidly, for example the cotton-grasses (e.g. Eriophorum)
and Ericaceae (including Calluna vulgaris, Erica tetralix, Vaccinium oxycoccus, Andromeda
polifolia), whereas Sphagnum remains decay relatively slowly (Coulson & Butterfield, 1978).
Consequently the proportions of leaves, twigs and stem fragments of vascular plants preserved in
peat may not be an accurate reflection of their past abundance. Despite these problems
assessment of the varying proportions of plant remains, the quantity of Unidentifiable Organic
Matter and the degree of peat humification allow the generation of a detailed local vegetation
history (Barber, 1993).

The importance of mire surface wetness as a factor controlling the nature of peat stratigraphy
should not rule out the possibility of other factors affecting changes. Stoneman e al (1993)
discuss the problematic decline of Sphagnum imbricatum, a species that is very abundant in
Holocene peat. A variety of reasons has been proposed to explain the decline of Sphagnum
imbricatum, for example it is possible that in hollow or lawn environments Sphagnum
imbricatum has been out-competed by other species, e.g. Sphagnum magellanicum. The
environmental niche occupied by Sphagnum imbricatum may have contracted during the late
Holocene, becoming limited to hummock tops. Anthropogenic industrial pollution during the last
200 years contributing additional nutrients into the system is another possible cause of the decline
in Sphagnum imbricatum. 1t is difficult to prove any of these theories conclusively, but perhaps
more importantly this issue indicates that changes in the ecological preferences of species and a

wide range of environmental changes must be considered when interpreting palaeoecological

profiles.

Mires are characterised by an uneven surface covered with hummocks, ridges, hollows and pools.
This microtopographic variation controls local surface moisture conditions, which has an impact
on the distribution of plant and testate amoebae species. Peat stratigraphy may vary across a mire
because of differences in the depth of the acrotelm beneath an undulating surface topography.

The possibility of local variations in acrotelm depth affecting the humification signal suggests
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reconstruction of mire palaeohydrology should not be based on a single humification profile. This
problem can be overcome by description of the detailed field stratigraphy if a cut-section is
available; however, in actively accumulating mires cut-sections are seldom available. Detailed
analysis of several closely spaced cores extruded along a levelled transect describing the current
micro-topography would assess whether the humification stratigraphy is representative of the

mire as a whole, improving confidence in eventual palacoenvironmental interpretations.

The various microenvironments have differing degrees of sensitivity to climate change. An
outcome of the falsification of the autogenic regeneration theory, was that hummocks are viewed
as more stable long-lived features (Aaby & Tauber, 1975; Aaby, 1976; Barber, 1981), with the
hummock habitat expanding and contracting from a stable centre in response to climatic change.
Barber (1981) suggests that hollows or Sphagnum lawns will be more sensitive to moisture
changes than the relatively stable hummock centres. The palaeohydrological record beneath a
hollow or Sphagnum lawn will display a greater range of fluctuations than peat stratigraphy
beneath a hummock, where the hydrological record may be more subdued due to the stability of
hummock centres. The topographic high of a hummock perhaps acts as a natural buffer to the
extremes of surface saturation caused by climatic fluctuations. Tallis (1994) contests this view
holding that wet shifts recorded in hummock stratigraphy are undeniably a response to an
allogenic change in the mire hydrological budget and the record of major hydrological changes is

recorded with greater clarity because of the stability of hummock centres.

Changes in the composition of the mire vegetation and surface moisture conditions do not always
occur i response to climate change. Under stable climatic conditions due to the accumulation of
sediment, growth of the mire surface could out-pace upward migration of the mire water table
(Aaby, 1976), which would produce a drying trend in the peat stratigraphy identical to that
produced by a drier climate. Aaby (1976) suggested that only changes to a wetter mire surface
could be attributed to climate with any degree of confidence. This point emphasises that whilst
many researchers have rejected “cyclic regeneration” as a mechanism for mire evolution,
autogenic processes remain an important component affecting mire evolution. Heathwaite er al.
(1993a) assert that it is impossible in analysis of peat stratigraphy to tell whether a change to a
wetter or drier mire surface was caused by autogenic or allogenic factors. However, if a
substantially drier mire surface can be identified in peat stratigraphy across a mire, it probably

reflects a large-scale change in the mire moisture budget, which implies an external cause.

Palaeoecological analysis of mires across Northern Europe indicates that some regions are more

sensitive to climate change than others. Haslam (1987) found that bogs in Poland and Germany
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endure a continental climate experiencing less frequent and lower magnitude changes in surface
wetness than bogs formed under the oceanic climate of western Europe and Britain. The
geographical location of a mire must be considered when interpreting the climatic signal. This is
particularly pertinent with regard to this project investigating upland blanket mires on the drier
east coast of Britain, which will provide a valuable contrast with much of the published peat-
based palaeoclimate research in the British Isles, which typically utilises raised mire peat

stratigraphies in the wetter west.

The problems introduced in this section are not insurmountable and peat stratigraphies have been
used with considerable success in Holocene palaeoclimate research. To generate an accurate
hydrological and climatic history it is important to assess whether the stratigraphic changes occur
across the mire, either by recording a detailed field stratigraphy or by analysing several cores.
The consistency of stratigraphy can be assessed if cut sections are available by recording the field
stratigraphy or by analysing a series of closely spaced cores extruded along a levelled transect
describing the current microtopography. Either approach will assess whether stratigraphic
changes occur independently of microtopography. If the peat stratigraphy across a mire contains
evidence of fluctuations in surface wetness, this indicates that significant changes have occurred
within the hydrological budget of the mire. An allogenic change of some magnitude is required to
alter the hydrology of a mire, by altering either the amount of water received or the ability of the
mire to retain water. Drainage of a mire, by either unnatural alteration (human induced) or
natural processes (bog-bursts), and climatic fluctuations are the only likely causes of changes in

the hydrological budget of a mire.

The research strategy employed in this thesis ensures that environmental and ecological factors
are not overlooked in the quest for a palaeoclimate history. This is achieved by using a series of
cores along a levelled transect, which will assess the permanency of hummocks and hollows, and
identify whether autogenic changes in mire microhabitat are responsible for changes in moisture
conditions. External forcing of changes in the mire moisture budget is more likely when surface
wetness changes occur across the mire within adjacent microhabitats. Regional climate change
and drainage arising from land-use changes are the most likely allogenic factors affecting mire
hydrology. Additionally, several palaeoecological techniques are integrated to corroborate the
surface wetness signal, which involves analysing sub-fossil plant and testate amoebae
communities, and analysis of the degree of peat humification. This integrated and rigorous
approach should ensure that analysis of peat stratigraphy will provide a valuable record of past

environmental conditions and specifically a history of surface saturation.



53

3.6 Objectives and context for palaeoclimatic research of the North York Moors

Peat stratigraphic research has had an important role in unravelling a history of Holocene climate
change in the British Isles. Methodological advances during recent years have allowed detailed
fine-resolution climatic histories to be reconstructed from peat stratigraphy in various locations
across the British Isles, including Cumbria (Barber, 1981; Haslam, 1987; Stoneman, 1993;
Wimble, 1986), the Scottish Borders (Chambers ef al., 1997), the Humberhead Levels (Smith,
1985), the Pennines (Tallis, 1994) and Ireland (Blackford & Chambers, 1995; Caseldine et al.,
1998). The quality of this palaeoenvironmental research has improved in many ways over the
years, with now virtually all the palacoenvironmental techniques recording information on a
continuous numeric scale. This approach has the advantage that it is possible to discern relatively
minor fluctuations in palacoenvironmental histories, which is a clear improvement upon
concentrating on the major stratigraphic events, such as recurrence surfaces and the
Blytt/Sernander zones. This numeric approach has encouraged fine-resolution sampling within a
peat sequence, because if relatively minor stratigraphic changes can be identified, detailed
analysis is worthwhile. In the past the constraints inherent in qualitative and categorical data have

rendered systematic high-resolution analysis of limited value.

Despite the advances of recent years it is not possible to elucidate a direct unproblematic climatic
variable from peat stratigraphy. The foundation of palacoclimatic interpretation of peat sequences
remains unchanged, which is that mire surface wetness reflects the amount of effective
precipitation received by a site, but there have been considerable improvements in the power of
each palaeoenvironmental technique. The nature of the palaeoenvironmental signal derived from
each technique is the basis for the division of the techniques into three distinct categories. The
first category of technique allows the direct numerical reconstruction of a climate variable, such
as temperature for example. At present, isotopic analysis of cellulose remains from within peat
sequences is the only technique that allows direct reconstruction of specific climatic parameters -
in this case, temperature and precipitation. It was not possible to use isotopic analysis within this
research, because of a lack of time and the appropriate equipment. The second category includes
techniques that allow the numerical reconstruction of environmental parameters, such as salinity
or acidity, for example. Testate amoebae analysis is the only technique that falls within this
category, because it currently allows mean annual water table depth and percentage moisture
content of the substrate to be reconstructed using ecological transfer functions. The third category
of technique allows inferences to be made about specific environmental parameters, without
producing a quantitative estimate of that environmental parameter. The degree of peat
humification is controlled by the mean summer water table and, by inference, effective summer

rainfall (Blackford, 1993). The distribution and occurrence of Sphagnum species, Calluna
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vulgaris, Cyperaceae and other mire plants is controlled by the mean height of the water table.
The data produced by these techniques will reflect responses to climate change, and
methodological advances within each technique have allowed production of data on a continuous
measurement scale. However, data of this type do not provide a direct reconstruction of an

environmental parameter, but allow a series of changes to be inferred from a proxy

palaeoenvironmental curve.

Despite a wealth of research, the range of techniques currently available and a reasonable
geographical distribution of peat sequences, the potential of the palaeoclimate history contained
within peat has yet to be fully realised. This thesis addresses several gaps within peat
stratigraphic research, for example by redressing an understandable spatial imbalance within
peat-based palaeoclimate research. The eastern half of Britain is not a prime site for the
accumulation of peat deposits, and it displays a paucity of raised and blanket mires in
comparison with the wetter west. Previous peat-based palaeoclimate research in eastem England
is limited to the investigation of single peat sequence on East Bilsdale Moor on the North York
Moors (Blackford & Chambers, 1995; in press) and extensive analysis of the Humberhead Levels
(Smith, 1985).

The contribution made by this thesis is to produce a palaeoclimate history for the North York
Moors, expanding a growing database of peat stratigraphic research within the British Isles. The
results from the North York Moors must be viewed in the context of the range of climatic
conditions that occurs across the British Isles. Annual rainfall on the North York Moors is
currently around 1000ml, which is substantially less than that received by mires in western
Britain. This research examines the response of an endangered habitat to climatic changes within
a comparatively dry region. Peat stratigraphies of mires m eastern Britain may contamn clearer

evidence of the impact of drier climatic periods than sites in the wetter west.

The majority of peat-based palacoclimate research has utilised raised mire peat sequences. This
tendency has been redressed to some extent in recent years (Blackford & Chambers, 1991; 1993;
1995; in press; Tallis, 1994; Chambers ef al., 1997) and this thesis contributes to this process by
targeting upland ombrotrophic blanket mires on the North York Moors. Using a combination of
testate amoebae, plant macrofossil and humification analysis to elucidate climate history from
blanket peat is a development upon previous research, and should provide a rigorous test of the
performance of blanket peat stratigraphy and the palaeoecological procedures used to uncover

climate histories from peat.
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The multiple technique approach utilising testate amoebae, plant macrofossil and humification
analysis assesses the comparative performance of the palaeoenvironmental approaches. This will
address some important questions including:
e Do the environmental signals respond at the same time or is there a time-lag between different
techniques?

e Do the techniques identify the same environmental changes or do they have different

thresholds before a change is recorded in the fossil record?

Combined with the integrated palaeoecological strategy is a multiple-profile approach, in which
several cores are analysed from the same site. Analysis of several profiles will identify whether
there are significant variations across a mire and will assess whether the information derived from
a single core is a representative sample of the stratigraphy as a whole. The strategy designed to
analyse peat sequences on the North York Moors attempts to assess the consistency of the
stratigraphies at each site and provide a comprehensive test of the comparative performance of

each palaeoenvironmental technique when investigating ombrotrophic blanket peat stratigraphy.
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Research methodology

4.1 Introduction

The research obrectives of this thesis divide neatly into two broad areas. Firstly. peat
stratigraphies on the North York Moors are analysed in order to reconstruct regional vegetation
history. Secondly, several palacoenvironmental procedures are utilised to elucidate a history of
surface moisture conditions at several ombrogenous blanket mires, thereby providing a record of
climatic fluctuations. This thesis concentrates upon the last 2000 years of vegetation and climate
history, because this time period proved logistically possible in terms of the available peat
sequences. Addit:onal research paralleling the palacoecological analysis, investigates the
historical evidence for landscape and climate change on the North York Moors and only 1dentifies
sufficient coverage of documentary material during the last 1500 years (James Menuge, 1997
unpublished). The vegetation history of the North York Moors is reconstructed from the results of
palynological investigations, supplemented with macrofossil analyses of the local mire flora. The
pollen analysis has two main objectives: firstly to provide a chronological framework for
correlation of peat sequences, and secondly to redress an imbalance in previous palynological
research on the North York Moors. which apart from a few notable exceptions (Jones. 1977b:
Atherden. 1976a: 1979), concentrates extensively on the earlier periods of the Holocene. The
palacoclimate research utilises testate amocbae, plant macrofossil and humification analysis to

investigate the surface wetness history of a mire.

This chapter presents research methodology. defining the rationale for site selection and the field
sampling methodology. The five palacoecological sites are introduced, presenting information
about location. topography. sedimentary evolution and present vegetation cover of each mire. The
pollen, plant macrofossil, humification and testate amoebae analysis laboratory methodologies are
introduced. with reference to previous research and recent methodological developments. Dating
the peat sequences relies on “C age determinations and palynological marker horizons. The
geochronological strategy utilised for each peat sequence is defined in the following sections.
Finally the format used to present the palacoenvironmental results is introduced. which defines

the analvtical process and statistical procedures utilised to assist with interpretation.
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4.2 The criteria and methodology of site selection

Mires intended to produce palacoclimatic information should all be ombrotrophic, because there
is link between mire surface saturation and effective precipitation. Effective precipitation exerts
considerable control \ipon mire surface wetness. which in turn affects the peat stratigraphy. The
principal aim of this research is to uncover detailed vegetation and climate histories for the last
two millennia. and so the peat sequences must have been accumulating throughout the period.
Rapidly accumulated peat offers the best stratigraphic resolution for uncovering palaeoecological
histories. The requirements outlined above present problems for palaeoecological research on
mires in Britain today. The blanket mire habitat is under threat at a regional. national and
nternational level (Heathwaite e al., 1993a). In Britain 90% of the area formerly covered by
blanket mire has been lost, with currently only around 125,000 hectares remaining (Royal Socicty
for Nature Conservation, 1990). Blanket mires on the North York Moors are under attack on
several fronts. Peat extraction or cutting is a major threat to the mire habitat at a national level.

but is only a minor player in the conflict on the North York Moors.

There 1s currently low key hand-cut extraction taking place at Harwood Dale Bog and evidence of
unmechanised peat extraction elsewhere on the central watershed of the North York Moors. It is
possible that peat extraction may have occurred on a larger scale in the past. but several factors
argue against widespread peat extraction on the North York Moors. Firstly. peat does not
accumulate evenly or to great depths across the topography of the moors. with areas of deep peat
either localised or limited to the flat plateau of the central watershed. Secondly. peat is not a
particularly good fuel in comparison to wood or coal; consequently it 1s regarded as an emergency
fuel for use when other sources are either in short supply or prohibitively expenstve, and apart
from during the last few centuries there has been plenty of wood available on the North York

Moors (James Menuge, 1997).

The major assault on the peatlands of the North York Moors involves changes in land-use
activity. Between 1853 and 1986 the area of moorland vegetation boundaries of North York
Moors National Park has declined from 49% to 35% (Statham, 1989). The moorland landscape
has been gradually converted into improved farmland and forestry. Since 1853 the arca of
improved farmland within the boundaries of the current National Park has fluctuated around 40%
of the total arca, which may reflect recent attempts to conserve the moorlands and perhaps more
significantly that farming on the improved farmland proved far from lucrative. Between 1904 and
1986 the arca of land covered with forestry in the National Park has increased by 15%. which

identifies commercial forestry as most significant threat to peatlands on the North York Moors
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(Statham. 1989). In the 1920°s the Forestry Commission purchased land and commissioned vast
conifer plantations on the moors at Dalby, Bickley and Hackness. Further plantations followed at
Wykeham and Cropton. with smaller plantations across the Tabular. Cleveland and Hambleton
Hills. In some arcas these plantations threaten and have damaged areas with deep peat. for
example on Harwood Dale Moor and at May Moss. In recent vears there has been a growing
awareness of the value and rarity of unmodified mires: consequently various methods have been
used to try and protect these endangered habitats. for example conferring SSSI status on Fen
Bogs and May Moss. Additionally bodies like Forest Enterprise have become involved in the
conservation of the remaining mires and are even contemplating clearing planted trees around

May Moss. expanding the area of blanket moor.

Large arecas of the remaining moorland are managed for grouse-rearing. Management of
moorland involves regularly burning the heather to maintain a vegetated environment blanketed
with young heather. mainly Calluna vulgaris. Regularly burning the surface of mires will reduce
the amount of organic matter deposited inhibiting peat accumulation and may actually damage
the mire surface. This process also reduces the floristic diversity on the moors producing an
artificial Calluna vulgaris monoculture. Management for grouse-rearing has also involved
dramnage of boggy areas and the construction of grouse-butts across deep peat sites. as for
example on Yarlsey Moss in October of 1996. Severe fires have also damaged large arcas of the
moor. as for example the fires on Wheeldale Moor. in the dry summer of 1976, which damaged

deep peat sites at White Moor and Blue Man-i’th’-Moss.

In summary. the picture for actively accumulating ombrotrophic peat on the North York Moors is
very bleak. This project entails palacoecological investigation of recently accumulated
ombrotrophic peat ana unfortunately the land-use history of the North York Moors suggests this
type of environment is very rare. Consequently several strategies were used to identify potential
sites rapidly. The large quantity of published palaeoecological research on the North York Moors
was reviewed. 1dentifying sites with a sedimentary history for the last 2000 vears. The vegetation
history of the North York Moors is discussed in chapter two, and age range of the peat sequences
examined n previous research confirms the anxiety that palaeoecological profiles pertaining to

the last 2000 vears are not abundant.

The NCC Phase 1 Habitat Survey contains information about the distribution of blanket mire on
the North York Moors (Nature Conservancy Council. unpublished). This survey examined the

entire National Park. assessing the current vegetation and grouping arcas into a scrics of habitat
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categories. The category of interest (E1) identifies unmodified bog. blanket bog and raised bog.
which typically have a Sphagnum-rich vegetation over peat deposits more than 0.5 metres deep
(Nature Conservancy Council, 1990). This category is subdivided into four units. Raised bogs
are ombrotrophic mires and have been the basis for the majority of palacoclimate research using
peat stratigraphy (Barber. 1981. Aaby 1976). However, these are typically lowland features and
do not occur within the North York Moors National Park. The category blanket bog will identify
actively accumulating ombrotrophic peat sequences on the North York Moors, especially if they
occur in water-shedding locations. The final two categories are wet and drv modified bog.
referring to former blanket mire affected by peat cutting. heavy grazing, burning or drainage.
Modified mires will have peat deposits of over 0.5 m. but unfortunately the potential of the

stratigraphy may be reduced by truncation of the peat sequence.

The NCC Phase 1 habitat maps identified that the majority of the actively accumulating deep peat
sites are located in the castern half of the North York Moors and most have been investigated
before. Much of the published palacoecological research on the North York Moors used pollen
analysis to reconstruct vegetation history; whereas the intention of this research 1s to reconstruct
mire palacohydrology from peat stratigraphy. This thesis uses a series of sites in the east of the
North York Moors. all of which have been previously investigated using the technique of pollen
analysis. May Moss .SSSI, Fen Bogs SSSI. Yarlsey Moss, Harwood Dale Bog and Bluewath
Beck are the sites that form the basis of the research and these sites are identified on figure 4.1.
Several other sites. also identified on figure 4.1. received a preliminary investigation to assess

their viability for further research.

4.3 Palaeoecological sites

4.3.1 May Moss SSSI

May Moss SSSI covers almost 1 km" centred on the grid reference SE 876 960 and is identificd
on figure 4.2. The site is the largest remaining area of actively accumulating blanket mire on the
North York Moors and probably in eastern England. The site is an ombrotrophic watershed mire
at an altitude of 244 metres. accumulating on the headwaters of the southward-flowing Long
Grain and Grain Beck. and the northward-flowing Eller Beck. The topography and drainage
patterns suggest that the site is both water-shedding and largely ombrotrophic. The peat has
accumulated directly over a bedrock of weathered Middle Jurassic sandstone of the Osgodby
Formation. Atherden (1972: 1979) used pollen analysis to construct an 8000-ycar vegetation

history for May Moss.
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a). Location of May Moss and Fen Bogs, North York Moors, northeast England.

b). Location of the core sites, and the landscape around May Moss SSSI.
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Sedimentary Evolution of May Moss

Atherden (1972) extruded thirty test cores to investigate the peat stratigraphy and peat depths
across the site. These investigations identified peat depths of over five metres (max. 6.4 m) in the
valleys of Eller Beck and Long Grain, which indicates peat accumulation probably initiated in
these wet areas, with Monocotyledonous peat accumulating over bedrock, and a basal detrital soil
rich in wood and charcoal fragments. In time peat accumulated covering the mire watershed:
consequently the peat depths are shallower with only 3 metres on the watershed. Atherden (1972:
1979) analysed a core from the deepest part of the Eller Beck basin. 1dentifving that during the
last 2000 years over two metres of peat had accumulated. Further investigation during this
rescarch indicates that on the mire watershed similar accumulation rates operated. This supports
the interpretation of the sedimentary history. in which peat accumulation initiated in channels
eventually spreading up over the shallow incline blanketing the watershed. Currently the mire
surface is broadly flat. although the mire does slope towards Eller Beck and Long Grain. The
stratigraphic borings made by Atherden (1972) and borings made during this research reveal the
peat stratigraphy consists of alternating layers of Sphagnum-rich and monocotyledonous peat.
confirming that the mire was covered with a typical blanket bog flora throughout the sedimentary

history.

The present-day vegetation

The surface vegetation of Mav Moss is dominated by Calluna vulgaris and Eriophorum
vaginatum. Sphagnum species and Erica tetralix are also abundant. Additionally there are
occasional to locally abundant occurrences of Empetrum nigrum, Eriophorum angustifolium,
Narthecium ossifragum, Drosera rotundifolia, Vaccinium oxycoccus, Vaccinium myrtillus,
Andromeda polifclia and Rubus chamaemorus. The distribution of plant species is by no means
uniform across Mav Moss and a series of habitat types can be identified. Moisture conditions
appear to control the composition of the vegetation in each habitat. Local moisture conditions

across May Moss are controlled by the hummock-hollow micro-topography.

Pools or saturated hollows are typically colonised by Sphagnum cuspidatum and Sphagnum
recurvum. Drosera rotundifolia is not widespread. but it typically occurs around pools.
Sphagnum papillosum and Sphagnum magellanicum either form large hummocks or occur
around the base of hummocks close to the water table. Calluna vulgaris. Erica fetraliyx.
Eriophorum vaginatum. Eviophorum angustifolium, Vaccinium oxycoccus.  Andromeda
polifolia, Rubus chamaemorus and Narthecium ossifragum tolerate a range of moisture

conditions. but thev tend to avoid the wetter hollows or pools. Sphagnum capillifolium s
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common on hummocks in the drier parts of May Moss. The driest parts of May Moss are covered
by Hypnum jutlandicum. lichen and liverworts under a canopy of Calluna vulgaris. These
species only occur in the driest of habitats, which are becoming increasingly abundant as May
Moss is affected by drainage and increased evapotranspiration associated with the conifer
plantations. Monitoring of the vegetation at May Moss over the last twenty years and observation

of the current flora identifies significant drying of the mire surface (Atherden., pers. com.).

Field Sampling

The criteria for site selection requires that peat profiles analysed in this research should be from
the ombrotrophic water-shedding areas of blanket mires. Consequently peat cores from May
Moss were extracted from the mire watershed, which is the highest point at the centre of the mire.
These core sites receive water solely through precipitation. Eight cores were extracted from four
sites on an east-west transect across May Moss. The locations of the core sites are identified on
figure 4.2. The core numbers, core site location, the date sampled. the type of peat borer. the
micro-environment of each core site and depth of peat sampled within each core are listed in table
4.1. Core site C is a five metre transect. which was surveyed to record the current micro-
topography. Four cores were extracted along this transect sampling peat beneath present-day
hummocks and hollows. The cores were extracted with either a 5x50 cm or a 10x30 cm Russian
peat borer. Each core section was extruded in the field, wrapped in cling-film. stored in plastic
guttering to protect t};e peat and then sealed in polythene bags. The samples were stored under

refrigeration until required for analysis.

Table 4.1. Peat borings extruded from May Moss.

Core Site Core Date Type of  Micro-environment Depth of peat

Number Sampled Corer sampled
A 1 19/11/95 50x5 cm Hollow 230m
B 1 19/11/95 30x10 cm Hollow 275 m
C | 15/04/96 50x5 cm Hummock 210 m
C 2 15/04/96 30x10 cm Hollow 2.10m
C 3 15/04/96 30x10 cm Hollow 2.10 m
C 4 15/04/96 50x5 cm Hummock 210 m
D 1 29/05/95 50x5 cm Hollow 275 m
D 2 09/10/96 30x10 cm Hollow 2.10m

May Moss is the best example of an ombrotrophic mire remaining on the North York Moors and
it is the main sitc used in this research. The purpose of the detailed multi-profile sampling
strategy was to address a series of problems perceived in peat-based palacoclimate research on

unmodificd mires discussed in chapter 3. It is difficult to record the stratigraphy in unmodificd
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mires because of a lack of cut-sections. Extracting series of cores increases the size of the sample
upon which palacoecological analysis is based. thereby improving the confidence in eventual
palaeohydrological histories. Analysing a series of cores extracted across the watershed of Mayv
Moss assesses whether the moisture shifts are cross-mire phenomena: if so. whilst this is not

proot of allogenic forcing of moisture fluctuations it is the logical explanation.

The transect sequence at site C is designed to throw further light on the allogenic/autogenic
debate. This approach potentially investigates the permanency of mire micro-habitat. by assessing
whether the peat beneath a present-day hollow was produced by a consistently wetter
environment than peat extracted from beneath a hummock. Additionally the plant macro-fossil
evidence may identify whether hummock species, for example Sphagnum section Acutitolia.
persist throughout or dominate the fossil record beneath present-day hummocks. This approach is
by no means ideal. but in the absence of open sections in the field it is the only alternative.
Assessing cither the present-day hydrology or the palacohydrology along a transect it may be
possible to identify whether moisture changes occur independently of micro-habitat. If moisture
changes occur in all the cores along the transect. this perhaps indicates that an allogenic impact
on the mire moisture budget is a more likely cause of the change in surface saturation. In
summary. both the multiple profile and the transect sampling procedures attempt to define
whether the moisture changes identified across a range of hummock-hollow micro-environments
represent changes in the overall mire moisture budget. In the absence of evidence of human
interference on the mire and considering the ombrotrophic nature of May Moss, any oscillations
in the mire water budget are more likelv to be the product of changes in effective precipitation.

thereby providing evidence of climate change.

4.3.2 Fen Bogs SSSI

Fen Bogs is 1.5 km in length and 0.2 km in width covering about 300 m’ centred on the grid
reference SE 853 976. and the location is identified on figure 4.3. The site is a valley mire
designated with SSSI status, and part of the mire is owned and managed as a nature reserve by
the Yorkshire Wildlife Trust. The former Nature Conservancy Council regarded the site to be the
best British example of an upland valley mire, with both ombrogenous and soligenous facies
(Atherden. 1976b). The mire developed on the watershed in the deeply incised fluvioglacial
channel of Newton Dale. which currently contains Pickering Beck. The surface of Fen Bogs is
flat at an altitude of 164 metres and bordered by steep slopes rapidly rising 90 metres on both the
cast and west sides of the mire. Atherden (1976a: 1976b) investigated the pollen record contained

within the peat stratigraphy. Fen Bogs contains the deepest peat deposits on the North York
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Moors with over nine metres of peat. which have accumulated from the beginning of the

Holocene to the present-day.

Sedimentary evolution of Fen Bogs

Newton Dale is a former glacial drainage channel cut in a north-south direction across the main
watershed of the North York Moors. This central plateau has a bedrock of Middle Jurassic
deltaic sandstone and 'the Newton Dale gorge has cut through alternating lavers of sandstone and
shale of the Ravenscar Group. Gregory (1962 1965) attributed the formation of this gorge to
sub-glacial and proglacial fluvial activity in the Devensian and probably carlicr glaciations. The

current steep-sided gorge certainly appears to be a temporal misfit. when the small stream

flowing from the watershed today is considered.

Atherden (1972: 1976b) extensively cored the mire assessing the post-glacial stratigraphy. which
revealed a maximum peat depth of 11.6 metres. The basal sediments were blue-grey clavs
believed to be solifluction deposits associated with the termination of the Devensian glaciation.
Subsequently a carr or fen woodland deposited peat sediments containing abundant Berula
remains, and fragments of Salix and Alnus. The wood peat was succeeded by brown peat
dominated by Phragmites and other monocotyledons. Throughout much of the sedimentary
history of Fen Bogs, the mire was a Phragmites-monocotyledonous swamp or bog. At the east
and west edges of the mire near the steep slopes there are in-wash stripes of pale grey clay within
the peat stratigraphy. which have been attributed to periods of increased erosion (Simmons ef al.,

1975).

At approximately one metre beneath the mire surface there 1s an abrupt change in stratigraphy.
with Sphagnum and Eriophorum vaginatum peat replacing the Phragmites peat. This represents
a change from a predominantly soligenous to ombrogenous environment, which Atherden (1976b)
linked with drainage schemes associated with the construction of the Whitby-Pickering railway in
1836. The radiocarbon chronology indicates that Sphagnum species became a significant
component of the mire stratigraphy between 1060 +60 BP and 390 +100 BP. and although
construction of ths railway did affect mire hydrology. the change to an acidophilous mirc with
ombrogenous facies occurred during the Medieval period. Atherden (1976b) obtamned six
radiocarbon dates to secure a chronology for the most complete Holocene vegetation history
uncovered on the North York Moors. The chronology indicates that the top 2 metres of peat
accumulated during the last 2000 years. with an average accumulation rate during the Holocene

of 1 metre per millennium,
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The present-day végetation

The mosaic of ombrogenous and soligenous tracts across Fen Bogs has encouraged the
development of a diverse community of acidic fen and bog plants unrivalled on the North York
Moors. The location of ombrogenous communities that cover the majority of the mire are
identified on figure 4.3 (Atherden. 1976b) and can be further divided into two sub-communities
typically inhabiting wetter and drier environments. Sphagnum recurvum, Sphagnum cuspidatum
and Eriophorum angustifolium dominate the wetter locations: whereas the hummocks and drier
environments sustain a mixed community containing Sphagnim capillifolium, Molinia caerulea.
Calluna vulgaris and Myrica gale. Additionally along the eastern edge of the mire there are
soaks and pools of standing water inhabited by true aquatic species- Potamogeton poligonifolia
and Menyanthes trifoliata. There are numerous other less abundant species within this
ombrogenous community, including Erica fetralix, Vaccinium oxycoccus. Drosera rotundifolia,
Potentilla erecta, Polygala serpyllifolia, Narthecium ossifragum. Eriophorum vaginatum,

Rhynchospora alba and numerous Carex species.

The southern section of Fen Bogs is an eutrophic mire dominated by Phragmites communis with
occasional Schoenus nigricans and Potentilla erecta. This eutrophic community is associated
with increased surface flow and input of mineral material near the headwaters of Pickering Beck
and 1s perhaps an example of what the peat stratigraphy indicates the entire mire was like in the
past. Towards the southern edge of the mire the eutrophic communities grade into a birch, willow
and alder carr woodland with a Phragmites australis herb flora. Fen Bogs has a long history of
human interference. which includes the development of the railwayv during the nineteenth century.
Part of the mire south of Pickering Beck, indicated on figure 4.3, has been drained and improved
for agricultural use. The drainage channels are currently inhabited by Juncus spp.. as are the
natural channels of Eller and Pickering Beck and drainage channels alongside the railway. The
steep slopes bordering the mire support remnants of a Quercus and Alnus woodland. especially
towards the southern end of Fen Bogs. There arc also small recently planted tree plots along the
eastern slopes of the mire. However the slopes are for the most part covered with Preridium

aquilinum, Vaccinium myrtillus, Calluna vulgaris and Erica cinerea.

Field sampling

) . th :
Three replicate cores were extracted from the ombrogenous section of Fen Bogs on 277 April
1995, The three cores were extracted from the centre of the valley to reduce the impact of surface

flow from the steep slopes bordering the mire. The location of the core site is indicated on figure



68
4 3. The individual cores were located within two metres of each other. The cores were extracted

with a Russian pzat borer (5x50 cm). sampling to a depth of three metres beneath the mire
surface. This length of core was judged sufficient to obtain peat stratigraphy pertaining to the last
2000 years, according to the radiocarbon chronology developed by Atherden (1976b). The cores

were extruded in the field. wrapped in cling-film. sealed in polythene and stored under

refrigeration until required for analysis.

4.3.3 Harwood Dale Bog

Harwood Dale Bog was originally an extensive area of peat approximately 1 km north-south and
up to 0.5 km cast-west. centred on grid reference NZ 967 988. Currently the bog is covered by
the Harwood Dale Forest conifer plantation, with only a clearing of 300 x 150 m of pecat
currently still visible. The bog was first described by Elgee (1912). as a "saucer-shaped” lens of
peat. The mire accumulated at an altitude of 200 metres on a flat plateau with a bedrock of
Jurassic deltaic sand and silt-stone of the Ravenscar Group. The plateau is largely water-
shedding. with drainage to the south-east in Thorny Beck and to the west in Black Sike. Peat
extraction for domestic fuel has taken place for many centuries. which when combined with the
impact of the conifer plantations has severely truncated the palacoecological record and probably
irrevocably damaged the mire habitat. A pollen profile produced from the remaining sediment
reveals peat accumulation initiated in the early Holocene and the record terminates between circa
AD 800-1200 (Atherden. 1989). The pollen record from Harwood Dale Bog is secured with five
radiocarbon dates. providing a chronology for the vegetation history of the eastern North York

Moors (Atherden. 1989: Simmons ef al.. 1993).

Sedimentary evolution of Harwood Dale Bog

There are extensive peat cuttings currently visible at Harwood Dale Bog. which allow detailed
cxamination of the peat stratigraphy. Atherden (1989) presented a four metre pollen profile
extracted from a peat cutting of 2.35 metres. with the remainder sampled with a Russian peat
corer. The stratigraphy reveals that during the early Holocene peat accumulated over bedrock and
mineral charcoal-rich soil. The earliest peat was dominated by monocotyledonous remains:
although abundant wood remains suggests the mire was wooded during its early history. Around
3310 +£80BP woodland appears to dic out and the site was colonised by Eriophorum. although
the bog probably remained partially wooded. The top 0.70 metres of peat contains evidence of a
further stratigraphic change between circa 2190-1500BP. with Sphagnum remains becoming

increasingly abundant. Subsequently the bog was colonised by a characteristic ombrogenous mire
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flora dominated by the Ericaceae. Eriophorum. Sphagnum section Acutifolia and Sphagnum

papillosum.

The present-day vegetation

Currently the surface of Harwood Dale Bog is substantially damaged. the result of centuries of
pcat extraction and extensive recent plantation of conifer forests. The present-day flora is affected
by that damage. with large arcas of the cut-over peat surface lacking in vegetation and the
remainder covered with Calluna vulgaris. Erica tetralix, Erica cinerea, Eriophorum vaginatum.

Polytrichum spp. and Sphagnum spp. Little of the original bog surface remains. and these arcas

are dry and covered with Calluna vulgaris.

Field sampling

Previous palynological research at Harwood Dale Bog indicates the peat stratigraphy is
truncated. The vegetation history includes evidence of the Iron Age/Romano-British woodland
clearances at a depth of 0.75 metres. Consequently only the top 1.06 metres of peat were sampled
to provide the stratigraphy required for this research. In October 1994 four monoliths of peat
(25x15x10cm) were ‘;aken from a cleaned surface of a north-south peat cutting. approximately
I5 metres from the eastern edge of the plantation at the northern end of the clearing. The location
of the core site is identified on figure 4.4. The peat samples were wrapped in cling film. sealed in

polythene and stored under refrigeration until required for analvsis.

4.3.4 Yarlsey Moss

Yarlsey Moss is an extensive area of deep peat covering circa lkm® on the high central watershed
of the North York Moors at an altitude of 312 metres centred on the grid reference NZ 760 005.
The location of Yarlsey Moss is identified on figure 4. 5. The NCC Phase 1 Habitat Survey
(Nature Conservancy Council. unpublished) describes sections of Yarlsey Moss as wet modified
bog. However the majority of Yarlsey Moss is blanket bog. in spite of current management
practices maintaining the moor for grouse. Drainage channels and grouse butts were cut in
October 1996 and this interference must be affecting moisture conditions on the moss. The centre
of Yarlsey Moss 1s ombrotrophic. which is largely the result of its location on the watershed
between Wheeldale Gill and Winter Gill. Peat accumulated over a Middle Jurassic Ravenscar
Group sand and silt-stone bedrock. Cundill (1971) extracted a peat profile from grid reference
NZ 762 005. recovering 2. 13 metres of peat from the western part of the moss. An undated pollen
diagram indicates peat accumulation began slightly beforc the Iron Age-Romano/British

woodland clearances and the presence of a Pinus rise near the top of the profile reflects twenticth
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century commercial conifer afforestation and indicates peat accumulation continues to the

present-day (Simmons & Cundill. 1974a).

Sedimentary evolution of Yarlsey Moss

The peat stratigraphy is dominated by monocotyledonous remains. with two bands of Sphagnum.
The surface layers of peat contain fresh rootlets and Calluna vuigaris leaves. seeds and flowers.
Peat accumulatior: appears to have been initiated on the wet spring-head of Wheeldale Gill. and
expanded to blanket the plateau. forming an extensive area of deep peat. The stratigraphy is

dominated by plant remains typical of a blanket mire: Eriophorum vaginatum. Ericaceae and

Sphagnum spp.

Present-day vegetation

Yarlsey Moss is currently a managed moorland maintained primarily for grouse shooting. There
is a series of grouse butts dug into the peat and drainage channels cut to prevent water-logging of
the grouse-butts and to ease access to the moor. Cyclical burning of the moorland controls the
composition of the vegetation and has encouraged the development of a Calluna vulgaris

monoculture.

Field sampling

A peat profile 2.4 metres in length was taken from Yarlsey Moss on 23rd October 1996 (NZ 755
077). The location of the core site is identified on figure 4.5. The core was taken from the centre
of the flat watershed away from any evidence of peat cutting. drainage channels and disturbance
associated with the construction of grouse butts. The core-site is water-shedding and fulfils the
criteria of an ombrotrophic mire. The core was extracted with a 10x30 cm Russian peat corer.
The core sequences were wrapped in cling-film, sealed in polythene and stored under refrigeration

until required for analysis

4.3.5 Glaisdale Moor

An extensive area of deep peat has accumulated at an altitude of 340 metres over the flat plateau
of Glaisdale Moor. which forms the headwaters of Bluewath Beck and North Gill. Peat has
accumulated over a bedrock of Middle Jurassic Ravenscar Group sandstone centred on grid
reference NZ 730 010. The location of the moorland 1s identified on figure 4.3 Although the mire
s a mixturc of ombrogenous and soligenous facies. large sections of the moor are water-shedding
with drainage to the south in North Gill. to the south-cast down Bluewath Beck and to the north

through Glaisdale Beck The Bluewath Beck catchment has been cxploited for fuel over many
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vears leaving an extensive 1.5 metre peat cutting. This area of the moors has attracted
considerable attention from palynologists. North Gill is a key site for studving the impact of
Mesolithic communities on upland environments in the British Isles. The site has vielded
numerous pollen profiles and is the most intensively analysed area of peatland on the North York
Moors (Simmons. 1969; Simmons & Innes. 1988a: 1988d: Simmons er al.. 1989: Turner et al..
1989). Simmons & Cundill (1974a) analysed a peat profile from Glaisdale Moor. and Innes
(1981) produced a pollen profile from the headwaters of Bluewath Beck. These pollen profiles

indicate the earliest peat accumulation within the catchment began around 63500 BP and has

continued to the present-day where undisturbed.

Sedimentary evolution of Glaisdale Moor

Previous research on Glaisdale Moor indicates peat depths vary between 1-4 metres. and this
variation 1s probably controlled by sub-surface topography and sedimentary evolution (Simmons
& Innes, 1988a: 1988d). The earliest peat accumulated over a charcoal-rich mineral soil. The
basal charcoal-rich peat has been attributed to the clearance of woodland by Mesolithic people.
Fire-assisted woodland clearances are widely interpreted as an important factor causing the
inception of peat accumulation (Moore. 1986: Simmons e/ al., 1993). During the late Mesolithic
and Neolithic Glaisdale Moor was probably covered with a mixture of oak and carr woodland.
with ruderals and hazel scrub in the clearings. Peat accumulation was initiated in the wetter
cleared basins. These spring-hcad basins once cleared of woodland. are ideal sites for peat
initiation. because of the waterlogged nature of the environment. Additionally after the initiation
of peat accumulation it requires a long period without human interference for woodland to re-
established itself to the dominance achieved during the early Mesolithic. because the waterlogged.
acidic and nutrient poor conditions in these peat basins inhibit the re-growth of woodland.
Gradually the deprh of the peat deposits increased and the area covered by blanket bog expanded
covering the landscape. The expansion of the peat basins continued blanketing Glaisdale Moor
and connecting the original centres of peat accumulation in the North Gill. Bluewath Beck and
Glaisdale Beck catchments. Simmons & Innes (1988a) suggest unconfined blanket peat covered
most of the platcau after circa 5000 BP and the peat stratigraphy indicates Eriophorum

vaginatum, Ericaceac and Sphagnum dominated the mire vegetation.

Present-day vegetation
The head of Bluewath Beck has been exploited for peat over a number of vears. Approximatcly
500 metres from the road which parallels Bluewath Beck there is a long north-west/south-cast

peat cutting. The peat surface lving between the cut-face and the road is a substantially damaged
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cut-over bog covered by Calluna vulgaris, Eriophorum vaginatum. Juncus. Sphagnum and
Polytrichum. Although beyond the peat cutting the moor is largely undamaged, it is venv drv
owing to a lowering of the water-table caused by peat extraction, This largely undamaged
moorland extends over into the North Gill catchment. and is covered by the Calluna vulgaris
monoculture typical of the moors today. Glaisdale Moor is managed for grouse and is regularly
burned to maintain a cover of young Calluna vulgaris. Beneath the Calluna vulgaris canopy.

Hypnum jutlandicum, Polytrichum and various species of Liverwort dominate the ground-flora.

Field sampling

A peat profile was sampled from the headwaters of Bluewath Beck in October 1994. A series of
monoliths (25x15x10cm) was extracted from the peat cutting approximately 500 metres from the
road. The core site is located at grid reference NZ 742 007 at an altitude of circa 350 metres and
the location is identified on figure 4.5. The monoliths were wrapped in cling film. sealed in

polythene and stored under refrigeration until required for analysis.

4.3.6 Palaeoecological sites receiving a preliminary investigation

The palaeoecological sites introduced in the previous section are aligned in an east-west direction
across the eastern North York Moors. These peat profiles offer the opportunity to reconstruct
palacoenvironmental conditions on the main upland masses of the North York Moors. They
include two peat sequences on the main central watershed. on Glaisdale Moor and Egton High
Moor: a peat sequence at May Moss on the Fvlingdales Moor watershed: and a peat sequence
from Harwood Dale Moor on the castern most upland plateau of the North York Moors. This
sampling strategy includes all of the upland masses between the coast and Glaisdale Moor. with

the exception of Simon Howe Rigg.

Preliminary investigations were made at a number of locations to identify further
palacoecological sites. These investigations assess the potential of peat deposits on Simon Howe
Rigg and investigate further catchment-head sites on Fylingdales Moor. Four sites were
investigated:

e Simon Howe Moss on Simon Howe Rigg (SE 833 974).

e Worm Sike on Fvlingdales Moor (SE 880 972).

e Ewc Pond Slack on Fylingdales Moor (SE 905 002).

e Blea Hill Beck on Fylingdales Moor (SE 887 998).
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These sites were targeted to assess the peat deposits on Simon Howe Rigg. the only upland mass

not yielding a peat profile on the east-west transect and to identify further profiles from

Fylingdales Moor supplementing the main site utilised in this research. May Moss.

Preliminary coring across the Blea Hill Beck and Worm Sike catchments vielded disappointingly
thin deposits of peat and clearly were unsuitable for further analysis. This is particularly
disappomting in the case of Worm Sike. because the site is within the perimeter fences of RAF
Fylingdales Early Warning Station, and has been unaffected by moorland management practices
and grazing since the fences were erected in 1962. The site is of tremendous ecological interest.
because it 1s one of the few unmanaged and ungrazed areas of moorland on the North York
Moors. Comparatively deep peat deposits, reaching depths of 1.9 metres near Worm Sike, are not
ombrotrophic. but potentially could be used to uncover a recent palacoecological history for an
unmanaged moorland. Coring and preliminary pollen analyses at Simon Howe Moss and Ewc
Pond Slack were also disappointing. Simon Howe Moss is in a substantially drier state than when
encountered in previous research (Atherden, 1979), with evidence of erosion and gullying in the
headwaters of Blawath Beck. The palynostratigraphy of Ewe Pond Slack indicates the peat
deposits are very recent, pertaining at most to the last 500 years. In summary none of these sites

is ombrotrophic. and so all were unsuitable for further analysis.

4.4 Laboratory Methods

4.4.1 Humification analysis

The sampling interval used for the humification analysis was controlled by a number of factors.
The degree of humification is controlled by the amount of time that fossil peat spent within the
acrotelm, with dead organic matter subjected to rapid decomposition during its passage to the
catotelm. Humification changes within peat stratigraphy reflect fluctuations in average moisture
conditions over a couple of decades. Ombrogenous peat typically accumulates at a rate of 1 mm
per vear. and so 2 cm of peat would represent circa 20 years of peat accumulation. The degree of
peat humification to some extent is subject to a natural smoothing process. because it can take
newly deposited plant material up to 20 to 30 years to reach the relative safcty of the catotelm.
The resolution of the humification record is reduced. because movement of the acrotelm/catotelm
boundary will affect more than just the surface layers of peat. Consequently. humification
changes may reflect ﬂ}lctuations in the depth of the water table over several decades. This natural
buffering means the degree of peat humification provides a proxy record of variations in the depth
of the average minimum summer water table. Fine resolution sampling for humification analysis

therefore was not necessary. and the cores were divided into either a serics of 1 or 2 c¢m
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contiguous samples. producing either 100 or 200 samples from a 2 metre core. Sampling at a
finer resolution would be an unnecessary luxury and of limited value within the constraints of the

technique. The location, length and sampling interval utilised for the humification analvsis of

cach core are listed in table 4.2.

Table 4.2. The cores. depth of sediment and sampling interval used in the humification analvsis.

Location Core Number Depth of Sediment  Sampling Interval
May Moss B 2 .3 metres 2 cm
Mav Moss C2 2.1 metres 2 cm
May Moss C3 2.1 metres 2 cm
May Moss Dl 2.7 metres 2 cm
May Moss D2 2.1 metres 2 cm
Yarlsey Moss 2.4 metres 3cm
Harwood Dale Moor 1.1 metres I cm
Bluewath Beck 1.3 metres 2 cm

The laboratory procedure follows methodological recommendations made by Blackford &
Chambers (1993) and the procedure is listed below.

1. Contiguous samples of peat were dried in an oven at 50 °C. Matty sedge peat was cut with
scissors to disaggregate the samples. The dried samples were ground with a pestle and
mortar. If necessary the samples were dried until no further weight loss occurred. 0.2 g of
powdered peat was mixed with 100 ml of freshly mixed 8% NaOH in a 200 ml volumetric
flask. recording the time of mixing.

2. The samples were heated on a hot-plate. On boiling the temperature of the hot-plate was
lowered and the samples simmered for one hour. After one hour the samples were removed
and allowed to cool. The samples were topped up with distilled water to a 200 ml mark and
well shaken. The solutions were filtered through Whatman Qualitative No. 40 filter papers.
A 50 ml sample of the filtrate was diluted with onc part distilled water and one part
solution.

3. Percentage Liéht Transmission through the alkali extract was measured on an Elmer
Perkin Visual/Ultra-Violet Light Spectrophotometer at a light wavelength of 540 nm. The
consistency of the procedure was secured by regularly zeroing the spectrophotometer with
distilled warer and by running several replicate analyses of some of the samples. All of the
analyses from a core were completed within an uniform time limit. typically two hours and
up to a maximum of four hours. thereby avoiding fading of the extract after prolonged

cxposure to sunlight.
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The maximum variation in percentage light transmission in samples from the North York Moors
was detected between wavelengths of 320 and 590 #m. A high degree of variation is required for
the identification of sequential changes in humification, and a wavelength within this range is
recommended (Blackford & Chambers. 1993). Brown humic acid is a relatively complicated
colour. produced by a mixture of the primary colours: red. vellow and blue. There is no light
wavelength particularly well absorbed by a brown medium. However. above 500 #m there is an
inflection in the absorption curve which identifies a rapid increase in the percentage of light
transmitted by samples displaying a range of strengths of humic acid. These results support the
findings of Blackford & Chambers (1993), who identified that wavelengths above 500 nm close

to the inflection point on the absorption curve will identify most variability in strength of the

humic extract.

Following the recommendations of Blackford & Chambers (1993) the results of the humification
analyscs are expressed as percentage light transmission and not converted to a percentage
humification value sensu Aaby (1986). The raw data curves were spiky. reflecting minor
variations in humic acid content. Consequently the data were smoothed using a three point
moving average to dampen the background noise and produce a clear humification signal. The
humification data are presented as “humification diagrams™. The diagrams include three curves
presenting: (a) the raw percentage light transmission data. (b) the raw data smoothed using an
unweighted three point moving average reducing the amount of background noise. and (c) the
smoothed data passed through a high pass filter emphasising low frequency events. Low
percentages of light transmission denote well humified peat and high percentages poorly humified
peat. Additionally. part (d) of the humification diagrams. if present. displays the results of the
spectral analysis, with a graph identifying the peaks on the spectral density function, and a table

listing the periodicity’s signified by the main spectral peaks.

4.4.2 Plant Macrofossil Analysis
Methodology

Plant macrofossil analysis was applied to the peat sequences with the intention of reconstructing a
local vegetation history for each mire. The methodology utilised quantifies the abundance of the
various components within each macrofossil assemblage. The methodology is adapted from a
“Quadrat and Leaf Count™ procedure developed by Stoneman (1993) and will produce a
numerical evaluation of the composition and nature of fossil vegetation communities. The plant
macrofossils within cach peat sequence were analysed using a varicty of sampling intervals. The

highest resolution sampling was at 4 cm intervals and the coarsest at 10 cm intervals. These
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intervals were selected because a finer resolution would be an unnecessary luxury and of limited
value within the constraints of the technique. The location. length and sampling interval of each
core utilised for the plant macrofossil analysis are listed in table 4.3. A minimalist preparation
procedure was adopted for the plant macrofossil samples. following the recommendations of
Stoneman (1993). The samples were not subjected to any of the conventional macrofossil
preparation procedures typically involving maceration in NaOH or HNO;. with the samples
simply disaggregated in distilled water and then sieved to remove fine particulate matter. This
procedure reduces the likelihood of damage to the macrofossil remains. The analytical procedure

divides into two stages and is listed in table 4.4.

The first stage quantified the abundance of the main components in each peat sample and these
components were 1dentifiable Ericaceae, identifiable Monocotvledonous. identifiable Sphagnim.
any other Bryophytes and Unidentifiable Organic Matter. The second stage quantified the relative
abundance of Sphagnum species. and these values were expressed as percentages of the total
identifiable Sphagnum derived in the first stage of the macrofossil procedure. Carrying out three
replicate analyses on a series of fossil samples assessed the consistency of the method. Analysis
of the varniance within replicated analyses revealed no significant difference (p>0.01) in the
composition of the samples. which suggests the methodology produces a replicable assessment of
the plant macrofossil stratigraphy. Diagrams presenting the results of the plant macrofossil
analyses were constructed using the TILIA and TILIAGRAPH computer packages (Grimm.
1993). The first stage of the macrofossil analysis quantifies the abundance of unidentified organic
matter. identifiable monocotyledons. identifiable Ericaceae, identifiable Sphagnum and other
Bryophytes, and the results are expressed as percentages of the total volume of peat. The second
stage quantifies the abundance of Sphagnum branch leaves. with the raw counts converted into
percentages and then moderated by expressing them as percentages of total identifiable
Sphagnum cstimated in the first stage of the analysis. In light of the problems with the taphonomy
of leaves. seeds and flowers of the various vascular plant species encountered in this research the

results of this analysis are presented as raw counts.

Taxonomy and ecological rationale for the macrofossil analysis

Plant species that contribute substantially to the formation of peat will produce the most
abundant macrofossil remains. Ombrotrophic mires are characterised by a low diversity plant
community. with certain species well adapted to the ecological conditions prevalent on blanket
mires. This section reviews the taxonomy and criteria used to identify the plant macrofossils

found within peat scdiments on the North York Moors. In addition. the ccology and tvpical
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Table 4.3. The cores, depth of sediment and sampling interval used in the plant
macrofossil analysis.

Location Core Number Depth of Sampling
Sediment Interval
May Moss B 2.3 metres 8 cm
May Moss C1 2.1 metres 10 cm
May Moss C2 2.1 metres 8 cm
May Moss C3 2.1 metres 4 cm
May Moss C4 2.1 metres 10 cm
May Moss D1 2.7 metres 4 cm
May Moss D2 2.1 metres 6 cm
Fen Bogs 2.7 metres 4 cm
Yarlsey Moss 2.4 metres 8 cm
Harwood Dale Moor 1.1 metres 8 cm
Bluewath Beck 1.3 metres 8 cm

Table 4.4. Laboratory and analytical procedure for the plant macrofossil analysis.

Laboratory preparation.

A 3 cm’ sub-sample of peat was extracted from the core and placed in a centrifuge tube
with 10-20 ml of distilled water. The samples were boiled in a hot water bath until the
peat disaggregated. The disaggregated samples were washed through a 200 pm sieve
mesh with distilled water. The sieve residues were transferred to large vials and stored
under refrigeration until required for analysis.

First Stage.

Each sample was diluted in a petri dish with distilled water, producing a single layer of
macrofossils. The petri dish was marked out with a grid of centimetre squares and fifteen
of these squares are annotated. The samples were examined under low power
microscope and the percentage cover of the different components was estimated for each
of the annotated squares. At least three petri dishes were examined for each sample,
which in most cases required all of the macrofossil residue. The abundance of each
macrofossil component was expressed as a percentage, thereby providing a replicable
semi-quantitative estimate of the abundance of each peat component.

Second Stage

A sub-sample of loose Sphagnum branch leaves was extracted from the annotated grid
squares. The leaves were mounted on a microscope slide using glycerol as the mounting
medium. The slides were traversed systematically and the leaves identified at x50
magnification, with critical determinations on leaf cell structure made at x400
magnification. A minimum of 100 Sphagnum leaves were counted for each sample.
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environmental tolerance of the mire plant species are discussed. thereby presenting a rationale for

palacoenvironmental interpretation of the plant macrofossil stratigraphy'.

The Bryophyte flora of a blanket mire

Bryophytes. specifically the genus Sphagnum, are a very important component of the
ombrotrophic mire flora. The Sphagnum species commonly found on acidic ombrotrophic mires
in the British Isles are listed in table 4.5. Species of Sphagnum prefer quite different ecological
conditions and significantly for this research wetness of the mire habitat is a particularly
important control on the distribution of species. Individual species prefer a particular topographic
position on the undulating sequence of hummocks and hollows that tvpify blanket mires.
Conscquently the moss flora is distributed accordingly across the complex micro-topography of
ombrotrophic mires. Figure 4.6 displays a theoretical distribution of Sphagnum species in
relation to the water table across a hummock-hollow sequence. Forty species of Sphagnum occur
in Europe and are spread across ten different taxonomic sections: Sphagnum. Acutifolia.
Cuspidata, Subsecunda, Rigida, Mollusca, Squarrosa. Insulosa, Polyclada and Hemitheca
(Daniels & Eddy. 1990). Furthermore Smith (1978) identifies 30 species of Sphagnum that can
be found in the British Isles. This is an extensive number of species. but fortunately not all of
these species occur on ombrotrophic mires, and several species can be removed from
consideration in the macrofossil analysis on the grounds of rarity, present-day geographical
distribution and ecological tolerance (Barber, 1981). Some species of Sphagnum are extremely
unlikely to be encountered in peat stratigraphies on the North York Moors. because they will not

inhabit acidic nutrient-poor ombrotrophic peat bogs.

Only species in Sphagnum sections Sphagnum, Acutifolia, Subsecunda, Cuspidata and Rigida
are likely to occur on the North York Moors, and unfortunately some are difficult to identify m a
sub-fossil condition to species level. Fortunately some species within these sections can also be
discounted in the light of their ecological requirements. current geographical distribution and
rarity (Barber. 1981: Stoneman, 1993: Danicls & Eddy. 1990). There are four specics.
Sphagnum  imbricatum, Sphagnum  papillosum. Sphagnum magellanicum and Sphagnum
palustre. within Sphagnuum section Sphagnum and these are the dominant peat-forming Sphagna.
Fortuitously these species are relatively easy to identify in a sub-fossil state. with cymbifolian or
“boat-shaped” leaves. and additionally they have taxonomically diagnostic ornamentation on the
walls of photosynthetic cells. Furthermore Sphagnum palusire is unlikely to occur on blankct
bogs. because it is limited to mesotrophic fen peatlands (Smith. 1978: Danicls & Eddy. 1990).

whereas Sphagnum imbricatum. Sphagnum papillosum and Sphagnum magellanicum are all
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Figure 4.6. Typical distribution of Sphagnum species across a hummock hollow
topography on the North York Moors.

Table 4.5. Sphagnum branch leaves identifiable as sub-fossils in peat on the North York
Moors, listing the taxonomically diagnostic features (after Daniels & Eddy, 1990).

Species or Section Diagnostic characteristics of branch leaves

Sphagnum imbricatum  Large (1.4-2.0 mm) cucullate or “boat-shaped” hooded
leaves. Photosynthetic cells are exposed on both leaves
surface, but broadly exposed on the concave surface.
Photosynthetic cells are bordered with comb-like fibrils,
which appear to project into the hyaline cells.

Sphagnum papillosum  Large (1.4-2.0 mm) cucullate or “boat-shaped” hooded
leaves. The walls of the photosynthetic cells are coarsely
papillose.

Sphagnum magellanicum Large (1.4-2.0 mm) cucullate or “boat-shaped” hooded and
often crimson leaves. Photosynthetic cells not or rarely
exposed on the concave surface, often totally enclosed by
hyaline cells.

Sphagnum section Branch leaves are lanceolata, often more than twice as long
Cuspidata as wide. The photosynthetic cells are more widely exposed
on the convex surface, often not reaching the concave
surface.
Sphagnum section Branch leaves often small, under 1.4 mm. Photosynthetic
Acutifolia cells are trapezoid, with the widest exposure on the concave
leaf surface.
Sphagnum section Branch leaves are very large, often exceeding 3 mm.

Rigida
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species commonly found on blanket mires. These species occur either forming large dense

hummocks or forming broad lawns or carpets and ecologically thev prefer relatively wet

conditions. typicallv located above the mire water table.

Sphagnum section Acutifolia is a large section with eleven species currently extant in Europe. but
only Sphagnum fi:scum and Sphagnum capillifolium are likely to contribute substantially to the
sub-fossil and present-day flora of ombrotrophic blanket mires on the North York Moors.
Sphagnum fuscum is rare to locally frequent on mid-altitude bogs in northern England and
Scotland. The branch leaves of Sphagnum section Acutifolia are notoriously difficult to identify
to species level in a sub-fossil condition (Barber, 1981: Stoneman. 1993): consequently in this
research the species are aggregated on macro-fossil diagrams as Sphagnum section Acutifolia. In
the context of the North York Moors this group could consist of Sphagnum capillifolium and
Sphagnum fuscum. although Sphagnum capillifolium is a more likely candidate. Sphagmum
capillifolium is a very important member of the present-day Sphagnum flora on the North York
Moors. Ecologically, sub-fossil Sphagnum section Acutifolia remains are interpreted as
indicating a dry environment, with species typically forming dry hummocks and preferring a

relatively dry mire surface.

Sphagnum cuspidatum and Sphagnum recurvum are the only species within Sphagnum section
Cuspidata likely to occur within blanket mire peat stratigraphies on the North York Moors. They
are both currently a component of the flora at May Moss and Fen Bogs. In the macrofossil
analysis 1t 1s difficult to differentiate these two species. and the fossil remains are aggregated as
Sphagnum section Cuspidata. Both species inhabit wet sites colonising inundated hollows and
occurring as floating vegetation in pools. with Sphagnum cuspidatum preferring slightly wetter
conditions (Daniels & Eddy. 1990). In this research the presence of Sphagnum section Cuspidata
in peat stratigraphies indicates that the mire was relatively wet. The remains of Sphagnum section
Subsecunda are cnly identified to section level. However. Sphagnum auriculatum is the only
species in Sphagnum section Subsecunda likely to contribute to the ombrotrophic mire flora of
the North York Moors. Sphagnum section Subsecunda are interpreted as indicating the presence
of a relatively wet environment. because the only likely species. Sphagnum auriculatum. typically
inhabits wect inundated hollows on oligotrophic mires. Sphagnum strictum and Sphagnum
compactum are the only species within Sphagnum section Rigida that occur in Europe. Both
species could inhabit ombrotrophic blanket mires on the North York Moors. but Sphagnum
strictum is intolerant of subzero temperatures and is currently limited to the western extremities

of the British Isles. Fossil remains of this section are not identificd to species level. but grouped
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as Sphagnum section Rigida. Ecologically the section is tolerant of a wide range of moisture

conditions. located mainly above the water table.

The Sphagnum leaves encountered in the macrofossil analysis are identified and grouped into
cight species or sections: Sphagnum imbricatum, Sphagnum  papillosum,  Sphagnum
magellanicum, Sphagnum section Acutifolia. Sphagnum section Cuspidata. Sphagnum section
Rigida. Sphagnum section Subsecunda and Sphagnum undetermined. The identification of sub-
fossil Sphagnum 'caves was undertaken with reference to taxonomic keys in Smith (1978) and
Daniels & Eddy (1990). and to a modern reference collection held in the PLACE Rescarch Centre
(University College of Ripon and York St John). The descriptions and diagnostic taxonomic
characteristics of the Sphagnum species or sections identified in the course of this research arc
histed in table 4.5 (after Smith, 1978; Daniels & Eddy. 1990). The bryology was undertaken
after tuition from Philip Bowes. an experienced Bryologist who has worked on the contemporary
moss flora of the North York Moors. During the early stages of this analysis effort was expended

in identifying anornalous forms: however. this proved unproductive.

Other bryophytes were encountered during the macro-fossil analvses. but these occurrences were
infrequent and associated with periods when the mire surface was believed to be particularly dry.
Identification and confirmation of the bryophyte tvpes was carried out by Philip Bowes. with
further 1dentifications made with reference to the keyvs of Smith (1978) and type material held in
the PLACE reference collection. Only three non-Sphagnum species were encountered during this
rescarch- Hypnum jutlandicum, Pleurozium schreberi and Polytrichum communce. Hypnum
Jutlandicum and Fleurozium schreberi are tyvpically moorland species. which often occur together
under a canopy of Calluna vulgaris in the drier parts of blanket mires (Hill ef al.. 1996). Macro-
fossil assemblages containing or dominated by these three species are interpreted as indicating a
relatively dry environment. The abundance of these bryophytes was quantified in the first stage of
the macro-fossil analysis, in which the relative abundance of the main peat-forming components
was assessed. The branch leaves of these other bryophytes were not counted alongside the

Sphagnum leaves. because of difficultics in integratin