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1.

Moorland management

Hefting is the awareness of a home range amongst sheep flocks grazing on unfenced
moorland, which is passed on from ewes to their offspring and reinforced by
shepherding. It is critical to maintaining the open moorland landscape and maintaining
the economic viability of hill sheep farming in the North York Moors. In this chapter,
Mervyn Lewis and Malcolm Beetham of the Rural Business Research Unit at Askham
Bryan College, analyse the potential costs of re-introducing newly-hefted sheep
following the removal or break-up of established flocks from the Moors.
A massive wildfire occurred on Fylingdales Moor in September 2003, burning for four
days and severely damaging 250 hectares within the North York Moors Site of Special
Scientific Interest (SSSI), Special Protection Area (SPA), Special Area of
Conservation (SAC). As well as requiring a major commitment of fire-fighting
resources, this necessitated a costly programme of vegetation restoration.
In this chapter, Rachel Pickering of the NYMNPA and Natural England reports on the
Fylingdales fire site regeneration project whilst Giles Manners provides a report on
vegetation monitoring comparing different restoration treatments. These have
included grass seeding, heather seeding and spreading of heather brash on burnt
areas.
George Winn-Darley has collated his observations on two almost simultaneous
wildfires in September 2003: the Fylingdales fire already mentioned and another on
managed grouse moor at Bransdale.
Papers examining the effects of managed burning on moorland plant communities
have been included in the section on ecological impacts of moorland management
(chapter 2).
Bracken management and control remains an important issue for land managers on
the North York Moors and in other upland areas. In many situations, the land
manager’s objective will not be intensive clearance of bracken but control of its
spread, especially along advancing fronts. Here, Pakeman et al review long-term
monitoring of the effectiveness of this approach on Levisham Moor. Where more
intensive clearance programmes are planned, repeated applications of the selective
herbicide Asulox are needed as a follow-up to primary treatment, as shown by proving
trials on the Spaunton Estate (Robinson, this chapter).
Juniper has probably grown on the North York Moors since the end of the last Ice Age
but by the 1990s only a few aged populations remained with no recruitment taking
place. Conservation of juniper presents particular challenges because it is intolerant of
burning and grazing (the mainstays of moorland management) yet it also requires
open ground free from dense competing vegetation to become established. Efforts to
restore juniper on the North York Moors as part of the Local Biodiversity Action Plan
are summarised in the final paper of this chapter.
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North York Moors Hill Sheep Economic Study 2005
Mervyn Lewis and Malcolm Beetham
Rural Business Research Unit, Askham Bryan College

Introduction
The economic results for moorland flocks on the North York Moors was previously
reported in a series of studies covering the period 1994-2000. Since that time major
changes have impacted on the hill sheep sector including the replacement of the Hill
Livestock Compensatory Allowance (HLCA) payments with the Hill Farming
Allowance (HFA) payments and the introduction of the Single Payment Scheme
(SPS).
The purpose of this study was to provide a more up-to-date assessment of the
profitability of the moorland flocks.
Case Studies
Six case study farms were visited and data collected for the 2004/05 financial year.
These farms represented a range of flock sizes with two small, two medium and two
large moor flocks.
There is a wide range in reported results for the six farms with Net Farm Income (NFI)
ranging from a negative of £19,854 to a positive of £43,388. The gross margin for the
moorland flock ranged from £4,081 to £37,022, which includes the Sheep and Wildlife
Enhancement Scheme (SWES) payment.
The gross margin per ewe ranged from £19 to £33, with the highest figures shown in
the smaller flocks and the lowest being from the larger flocks.
The unique circumstances of each farm, such as their historical subsidy level and
area of farm, determines the impact of the SPS. Nevertheless, these projections
indicate that the farms in this study would all be significantly worse off five years on
from the introduction of the SPS.
Comparison with other hill farms in the UK
On the sample farms the gross margin for 2004/05 for both the moorland flock and the
whole sheep flock was £27 per ewe. The lower output from the moorland flock was
compensated for by the SWES payment.
The sample farms had a considerably lower gross margin per ewe than those of other
hill farms in the Yorkshire and Lancashire region’s Farm Business Survey (FBS). The
average for all hill farms in the FBS was £45 per ewe, with premium farms achieving
£62 per ewe.
Data from other regions, such as Wales, also highlight the poor financial performance
in the North York Moors.
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This poor financial performance reflects the poor physical performance in the North
York Moors with an average lambing percentage of just 83% compared to the FBS
figure of 130% and the store lamb price of £18 per head compared to the FBS figure
of £35 per head.
Projections for theoretical hill farms
For the theoretical hill farms with three sizes of moor flocks, the projections for the
next 5 years show that Management and Investment Income (MII) levels are negative
for each size unit and losses are greater at the end of the period.
The average NFI of the three units in 2005/06 is £43/ha but by 2009/10 this drops to
£2/ha and the figure is negative for the two larger units.
The farm with the smallest hill flock is the most profitable due to the negative margins
for moorland ewes being limited and labour costs being lower.
The impact of SPS will differ between units of different size and is very much
determined by the unique circumstances of each farm.
If the SWES payment scheme continued at the same rate for the length of the
projection then the outcome would be more positive. NFI for all three units would be
positive ranging from £485 to £7,923.
Costs of re-hefting a moor flock
There would be enormous practical difficulties to overcome in establishing a new heft
on a moor where there were no existing sheep. Two major problems would be the
sourcing of suitable gimmer sheep from within the existing confines of the North York
Moors and obtaining suitable, skilled labour.
In the timetable presented it takes five years to fully establish a hefted flock of 1000
sheep. This is despite an initial purchase of 725 gimmers. It would take much longer
if only one-third of the flock size is purchased at the initial outlay stage.
A partial budget shows that the costs of establishing a new heft would be in excess of
£125,000 for the first three years of operation, not including the initial expenditure on
machinery. Excluding subsidies the only income during those three years would be
surplus lamb sales of approximately £12,000.
Conclusions
Subsidy payments on sheep varied from £23 to £32 per ewe in the 1990s North York
Moors studies and this was the key feature in the economics of sheep farming during
that time. SPS introduces a major change to the support system for agriculture and,
critically, it provides a form of support which is not linked to production.
At the present time the SWES payment is offering some incentive to farmers to retain
sheep on the moor but clearly there is not sufficient funding to maintain payments at
the level previously paid for by central government.
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For many hill farms the agri-environmental schemes in general and the Higher Level
Stewardship (HLS) in particular are going to be critical in maintaining viability. For
farms in the North York Moors it is likely to prove to be the defining factor on whether
moorland flocks are retained.
Once moorland flocks have disappeared they are very unlikely to return. The
economic costs and other difficulties involved in re-establishing hefted flocks are
virtually insurmountable.
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Controlling bracken encroachment and the long-term success of bracken
control
R.J. Pakeman1, M.G. Le Duc2 & R.H. Marrs2
Macaulay Institute, Craigiebuckler, Aberdeen, AB15 8QH
(r.pakeman@macaulay.ac.uk).
2
Applied Vegetation Dynamics Laboratory, School of Biological Sciences, University
of Liverpool, Liverpool, L69 7ZB
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This work was carried out as part of three research contracts for the Department of
the Environment, Food and Rural Affairs that covered research on bracken control
and habitat restoration using sites across Great Britain.
The effects of control methods on bracken encroachment
Two methods of controlling the rate of bracken encroachment were trialled on the
National Park’s estate at Levisham Moor. A randomised block experiment with four
replicate areas of 10 m depth on an actively invading bracken front were subject to
three different treatments: cut once per year, sprayed once in 1993 and left untreated
(Pakeman et al. 2002). The progress of the bracken front, measured as the furthest
forward fronds in each metre sector of the front, was recorded from 1993 to 2003.
Over the ten years of the experiment the untreated front moved c. 4.5 m (Figure 1). In
the same period the cut front was effectively stabilised in its original position. The
sprayed front recovered to its initial position, at a rate of 0.41 m yr-1 from its initial
setback of 3.6 m. At least during the early years of the experiment this setback was
also associated with a reduction in density and height of the fronds on the treated
areas. If this recovery rate was maintained, then a sprayed front would continue to
invade at the same rate as the untreated front, but would never make up the setback
from the initial spraying.
Similar results were observed for a second site, Ramsley Moor in the Peak District
National Park, where the untreated front encroached 4.1 m in ten years. However,
here the sprayed front recovered faster and was predicted to catch up with the
unsprayed front in 16 years.
The results of this study show that bracken encroachment can be halted by either
periodic herbicide application or a yearly cut to only the edge of an encroaching patch.
The practical implications of this are that relatively straightforward and non intensive
management can stabilise a situation where bracken is actively encroaching more
valuable vegetation. This maybe a useful approach where resources are not available
for large-scale control or where large-scale control is taking place but it can not be
applied to all the bracken on the land holding. Aerial spraying maybe a questionable
approach to controlling encroaching fronts as a proportion of the asulam applied will
impact on other vegetation, though a single pass along a front would be simple to
achieve.
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Figure 1. The effects of control measures on the mean position (m) of the bracken
front relative to its 1993 position at Levisham Moor; ▲ cut once per year, ■ sprayed
with asulam in 1993, ○ no treatment.
Recovery of moorland vegetation after aerial spraying
The long-term effectiveness of bracken control by aerial spraying of asulam has had
little study. In 2002, 22 sites that had been previously surveyed for the effects of
bracken control on moorland vegetation (Pakeman & Marrs 1992; Pakeman et al.
1997) were revisited. The original surveys covered sites where bracken had been
sprayed in a range of years, so that in 2002 the sites ranged from those sprayed 10
years prior to sampling to sprayed 19 years earlier.
An overall consideration of the vegetation present showed that as the surveys were
repeated the diversity of vegetation between sites increased (Pakeman et al. 2005).
Initially, the vegetation ranged from sites in the early successional stages after
spraying, characterised by a combination of moss and grass dominated swards mixed
in with undecomposed bracken litter, to unsprayed bracken with a ground layer of
bracken litter. In 2002, 13 sites had changed sufficiently to be classified as heathland
by the National Vegetation Classification (Table 1), with some covered by heather
(Calluna vulgaris), or at higher altitudes by bilberry (Vaccinium myrtillus). Five sites, at
lower altitude and where sheep were at higher densities had become grassland. Two
sites had, however, reverted to bracken dominance whilst two sites had never been
sprayed.
However, this apparent success – 18 of 20 sprayed sites had not reverted back to
bracken dominance – is an overestimate of the effectiveness of control. Of these 18
sites, bracken was still present on 12, often as small, but vigorous patches. These
may remain part of a mosaic of vegetation types on the sprayed sites but,
alternatively, they may be foci of regeneration. Therefore, it would be a worthwhile
management strategy to revisit previously sprayed areas, where control has been
largely successful, to do long-term follow-up treatment to protect the initial investment.
As a long-term strategy, this would be very cost-effective.
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Table 1. Characteristics of bracken in 2002 on the sprayed sites (n = 20)
characterized as heathland, grassland or bracken - mean cover (n = 15), range in
cover and percentage frequency of occurrence of bracken in quadrats.
Site no.
Heathland
1
2
3
7
8
9
11
13
14
19
20
21
22
Grassland
4
6
10
12
16
Bracken
5
18

Mean cover 2002
(%)

Range (%)

Frequency (%)

0
0
0.3
0
2.3
0
0
21.3
19.1
8.8
30
15.5
20.8

0-3
0-15
0-80
0-70
0-80
0-80
0-97
0-75

0
0
6.7
0
20
0
0
47
53
27
73
47
73

0.1
4.5
0
12.7
16.7

0-2
0-60
0-55
0-95

6.7
20
0
47
60

87
81.3

15-100
20-100

100
100

Guidelines for bracken control
An important part of this project was the updating of the former Ministry of Agriculture,
Fisheries and Food advice note to farmers. This is now available as Rural
Development Service Technical Advice Note 23 “Bracken control, vegetation
restoration and land management”
(http://www.defra.gov.uk/rds/publications/technical/tan_23.pdf). The same advice was
also included in a leaflet on bracken control distributed by the Southern Uplands
Partnership and available from the Scottish Environmental Protection Agency website
(The Southern Uplands Partnership 2001,
http://www.sepa.org.uk/publications/leaflets/bracken/ index.htm).
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The NYM Bracken Clearance Proving Trial: a progress report
Bracken clearance as a land management strategy
Dr. R.C. Robinson
IATG, Cliffe Road, North Newbald, York, YO43 4TY

Bracken is a native plant with a rightful place in the landscape. It sometimes provides
a refuge for wildlife, including animals, birds, woodland plants and certain rare,
dependent insects. Bracken rhizomes bind the soil and can be an important factor in
preventing erosion where natural tree-cover has been lost. Bracken may also have
scenic or historic value in some localities.
In contrast, bracken has a persistent tendency to spread which directly affects the
productive potential of land with implications also for both human and veterinary
health. Bracken requires control wherever it threatens land-use objectives such as
pasture, grouse moor, forestry, natural/semi-natural woodland, conservation sites,
amenity sites and public thoroughfares.
Bracken control includes 4 key management strategies which can include mechanical
and chemical treatments :
Low-level Equilibrium Grazing

Containment

Releasing

Clearance
Low-level Equilibrium Grazing is a method of keeping bracken in-check by the
trampling caused by seasonal grazing of hill cattle. This long-term, low-input
approach will never clear bracken but represents a sustainable means of living with
the problem.
Containment refers to occasional peripheral treatment of bracken stands to prevent
encroachment onto bracken-free areas. A containment programme might be
undertaken for example at the moorland edge to prevent bracken encroaching onto
heather moor.
Releasing is a term borrowed from forestry where bracken is controlled temporarily to
release other key vegetation threatened by bracken (e.g. seedling trees). Releasing
is a vital measure on many conservation sites (e.g. releasing of violets or Cow-Wheat
as food plants for Fritillary butterflies).
Clearance is the most significant control strategy, intended to free productive land
permanently from bracken. Clearance means killing bracken efficiently in welldefined, discrete areas; not obliteration from the landscape. Ploughing is the most
effective means to control bracken but is inappropriate for most heathland, moorland
and upland pastures. Use of herbicide is a practical alternative in such locations but
which has been misunderstood and poorly implemented for decades, with the result
that bracken is often treated ineffectively leading to considerable waste of resources.
Since the mid 1990s, some of the most extensive and successful bracken clearance
in Britain has been conducted within the NYMNP under the Moorland Regeneration
Programme. This work provided an opportunity to verify and improve the large-scale
clearance methods using herbicide pioneered by Jim Briggs on the Ramsgill Estate,
Nidderdale in the 1980s. Work by George Winn-Darley and his staff on the Spaunton
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Estate (see Figures 1 - 3) confirmed that effective clearance can be achieved using
the selective herbicide Asulox in a rigorous, 2-stage approach :a) Primary overall treatment of established bracken stands;
b) Follow-up spot treatments of subsequent frond re-growth.
Primary treatment, applied by helicopter or ground-based methods, usually achieves
90 - 98 % control of frond numbers in the following year but the primary treatment
never kills bracken outright. Subsequent re-growth always occurs and if nothing
further is done, the bracken will re-claim the land within 5 years.
Follow-up spot treatments to deal with re-growth are essential to clear bracken and
must be applied annually, one treatment per year, until all re-growth ceases. Followup applications must be carried out on-foot using spot-guns, or a quad-bike equipped
with hoses and lances - see Figure 2. Clearance of bracken by such means is a longterm process, often taking some 6 years or more. There is no quick-fix!
It is important that a clearance programme also considers the vegetation that must
replace the bracken. Vegetation recovery is not always predictable and may require
careful management to ensure that regeneration achieves the land-use objectives.
Most bracken clearance will be undertaken to recover either pasture for better quality
grazing or heather moorland for grouse. Grazing is common to both aims and
stocking levels must be controlled (besides other factors such as rabbits), using
fencing where necessary, to achieve positive vegetation recovery - see Figure 3. On
impoverished sites, additional management of bracken litter, heather-brashing or reseeding may also be required.
These clearance methods were also adopted by other estates on the NYM and have
now been implemented successfully over thousands of hectares. However something
more was required to promote the methods much more widely across the UK.
The Clearance Proving Trial
Widespread antipathy to pesticides has persistently led research organisations with
interests in bracken to investigate mechanical, not chemical, control methods.
Research work often included Asulox as a one-off primary treatment to compare with
multiple mechanical treatments in various combinations over successive years. None
of the studies demonstrated clearance, or investigated repeat applications of Asulox
as a practical measure. Although Asulox has been available since the mid-1960s, no
scientific data exists, either in the commercial or academic sectors, as evidence that
bracken can be cleared on a realistic scale as described above. The lack of such
data means that UK institutions, responsible for formulating upland policy, grant
structures and practical land management advice, continue to ignore what is the only
known means to clear bracken effectively other than ploughing.
To rectify this situation, a "Clearance Proving Trial" was set-up in 2002 on the
Spaunton Estate to generate data that could be used to promote clearance methods
that are known to work on the hill.
Five large replicate plots (Plots 1 - 4 & 7), each 54 metres square, were set-up at a
single site at Barmoors, near Hutton-le-Hole. Each of these plots received primary
treatment in 2002 and remain the basis of a 6-year study to follow the progress of
bracken clearance. A further large plot (Plot 5) is providing data for the later-stages of
a clearance programme begun by the estate in 1998. All plots are receiving annual
follow-up. A small plot (Plot 6) was set-up as a control in 2002 to establish the effects
of suspending annual treatments on Plot 5, 4 years into a programme. Plot 3 also
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includes follow-up cutting treatments to explore their relevance to clearance
programmes. All assessments of the larger plots were made within a 10 metre buffer
zone to avoid edge effects from untreated bracken.
Summary of results
Figure 4 shows the bracken densities measured on each plot during the first 3 years
of the trial in 2002-2005 (i.e. the effects of primary treatment plus 2 follow-up
treatments in Plots 1 - 4 & 7; or plus 6 follow-up treatments in Plot 5). In Plots 1 - 4 &
7, initiated in 2002, re-growth has remained persistent with no clear trend towards
zero growth. Three years into the clearance programme, isolated foci of re-growth
remain centred on short pieces of rhizome bearing many dormant buds (see Figure
5). This is a symptom of entrenched bracken where it is quite normal for re-growth in
a given year to exceed frond numbers present in previous years. This response does
not mean that the treatment is failing; rather that dormancy-break is occurring and that
it will take some years yet to make tangible progress.
Such progress is seen in Plot 5 where re-growth has declined progressively since
2002 (6 annual follow-up treatments since initiation in 1998). Conversely, Plot 6 (a
control area for Plot 5 where follow-up was last applied in 2001) shows a sustained
increase in frond density. This reveals the importance of not allowing follow-up to
lapse in any year - otherwise the bracken will instantly begin to recover. Figure 6
shows the re-growth on Plot 6 in 2005 (3 years without follow-up), surrounded by the
nearly bracken-free Plot 5. Extrapolation of data for Plot 5 predicts zero re-growth by
2009 as a worst-case estimate; in which case clearance will have taken 9 years on
this area. A similar time-scale seems likely for Plots 1 - 3 but Plots 4 & 7, with
consistently lower levels of re-growth, may show clearance within 6 years. These long
periods reflect the sheer numbers of dormant frond buds on the rhizomes (see below).
Figure 7 shows that re-growth in both 2004 and 2005 was directly proportional to the
initial levels of control obtained by the primary treatment. This does not reflect the
potency of the chemical treatment (applied by tractor identically to all plots) but the
innate response of the bracken itself. It has nothing to do with resistance to chemical;
solely the number of dormant buds that the chemical has to deal with. This is evident
in Figure 8 where the re-growth levels for 2004-5 are plotted against the numbers of
live buds on the rhizomes for Plots 1, 2 and 7 measured before treatment in 2002
(bud counts based on single rhizome sample pits per plot).
Results suggest that the duration of a clearance programme depends primarily on the
number of frond-buds on the bracken rhizomes. When dormant, such buds fail to
take-up sufficient chemical and give-rise to the re-growth phenomenon. Repeat
treatments must be applied until complete dormancy-break is achieved. The number
of buds on the rhizomes appears to relate to the age and vigour of the bracken.
Young, vigorous stands, with active, long rhizomes and few dormant buds, are usually
cleared rapidly. Rhizomes under older stands can attain some 200 tonnes/ha (fresh
weight) with compact, rafted layers of short-shoots carrying many hundreds of
dormant buds per square metre. The current trial included older bracken
approaching 1500 buds/m². Results suggest that such bracken may require a
clearance programme of some 9 years duration. Bracken with some 300 buds/m²
may require some 6 years to achieve clearance. These differences exist naturally in
areas of bracken growing just 50 metres apart and will dictate the ultimate duration of
clearance work in a given locality.
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Follow-up by cutting - After primary chemical treatment in 2002, re-growth on Plot 3
has been cut manually, 3 or 4 times annually in 2003 - 2005, to compare with one,
annual chemical follow-up treatment on the adjacent Plots 2 & 4. The cutting resulted
in large numbers of dwarf fronds (typical examples seen in Figure 2A) which prove
increasingly difficult to tackle each year. Each cut of the whole plot takes some 4 - 6
hours to undertake thoroughly, an impractical amount of time for most land-holders.
Some 53,000 fronds have been cut as re-growth on this one plot over the 3 years.
The cumulative re-growth remains exponential (reflecting dormancy-break) with no
sign of let-up to date and shows no great difference from the overall frond density on
other plots (see data for Plot 3 in Figure 4). It is concluded that follow-up by cutting
alone is not a practical means to clear mature bracken compared with chemical
follow-up.
In contrast, observed work rates for chemical follow-up by a 4-person team using
spot-guns (Figure 2A) varied between 0.5 - 2.25 ha/hour depending on frond density
and the nature of the land surface. This technique, using specialist equipment, makes
bracken clearance a practical, realistic proposition.
[Note: The ProvingTrial includes further plots and deals with other topics (e.g.
vegetation changes and litter management) that cannot be covered here. Further
information on the trial, use of Asulox and application equipment, is available from the
author].

Figure 1 Large-scale bracken clearance (view from Gillamoor, 2002)
[White line marks the Shortsha Beck: - bracken invading heather moor to the left:
moorland cleared of bracken to the right]
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Figure 2 Methods of follow-up spot-treatment
[a] Using a 1ml spot-gun [b] A team using hose-&-lances above
Rosedale, 1998)

Figure 3 Bracken clearance and vegetation recovery: (Hutton-le-Hole Cricket Pitch)
[a] 1983
[b] 2001

Figure 4. End of season frond-densities: 2002 - 2005 (log plot)
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Figure 5 Bud-break on isolated short
rhizomes

Figure 7. Re-growth and primary treatment results

Figure 6 Re-growth after
suspending
follow up for 3 years

Figure 8 Re-growth and
initial levels of rhizome buds
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Fylingdales Fire Site Regeneration Project
Rachel Pickering
NYMNPA & Natural England

Introduction
In September 2003 a fire which burnt for 4 days, caused by the careless burning of rubbish in a
lay-by, led to 250ha of moorland being severely damaged. The area is part of Fylingdales
Moor, south of Whitby, which is part of the North York Moors Special Site of Scientific Interest,
Special Protection Area and Special Area of Conservation.
As a large amount of peat had been
burnt away, along with the seed source,
it was felt that natural regeneration
would not be sufficient unaided. So, a
large scale regeneration project was
developed involving many partners,
including English Heritage, English
Nature, DEFRA’s Rural Development
Service, the North York Moors National
Park Authority (NYMNPA), the owner Sir
Fred Strickland-Constable and the
Fylingdales Court Leet.

Objectives
1. Rapid re-vegetation of the burnt moorland to prevent further soil erosion.
2. Establish appropriate moorland vegetation, as close to the pre-burn vegetation as possible,
using local seed sources where possible.
3. Survey and conserve archaeological features and prevent further damage.
4. Monitor to ensure that the above objectives are met.
Re-vegetation Work
Professional advice was sought from both scientists and contractors experienced in moorland
restoration.
Archaeology
Over 2,500 archaeological features were uncovered by the fire and had to be recorded prior to
re-vegetation work beginning. Contractors worked very closely with archaeologists to ensure
that there was no damage to the newly exposed features. Large equipment could not be used
over most of the site so the majority of the re-vegetation work was done using quad bikes.
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Phase 1: October 2003-2004
The NYMNPA’s Modern Apprentices carried out some of the first work, including blocking
gullies with heather bales to prevent peat and ash being washed off the site. In spring 2004,
60% of the site was sown with Agrostis castellana (Highland bent) and Lolium perenne (Rye
grass) as a ‘nurse grass’ mix to stabilise the soil, prevent further erosion, protect archaeology
and provide shelter for establishing heather plants. The rate used was 10kg/ha of A. castellana
and 30kg/ha of L. perenne. A small amount (140kg) of heather seed was incorporated into the
seed mix which had been cleaned and treated to improve germination, along with a very small
amount (20kg) of D. flexuosa.
The cost of Phase 1 was £55,000 and funding came from English Heritage, the NYMNPA and
English Nature.
Phase 2: October 2004-2006
In autumn 2004 heather seed and brash was collected from the adjacent moorland and spread
by quad bike. Local Descampsia flexuosa (Wavy hair-grass) was also collected (with thanks to
Skelton and Gilling Estate) and sown on the site. In spring 2005 the majority of the untreated
area was sown with a nurse grass mix of D. flexuosa (from Derbyshire) at 5kg/ha and A.
castellana at 5kg/ha (one sixth of the 2004 rate).
To increase the diversity of the vegetation, volunteers and the NYMNPA’s Modern Apprentices
collected Erica cinerea (Bell heather) by hand from Forest Enterprise land less than 2 miles
from the site. Volunteers also planted 100 juniper trees which were grown from seed collected
in the North York Moors. In total the NYMNPA volunteers carried out 77 days work on site,
including the spreading of heather brash by hand.
The cost of Phase 2 was £85,000 and was funded by DEFRA through a Countryside
Stewardship Scheme Special Project. Total cost of re-vegetation works were £140,000, plus
£80,000 for archaeology survey & recording costs.
Results
L. perenne only established in a few damp and sheltered locations, however, A. castellana and
D.flexuosa have established very well. It is believed that a decrease in nutrient levels and
shading by heather plants will ensure that the A.castellana will only persist for about 5 years
after sowing but there is some concern that in places it is so dense that it may inhibit the
establishment of heather and other dwarf shrubs.
Overall the process of establishing appropriate moorland vegetation is well underway and there
is already a good proportion of strong heather plants, including Calluna vulgaris (Common
heather), Erica cinerea (Bell heather) and Erica tetralix (Cross-leaved heath) across the site.
There is more natural regeneration from heather rootstocks and buried seeds than was
originally predicted. Vegetation in the wetter areas has regenerated exceptionally well,
particularly Eriophorum angustifolium (Common cotton grass).
General observations show that A. castellana is most dense on the worst burnt areas, where the
root mat has been burnt away. Where similar badly burnt areas have been left untouched a
continuous mat of moss, beginning with Bryum capillare and Ceratodon purpurea and
developing into Polytrichum commune has formed to the exclusion of higher plant species.
1

In summer 2006 an area of heather beetle damage was noted in the centre of the site. This has
caused some concern as there is a fear that A. castellana may out compete the C. vulgaris in
these areas.
Monitoring
Base line fixed point photography was carried out in April 2004 and has been repeated each
year. This has shown dramatic changes in the vegetation on a landscape scale.
Detailed vegetation monitoring began in May 2005 and is reported separately by Giles Manners
in this Review. It is hoped that this monitoring will continue on an annual basis until 2012. This
will also include the monitoring of trial plots on a dense grass area to test whether herbicide
treatment or cutting will benefit heather regeneration.
Discussion
A discussion day was hosted on 30 September 2005 to share lessons learnt and to discuss
future management with specialist contractors, ecologists and agencies. Lots of lessons have
been learnt from this project but perhaps the most important is the need to reduce the risk of
uncontrolled fires on all moorland. English Nature currently has an agreement with the owner
which includes reducing this risk by cutting strategic fire breaks and encouraging well managed
rotational burning.
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Fylingdales Burn Site Monitoring Programme 2005.
Summarised by Giles Manners
MAB Environmental Management

Introduction
This interim report is based on the results of the first year of a two-year monitoring project,
established by the North York Moors National Park Authority (NYMNPA), following the 230
hectare wildfire at Fylingdales in September 2003.
The monitoring programme was established in January 2005 with the principal objectives of
recording the speed and species composition of colonisation and succession across the site,
and assessing types of restoration treatment (grass seed, heather seed, brash, or
combinations). Grass seeds sown were predominantly Agrostis castellana, a non-native grass,
together with smaller amounts of Deschampsia flexuosa and Lolium perenne.
Methods
Monitoring sites were positioned at 11 locations on the burn site. Six sites were on dry heath
(D1 to D6), and six were on wet heath (W1 toW6). At each location 3 permanent metre-square
quadrats were established using wooden stakes. Control sites were established (D5 and W5)
and excluded from treatments.
Restoration treatments at monitoring locations

Quadrat
number
D1
D2
D3
D4
D5 (C)
D6
W1
W2
W3
W4
W5 (C)
W6

Grass
seed
2004
Y
Y

Heather Heather Grass
seed
Brash
seed
2004
2004
2005
Y
Y
Y
Y
Y

Y
Y

Y
Y
Y

Heather
brash
2005
Y

Y
Y
Y
Y

Vascular plants were identified and given a DOMIN score. Bryophytes were scored together.
Other items scored included: bare soil / peat, bare rock, droppings (species noted), and brash.
Soil samples were taken at each of the 12 sites and analysed.
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Results
1. Diversity

Average number of
species per square
metre

Change in species diversity between April and
Octover 2005
6.00
5.00
4.00
3.00
2.00
1.00
0.00

Apr-05
Oct-05
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©
©
Quadrat series

2. Dwarf shrubs

Aggregated total of
dwarf shrub domin
values

Dwarf shrub density change between April and
October 2005
20.00
15.00

Apr-05

10.00

Oct-05

5.00
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D1 D2 D3 D4 D5 D6 W1 W2 W3 W4 W5 W6
©
©
Quadrat series

3. Agrostis density
Agrostis density change between April and
October 2005

Domin value

10.00
8.00
6.00

Apr-05

4.00

Oct-05

2.00
0.00
D1

D2

D3

D4

D5
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©
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1

4. Bare peat
Change in DOMIN value of bare peat between April and
October 2005
10.00
9.00
8.00

Domin value
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5. Soil analysis results for April 2005.
Soil analysis 2005, available nitrogen and pH
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Soil analysis 2005, macronutrients
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Discussion
Species diversity increased dramatically over the first year. Deschampsia flexuosa began to
appear in many quadrats, as did Juncus squarrosus, Erica tetralix, and Erica cinerea. On the
control site Poa annua started to colonise, and Holcus lanatus is now extensive.
The nurse species Agrostis castellana was selected because it is cheap and it is thought to be
unsuited to the moorland environment in the long-term. After completing its role of stabilising the
substrate in the short-term, there should be a reduction in density, while the diversity and
density of native species increases. Our results so far support this.
The density of the nurse species Agrostis castellana, while generally on the increase due to
seed germination, did not increase in all cases. Quadrats D1, D2, and W2 showed a decrease.
These locations were seeded with A. castellana in 2004. We may therefore be observing a
trend of decreasing A. castellana density with time after sowing.
There is a perceived worry that Agrostis castellana at very high density might stifle the
colonising native species (particularly dwarf shrubs). However, our results show a correlation
between density of the nurse species and overall species diversity:

Agrostis density average domin value

Figure 9: Average Agrostis castellana density (DOMIN) against vascular
plant diversity for all results in 2005
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00
0.00

y = 1.0314x + 0.5394
R2 = 0.5275
Oct-05
Linear (Oct-05)

1.00

2.00

3.00

4.00

5.00

6.00

Average diversity - no of species

There were no instances of Lolium perenne being found, and Deschampsia flexuosa only
started to appear in October 2005. As both these species were sown in 2004 (albeit in small
quantities) this implies that the seeds failed to establish.
Calluna vulgaris is well distributed across the site, and is increasing significantly in density. It is
not possible to say whether this is from seed-banks or from the treatments. Where the burn was
deep the seed bank would no longer be viable (Gilchrist et al 2003).
The diversity of dwarf shrub species is starting to increase, with several quadrats having E.
tetralix and E. cinerea in October when none was present in April. This process does not
currently correlate with wet or dry heath, higher densities of both species of Erica being found in
the dry heath quadrats. In fact, none of the data at this stage appears to show any difference
between wet and dry heath types. As colonisation gives way to succession, the differences
between the community types should become increasingly evident.
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As no Erica tetralix or Erica cinerea seeds or brash were spread (except incidentally), the
increasing distribution of E. tetralix and E. cinerea is presumably the result of seed being
introduced naturally. Erica cinerea failed to establish on two of the quadrats. The plants were
found as seedlings in April; by October they had disappeared from one site, and reduced in
density on another. This may show that E. cinerea has more demanding or complex
requirements for seedling establishment, or it could be a result of preferential grazing. It is
known that small dwarf-shrub seedlings are very vulnerable to freeze-thaw effects and
ephemeral drying of the seedbed (Tucker 2003). Survival rates of the three dwarf shrub species
will be compared over the next 12 months.
Soil analysis results were looked at in relation to density of nurse species. No correlations were
observed. We would expect any relationships to appear over the next few years. A developing
trend appears to be with phosphorus. We would expect that high phosphorus levels will
significantly increase the persistence and dominance of Agrostis. This hypothesis will be tested
over the next series of results.
Recommendations and future work
In order to speed up colonisation of the dense areas of A. castellana, it has been suggested that
some areas should be subjected to cutting or spraying. A comparison with control areas would
permit an assessment of whether the consequent reduction in nurse species density actually
increases the process of colonisation by native desirable species. We hope to begin this
additional element of the monitoring programme in 2006, if the treatment work goes ahead.
The fact that Lolium perenne did not germinate or persist leads to the conclusion that this
species should not be in the seed mix for future restoration projects. Where Deschampsia
flexuosa was sown at higher rates (on W3 and D3), there has been reasonable germination
reflected in the quadrat data. Therefore we should not rule out the future use of Deschampsia
flexuosa in seed mixes, though the cost of the seed of this species is likely to remain
prohibitively high.
In order to look at treatment decisions, a variety of statistical analyses will begin in 2006.
Bryophytes will be looked at in more detail, both to assess correlations and to see how diversity
returns. For 2006 bryophyte species should be identified and density scored using the DOMIN
scale.
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Comparison of two wild fires on the North York Moors in September 2003
George Winn-Darley,
Spaunton Estate

The following comparison supplements the papers on the effects of the fire on Fylingdales
Moor. Its aim is to demonstrate the risks of leaving long combustible vegetation close to parking
areas.
MORECS data
The North York Moors National Park Authority purchases MORECS data, which is sent to them
each Wednesday at about 12 noon giving the stress level for the previous day. The stress on
9th September was virtually the safest level (0.98?) since 1st April. The level on 16th September
however, plunged to 0.68 – well below the 0.8 fire risk level. However, the NYMNPA only
received this information a few hours before the fires started.
The weather had been dry and hot for some days and on 17th there was a good south west
breeze as well.
Description
Location
Time and
Date Fire
Started
First
Reported

Source of
Fire

Moor Managed for Grouse
Shooting
Bransdale
Wednesday 17th September
2003 @ approx 1.30pm.

Moor Not Managed for Grouse
Shooting
Ravenscar/Fylingdales
Wednesday 17th September 2003
@ approx 1.45pm

The fire was in a remote site
but was noticed by the
keepers and rung in to the fire
brigade at 1.55pm. The fire
was across moorland from the
narrow Bransdale road &
access to the control point and
fire were more difficult and
therefore it was less easy to
give a big early response.
The fire started 125m from the
nearest road, although the
moor does have an open
access agreement. The
ignition source is a mystery but
the most likely explanation is a
visitor having discarded a
cigarette having walked across
the moor to enjoy the view.

The fire started in a layby next to
the A171 and would have been
reported almost immediately (the
fire service were called at 2pm).
The fire brigade could get good
access immediately but
unfortunately it was too intense and
crossed the A171 and got away.

The fire started in a layby where
gorse had been allowed to grow
into tall dense bushes and a great
deal of litter including discarded
diesel had been allowed to build up
around them. The actual source of
ignition remains a mystery but once
alight it burnt with such intensity the
flames were able to lick across the
A171 and light a similar overgrown
patch of gorse on the other side of
the road and hence into adjoining
1

Speed of
Response/
Day 1

PRIVATE: 4 Estate staff
arrived at the scene at
2.25pm. By 3.30pm a total of
15 Estate staff on the scene.
A neighbouring Estate arrived
over the hill at 3.45pm with an
argocat and bowser and 3
men. A 3rd Estate sent an ATV
and 550 litre water bowser
with pumps etc. to help with
the damping down operation
between 7-9pm. The Estate 4
wheel drive tractor arrived with
a 2000 ltre tank and 2 pumps
at about 3.45pm.
PUBLIC: First fire engine at
the scene by 2.30pm. A total
of 7 fire engines and 2 scottracks and 1 catering van
attended the scene and all left
by 8pm due to the darkness.
No National Park rangers
attended.
The flames were out by
4.30pm but over whole area
there were hot pockets where
it was smouldering into the
peat. A perimeter zone
around the boundary of fire
had been thoroughly damped
down by 9pm and all the
Estate staff left except for 2
keepers who continued
watering all night using well
over 6000 litres of water.

moorland.
A 2nd fire started nearby later in the
afternoon of day 1, close to a track
and this was felt could be copycat
arson but no evidence of such was
found.
Approx. 15-20 fire engines (with
over 100 firemen at its peak)
attended the site with full back up
of Incident Command Unit, catering
vans, bulk bowsers etc. 3 local
farmers came with slurry tankers to
help as well. The National Park
and Forest Enterprise sent
approximately 15-20 staff between
them. All fire crews were sent
home at sunset on day one but
some only got 1 ½ hours sleep
before they were called back out
again because the fire was
threatening 4 residential properties.
Round the clock cover was
provided for several days. It was
thought that every fire appliance in
North Yorkshire has attended this
fire at some stage even from as far
as Bentham and Hawes.
Neighbouring Fire & Rescue
Services e.g. from Leeds have had
to cover areas of North Yorkshire
e.g. Harrogate due to the drain on
North Yorkshire’s resources.
Cleveland FRS also deployed
resources at the incident.
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Day 2

Day 3

Total Area
Damaged
Long Term
Damage

2 Estate staff continued
watering throughout day 2 until
7pm. The fire service returned
to the scene at 6.15am and in
total throughout the day 5 fire
engines and one Scot-Track
attended to help with the
damping down operation and
all left by 8pm. A bulk tanker
from Hull arrived at 8.20am to
help lead water for the fire
service. One keeper stayed
on site all night until 6.15am.
One fire engine came to help
finish the damping down and
collect all their equipment from
6.15am to 11am. 2 Estate
staff continued damping down
with the tractor and trailer but
were finished by noon.

11 acres
Only very small pockets of
peat have been destroyed but
they are sufficiently small (a
few square metres only) that
areas around them will
hopefully be able to revegetate it naturally and it is
anticipated that any long term
damage will be insignificant.

Day 2-6 inclusive:
All the above resources remained
deployed pretty constantly and the
fire was largely under control on
Monday 22nd September.

The fire service called in Pennine
Helicopters Ltd who spent approx.
27 hours damping down hot spots
on site but were not called in until
day 3 at a cost of over £10,000.
The site was still an ongoing
incident on 1st
October (Day 15) although only the
fire brigade were attending by this
stage.
The total cost of North Yorkshire
Fire & Rescue Services was
£140,000 plus 2 staff injured and
off work – one with a broken arm.
600-700 acres
Approx 50% of the area – say 350
acres - of peat has been totally
destroyed leaving a red and yellow
ash. Some of it on steep slopes. A
“re-vegetation and regeneration”
programme is already in place to
try to consolidate and stabilise the
surface to stop it being eroded by
wind and rain and it is costing in
excess of £250,000. The National
Park is still working to re-vegetate
sites that were similarly damaged in
1976 and in the 1930’s. Much of
the peat, dormant seed banks and
biodiversity is lost forever.

Conclusions and lessons learnt (some extracted from action points of extraordinary
meeting of North York Moors Fire Liaison Panel, 01/10/03)
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MORECS – Once more the MORECS data system has failed to give appropriate
warning in time to enable cautionary/preventative measures to be implemented. If on 9th
September a prediction had shown the fire risk level (0.8) being reached by say Sat 13th
September then many fire notices and other actions would have been implemented and
may have prevented these fires and sharpened responses to them.



It is likely that an Estate employing grouse moor keepers would have managed the
gorse in the layby and on the roadside so that it did not become such a fire hazard. It is
also likely they would not have allowed a layby to become so full of litter and an obvious
accident waiting to happen.
The managed grouse moor was able to muster a great deal of private resources to help
tackle the fire in its early stages and get it under control. This ability is more limited
where there are no grouse moor staff and then usually involves public funded not
privately funded resources.





The area of the fire on managed grouse moor had the majority of its area either recently
(last 2 winters) burnt (no fuel) or young and short heather (which can only burn with a
low intensity) not only making it much easier to be able to tackle the flames but also
reducing the ability for it to burn down into the peat. Note if you double the biomass of a
wild fire you quadruple the intensity with which it burns. The moor not managed for
grouse shooting had no burns at all in the previous 2 winters and only a few in the winter
prior to that. The vast majority was mature and degenerate heather with much dead, dry
litter etc.



The big problem in tackling both fires was getting water there. The creation of wetland
features which will naturally catch water and be sufficiently well formed and supplied to
hold a useful amount of water even in very dry times would be very helpful. If they were
close to places where fire engines can get then they could be used to ferry water to
incidents some distance away. Mains pressure in moorland areas is usually too weak to
be of real use to Fire Services and water was being brought in from natural and mains
sources several miles away.



The need for appropriate vegetation management along high fire risk areas such as
roads, car parks, camping places etc. was highlighted. Similarly the need for litter
management in the same areas. The NPA Rangers are going to identify the high risk
areas/zones. Consideration of closure of high risk lay-bys at times of extreme fire risk by
National Park Rangers and the Highway Authority is taking place. Fire risk posters to be
displayed in lay-bys.



The possibility of reducing vegetation around houses and other vulnerable property so
that if it burns it will not be so intense as to threaten the property.



The policy of leaving large areas of older heather must be reviewed. Such areas need
to be broken up to minimise risk. David Clayden (English Nature – York) is going to
raise this with his national policy making colleagues.



Helicopter “water bombing” assisted greatly in bringing the fire under control far more
quickly than would otherwise have been the case had traditional fire fighting tactics been
employed alone.
Observation on the “fire warnings prompt arsonists” debate: there was widespread
publicity of the fire risk not only by the usual National Park Authority fire notices but also
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by a huge media interest in the Ravenscar/Fylingdales fire including daily, local and
national, TV coverage, BUT no further fires were reported in the period 18th to 30th
September. The fire risk actually got greater over this hot, dry period (MORECS 0.57 on
23rd September). Yet all the arsonists in Scarborough, Cleveland and Teesside were not
prompted to light more. Furthermore it perhaps suggests that the extremely good
publicity (could it be more comprehensive?) of the fire risk ensured the public were extra
vigilant and did not cause any fires through unintentional carelessness.


Communications at the Ravenscar fire were at times difficult with lack of local knowledge
at the Control Centre. Estate fire plans (a map and 2 pages of information) showing
roads, tracks, water supplies, fire breaks, hazards etc. should be renewed for all Estates
and sent to the 3 closest fire stations to each moor, so they will be readily available in
the event of a fire.



Further joint training days for Estate/National Park Authority/Forest Enterprise staff to be
arranged by Fire Service and National Park Ranger.
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The conservation of juniper on the North York Moors
Summarised by Martin Hammond and Rona Charles
with comments from Peter Woods

Introduction
Juniper (Juniperus communis) is an evergreen shrub belonging to the Cypress family
(Cupressaceae) and is one of only three conifers native to Britain, the others being Scots pine
and yew. It has undergone a serious decline in Britain both historically and in recent decades
(Preston et al, 2002; Plantlife International, 2004). There has been a 31% decline in recorded
distribution of juniper during the past 30 years (Plantlife International, 2004) but this does not
reflect the true level of threat to the species as numerous populations comprise only a handful of
moribund bushes with no regeneration. Declines have been particularly acute within the English
range of juniper.
Juniper has been identified as a Priority Species for conservation in the UK Biodiversity Action
Plan with a Species Action Plan aiming to maintain its current range and overall population size,
promote natural regeneration and re-establish populations in appropriate locations. Although
juniper is widespread over much of Europe, juniper scrub is often associated with threatened
habitats and is therefore listed as a feature of conservation importance in Annex 1 of the EU
Habitats Directive. It has been listed as threatened or endangered in several European
countries including Austria, Luxembourg, Slovakia and parts of France (Plantlife International,
2004).
In addition, juniper supports a small but specialised fauna of monophagous or oligophagous
invertebrates and its ‘berries’ provide a food source for thrushes, waxwings and other songbirds.
Junipers are dioecious – that is, individual bushes are of one sex or the other. Reproduction
from seed therefore requires the presence of male and female plants in fairly close proximity to
one another. It produces slow-maturing cones (often referred to as berries) which take three
years to ripen. The seeds are held within the cone, so juniper probably relies upon birds to
disperse seeds to new sites. Seed germination normally occurs only after two winters in the
ground, and some seedlings may not emerge for five years.
Juniper is essentially a pioneer shrub, colonising areas with thin soil and little vegetation before
these become dominated by grasses, dwarf shrubs or trees. Under ‘natural’ conditions after the
end of the last Ice Age, juniper would have colonised rocky outcrops, screes or rockfalls, valley
slopes scoured by extreme flood events and areas laid bare by wildfires or disturbed by
episodes of intensive browsing and trampling by migratory native herbivores. It is this pioneer
ecology which makes juniper a particularly difficult species to conserve in relatively heavily
managed upland landscapes such as the North York Moors.
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Local status
Analysis of pollen assemblages from the early post-glacial period has shown that juniper was a
widespread species on the North York Moors at that time, both in open woodland and in pioneer
shrub communities with crowberry (Empetrum nigrum) and dwarf birch (Betula nana). As
climatic conditions improved and forest trees became established, juniper dwindled (Simmons
et al, 1993), since it does not tolerate shade.
The surviving populations of juniper in the North York
Moors consist of single bushes or small clusters of shrubs
in Baysdale, Keysbeck, Fryupdale, Danbydale,
Westerdale, Greenhow Moor and Cropton Forest. Spread
along the Esk Valley, these are all aging populations and
virtually no natural regeneration has been observed.
Consequently, juniper has been considered to be on the
brink of extinction within the North York Moors and has
been adopted as a key species in the Local Biodiversity
Action Plan.
Juniper cannot survive burning, and moorland management for red grouse includes the control
of predators which could reduce numbers of rabbits and voles which in turn consume newly
germinated juniper. Sheep will also eat young plants. These factors may explain its very
localised distribution and precarious status in the North York Moors. The few indigenous
populations are mainly either in very wet areas (not typical of juniper) or in inaccessible gills.
Reproduction from seed depends on a combination of bare or sparsely-vegetated ground to
allow germination and seedling
establishment, the absence of dense
competing or shading vegetation and low
levels
of browsing by sheep or wild herbivores.
Such
a combination of factors probably occurs
only
very intermittently at any given site.
Moreover, very small population size,
spatial
separation of male and female bushes
and
the declining fertility of aging shrubs all
mean
that reproduction is now unlikely even
where
favourable circumstances arise.
In this context, the natural populations of
juniper on the North York Moors could be considered to be approaching ‘functional extinction’;
whilst individual veteran plants might persist for some time into the future, the population was
incapable of natural reproduction. Consequently, planting using locally-native stock has been
identified as the only appropriate means of conserving juniper in the National Park.
Forestry Commission guidelines for expanding juniper populations
Genetic studies of British juniper have shown high diversity even within small populations (this is
attributable to the dioecious, hence out-crossing, nature of the plant). At the same time,
populations appear to be genetically discrete (Broome, 2003). When planning any planting
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programme to bolster, expand or reintroduce juniper, it is important to capture both this high
level of diversity and the ‘local distinctiveness’ of individual populations. On this basis the
Forestry Commission Information Note on juniper propagation (Broome, 2003) advises that:


Propagation from seed is to be preferred rather than the simpler procedure of growingon cuttings, although in some instances use of cuttings may be necessary



Propagules should be sourced within the population, and material from bushes >1 km
apart should not be intermixed



When establishing a new (or re-introduced) juniper population, seeds should be sourced
from the nearest available indigenous population



When collecting propagules, seeds and/or cuttings should be taken from the whole
range of growth forms represented in the source population
Where the parent population comprises only one or a very small number of flowering
bushes, it may be necessary to source seed more widely or supplement with cuttings to
capture the genetic diversity of that population.



These guidelines were not available when seed collection commenced in the Esk valley area,
so the resulting seedlings will not necessarily been planted in their native dale. In recent years,
attempts have been made to keep material from specific locations separate, but it is not known
how successful this will have been. A genetic study of the native bushes by a York University
student proved inconclusive, so it is not known whether junipers within particular dales in the
North York Moors are genetically distinct, either from each other or as a whole.
Recent work in the North York Moors National Park
The Forestry Commission had made site-specific efforts to reinforce a very small population of
aged juniper bushes in Cropton Forest from around 1990, by growing on and planting out
cuttings.
Elsewhere in the National Park, seed collection by volunteers, including local school children,
began in 1995. Ashlands Trees of Leeming Bar germinated and grew on batches of seedlings
(this nursery had prior experience of propagating juniper from Upper Teesdale National Nature
Reserve and from Ministry of Defence sites in Swaledale). Planting out and aftercare of
seedlings has been undertaken almost entirely by volunteers, again helped by local school
children.. Further cuttings from Cropton Forest were also taken by the Forestry Commission and
grown on at Helmsley Walled Garden.
The North York Moors population has now been expanded from <100 to >1000 bushes with a
high rate of establishment. The plantings fulfil a variety of functions; to reinforce existing natural
populations, introductions to new sites within the historic range of juniper in the National Park
and to encourage wider support for juniper conservation. In the past many of these plantings
were very small, because the numbers available were so limited, but now many of these can be
reinforced with additional seedlings. Planting of new sites are generally now limited to larger
schemes, such as a grant-aided native woodland at Grain Beck and Forestry Commission
restructuring of Bumble Wood (on Wheeldale Moor), or where others can carry out the
increasingly onerous maintenance tasks.
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The project has succeeded in rescuing small and unviable populations and expanded overall
population size within the North York Moors. In an attempt to promote natural regeneration in
the largest existing population in Baysdale, three experimental plots were erected in autumn
2004. These consist of sheep and rabbit fenced 10 metre square exclosures where volunteers
helped scrape away existing vegetation. Perches were placed in the middle of each plot to
encourage frugivorous birds, since it is believed that digestion of the ‘berry’ by birds followed by
excretion of the seed breaks seed dormancy and provides a dispersal mechanism (Broome,
2003). No seedlings have been found yet (volunteers looked in summer 2006), but nothing
happens quickly with juniper!
On a positive note, one isolated old bush in Baysdale has fruited in 2006 for the first time in at
least 10 years (it had previously been assumed to be male!) Was this simply a result of an
excellent fruiting season, or could it be that pollination has only become possible now that there
are sixteen young bushes adjacent?
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2.

ECOLOGICAL IMPACTS OF MOORLAND MANAGEMENT

In an attempt to provide objective, science-based assessment of habitat quality on protected
sites, the UK’s statutory nature conservation agencies have adopted a system known as
Common Standards Monitoring (CSM). In this chapter, Andrew Windrum of Natural England
provides an introduction to how CSM works and summarises the results for the North York
Moors SSSI – England’s largest terrestrial SSSI – for the period 2001-2006.
It is recognised that the North York Moors differ significantly from most other upland heathland
landscapes in Britain: they are easterly, relatively low-lying and experience a comparatively dry
climate. This probably means that some indicators used to assess the ecological health of
moorland are naturally less applicable to the North York Moors. Anthropogenic influences also
have a major impact and include both land management practices and the effects of
atmospheric pollution such as acidification. The following papers help shed light on the impacts
of moorland management practices.
Bryophytes (mosses and liverworts) are an integral component of moorland vegetation, forming
a ground-layer below the canopy of dwarf shrubs. Consequently, the abundance of bryophytes
(along with Cladonia cup-lichens) is now used as one measure of habitat quality in upland
heathland. Here, Burch discusses the effects of managed burning on the bryophyte component
of dry Calluna heath (coded H12a in the National Vegetation Classification) and Erica tetralix
wet heath (coded M16d) on the North York Moors.
Blanket bog forms where deep peat accumulates on moorland plateaux or gentle slopes, and is
recognised as a habitat of European conservation concern. Ulrike Wenzel discusses the impact
of periodic burning on blanket bog sites on the North York Moors whilst Marie Schober has
investigated the impact of drainage on the same habitat, starting with the question of why there
are many more places named as ‘mosses’ in the National Park than there are extant areas of
wet blanket bog:
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Monitoring the condition of the Sites of Special Scientific Interest (SSSIs) within the North
York Moors National Park
Andrew Windrum
Natural England, Genesis 1, Science Park,
University Road, Heslington, York YO10 5ZQ

The North York Moors National Park contains 58 SSSIs covering over 52,000ha.
There are a number of different types of statutory nature conservation designation, reflecting a
site’s interest and importance at a national, European or even international level. Nationally
important are the SSSIs designated under the Wildlife and Countryside Act 1981 whilst the
European sites - Special Protection Areas (SPAs) and Special Areas of Conservation (SACs) are designated under the EU Birds Directive (1979) and the Habitats Regulations (1994)
respectively. Wetland of International Importance is an international designation with sites
scheduled under the Ramsar Convention. These latter designations are commonly termed
Ramsar sites, of which there are several in Yorkshire but none within the National Park.
Each of these sites is designated for particular species or habitats, otherwise known as interest
features, and these reasons are set out in citations that describe the interest. Maps showing
the boundaries of designations as well as the citations are available to download on Natural
England’s website: www.naturalengland.org.uk.
Natural England is responsible for these designations and works closely with landowners to
ensure that the management of the land is sympathetic to the nature conservation interests. In
parallel to this it regularly monitors these sites to check that the important habitats and species
are present and are being well managed. This monitoring is known as Common Standards
Monitoring, so called because each habitat across the UK is assessed using the same
methodology by Natural England, Countryside Council for Wales and Scottish Natural Heritage
staff to ensure consistency.
National specialists have agreed a range of attributes which they consider best describe each
habitat and species. For example, particular grassland habitats, when in good condition, can be
expected to support a range of flowers peculiar to that habitat. This range of species is an
attribute on which the condition of the feature is assessed. The level of scrub present and the
degree to which the site is grazed are other such attributes. Some SSSIs may have several
interest features present and having such a range can complicate the process of undertaking a
Condition Assessment. Natural England is therefore producing Conservation Objectives for
each SSSI to help identify where, within the SSSI boundary, the various interest features can be
found.
Where the interest features are found to be present, in a healthy condition and the current
management is thought to be maintaining those features then the site is considered to be in
Favourable condition. Where the interest feature is in a poor condition and/or where the feature
is adversely affected either by particular management or external factor (eg climate change)
then it is considered to be in Unfavourable condition. It is important that the assessment
indicates trends and so if a feature is in unfavourable condition, an assessment is then made as
to whether there is something in place to address the reason for unfavourable condition. If it is,
then the feature is considered to be Unfavourable improving, otherwise the assessment may
conclude Unfavourable no change or, if the feature is getting worse, Unfavourable declining.
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Monitoring of these sites is carried out over a six year cycle and in 2006 Natural England, and
its predecessor English Nature, completed its first six year cycle. Overall, 56% of sites were
found to be in favourable condition, whilst 43% were in unfavourable condition. Of this 43%
unfavourable condition, 16% was considered to be improving, ie management was in place to
address the reason for unfavourable condition.
North York Moors SSSI, SPA and SAC
The North York Moors SSSI was designated in 1998 and, at over 44,000ha, is the country’s
largest terrestrial SSSI. It is important on account of its dry and wet heath and blanket bog
habitats, as well merlin and golden plover bird species and its breeding bird assemblage.
Following the six year monitoring cycle, 48% of the North York Moors SSSI is in ‘Favourable’ or
‘Unfavourable improving’ condition (see table below).
The SSSI has, by and large, healthy merlin and golden plover populations and most species
represented within the breeding bird assemblage are still being recorded as breeding.
However, the habitats on the North York Moors fare less well using Common Standards. When
assessing the dry heath habitat, attributes assessed include diversity and cover of dwarf shrub
species, the presence of moss or lichen, signs of overgrazing, presence of mature heather and
cover of shrub. The paucity of bryophytes and lack of species diversity within the dwarf shrub
layer are the two main attributes on which the assessments in the North York Moors commonly
fail. The pattern is also similar for both wet heath and blanket bog.
There is a number of reasons why this might be the case including moor burning, geography
and climate. Short burning rotations and hot burns are thought to reduce species diversity by
favouring the growth of ling over other dwarf shrubs. However, it is also important to realise that
the North York Moors is situated in the far east of the country with relatively low rainfall, and is
significantly lower-lying than most other upland areas.

Latest Condition Description

Unit Area (ha)

FAVOURABLE Total
UNFAVOURABLE RECOVERING
Total
UNFAVOURABLE NO CHANGE Total
UNFAVOURABLE DECLINING Total

5071.76

% of Total
Area
11.50%

16252.44
20089.62
2676.59

36.86%
45.56%
6.07%

Grand Total

44090.41
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Adverse condition description

Number of
monitoring units
MOOR BURNING
76
OVERGRAZING
15
INAPPROPRIATE STOCK-FEEDING 3
DRAINAGE
2
FIRE - OTHER
2
AGRICULTURE - OTHER
1
INAPPROPRIATE SCRUB CONTROL 1
UNDERGRAZING
1
VEHICLES - ILLICIT
1
FERTILISER USE
1
Sum:
103

Total Unit
Area (ha)
21,470.61
1,826.52
672.45
520.56
498.89
368.28
92.82
56.45
16.45
14.52
25,537.55

Table 1. Condition Assessment and Reasons for Adverse Condition (data from Jan 2007)

Understanding the factors that contribute towards unfavourable condition on the North York
Moors is of great importance to Natural England. Differentiating between natural and
anthropogenic influences is particularly important when deciding what constitutes favourable
condition and in turn what determines management necessary to maintain that condition.
Consequently Natural England is working hard, in partnership with landowners, to understand
the ecology of the Moors and the role that traditional moorland management has in maintaining
these internationally important habitats. Much of the moorland research covered by this report
seeks to achieve this.
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Investigating the Influence of Heather Management on Plant Diversity in the North York
Moors: Implications for Nature Conservation
Alison Reid
Abstract
The aim of this study is to analyse the influence of the use of heather burning as a management
method on the diversity of vegetation present on the Lockton Moor area of the North York
Moors. Recent publications (Coulson et al, 1992, Gimingham, 1995, Charles et al, 2001) have
emphasised the importance of the conservation of the moorland environment, leading to a
review of management methods in many areas, including the North York Moors. Traditionally
management practices have focussed on the maintenance of large numbers of grouse and
sheep, but are likely to be altered in order to place greater priority on the conservation of the
natural diversity of heathland flora and fauna.
This study considers the effects of current management methods as well as the requirements of
the heathland in the Lockton Moor area in order to make recommendations for future changes
on the North York Moors. Research aimed to analyse changes in vegetation and soil properties
in the years following burning, and was carried out through vegetation surveys and laboratory
analysis of soil samples. Results showed that plant diversity increased substantially after
heather had reached the mature phase of growth - after approximately 18 years following
burning. This indicates that a greater period between burns would benefit the diversity of
vegetation on Lockton Moor.
However, the need for income through grouse shooting and sheep grazing in the area means
that any adjustment to management methods needs to be able to support the activities whilst
meeting conservation objectives. Therefore a management method is needed that will enhance
plant diversity and also maintain traditional forms of income. It is proposed that such
requirements would be fulfilled by the alternation of 10 and 25 year burning cycles. Such a
change would benefit the floral diversity of the ecosystem whilst at the same time maintaining
young stands of Calluna suitable for grazing by sheep and grouse.
Background
Heathlands are a semi- natural environment, and need some form of human management in
order to continue to survive in their present form. Recent publications have emphasised the
need for conservation of the unique heathland environment, and have indicated that current
management methods may be adversely affecting the natural diversity of the ecosystem.
Management methods in many areas are currently in review, and may in future be structured
around conservation priorities as well as traditional sporting and agricultural needs. However,
variations on a local scale mean analysis of the influence of burning as a management
technique in a specific area is necessary before recommendations for changes to management
methods can be made.
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Moorland Management in the North York Moors
The ecosystem of the North York Moors is currently heavily managed, with management geared
towards producing the density and age of heather best suited to maintaining high populations of
grouse and sheep. Grouse shooting particularly has provided the labour and income needed to
maintain the ecosystem in a sub- climax state, and it is likely that without such management the
extent of heather surviving today would be much smaller. At the present large areas of
moorland are burnt periodically in order to maintain young stands of heather ideal for supporting
high numbers of the red grouse Lagopus lagopus scotius, and to provide nutritious fodder for
sheep. However, increasing awareness of the need for conservation of moorland areas has
prompted a review of the methods traditionally employed to manage the North York Moors.
Methodology
Aim and objectives
The aim of this study is to analyse the influence burning as a management technique has on the
vegetation and soils of the Lockton Moor area of the North York Moors National Park. Specific
objectives are to record the vegetation cover and certain soil properties for areas of heath at
different stages in the cycle of burning and regeneration and to discuss the implications of the
trends revealed for any changes to enhance the conservational value of the area.
Methods of data collection
It was important to sample a variety of stands of different ages in order to construct a
chronology of the changes following a burn event. Ideally a larger number of Calluna stands
across all growth phases would have been sampled. However, the nature of the current
management regime means stands of Calluna older than 15 years are unusual. Nine different
stands of heather of different ages were sampled, all in the Lockton Moor area of the North York
Moors. The phase of growth of the Calluna vulgaris present in the stands and the approximate
time since burning are given in Table 1 below. The phase of growth of each heather stand was
determined by comparison with definitions given by Gimingham (1972) and Jerram et al (1998).
Table 1: Table recording the approximate age and phase of growth of the different
Calluna stands sampled
Sample

Grid Ref.

Approx. age of stand

Calluna phase of growth

1

SE 859, 038 10

Building

2

SE 859, 038 18

Mature

3

SE 855, 956 20

Mature

4

SE 852, 956 16

Building

5

SE 851, 956 7

Pioneer/ Building

6

SE 852, 956 4

Pioneer

7

SE 853, 957 2

Pioneer (v. young)

8

SE 844, 941 13

Building

9

SE 852, 935 25+

Mature
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Vegetation
Classes of vegetation group were used to record vegetation cover instead of specific species.
Percentage cover of trees, heather (Calluna vulgaris) and other dwarf shrubs, grasses and
herbs, and mosses and lichens was recorded, as well as height and estimated stage of growth
of the heather.
Soil
Soil samples were taken from each sample point. The samples were taken from a depth of
approximately 20cm, and were air dried before being analysed in the lab for pH, available
phosphate and organic matter represented by percentage lost on ignition.

Results
Vegetation surveys
The results of the quadrat surveys are summarised in Figure 1 below:
Figure 1: Graph illustrating the changes in percentage cover of each vegetation group
with time after a burn
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Soil Analysis
The results of the pH measurements, loss on ignition tests and phosphorus content experiments
as described in the methodology section are given in the tables below.
Table 2: pH measurements of soil samples from stands of heather of different ages
pH of soil samples from stands of different ages
Age of heather
Sample
pH
stand
Point
measurement
2 years
6
3.3
4 years
5
3.45
7 years
4a
3.62
4b
3.87
10 years
1
4.21
13 years
7a
4.38
7b
4.54
15 years
3
3.63
18 years
1b
3.61
20 years
2
3.45
25 years
8
3.5

Table 3. Loss on ignition results.
Sample
number
1
1b
2
3
4a
4b
5
6
7a
7b
8

Crucible weight
(g)
17.576
17.587
17.248
13.023
17.375
17.928
17.715
17.187
10.341
13.043
17.907

Weight at 105ºC Weight at
550ºC
20.685
18.665
19.465
17.925
20.537
18.07
14.318
13.091
19.838
17.89
23.36
22.953
19.405
17.762
18.482
17.243
12.389
11.308
17.962
17.755
22.431
21.509

% lost on
ignition
65%
82%
75%
95%
79%
7%
97%
96%
66%
4%
20%
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Table 4: Phosphorus content of soil at each sample point
Sample number
1
1b
2
3
4a
4b
5
6
7a
7b
8

Age of stand
10 years
18 years
20 years
15 years
7 years
4 years
2 years
13 years
25 years

Phosphorus content (ppm.)
4
5
8
6
5
3
3
3
6
3
21

Discussion
The influence of burning on the vegetation of Lockton Moor
The graph and tables above illustrate the proportion of Calluna vulgaris present in the
vegetation cover reaches a peak between 7 and 15 years, during the building phase. The
competitive nature of building phase Calluna exerts a strong influence on the other plants of the
Lockton Moors ecosystem, with all morphological groups showing a decline during this period.
However, after a period of approximately 17 years since burning there is a change in the floristic
composition of the moorland. Calluna enters the mature phase and begins to lose its
dominance, allowing for the development of other plants.
The influence of burning on the soils of Lockton Moor
The positive correlation between phosphorus content and time since burning indicates that the
use of fire as a management technique may be having a detrimental effect on phosphorus
levels in the Lockton Moor ecosystem. In order for heathland soils to become more fertile, and
subsequently able to support a more diverse variety of plants, the levels of important nutrients
such as available nitrogen and phosphorus must be raised. The results of this study indicate
that such a rise in available phosphorus may occur if periods between burn events are
lengthened.
The variations in organic matter present in the soils illustrated through the loss on ignition tests
show a decrease overall with time since burning. Organic matter makes an important
contribution to plant growth, meaning that the decrease with time following burning could
represent a decline in soil fertility. However, the results from the phosphorus tests prove this
not to be the case; phosphorus levels in the soil show a substantial increase with time following
burning. The decline in organic matter could be attributed to the high quantities of carbon
present in the soil in the years following burning in the form of ashes.
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Implications for changes to management methods
The surveys of vegetation and soils show that current management practices are having a
negative effect on the diversity of plant species present on the Lockton Moor area of the North
York Moors. Although present management policies succeed in their aim to cultivate the
maximum density of building phase heather ideal for the maintenance of large numbers of
sheep and grouse, they appear to do so to the exclusion of other moorland species.
However, recent developments related to the protection of the moorland ecosystem mean that
management priorities in the North York Moors are changing. Plans are being designed to
benefit a greater range of purposes, such as a wider assemblage of birds, greater plant diversity
or the conservation of archaeological features, whilst maintaining populations of sheep and
grouse (Charles and Graham, pers. comm.). This means that changes purely to benefit nature
conservation may not always be appropriate within the North York Moors, and a compromise
will need to be reached.
Moorlands are a semi- natural environment, and need to be managed to some extent in order to
exist. Therefore current management practices need adjusting in order to incorporate a greater
diversity of Calluna growth phases, whilst retaining the fundamental character of the heathland
ecosystem. The most simplistic approach would be to extend the period between burning to
approximately 25 years, as proposed by Coulson et al (1992) and Mowforth and Sydes, (1989).
However, the heathland of Lockton Moor needs to be able to support enough grouse and sheep
to provide economic revenue to the area. Research has shown that Calluna is most favourable
for grouse production during the pioneer and building phases, when there is an abundance of
young nutritious shoots (Felton and Marsden, 1990 and others). Burning on a 25 year cycle
over large areas of the moors could therefore affect grouse numbers, and provide less nutritious
grazing for sheep.
An alteration of 10 and 25 year burning cycles is therefore suggested. This would reduce the
average frequency of burning, and therefore decrease the loss of nutrients, increase floral and
faunal diversity due to the presence of older stands, whilst still maintaining high grouse
numbers. Ecological diversity would be increased substantially if small patches of birch, rowan,
willow and scots pine were incorporated into the heathland mosaic (Coulson et al, 1992). Such
patches could be developed in streamside areas in order to enhance diversity without
compromising areas that have been used for sheep grazing and grouse production.
Conclusion
The importance of the continuation of sporting and farming activities on Lockton Moor means it
is not possible to make conservation objectives an exclusive priority. However, alteration of
existing management methods to incorporate a greater diversity of Calluna ages can
substantially increase floral diversity. Results from field surveys on Lockton Moor show that
repeated burning on an 8 to 15 year rotation would lead to an impoverished floral community,
and cause nutrient depletion. Modifications to burning rotational periods such as those outlined
above will contribute significantly to the enhancement of floral diversity, and the replacement of
important nutrients, whilst maintaining populations of sheep and grouse.
Moorland management methods in the North York Moors have remained similar since
management for grouse began in the late nineteenth century. Although such an approach has
resulted in the maintenance of large extents of heather in relatively good condition, it has not
1

benefited the diversity of species present in the moorland ecosystem. Modifications to the
existing management system such as those suggested would enhance floral diversity and
consequently the faunal populations supported whilst allowing the continuation of current forms
of income in the rural area.
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The regeneration of bryophytes after the burning of H12a and M16d moorland on the North
York Moors
Dr. Jane Burch
Introduction
A balance needs to be reached between having a burning cycle long enough to allow recolonisation and development the bryophyte community, whilst ensuring that the fuel load is still
low enough to allow at least patches of cool burn. An indicator that can be able to be applied
universally, regardless of the growth rate of heather, needs to be identified. By using the
abundance of bryophyte species following heather burning as an indicator of habitat recovery, a
simple and reliable indicator as to when burning should occur was sought.

Materials and methods
Four H12a(1) dry heath sites were selected, each with eight plots (1, 3, 5, 7, 10, 15, 20, and >25
years post-burn). Three M16d(1) wet heath sites were selected each with six plots (3, 7 and 25
years post-burn represented on all three sites, 10 years post-burn on 1 site, 15 years post-burn
on 2 sites, and 20 years post-burn on 2 sites). The plots at each site were in close proximity to
one another. A wooden stake was placed in the centre of each plot. Eight 10cm2 quadrats were
surveyed on each plot in predefined arrangement around the post to prevent subjective selection
of areas. The canopy height and area cover of vascular plants, and the number of growing tips
and area cover of bryophytes were recorded; used in a Friedman’s analysis and Spearman’s
rank correlation co-efficient. Presence and absence was recorded every metre along three 10
metre transects in each plot; used in a TWINSPAN analysis. This summary presents the
relationships observed between the height of the vascular plant canopy and bryophytes
characteristic of early and late recovery.
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Results
H12a dry heath
Figure 1: The relationship between the number of growing tips of A) acrocarpous mosses, and B)
pleurocarpous mosses and the height of the vascular plant canopy on the H12a dry heath sites.
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M16d wet heath
Figure 2: The relationship between the number of growing tips of A) Sphagnum species, and B)
pleurocarpous mosses and the height of the vascular plant canopy on the M16d wet heath sites.
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Discussion
The majority of the pioneer species on the H12a dry heath sites were acrocarpous mosses, and
the majority of the species characteristic of a mature heathland were pleurocarpous mosses
(primarily Hypnum jutlandicum). The canopy height at which the dominance of acrocarpous
mosses declined and pleurocarpous mosses increased appeared to be approximately 30 cm.
Pleuorcarpous mosses became a more consistent component of the bryoflora when the vascular
plant canopy was 40cm or over. The abundance of pleurocarpous mosses declined once the
canopy height reached approximately 55 cm. Therefore, the ideal canopy height for
pleurocarpous mosses seems to be between approximately 45 cm and 55 cm, a height range
which could be found on sites between 5 and 20 years old, or heather in the building, mature and
degenerate stages of development.
Sphagnum species were recorded in the greatest numbers when the canopy height was below
30cm. The number of stems of pleurocarpous mosses (primarily Hypnum jutlandicum) started to
increase in abundance once the canopy height reached approximately 20cm, with the maximum
abundance being achieved at a canopy height of approximately 50cm. At a canopy height of 2530 cm, the desirable species of a wet heath, Sphagnum species and Hypnum jutlandicum are
well represented in the bryoflora, and less desirable acrocarpous mosses such as Campylopus
introflexus are in decline. This canopy height was recorded from 3 to 10 years post burn, and in
all stages of heather development.
Therefore, it would seem that trying to translate the canopy heights at which the bryoflora
indicates sufficient recovery for burning into a rotation based on the age or stage of
development of heather, may not be appropriate; the height of heather canopy appeared to
be a better indicator of the composition of the bryoflora on both the H12a dry heath and
M16d wet heath sites. Vascular plant canopy height is a simply-assessed, objective, direct
measure that can indicate when the bryoflora has recovered, and may help to inform practice
regarding a sustainable burning cycle. The use of this variable could negate the impact of
different environmental conditions, making it consistent across sites. However, further
research is required to confirm the consistency of this relationship across moors if it is to be
applied to areas with different environmental conditions, and therefore growth rate of heather.
Further research
Further research is required to determine whether the canopy heights suggestive of a recovered
bryoflora at Spaunton Moor can be extrapolated to other Moors. It seems promising that the
canopy height is more closely related to a high abundance of pleurocapous mosses on both the
H12a and M16d sites, than the age or stage of heather development. However, until this is
tested experimentally on other vegetation types, and Moorlands in other areas with different
environmental conditions, it is unwise to apply the results of this study to other areas.
Post-burn sites where each age of burn being investigated is represented in close proximity to
each other need to be identified. Ideally, a detailed history of burning rotation should be obtained
to try to quantify the impact of catch up burning. Plots for each age of burn need to be large
enough to allow sufficient surveying whilst avoiding edge effects. Within each plot, quadrats
should be surveyed and the number of growing tips and the vascular canopy height recorded.
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It may not be possible to find sufficient sites where all ages of post-burn heather are represented
in such close proximity, in all scenarios. However, if sufficient sites could be identified on each
moor, intra-moor, inter-moor, and across moor comparisons could be made.
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The influence of controlled periodic burning on the vegetation of blanket bogs on the
North York Moors
Summary of the graduation thesis by Ulrike Wenzel
Introduction
The aim of this study is to establish the influence of the present burning regime on the blanket
bog vegetation of the North York Moors. The management of Calluna vulgaris (L.) Hull (referred
to hereafter as Calluna) in the form of burning has a pronounced impact on the bog ecosystem,
its magnitude depending on the intensity and regularity of the burning.
In the summer of 2003, a survey to distinguish any post-fire shifts in the vegetation was
conducted within managed and unmanaged sites on the respective successional stages of
Calluna. Additionally, selected soil parameters were analysed to explain any possible alterations
of the peat body. There was also an investigation of the suitability of burning as a management
method as well as alternatives to it.
Methodology
A vegetation survey was conducted on the blanket bog areas of Bransdale Ridge, Ingleby Moor,
Danby High Moor and May Moss from July to August 2003.
At each study site 20 5x5 m relevés were randomly placed within each occurring stage of the
secondary succession of Calluna following burning (pioneer, building, mature and degenerate
phase). Due to local management practices, not all four stages could be found on all study sites,
with a distinctive lack of degenerate heather on the managed moor areas.
The species ground cover of mainly vascular plants and hypnaceous mosses, with only some
occasional samples of liverworts, was recorded using the Domin scale. The classification of the
present vegetation communities is according to Rodwell’s (1991) definition of British mire and
heath communities. Furthermore, information on the management of the study sites and the age
of the investigated heather stands was gained from talking to the game keepers.
To assess the influence of burning on the chemistry of the peat, soil samples were taken and
analysed for carbon/nitrogen-ratio, ash content, and pH-value. Furthermore, pH-value and
conductivity of the surface water were measured in summer and winter, as well as the grade of
decomposition of the peat after Von Post (1924). At each study site, three peat samples were
extracted from a depth of 0-5 cm and 5-10 cm, respectively, as well as three field parallels of
water measurements taken in all age groups of Calluna. In addition to those, a further sample
was taken out of a larger and deeper pool on Bransdale, as well as some samples from a site
on Danby Moor, which was burnt that year (here classified as ‘new burn’).
Results
Vegetation survey
The present vegetation type on Ingleby Moor, Bransdale Ridge, and Danby High Moor
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corresponds to Rodwell's (1991) M19a Calluna vulgaris-Eriophorum vaginatum blanket mire,
Erica tetralix sub-community, although it presents a rather impoverished version of it, due to
local management practices and overall site conditions. The vegetation of the investigated area
on May Moss is classified as a M18 Erica tetralix-Sphagnum papillosum raised and blanket mire
(Rodwell 1991), although it presents a rather drier variant and therefore lacks a number of
characteristic species.
Figure 1 gives the proportion of plant groups and the total number of plants per study site and
successional stages of Calluna.
Figure 1: Proportion of plant groups and total number of plants

The predominating species were characteristics of oligotrophic sites with Calluna as dominating
plant on all sites. In regard to the species number, the composition of the vegetation was very
similar on all study sites, the main differences being in the amount and ground-coverage of
mosses found on each site. Concerning the vascular plants variations were mainly in the
abundance and cover of the individual plants and not as much in their presence or absence. In
regard to the moisture conditions, species benefiting from drier and warmer conditions were
more abundantly found in the pioneer phases of the heather, whereas other species that are
typical of the wetter conditions of bogs, were found with greater covers in the later successional
stages.
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Soil analysis
Table 1 gives the ash content and the carbon/nitrogen ratios of the peat samples as well as the
pH-value of the surface water for all study sites. Mean values of all but the carbon/nitrogenratios are given for all sites.
Table1. Mean values of ash content and surface water pH, C/N ratio.
Study site
depth of sample
Ingleby Moor

Bransdale Ridge

Danby High Moor
May Moss

Successional Ash content
stage
[% of dry weight]
0-5 cm 5–10 cm
pioneer
12.8
13.4
building
19.8
18.2
pond
pioneer
6.1
4.5
building
6.3
6.2
mature
5.9
4.1
new burn
pioneer
5
4.6
building
4.2
4.2
mature
5.1
3.6
degenerate
5.9
4

pH- value
summer
3.9
3.8
4
3.8
3.8
3.9
3.7
3.9
3.9
4
3.8

C/N
ratio
winter
3.3
3.5
3.3
3.4
3.3
3.4
3.4
3.5
3.3

27

30

32
30

The grade of decomposition of the peat after Von Post (Burton & Hodgson 1987) ranges from
slightly decomposed peat (H4) on Ingleby Moor to moderately decomposed peat (H5/6) on all
other study sites.
Discussion
Moor burning has been carried out on the North York Moors in a regular 10-12 year rotation for
the last 200 years and has been continued irregularly since the introduction of sheep (Waites
1967). This coincides with the growing dominance of Calluna within the last 200 years
(Atherden 1972). In general, Calluna would be unlikely to feature as a dominant species in a
natural environment (Gimingham 1972) but maintenance for grouse shooting has kept the
heather in good condition, and is one of the main reasons that it has survived to that extent in
this area (Felton & Marsden 1990). The burning season is from the 1st October to the 15th April.
The frequency of burning tends to be relatively high on the moors since Calluna shows a much
faster rate of growth than elsewhere in northern England (Jerram et al. 1996) with even pioneer
phase Calluna sometimes almost completely covering the ground on all sites.
The main objective of burning as a management tool is to provide an optimal habitat for the red
grouse (Lagopus lagopus scoticus L. (Lath.)), in generating a patchwork of the different
successional stages of Calluna, as well as the exclusion of unwanted species, the removal of
dead plant matter and the prevention of damaging and uncontrolled summer fires. However,
burning also eliminates all but the most resilient species, leading to a reduction of the floristic
and faunistic diversity of the ecosystem (Jerram et al. 1996).
On the North York Moors burning is also practiced on the more sensitive blanket bog areas,
which have the most easterly location in the UK and special characteristics related to relatively
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lower altitude and rainfall (North York Moors National Park Authority 1998) and thus very
importantly need a careful management regime. As a result of their floristic and faunistic
importance, the blanket bog areas qualify as candidate for Special Area of Conservation
(cSAC), as Special Protection Area (SPA) and May Moss as a SSSI (North York Moors National
Park Authority 1990 & 1998, Thompson et al. 1995, Jerram et al. 1996).
Since the North York Moors have been burnt regularly for the last 200 years (Atherden 1972),
the current vegetation types present stable, fire-adapted ecosystems. The main effect of the
individual burning events is in the elimination of the above-ground vegetation, which in turn
induces the re-establishment of the plants in accordance to their regeneration abilities (compare
also Gimingham 1972, Rawes & Hobbs 1979, Backshall et al. 2001). Although no significant
differences could be found regarding the soil parameters, according to previous studies burning
does have a slight impact in that it raises the nutrient input for a short period directly after the
burn and provides better conditions for the establishment of seedlings and pioneer species
through stronger fluctuations in temperature, and increasing light values (see also Whittaker &
Gimingham 1962, Gardner et al. 1993, Maltby et al. 1990). Influences of burning can be best
shown on the presence or absence of fire-sensitive species on the respective sites. Thus, even
though May Moss presents a slightly different mire type and recordings of such species had to
be taken from previous surveys, it is still suitable as a reference site for this study.
The main difference between the two management regimes was the occurrence of more fire
sensitive bog plants on the unmanaged site, whereas plants benefiting from fire appeared
predominantly on the regularly burnt sites. On account of the presence of pioneer species,
overall maximum diversity was on the managed sites, though when comparing the later
successional stages the unburnt site had the greatest species number. Sphagna were evenly
distributed over all successional stages on most sites, seemingly not affected by the changing
environmental conditions following a burn. May Moss, left untouched for over fifty years, has a
well developed layer of bryophytes below the tall and leggy heather, as well as some typical, in
some cases even rare and fire-sensitive mire species, such as Andromeda polifolia and Drosera
rotundifolia as were found in surveys conducted by Atherden (1972), Chiverrell (1988), and
Blackburn (1998). Other species, such as C. vulgaris, V. myrtillus, and E. tetralix are vigorous
species in regularly burnt heathland communities (Gimingham 1972). On all managed sites of
this study, burning allows E. tetralix and V. myrtillus to re-expand, with declining frequency as
the heather recovers (compare also Backshall et al. 2001).
Re-vegetation of the burnt sites followed the usual patterns influenced by the changing
environmental conditions in the run of the succession, although it seemed largely dominated by
the initial floristic composition of the vegetation and mostly a case of re-growth and reestablishment of the species. On the study sites any post-fire development of the vegetation is
strongly influenced by the increase in ground cover of the Calluna plants, and to a lesser extent
by the growth of the other two dominating vascular plants, the cotton grasses (Eriophorum
spp.). Bryophyte cover (abundance) increases with growing length in-between the burning
events, as can be seen on most sites of the present survey (see Figure 1). This effect has also
been observed in other studies (e.g. Hobbs 1984). Frequent fires are known to encourage
hypnaceous mosses and tight cushions of Sphagnum capillifolium or others (Brooks &
Stoneman 1997), which can be seen on the managed sites, where burning rotas of eight to ten
years have resulted in a significant presence of these mosses. Even though frequent burning
may result in significant shifts of dominance, the individual burning events represent merely
minor breaks in the historical continuity (Maltby et al. 1990). Therefore, if burnt in a controlled,
small-scale manner, as practiced on the study sites, burns do not seem to seriously alter the
present vegetation type.
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There are no real alternatives to burning as a management tool since it can be used on almost
any terrain, and the peat body is easily damaged by grazing and cutting. Furthermore, contrary
to the wide spread opinion that burning is not needed to maintain the nature conservation
interests of blanket bog (Rawes & Hobbs 1979, Backshall et al. 2001, Shaw et al. 1997), on the
undrained sites of the North York Moors it may be more important to burn on a 10-15 year
rotation, avoiding hotter fires, which would cause more damage to the important moss layer
(Clayden 2002). Longer burning rotas to increase species diversity as favoured by nature
conservationists also result in a reduced productivity of the heather stands, which supports
lower numbers of grouse and sheep and increases the risks of accidental fires. Though in
destroying the vegetation cover, even well managed burning has negative effects on the
ecosystem. In the present case, however, these may only be short term and, in the long run,
outweighed by the beneficial effects to the management aims of the sites.
Ideally, management will benefit nature conservation as well as maintain viable sporting and
farming industries (Charles et al. 2001). In setting aside smaller areas of the bogs for longer
burning rotations, a re-introduction of further characteristic bog species could be achieved whilst
still keeping the area as a whole in good shape for grouse management.
Further Work
Since the vegetation of the respective successional phases was mapped in the same year but
within different areas of the study sites an apparent successional shift in vegetation composition
has to be treated with caution. Differences in species composition are also a consequence of
the physical, chemical, and botanical conditions of the individual sites. Succession after
controlled burning clearly demonstrates the fire-adaptation of the present mire communities,
making long-term studies the only suitable method to correctly distinguish between local
differences in the heather stands, and burning induced changes in vegetation composition.
Acknowledgements
I would like to thank Rona Charles and Rachel Pickering of the North York Moors National Park
for their support and assistance during my thesis. I am also grateful to Andrew Windrum and
David Clayden of English Nature and Margaret Atherden of St John College, York, for their help
and information on the subject. Further thanks go to Colin Short, Lee Diamond and Peter
Snaith, the gamekeepers of the study areas, as well as the estate agents for information and
permission to do the field work. I would like to thank John Blackburn for his help in identifying
the bryophytes and Marie Schober for transport and assistance during the field work period.
References
Atherden, M.A. (1972): A study of May Moss. PhD-thesis, University of York
Backshall, J., Manley, J. & M. Rebane (2001): The Upland Management Handbook. English
Nature, Peterborough
Blackburn, J.M. (1998): May Moss Bryophyte Transect Survey, 27th August 1998
1

Brooks, S. & R. Stoneman (1997): Conserving Bogs: The Management Handbook. The
Stationary Office, Edinburgh
Burton & Hodgson (1987): Modified Version of the von Post Scale for Assessing the Degree of
Decomposition of Peat. In: Immirzi, C.P., Maltby, E. & R.S. Clymo (1992): The Global Status of
Peatlands and their Role in Carbon Cycling. A Report for Friends of the Earth by the Wetlands
Research Group, Department of Geography, University of Exeter. Friends of the Earth, London.
Charles, R., Wightman, S. & M. Hammond (eds., 2001): Regeneration of Calluna vulgaris after
management by cutting or burning. in: Moorland Research Review 1995-2000, North York
Moors National Park Authority.
Chiverrell, R.C. (1988): Moorland Vegetation History and Climate Change on the North York
Moors during the last 2000 years. unpublished Ph-D thesis, University College of Ripon & St.
John, York
Clayden, D. (2002): Scientific Background Paper for the North York Moors, 1. Ideal
Management Objectives. internal English Nature draft
Felton, M. & J. Marsden (eds. 1990): Heather regeneration in England and Wales. Nature
Conservancy Council Scientific and Policy Initiatives
Gardner, S.M., Liebert, C. & S. Rees (1993): Managing heather moorland: impacts of burning
and cutting on Calluna regeneration. Journal of Environmental Planning and Management 36,
283-293
Gimingham, C.H. (1972): The Ecology of Heathlands. Chapman & Hall, London
Hobbs, R.J. (1984): Length of burning rotation and community composition in high-level
Calluna-Eriophorum bog in Northern England. Vegetatio 57, 129-136
Jerram, R., Clayden, D. & S. Rees (1996): North York Moors National Park Upland vegetation
survey, summary report. English Nature Research Reports
Maltby, E., Legg, C.J. & M.C.F. Proctor (1990): The ecology of severe moorland fires on the
North York Moors: effects of the 1976 fires, and subsequent surface and vegetation
development. Journal of Ecology 78, 490-518
Rawes, M. & R. Hobbs (1979): Management of semi-natural blanket bog in the northern
Pennines. Journal of Ecology 67, 789-807
Rodwell, J.S. (ed.) (1991): British plant communities. Volume 2, Mires and heaths. Cambridge
University Press, Cambridge
Shaw, S., Wheeler, B. & J. Backshall (1997): Review of effects of burning and grazing of blanket
bogs: conservation issues and conflicts. in: Tallis, J.H., Meade, R. & P.D.
North York Moors National Park Authority (1990): Phase 1 Habitat Survey 1985-1990
North York Moors National Park Authority (1998): Wildlife Enhancement Scheme, late draft
1

Waites, B. (1967): Moorland & vale-land farming in North-East Yorkshire: the monastic
contribution in the thirteenth and fourteenth centuries. Borthwick papers 32. York St. Andrews
Pl.
Whittaker, E. & C.H. Gimingham (1962): The Effects of Fire on Regeneration of Calluna vulgaris
from Seed. Journal of Ecology 50, 815-822
Personal comments were received from:
Andrew Windrum, English Nature
Brian Walker, Forest Enterprise
Colin Short, Gamekeeper for Bransdale Moor
Lee Diamond, Gamekeeper for Ingleby Moor
Margaret Atherden, York St John College
Peter Snaith, Gamekeeper for Danby High Moor
Rona Charles, North York Moors National Park Authority

1

The influence of drainage on the composition of blanket bog vegetation in the North York
Moors
Marie Schober
Introduction
In the history of the North York Moors (NYM), many areas were named “Mosses”, suggesting
that they once supported blanket bog vegetation. Looking at soil and Ordnance Survey maps,
the NYM have more deep peat deposits and the areas called “Mosses” than existing blanket
bogs. Former “Mosses” are now covered with dry heath, a cause of concern for the National
Park Authority because of the high national and international importance of blanket bogs. The
limited research done so far has not lead to a definite conclusion about possible detrimental
effects of drainage (Stewart 1980). However, in general, drainage of bogs is regarded as
removing valuable habitats (english Nature 2001).
The present research, undertaken in 2003 as part of a thesis for the University of Münster in
Germany focussed on the effect of drainage on the species composition of blanket bog
vegetation in the North York Moors National Park. The research surveyed the composition of
the vegetation and measured environmental parameters that may have an influence its
composition, e. g the water table, the soil moisture content/capacity, pH-values, conductivity and
the degree of peat decomposition.
Methods
The vegetation fieldwork for this thesis was carried out between the 1st July and the 12th August
2003. Additionally, soil samples and water level measurements were also collected on single
days during September, November, and December.
Four drained blanket bog sites (Ingleby, Bransdale, Baysdale 1, Baysdale 2) and one undrained
reference site (Ingleby 0) were chosen based on existing knowledge and literature and because
they lie close together limit the chance of variation through local conditions such as soil type,
nutrient levels and climate. They lie in the north west of the National Park on Ingleby, Bransdale
and Baysdale Moors.
Vegetation was recorded using the Braun-Blanquet method which uses randomly chosen
relevés (quadrats) of 5 x 5 metres. Approximately half of the relevés were taken from inside a
ten metre buffer (hereafter called buffer) each side of the drains, the other half lay further from
the ditches (hereafter called mid-site). The relevés were only placed in areas where at least
90% of the ground was covered by vegetation. Any less than this percentage of ground cover
would have resulted in could be unrepresentative of the species composition. Species ground
cover was recorded using the Domin-scale.
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Analysis
Vegetation tables were constructed using plant species and the degree of ground cover The
results were entered into the multivariate analysis program CANOCO 4.5 (Canonical community
ordination) using Principal Components Analysis (PCA) in order to define whether the different
heights of the vegetation influenced species composition. CANOCO can also determine clusters
any clustering of relevés which would indicate differences in the vegetation. The ordination
diagram represents community structure, analyzing the community’s response to environmental
variables. The PCA was applied because it analyzes the species data to ascertain the widest
variance between the relevés (Glavac 1996, Ter Braak 1995). No transformation of the
vegetation cover was used.
Tables presenting the constancies were established in order to be able to assess the
occurrence of every plant species and then to compare it with the general habitat preference of
the plant (Dierschke 1994). Further, the moisture given by Ellenberg (1992) for each plant was
used to calculate the mean moisture figure for each group on relevés of each site. The indicator
values used by Ellenberg are mainly for Central Europe. Since none of the occurring plant
species is at its distribution limit in this region, the use of Ellenberg´s moisture figure is
applicable.
The pH-values were measured in the field as well as in the laboratory using the surface water of
the bog. Conductivity was measured in the field on two occasions, using the surface water of
the bogs.
Soil samples were randomly taken from the sites to ascertain whether the drain influenced the
physical properties of the peat with respect to water content or capacity. However, it was
ensured that samples taken from the drained sites were taken close to the grip as well as from
the rest of the site.
In the laboratory the actual water content was recorded and the maximum water capacity and
the maximum water holding capacity were established.
Because of a very dry spring and summer in 2003, the water table was examined approximately
every four weeks (a total of five times) to ascertain the influence of the grips. On each drained
site nine pipes were distributed at right angles to the drain, one in the middle of the drain, and
from there at a one metre, two metre, five metre and ten metre distance to both sides from the
middle of the drain. Four pipes monitored the water table on the undrained reference site.
A period of three weeks was left between the placing of the pipes and the first measurement to
allow the water table to rise in the pipes to the water level in the surrounding area. Slight
unevenness of the ground was not accounted for and might influence the results. In order to
reduce this, the mean values of the measurements to both sides of the drain were used where
possible.
Summary of results and discussion
All the research sites show a high cover of Calluna vulgaris, in most cases having 100% ground
cover. The other two species with the highest percentage of ground cover, were Eriophorum
vaginatum and Eriophorum angustifolium. Other dwarf shrubs found frequently were Erica
tetralix, Vaccinium myrtillus, and Empetrum nigrum. All the sites support a ground cover of
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mosses though the percentage of ground they cover varied. The most frequently found
herbaceous mosses were Campylopus introflexus (in 54% of all relevés) and Hypnum
jutlandicum (in 50% of all relevés). Notable is the total absence of grasses, like Molinia
caerulea, Deschampsia flexuosa and Scirpus cespitosus in all relevés. Pools were occasional
on all sites except Bransdale. Extensive Sphagnum lawns were not common but on some sites
there were areas with Sphagnum filled pools and larger areas of Sphagnum in between. Areas
like these were found on Ingleby_0, Ingleby, and Baysdale_2. Bransdale had areas with a high
cover of Sphagnum mosses underneath a high cover of Calluna and Eriophorum vaginatum.
Because there was no clustering detectable in the vegetation table all relevés could be assigned
to one sub-community. Furthermore there are no clearly defined differences between drained
and undrained sites or between buffer and mid-site.
The slight deviation in the vegetation between some relevés can be made visible by means of
multivariate analysis programs, like CANOCO, but they did not show obvious clustering (see
Fig. 1)

Figure. 1: PCA for the relevés of all sites, Eigenvalue: 0.187.
When interpreting the results, the particularly dry weather of 2003 should be taken into account
since some results, e.g. water table, will deviate from the long-term average.
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The pH-values were in the range expected for an ombrotrophic bog and the conductivity values
showed a tendency to be slightly higher. Reasons for this are possibly the effects of sea spray
combined with the emissions from Teesside conurbation. The strength of these factors is
unknown but they increase aerial sources of ionic deposition (Clymo, 1983).
The water table was generally very low. Nevertheless it can be concluded that moor-gripping
only lowers the water table very locally, that is up to two metres on either side of the drain, and
on most occasions in the drain itself, which coincides with the research results of Stewart &
Lance (1991). The only exception was Baysdale_2 which on all occasions showed a higher
water table than the other sites. There were no proven differences between areas above or
below the drain, as most drains followed the inclination of the site.
The vegetation on these research sites is an impoverished Calluna vulgaris-Eriophorum
vaginatum blanket mire Erica tetralix subcommunity. Reasons for this may include the natural
dryness, a characteristic particular to the North York Moors, which have the status of being the
driest upland maintaining peatland (Chiverell 1988), the industrial pollution by from Teesside, a
possible cause of species poverty (Dierssen (1982)) and presumably also the management by
burning and grazing as mentioned by Gimingham (1960).
On first inspection there seems to be no direct influence of draining on the vegetation and from
the moisture figures one gains only contradictory results. Higher moisture figures did not show a
clear tendency to occur either buffer or mid-site and it should be noted that the reference site
did not show a higher moisture figure than the drained sites.
An influence of the drains is nevertheless seen in the composition of the vegetation, especially
in regard to species not indigenous to blanket bog, e. g. Juncus effusus as mentioned by
(Stewart & Lance 1983). This appears to be accentuated by the erosion of some drains, as is
the case on Bransdale. The results of this research agree with those of Stewart & Lance (1983)
who report Juncus effusus as often spreading along drainage channels when these lead into
natural waterways as is the case on Bransdale. Furthermore, the invasion of rushes is mostly
confined to the drainage network (Stewart & Lance 1983), an aspect also seen in this research.
Erosion of the drains further seems to account for the low moisture figure of this site and the low
constancy of Sphagnum ssp., compared with other sites
Some single species common to the blanket bog sub-community show slight reactions to the
drains, as their constancies vary between the undrained reference site, the buffer and mid-site.
However, there is no obvious trend, apart from the increase of mosses with a low moisture
figure, e.g. Campylopus introflexus on the drained sites as can be seen below
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Figure 2: Constancy of mosses on all “types” of sites

This suggests a drying of the surfaces probably induced by the drainage (Charman 2002).
Ellenberg (1992) shows a partiality of these mosses for drier areas, which is reflected in their
moisture figure. Calluna vulgaris, the main concern of site management, does not show any
benefit from drainage. Reactions of the Sphagnum ssp., the species most important for the
blanket bog community, need to be monitored more closely and on a long-term basis as no
sufficiently safe conclusion regarding the influence by the drainage could be inferred. These
research results do, however, suggest that drainage might reduce species diversity.
Conclusion
Drainage of blanket bog does not appear to have a pronounced effect on the composition of the
vegetation, although there are some indications of constancy shifts for some species. At the
same time, however, there are also no signs of drainage being especially beneficial in improving
the areas for grouse.
The results of this research suggest that the soil moisture content of the peat plays a distinct
role in the composition of the vegetation and the occurrence of Sphagnum ssp. As Sphagna are
bound to a moist habitat and high water supply, the low water table alone does not account for
their constancy on all sites. It can be concluded that in these circumstances and in this area
drainage mainly removes surface water and has practically no influence on the drying of the
peat. However, in combination with a high degree of decomposition and recent controlled
burning it influences the peat’s rate of water uptake negatively.
In general, more research needs to be done on the North York Moors regarding the influence of
drainage on the blanket bog community composition for which this thesis could supply
background data. In order to establish whether there is a definite change in species
composition, species monitoring plots will need to be established. Considering the very local
lowering of the water table, monitoring on a smaller scale over a longer period would
presumably bring more conclusive results.
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3.

Mammal studies

Not so long ago, Water Voles were a familiar sight along the lowland reaches of the rivers
draining from the North York Moors. By 2000 the species appeared to have been extirpated
from the main rivers but recent surveys have identified previously-unknown upland populations
on headwater streams around the Derwent / Esk watershed.
Laura Winter reports on an extensive Water Vole survey carried out in 2002-2005, covering 152
upland sites in the National Park. Ellen Patrington analyses how counts of Water Vole latrines
(used as territorial markers) relate to the size of upland breeding populations, and Helen
Laycock investigates the relationship between Water Vole occupancy, habitat structure and
management of streamside land
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Water voles in the North York Moors National Park results of surveys in upland areas
between 2002 and 2005
Laura Winter
Mammal ecologist

Introduction
National surveys (Strachan & Jefferies, 1993; Strachan & Jefferies, 2000) have shown that
water vole numbers are in serious decline throughout much of England. There is well
documented evidence that the introduction of American mink, whose habitat is similarly linked
with waterways, has had a devastating effect on water vole colonies, with both adults and young
being eaten (Woodroff et al, 1990a;Strachan et al, 1998). There is little doubt that the rapid
spread of mink has played a major part in the demise of the water vole on our river systems, but
in addition, post-war changes in land use, farming practices, riparian maintenance and waterlevel controls have affected the riparian habitat upon which the water vole depends. The
reduction of suitable water vole habitats means fewer animals can be supported and loss of
cover in lands bordering waterways either suppresses the dispersal of water voles or puts them
at greater risk of exposure to predators (Howes, 1979). The possible long-term effects on the
water vole are more worrying as habitat fragmentation increases the risk of extinction (Rushton
et al, 2000; Strachan, 1999). However, in the uplands of Scotland small but connected colonies
are known to exist across the headwaters of some rivers, forming metapopulations coverin
areas greater than 25km2 (Aars et al, 2001).
In the North York Moors National Park (NYMNP) water voles have also been affected, with few
sightings being reported from tiver systems where once they were prolific. in 1986, water voles
were recorded along the River Esk, Rye, Seph, Dove and Seven (Lawton & Woodroffe, 1991),
but during surveys along the main section of these river carried out for the Environment Agency
(EA) in 2000, no signs of the animals were found. Fen Bog, a Yorkshire Wildlife Trust (YWT)
reserve and an historical site for water voles, produced no signs of thse animals when ditches
draining from the site into Eller Beck were surveyed for the NYMPA in 2000. In the early1990’s
Peter Charter of the Forestry Commision (FC) reported water voles at Louven Howe, a site
within Newton House Plantation, and in 2000 another upland site was discovered on Ministry of
Defence land at Fylingdales, near Eller Beck Bridge (Winter, 2000). Louven Howe and Eller
Beck Bridge are Moorland sites on headwater tributaries of the Esk system, (May Beck and
Eller Beck respectively) and to date are apparently free from mink. It was suggested that the
smaller streams, ponds and ditches to be found in the upland areas of the NYMNP might
present suitable habitat for water voles and should therefore be investigated.
Surveys, funded jointly by the NYMNPA and the EA, were carried out between 2002 and 2005
assessing the habitat and presence of eater voles at sites within the NYMNP (Winter, 2003,
2004 &2005). The survey sites were initially identified as possible water vole habitats from map
studies and personal knowledge of the area, or because of recent sightings. Later, surveys
included small pearl-bordered fritillary sites discovered by Sean Clough (2003) when it became
clear that the two species appeared to have similar habitat requirements. In 2005 surveys
concentrated around knon water vole sites to try to establish the extent of colonisation and of
possible matapopulations in the area.
Training was given to NP volunteers in the identification of water vole field signs and their
habitat so that they could undertake surveys and contribute to the data fund. From the
combined results it was hoped to established the existence of more water voles within the NP,
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to ascertain the breeding status of each site, to identify potential water vole habitat plus areas
requiring improvement and finally to clarify the factors required for the breeding success of
water voles in upland habitats.

Methods
Continuous lengths of waterway were surveyed where possible, but in practice this was often
difficult because of the density of some conifer plantations and, where felling had occurred, the
obstruction caused by tree stumps and brash remaining on the ground. These areas were
assessed as unsuitable habitat for water voles because of the absence of bankside vegetation
and were by passed.
Survey data from each site (approximately 500m) were logged on Environment Agency (EA)
record sheets for Upland Habitats, including sings of water vole predators. The suitability of
habitat for water vole alons each section surveyed, assessed on the basis of food requirements,
cover, potential for burrow/nest sites plus water depth and flow rates, was compared with the
two known upland breeding sites to give a category of good (G), fair (F) or poor (P). This was
highly sbjective, but gave an indication of which areas coul be targeted for habitat
improvements. more detailed accounts of each site were made from field notes and
recommendations to landowners were made to improve the habitat for water voles. Bordering
land categories were given to each site indicating types of vegetation to be found around the
waterway. the sites were ten divided into “Moorland” where some or the entire site was heather
Moorland, “Farmland” sites with no Moorland; and “Plantation/Woodland” sites with no
Moorland. Sites supporting water voles and breeding sites were then studied in relation to
habitat and land category.
Annual surveys of selected sites at Louven Howe and Eller Beck Bridge were made to check on
their continued status as breeding sites.
Results
Breeding sites at LOuven Howe and Eller Becj Bridge were visited each year throughout the
survey period and were found to be active, except for Louven Howe in 2005 when no eater vole
signs were found in the summer, though animals were detected late in October (Charter, 2005).
In total 152 upland sites in the NYMNP were surveyed, of these, 97 were designated
“Moorland”, 29 “Farmland” and 28 “Plantation/Woodland”. Most of these were of mixed habitat
ith wetlands, grasses, bracken, scrub or trees featuring at the sites. Only 8 were purely
Moorland sites, 3 entirely managed farmland and 12 either dense conifer plantation, woodland
or clear-felled where there was little or no vegetation (Fig.1).
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Figure 1 Upland Sites Surveyed 2002-2005
(n = 152)

9%

Heather moorland 4%

4%

8%

Moorland mixes 60%

Farmland 2%

17%

Farmland mixes (moorland absent) 17%

2%

60%

Conifer forest / Clear-felled / Woodland
8%
Forest / Woodland mixes (moorland
absent) 9%

Water vole signs were found at 38 sites and were all of mixed habitat, with the majority (31)
being Moorland combinations. Siz were farmland sites where grass or marshy habitats
remained relatively undisturbed along the watercourse as a result of fencing or low grazing
densities. One non-moorland forest site was found, but this was at the forest edge where lush
grasses were available. These “non-moorland” sites were all within close proximity (<500m) of
open Moorland. The proportions of habitat types supporting water voles are shown in Figure 2.
Figure 2
Figure 2 Percentage of Mixed Moorland Sites with Water Vole Signs 2002-2005
(n = 91)

34%
Mixed moorland sites with no water vole
signs 66%
Mixed moorland sites where water vole
signs present 34%
66%
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Figure 3
Figure 3 Percentage of Mixed Farmland (no moorland) Sites with Water Vole Signs
2002-2005
(n = 26)

23%
Mixed farmland (no moorland) sites with no
water vole signs 77%

Mixed farmland (no moorland) sites with water
vole signs present 23%

77%

91 “Moorland” sites were surveyed between 2002 and 2005 with 34% of these showing signs of
water voles, 7% being breeding sites, (Map 1).
Map 1
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Of the 31 moorland water vole sites, nine were in forest clearings where the wet Moorland
habitat remained undisturbed. Breeding colonies were found at two of these sites; Louven Howe
and a newly discovered site along Woof Howe Grain in Langdale Forest. This beck flows into
the River Derwent and its headwaters are less than a kilometre from those of Eller Beck on the
River Esk system. the other four water vole breeding sites were all found at Moorland sites with
mixed habitats.
Common features of water vole habitats in mixed Moorland were wetland vegetation (84%) and
un-cropped, mixed grasses (81%) with more than 50% containing bracken. 71% of Moorland
water vole sites were associated with grass plus wetland, 48% with grass and bracken, and
45% with wetland and bracken. 39% of the sites supported a combination of wetland, grass and
bracken. Features of the Moorland habitats in relation to water vole wetlands. Other common
factors at the breeding sites were low levels of disturbance, low levels of management along the
watercourse and associated wetlands, good ground cover extending to high ground refuges, the
availability of nesting sites above or below ground plus the absence of mink.
Figure 4
Moorland Water Vole Habitat Features
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Discussion
The surveys completed between 2002 and 2005 have produced many sites previously unrecorded for water voles and have highlighted areas where habitat improvements can be made.
It is not clear whether these populations have been merely overlooked or that they occupy these
sites because of predation and/or environmental pressure along the main rivers. It is evident,
however, that mink-free, Moorland habitatas both on the open moor and within the forests are
important for water voles in the NYMNP. The habitats supporting these animals however
appear to be small and fragmented, with some of them forming apparently isolated pockets
within dense conifer plantations. Colony sizes are likely to be low because of the restraints on
water vole habitat and food material (Woodroffe et al, 1990b; Lawton & Woodroffe, 1991).
However, the cover afforded by forests and heather Moorland may provide vital links between
many of these sites, facilitating the dispersal of young water voles as well as adult migrations.
Mixing of the gene pool, thus preventing inbreeding is essential if these colonies are to remain
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viable (Simberloff, 1998). Colonies on Fylingdales Moor (Eller Beck and its tributaries; Blea Hill
Beck, Louven Howe, Brown Rigg Beck and tributaries – Biller Howe) and further south (Havern
Beck and Grain Beck) exist within 4 km of each other, with their tributary headwaters less than
2km apart. Stoddart (1970) has shown that water voles are well able to travel such distances.
There is a possibility therefore, that these colonies exist as metapopulations spanning the
headwaters of the River Derwent and River Esk. Repeated visits to some of these sites have
shown fluctuations in water vole presence that may indicate local extinctions or seasonal
migrations to alternative habitats. If this is so, these colonies are interdependent and cannot
survive in isolation. The links between sites are crucial to their existence and must be
maintained. These large areas of relatively undisturbed vegetation may also provide the
opportunity for water voles to venture further from watercourses if suitable vulnerable to
predation. Examples of such fossorial habitats are to be found in some island populations in
Scotland (Tefler et al., 2003)
In the forested areas, tree and scrub clearance around becks, ditches and wetlands may open
up areas to the potential colonistaion of plant species more suitable for water voles, providng
“wildlife corridors” beneficial to other species as well. However, careful consideration should be
given to the possibility of encouraging predators, in particular the mink, into water vole colonised
areas. The water vole’s present isolation at Moorland sites offers protection from mink
insurgence, but the colony would be at risk of extinction in the event of such an attack
(Strachan, 1999).
The occurrence of bracken at a number of water vole sites doesn’t necessarily mean than it is
beneficial to the species, but may instead be indicative of the encroachment of this invasive fern
onto Moorland areas. This is a problem that may need to be addressed in some areas where its
growth is preventing that of more succulent plant species. Bracken does however provide
potential cover for water voles and may be important for animals foraging further from the water
course or in gaining safe access to high ground during the flash floods that frequently occur on
Moorland becks.
Some of Moorland sites appear to offer sub-optimal habitat for water voles where the resources
within them are patchy and competition for grass exists from sheep and rabbits. Supplementary
feeding occurs at LOuven Howe where grains is put down for ducks by the shooting tenant (this
was omitted in 2005 until the autumn), also Eller Beck Bridge is a popular picnic spot in the
summer when waste food could be utilised by voles. These issues still need to be investigated,
also the significance of calcicoles as a dietary resource where run-off from lime-stoned forestry
tracks affects the acidity of the soil. Much still needs to be learned about the structure and
lifestyle of these upland colonies and to link common factors across their habitats that might
allow the recognition and protection of further water voles sites throughout the National Park.
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How does upland water vole (Arvicola terrestris) density vary with management regime
and habitat structure on the North York Moors?
Helen F. Laycock
Introduction
Water voles (Arvicola terrestris) have declined dramatically since the Iron Age (Jefferies 2003)
because of loss and fragmentation of suitable habitat due to changes in land-use and riparian
management (Carter & Bright 2003). Therefore, to help conserve this UK Biodiversity Action
Plan Priority Species, we need to understand the relationship between water vole densities,
management regime and habitat structure. This study utilises the lack of introduced feral
American mink (Mustela vison) on several upland watercourses in the NYMNP to investigate
this relationship without complication.
Methods
Water vole densities along the watercourses shown in Table 1 were estimated using capturerecapture. Principal Component Analysis reduced the 37 management and habitat variables
measured to six axes explaining the variation between the four different sites. Table 2 lists
these variables and describes the methods used to measure them.
Table 1: The watercourses selected for study based on water vole presence detgected by
previous surveys (Winter 2002, 2003), along with their location, landowners and presence of
water vole signs (burrows, latrines, runs, lawns, cropped vegetation, feeding stations).
Watercourse
Brocka Beck,
Goathland Moor
Louven Howe
Slack, Sneaton
High Moor
Brown Rigg Beck,
Biller Howe Dale
Eller Beck,
Fylingdales Moor

OS grid
reference
NZ 85985 00968

Catchment

Landowner

Water vole signs
2002/2003
Yes

Esk

Duchy of Lancaster

2004
No

NZ 88857 00057

Esk

Forestry
Commission (FC)

Yes

Yes

NZ 91810 00775

Derwent

Mr Cromack
(Pond Farm)
Ministry of Defence
(MOD)

Yes

Yes

SE 85806 98277

Esk

Yes

Yes

Results
Fig. 1 shows the water vole densities estimated for each watercourse using capture-recapture.
Table 2 shows the relationship between the six axes produced by Principal Component Analysis
and their component management and habitat variables. The four different watercourses can
be separated along all of these axes except the watercourse characteristics axis. Fig. 2 then
shows the variation in water vole density along each of the six axes.
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Water vole density (per 100m of bank)

Figure 1: Water vole densities on the four watercourses according to the Burnham & Overton method of
estimating population size from capture-recapture data (Greenwood 1996). Error bars indicate 95%
confidence intervals.
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1
0.5
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Brow n Rigg Beck
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Table 2. The 37 management and habitat variables measured, along with the results of
Princpal Component Analysis to reduce these to six axes. plus signs indicate variables that
increase along the axis named at the top of the relevant column and minus signs were classified
as not being important in determining the variation between watercourses along the axis.
Symbols following variables indicate the method of measurement as described below the table.
Management
regime

Watercourse
characteristics

Bank
characteristics

Vegetation
diversity

Vegetation
composition

Wildlife

– Stock density *
+ Frequency of
heather burning *
+ Frequency of
heather cutting *
+ Frequency of
bracken control *
+ No. of predator
species controlled *

+ Width #
+ Depth #
– Flow rate #

+ Mean bank angle †
+ Height from water’s
surface to bank top #
+ Bank profile #
(Shore type) #

+ Species
diversity †
+ Structural
diversity †
– Percentage
grass †
+ Percentage
sedge †
+ Percentage
Juncus spp.†

Abundance of
following groups of
bankside vegetation
#:
– Trees
– Bushes
– Tall herbs/grass
(Short herbs/grass)
+ Emergent
vegetation
+ Submerged
vegetation
+ Floating vegetation
(Juncus sward)
+ Mosses
+ Heather
– Bracken

+ No. of birds
of prey seen
in area *
Presence /
Absence of
following
groups #:
– Other rodent
species
(Rats)
+ Adders
+ Lizards
+ Frogs
+ Wildfowl
(Woodmice)
– Domestic
cats

* Data obtained from appropriate landowners by questionnaire.
# Data collected via the Upland Water Vole Survey Forms completed during the study.
† Data extracted from the vegetation transects conducted during the study following the protocol of
Lawton & Woodroffe (1991).

Figure 2: Variation in water vole density with the first axis of each PCA – a) management
regime; b) watercourse characteristics; c) bank characteristics; d) vegetation diversity; e)
vegetation composition; f) wildlife. Different symbols represent the different watercourses –
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cross = Brocka Beck; open circle = Louven Howe Slack; closed triangle = Brown Rigg Beck;
closed square = Eller Beck. Error bars indicate 95% confidence intervals.
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Discussion
This study implies that watercourses experiencing a moderate intensity of heather, bracken and
predator control, and grazing are most suitable for water voles. Heather and bracken control
will remove some of the cover that is essential for predation avoidance (Jefferies 2003).
However, these plant species are not important food sources for water voles and so some
control may be beneficial by preventing domination. It is perhaps surprising though that only a
moderate intensity of predator control is advantageous for water voles. However, the methods
of control used could be damaging. Indeed, hunting with hounds was used to control foxes at
some of the watercourses and this could be severely detrimental via damage to habitat and
burrows and direct injury to individuals. Highly intensive grazing is associated with low water
vole densities but moderate grazing may be advantageous since it prevents the formation of
dense scrub, which would reduce the amount of grass via shading (Macdonald & Strachan
1999).
The results obtained here suggest that watercourses with moderately steep banks and an
intermediate height from the water’s surface to the bank top are most suitable for water voles.
Steep banks are favoured because they can support multiple-level burrow systems, giving
refuges to retreat to when the watercourse is in spate and during winter floods (Strachan 1998).
However, water vole distributions are negatively associated with banks featuring earth cliffs
since these usually lack vegetation cover (Barreto et al. 1998). Earth cliffs were commonly
found along the watercourses during this study and this may explain why the steepest banks
with the greatest height from the water’s surface to the bank top, i.e. earth cliffs, were found to
be less suitable for water voles than those that were slightly less steep and high.
The findings of this study imply that watercourses with lower plant species and structural
diversity and percentage sedge and Juncus spp. but higher percentage grass are more suitable
for water voles. High plant species diversity may be less suitable because water voles only feed
on certain plant species and so may prefer sites that are dominated by these species. Indeed,
this study suggests that a high percentage of grass is favoured by water voles. However, the
percentage of the other plants they tend to eat, sedge and Juncus spp., were negatively
associated with water vole densities, implying that at the watercourses studied, grass is the
main component of the water vole’s diet. Finally, it is perhaps surprising that low plant structural
diversity appears to favour water voles since layering of the vegetation provides cover from
avian predators whilst foraging on banks (Lawton & Woodroffe 1991). It is possible that all the
watercourses studied here had relatively high plant structural diversity and that those with the
lowest diversity here were, in larger terms, actually of moderate diversity. In other words, we
are seeing the decline in water vole density with increasing plant structural diversity, caused
probably by increased shading of important food species and greater cover for terrestrial
predators, but not the similar decline with decreasing plant structural diversity, caused by
increased vulnerability to avian predators.
This study implies that watercourses that are dominated by any of the particular vegetation
types measured are less suitable for water voles. Indeed, excessive shrubs or trees are
unfavourable for water voles (Barreto et al. 1998; Strachan & Jefferies 1993; Strachan et al.
1998) although, as suggested here, some trees and bushes are advantageous because they
provide bark and roots as food in the winter (Carter & Bright 2003). However, the findings
based on the vegetation composition PCA appear to contradict those based on the vegetation
diversity PCA, which suggested that low vegetation diversity was favourable. This may be
because only bank-side vegetation was included in the latter analysis, whereas channel
vegetation was also included in the former analysis. Channel vegetation is important for water
1

voles (Barreto et al. 1998) and so if it were to be incorporated into the vegetation diversity PCA,
it could significantly alter the results.
The results of this study imply that watercourses with a moderate number of birds of prey
species in the area and presence of some but not all of adders, lizards, frogs, and wildfowl or
other vole species and domestic cats are most suitable for water voles. High numbers of birds
of prey are obviously disadvantageous to water voles but low numbers may also indicate a lack
of suitable habitat for prey, including water voles. Adders, lizards, frogs and wildfowl are
unlikely to have a direct impact upon water voles but their habitat requirements may be different
and thus high occurrence of these species may signify unsuitability of habitat for water voles.
Conversely, very low occurrence may indicate a generally poor habitat. High occurrence of
other vole species appears to disadvantage water voles, probably because they may pass on
disease to and compete for food and space with water voles. However, low occurrence also
seems unfavourable, possibly because, due to their similar habitat requirements, this signifies
poor habitat for all voles.
Implications for Water Vole Conservation
Based on the findings of this study, water voles do not favour areas with high intensity grouse
moor management or high intensity grazing along watercourses. Efforts to improve potential
water vole habitat or to reintroduce or translocate water voles should concentrate on
watercourses with steep banks but not those dominated by earth cliffs. The occasional tree or
bush should be encouraged, but not allowed to dominate, and channel vegetation should not be
cleared.
Further Work
Limited time and resources meant that only four watercourses could be studied and thus
conclusions drawn here could be highly skewed by any atypical aspects of these watercourses
and their water vole populations. Therefore, before further conservation recommendations can
be made, it is important to continue this study throughout upland areas across Britain.
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Investigating the use of water vole Arvicola terrestris latrines as an index of abundance
in population surveys
Ellen Patrington
Introduction
As part of ongoing research into the water vole Arvicola terrestris populations of the North York
Moors National Park, a survey at four sites within the park was conducted during the summer of
2004 to investigate the relationship between the number of water voles and latrine counts. An
index of abundance based on latrines has previously been reported (Woodroffe et al. 1990), but
following confusion in the literature, further investigation was recommended. The data collected
during the surveys was also used to investigate whether other measurements could provide a
more reliable index of abundance than simple latrine counts. In addition, the information was
used to research the production, spacing and maintenance of latrines through a latrine removal
experiment. The findings are discussed in the context of the effectiveness of water vole
surveying methodology.
Methods
Surveying techniques
Four sites in the National Park were selected, based on evidence of water vole occupancy in
previous surveys (Winter 2002; 2003). The watercourse at each site was divided into five
sections of 50m. Each section was comprehensively surveyed prior to the trapping session in
accordance with standard Upland Water Vole Survey Forms. Particular attention was paid to
latrines; their positions were marked with coloured tape and the number of droppings in each
latrine was recorded. After trapping, sections were resurveyed. New latrines were recorded
and the number of droppings counted. Droppings were recounted in latrines marked during the
first survey and the distance between all latrines were recorded.
Trapping and marking methodology
Sherman extra large (4 x 4.5 x 15") live traps were placed at a density of five per 50m. Traps
were pre-baited for two days with freshly chopped sweet apple. Pre-baiting effectively allows
individuals to become acclimatised to a new object in the field and become equally ‘trap happy’
before ‘real’ trapping starts (Flowerdew 1981). Traps were then filled with clean, dry, bedding
straw and baited with apple (approx 50g) and carrot (approx 70g) and set to trap. Traps were
checked morning (5-7am) and evening (6-8pm) for seven trapping sessions (175 trap
possibilities). Each session, any new individuals were weighed, sexed, aged and marked by a
unique combination of fur clips.
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Latrine removal experiment
After trapping, every latrine located in a section of watercourse at Eller Beck (Grid Ref SE 857
982) was completely removed. The positions of removed latrines were marked with coloured
tape. The section was re-surveyed for latrines for the next seven days. The sites of the
removed latrines were checked to see if they had reappeared and the number of droppings
counted. Any new latrines were marked and recorded including a count of the number of
droppings.
Regression analysis was used to investigate the relationship between voles trapped and various
latrine parameters. A correlation relates the number of latrines to the number of burrows.
Results
Relationship between latrines and the number of water voles trapped
The latrine count conducted after trapping, an average latrine count and the latrine production
rate per day correlated significantly with the number of different individuals trapped. See Fig. 1
for the scatter plot of average latrine count against the number of water voles trapped.
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Figure. 1. F1,19 = 6.332, t =2.516, P = 0.022, R = 0.260. The number of voles explains 26% of the
variation in latrine numbers. The equation of the fitted line is ‘latrines = 1.655 + (1.417 x number of
individuals trapped).
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Deriving a predictive equation
To produce a predictive equation from the original observations of both water voles and latrines
it is necessary to calculate a new regression using the same data but with latrines as the
independent variable (Morris et al. 1998). In line with other studies a predictive equation is
derived below to estimate the number of water voles using an area from the average latrine
count:
number of water voles =
Where

0.649 + (0.184 x average latrine count)

y = water voles using an area
x = average latrine count

The relationship between latrines and other field signs
The number of burrows found at each section correlated significantly with the average number
of latrines (See Fig.2)
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Figure. 2. There is a significant positive relationship between the number of latrines and the number of
burrows per section (Pearson’s Correlation Coefficient = 0.574, N = 20, P = 0.008).
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Latrine removal experiment
Seven latrines at Eller Beck were completely removed, six of which were re-established in the
same place. Three new latrines appeared during the study (See Fig 3).
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Figure. 3. A plot showing the size of seven removed latrines at Eller Beck over the seven day study
period. the x-axis shows the days over which the study took place. The arrows show the time of artificial
removal and the time of a high water event which washed away latrines during the study.

Discussion
The use of latrines as population estimators.
All latrine parameters show a general positive relationship with the number of different
individuals trapped per section. Therefore, this concludes that latrines can be legitimately used
as an abundance estimator. This supports the relationship described on three rivers on the
North York Moors (Woodroffe et al. 1990).
The derived equation for estimating abundance of water voles from a latrine count suggests a
roughly 3:1 relationship between the number of latrines and the number of water voles. This is
of interest as it falls between the 1:1 relationship reported by Woodroffe (1990) and the 6:1
relationship reported by Macdonald & Strachan (1999). This study was carried out in the same
study area (North York Moors National Park) as that of Woodroffe et al. (1990) yet a different
equation is generated, indicating that the relationship is inherently variable. More latrine data is
required, by replication of such calibration studies on a larger temporal and spatial scale then to
determine how the relationships varies regionally, as well as between upland and lowland
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habitats. The importance of further research cannot be stressed enough, as estimates of water
vole populations and resultant restoration measures are based entirely on this indicator.
The status of water vole in the study area
Fourteen different individuals were trapped at Eller Beck, one at Louven Howe and two at
Brown Rigg Beck. Breeding colonies of water voles tend to be small; Strachan & Jefferies
(1993) estimated overall densities of 4-16 individuals per 100m for the UK. Hence, the
population at Eller Beck, comprising seven females, four males and three juveniles is a strong
population. The presence of latrines signifies a breeding population (Woodroffe et al. 1990) and
so, all three sites look promising in terms of continued occupancy.
No fieldsigns of the American Mink were found, as in previous surveys (Winter 2002; 2003)
which is encouraging as predation by mink has been regarded as a strong factor in the recent
decline of the water vole. Otter Lutra lutra spraint sites were found at Eller Beck. Otters have
been known to prey on water voles but are thought to reduce mink populations and thus afford
some level protection to the water vole (Strachan et al. 2003).
Are latrines the best field sign to use?
Although burrows are traditionally regarded as easy to detect (Strachan et al. 2003) the upland
habitat; undercut banks, long vegetation and poaching made identifying water voles burrows
problematic. Burrows persist much longer than latrines, up to several years in upland areas
(Aars et al. 2001) and so their presence is not necessarily proof of water vole abundance
(Strachan et al. 2003).
Latrines are conspicuous, maintained and persist over several weeks despite removal by heavy
rains and flooding. Strachan et al. (2003) consider burrows, feeding remains and tracks to be
secondary signs of water voles, but that these signs do increase in line proportion with the
abundance of latrines. In this study a significant relationship was identified between latrine and
burrow numbers. Consequently, latrines are still regarded as the most effective abundance
indicator. If not maintained they disintegrate quickly and so there is no likelihood of considering
an empty site to be occupied (Strachan et al. 2003).
Latrine spacing, maintenance and locations.
The removal experiment highlights that latrine positions are persistent, stable and maintained.
All but one of the removed latrines was re-established in exactly the same position. Following a
natural spate event during the observation period, again they were rapidly re-formed. Strachan,
Strachan & Jefferies (2003) reported persistence over several weeks; casual observations in
this study suggest at least three weeks.
Following removal, a high proportion of latrines were re-established within one day, with four of
the seven latrines removed reaching or exceeding their initial size within seven days. This
supports the finding by Stoddart (1970) that water voles visit important latrine sites at least once
every 24 hours. Removal may have caused some disruption to the population, as two of the
three new latrines that appeared during the study period were on particularly prominent rocks, at
the extremes of the latrine distribution. In response to disturbance voles may attempt to redefine or expand their territory. Woodroffe illustrated that females could be induced to extend
their territories by experimental removal of the end latrines (1990).
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Regularly maintained latrines are composed of a flattened mass of old droppings topped with
fresh ones and are assumed to play a social role (Stoddart 1970). It is suggested that discrete
latrine sites are found near to the nest, at range boundaries and at favoured platforms where
water voles enter and leave the water (Strachan et al. 2003). It was hoped that from
measurements of inter-latrine distances the range of some individuals could be established.
However, the average inter-latrine distance of 7.97 metres strongly implies that water voles
establish latrine sites at the boundaries of the range and within it (Stoddart 1970). Latrines were
confirmed to be involved in territoriality as several appeared in traps during pre-baiting at
Louven Howe Slack.
Conclusions and wider implications.
Overall, latrines still appear to be a valid index for the number of water voles in an area.
Although persistent in location, regularly maintained latrines are adversely affected by rain and
flood conditions. It is strongly recommended that further surveys should use a latrine parameter
incorporating more than one count to counteract this variability. Latrines are only maintained
during the breeding season (February to November) and therefore can only be used to estimate
mean linear water vole density during this period (Strachan 1998).
Woodroffe et al. (1990) and Strachan et al. (1999) are in agreement that latrine counts provide a
useful but albeit rough guide to the number of animals in an area though further work is needed.
The data presented here corroborates this school of thought; latrines counts are approximate
but at the very least indicate a breeding colony of water voles. They can be applied both in
conservation studies and in environmental impact assessments prior to completing any
maintenance work to watercourses or habitat alterations. Current research focused on
calibrating fieldsigns with the number of individuals will provide a benchmark for further
monitoring techniques.
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4.

Bird studies

Tick-borne diseases have a serious impact on the health of sheep and Red Grouse on the North
York Moors, and control of tick burdens was an important concern of the Moorland
Regeneration Programme (see, for example, Newborn, 2001). What has so far been unknown is
whether the tick-borne viral disease known as louping-ill affects ground-nesting birds other than
grouse. To address this question, David Newborn of the Game Conservancy Trust’s Grouse
Research Group reports on an intensive 2004 study of seven 1 km² sites.
Wading birds are a popular and important element of the wildlife of the North York Moors
National Park. Surveys of waders breeding on open moorland were reported in the previous
Review and in this volume Cleo Small reports on a survey of waders using in-bye and other
enclosed farmland in the National Park. Wilf Norman reports on detailed surveys of breeding
waders in three 1 km. squares which had been surveyed previously in 1996 and 2000.
A nature conservation management plan is being developed for Fylingdales Moor with several
organisations involved in gathering baseline data on wildlife. John Edwards of the Hawk and
Owl Trust reports on the first year of breeding bird surveys, which covered eight 1 km squares.
In the previous Review, Ken Hutchinson reported on his long-running study of Ring Ouzels on
the North York Moors and emphasised the species’ dependence on a narrow zone between
intake land and the moorland plateaux. This distinctive migrant thrush has now been recognised
as a Red List bird of conservation concern due to a rapid decline in the British breeding
population during recent decades (RSPB et al, 2002). Ken’s update on Ring Ouzel surveys in
the present Review is thus timely and clarifies the breeding habitat requirements of the species
in the North York Moors.
The North York Moors support a nationally-important breeding population of Merlin, and this is
one of the reasons for the Moors being afforded European Special Protection Area status. The
North York Moors Merlin Study Group was formed in 1985 to monitor the local population and
study its ecology and conservation requirements. The report on the findings of the latest surveys
and a summary of a substantial body of information on this key species is provided in the
following paper written by Garry Marchant.
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Do breeding waders on moorland suffer from sheep ticks
and louping ill?
D. Newborn,
Game and Wildlife Conservancy Trust
Introduction
Heather moorland, a habitat comprising of upland heath and blanket bog, is globally restricted,
with its distribution largely limited to Britain and Ireland. It forms a characteristic habitat of the
British uplands and one of both appreciable tourist and international conservation benefit. The
upland bird assemblage contains internationally important numbers of several declining species,
for example, golden plover Pluvialis apricaria and curlew Numenius arquata. Accordingly many
upland areas have been designated as Special Protection Areas as a result of their avifauna.
Sheep ticks Ixodes ricinus are obligate blood-sucking ecto-parasites of the order Acarina, which
are common on some rough grazing pastures and heather-dominated moorland. High numbers
of ticks can have a detrimental effect by weakening hosts through anaemia and increasing the
chances of secondary infections. Sheep ticks also act as a vector for a variety of pathogens,
including the louping ill virus. Red grouse Lagopus lagopus scoticus breeding in areas with high
tick abundance and louping ill prevalence characteristically show low productivity. It is not
known whether other ground-nesting birds and their chicks are affected by high tick abundance
or if they are susceptible to tick-borne diseases. Chicks of moorland breeding waders can host
ticks and possibly louping ill anti bodies, previously one curlew chick was tested seropositive for
louping ill after being taken to a local VI centre.
The aim of the study was to determine if a) wader chicks host sheep ticks, b) wader chicks carry
the louping ill virus and c) wader breeding success is depressed in the presence of ticks or
louping ill.
Study Area
This work was undertaken between April and July in 2004 within the North York Moors National
Park which covers an area of 1,426km2, one third of which is open heather moorland managed
for sheep and red grouse. Seven areas (>2km apart) were chosen with high wader densities to
maximise the number of pairs whose broods could be monitored. Since 1995 sheep on these
sites have been treating with acaricides four times per year to reduce tick infestations. In
addition, ewes less than one year old have been double vaccinated against louping ill before
they were released onto the moorland. Since the start of this intensive of acaricide treatment,
the yearly percentage of red grouse on these sites testing positive for louping ill antibodies has
remained below 20% (median value of 3%, interquartile range 0% to 6%; 1386 young grouse
were tested between 1995 and 2002 by The Game Conservancy Trust).
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Methods
At each site, a mean +sd area of 1.0 +0.07km2 was surveyed for breeding curlew, golden plover
and lapwing Vanellus vanellus . The proportion of wader pairs fledging young was calculated by
recording the number of chicks seen or recording adult behaviour on at least five visits to each
pair. Wader breeding success was compared with the tick burden and louping ill on each area.
Within two days of hatching wader chicks were individually marked with a numbered metal ring.
Mass, wing length, head and bill length and tick burden (total number and life-stage of ticks) of
each chick were recorded. Additional broods were sampled from nearby tracks and roadsides. A
total of 58 curlew, 93 golden plover and 161 lapwing chicks were measured. The tick burden
was expressed as the sum of the number of larval and nymph stages, with a mean calculated
for each site after logarithmic transformation. The relationship between chick body condition and
tick burden was examined using a multiple regression, specifying mass as a response variable
and testing against tick burden, with combined head and bill length as a continuous covariate to
control for body size.
The viraemia in louping ill takes 20 days to amplify (H. Reid, pers. comm.), after which period
antibodies to the virus can be detected. When wader chicks were more than 20 days old 0.2ml
of blood was collected in a heparinised capillary tube, under Home Office Licence (PIL
30/6451), from the peripheral vein on the underside of the wing using a sterile hypodermic
needle. Each blood sample was immediately diluted 1/10 in 0.85% saline and 0.5% bovine
albumin and allowed to stand until the red blood cells settled. The serum was then drawn off
and frozen until the samples were sent to the Moredun Research Institute where tests were
conducted using the refined Clark & Casals (1958) technique. Reciprocal titres greater than 20
were regarded as an indication of seropositivity. Forty-four lapwing chicks, 17 golden plovers
and eight curlews (plus seven curlew carcasses) were tested for louping ill antibodies. In
autumn 2004, 307 young grouse from the same sites were also tested for louping ill antibodies
and the proportion testing positive as a logit have been used as an index for louping ill
prevalence.
Results/discussion
Small numbers of ticks were found on the wader chicks; only 7% of lapwing chicks had ticks on
them, whilst 44% of golden plover and 84% of curlew chicks were found with ticks on them. No
relationship was found between wader chick body mass and levels of tick infestations. Of the 8
curlew chicks, 17 golden plover chicks and 44 lapwing chicks tested for the presence of louping
ill antibodies none were found in any of the samples.
Louping ill antibodies were found in 4% of young red grouse tested in autumn of 2004 from the
study plots. Louping ill can be transmitted to waders when ticks attach and take a blood meal
and also from ingestion of infected ticks. Wader chicks may be at low risk of exposure to both
methods of transmission by foraging in habitats which have low tick abundance.
There is no evidence that the breeding success and survival of moorland breeding waders is
compromised by the presence of sheep ticks at the levels recorded in this study. This study was
conducted on estates where acaricide control is used to significantly reduce the density of
sheep ticks, and hence the prevalence of louping ill, in order to reduce the impact on the red
grouse population, this may have resulted in the low levels of ticks found on the chicks and the
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lack of louping ill anti bodies. It may be beneficial to repeat this work in areas of greater tick
infestation and louping ill prevalence.
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Merlin Study 2000-2005
Garry Marchant
On behalf of the North York Moors Merlin Study Group
Introduction
This report outlines the research undertaken on the breeding ecology of the Merlin Falco
columbarius within the North York Moors National Park during the period 2000-2005. It
summarises the findings of the North York Moors Merlin Study Group during this time and has a
particular focus on productivity, nest site preference and prey selection.
In Britain by the early 1980s declines in Merlin populations were a major concern and were
thought to have resulted from loss of suitable habitat, disturbance and persecution. Also poor
productivity at that time was suspected to have been caused by eggshell thinning and breakage:
both features of organochlorine pesticide accumulation. The concerns over declines led to the
first detailed census of breeding Merlins in Britain during 1983 and 1984 which estimated there
were between 550 and 650 breeding pairs (Rebecca & Bainbridge 1998).
The national survey for Merlin within the North York Moors National Park in 1984 revealed 35 40 breeding pairs; a population considered significant to that in Britain (McLaughlin & Bibby
1985).
In 1985 the North York Moors Merlin Study Group was formed; and it continues with its aim to
estimate overall breeding numbers and monitor breeding performance of the species annually
within the National Park.
In 1991 a second survey in the National Park co-ordinated by the RSPB revealed 39 occupied
sites (Nattrass & Downing 1991). During 1993 and 1994 a second national survey in Britain
estimated there were 1300 + 200 breeding pairs of Merlin (Rebecca & Bainbridge 1998). The
population within the National Park remained nationally significant.
The Merlin continues to be protected under Schedule 1 of the Wildlife and Countryside Act 1981
as amended and remains on the RSPB’s red list because of its historical decline in Britain
during 1800 and 1995. The species is also listed in Annex 1 of the EU Birds Directive and
Appendix II of the Berne Convention (Batten et al 1990).
Methodology
To ensure maximum coverage and minimum disturbance to the birds the study area was
divided up and field workers allocated their own particular sites. Merlin nests were found mainly
by checking historical sites with initial visits being made in March and April each year after the
birds had returned to their breeding grounds. At times cold searching of heather beds detected
some nests. Locations of nest sites were recorded using six figure grid references. Each nest
was monitored throughout the breeding season and details obtained of clutch and brood size
and the number of young fledged. Where possible the dates of first laying, hatching and fledging
were determined. Young were ringed prior to fledging to investigate movements and longevity.
Details of any prey remains in nests or around sites were recorded.
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Habitat features within a one kilometre radius of nest sites were recorded together with aspect,
altitude and distance to the nearest track, footpath or road. Attempts were made to identify all
causes of nest failures and any unhatched eggs gathered under licence or corpses recovered
were sent off for examination to the Centre for Ecology and Hydrology in Huntingdon.
Results
Productivity
In 2001 an outbreak of Foot and Mouth Disease prevented access to the moors and no records
of breeding Merlin were obtained. During the period 2000 to 2005 a total of 75 occupied sites
were found; from these 62 nesting attempts produced 53 broods of young. A total of 184 young
were reared from which 164 fledged; Figure 1 gives the totals for the different stages of
breeding and Figure 2 compares productivity for each year.

numbers

Figure 1: The overall breeding productivity of Merlin within the North York Moors National Park between
2000 and 2005.
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The mean annual clutch size was 4.0 and was calculated from complete clutches only that were
recorded in the field (n = 46, range 3-5, s.d. 0.722). The 46 known clutches produced 184 eggs
and from these a total of 129 young fledged, (70%). The mean brood size was calculated from
the total numbers of young actually seen in the nest prior to fledging and was 3.47 young per
nest (n = 53, range 1-5, s.d.1.02). The mean brood size at fledging was 3.34 (n = 49, range 1-5,
s.d 1.02).
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Figure 2: Annual comparisons of Merlin productivity within the North York Moors National Park between
2000 and 2005.
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The median date for the laying of the first egg during the study period was 8th May (range 25th
April to 29th May). The median date for hatching was 8th June (range 24th May to 28th June) and
for fledging was 8th July (range 22nd June to 28th July). Figure 3 shows the mean annual
productivity throughout the period.

mean number per nest

Figure 3: The mean annual productivity of Merlin nests between 2000 and 2005 within the North York
Moors National Park.
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The study revealed that 21% of all nesting attempts failed completely. From the 62 attempts 8
failures occurred at egg stage and 5 at chick stage. Natural predation was the main cause whilst
others included extreme weather, viruses and suspected egg shell thinning. There were no
known cases of human persecution. From the 220 eggs known to have been laid 18 (8%) were
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recovered after having failed to hatch. Examination revealed the presence of pollutant residues
at low background levels in all eggs and only two had embryonic development.
A total of 121 Merlins were ringed prior to fledging during the study period and five (4%) were
recovered; Table 1 gives details of their recoveries. Perhaps the most significant was a female
ringed in June 2002 and discovered in June 2005 incubating a clutch of eggs in a nest 15 kms
east of her birth place.
Table 1: Recoveries of Merlins between 2000 and 2005 that were ringed within the North York Moors
National Park.

Fledged

Sex Recovered Distance Fledged

25.06.99 M

01.02.00

331 kms

221 days

16.06.02 M

11.08.02

15 kms

56 days

10.07.02 M

15.12.04

17 kms

16.06.02 F

08.06.05

15kms

889 days
1087
days

26.06.05 F

15.07.05

65 kms

19 days

Circumstances
Found dead in Essex - most
travelled
Found dead in Helmsley - road
casualty
Found dead on Spaunton Moor
Found Incubating clutch in good
health
Beverley window casualty released

Nest site preference
All breeding attempts were made in nests placed on the ground in heather beds. Merlins appear
to be fairly site faithful with the same sites often being used in consecutive years. The birds
showed a clear preference for heather above 20 cms high at the degenerate stage of growth,
splaying out at the surface allowing easy access. This type of heather also provides cover from
predators and shelter from the weather.
All habitat within a 1 kilometre radius of nest sites was recorded and analysed according to
whether it was mainly heather moor, grassy sheepwalk, forestry or arable land. In 27 of the 50
recorded cases 100% heather moor comprised the nest site. No other habitat type was used in
isolation and in every other case heather moor comprised at least 70% of nest territory habitat;
see Figure 4.
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Figure 4: Habitats used by nesting Merlins within the NY Moors National Park between 2000 and 2005; a
clear preference is shown for heather moor.
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Every year breeding sites were not used because they had either been burnt out or there had
been extensive heather burning nearby. A total of 17 records showed that such activity may
have prevented the birds from breeding or had caused them to move elsewhere and as a result
no nests were found.
The study revealed that 26% of the breeding attempts were made at sites with a south-westerly
aspect; southerly was used on 16% of occasions and a level and north-easterly aspect each
used on 12% of occasions. South-easterly was used least at 2%.
Merlins nested at all altitudes ranging from 160 to 429 metres above sea level (asl); most nests
were found within the main altitudinal range of the park which lies roughly between 200 and 300
m asl. Only one nest was found below 200 m and this failed. Between 200-299 m there were 30
attempts with a success rate of 73%. Between 300-399 m 24 attempts were made with a
success rate of 87% and four attempts over 400 m all succeeded.
There was no evidence to suggest that Merlins avoided nesting close to footpaths or roads;
albeit two nests found near footpaths were strongly suspected of having been predated by
humans. The mean distance of nests from footpaths, bridleways and tracks was 350 metres
(range 50-1000 m). The mean distance from the nearest road was 1.04 kilometres (range 0.082.5 kms).
Prey
All prey items found at Merlin nest sites throughout the breeding season were found to be avian
with the exception of several moths. A total of 14 different species of birds were recorded with
the Meadow Pipit Anthus pratensis being the most frequent at 47%. The Starling Sturnus
vulgaris was the next commonest prey item at 21% whilst other species comprised between 1%
and 7%. Most prey was recorded during the nestling period when adults were feeding young.
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Discussion
Productivity
The North York Moors National Park holds 3% of the British population of breeding Merlins; a
figure considered to be nationally significant. Since 1985 the Merlin Study Group has continued
to estimate annually breeding numbers and performance of the species within the park. In 2001
an outbreak of Foot and Mouth Disease prevented access to the moors and no records of
breeding Merlin were obtained.
Between 1985 and 1999 a total of 285 occupied sites were found within the study area giving a
mean of 16.76 sites per year. Excluding 2001; the years from 2000 to 2005 gave a mean of 15
occupied sites per year and therefore the volume of data being recorded annually at occupied
sites has changed relatively little since the study began.
The most important reproductive parameter in any breeding population is the mean number of
young produced by each pair (overall productivity) a figure that includes those pairs that fail
(Petty 1995). Within the National Park between 1985 and 1999 the overall productivity was 2.5
young per pair and from broods that produced fledglings the mean number was 3.3 young per
pair (Wightman 2000). This study between 2000 and 2005 showed that overall productivity had
increased slightly in that the mean number of young per pair was 2.7 and from broods that
produced fledged young the mean number was the same at 3.3 per nest.
The overall productivity for this study compares favourably with that from other research. Bibby
& Nattrass (1986) found the mean number per pair to be 2.39 in northern England and 1.70 in
Wales. In N E Scotland the figure was between 1.7 and 2.2 (Rebecca et al 1992). Wright (2005)
in the S E Yorkshire Dales found it to be 3.1 young per pair. It has been calculated that in order
to maintain a stable population Merlins need to fledge 2.5 young per pair (Brown 1976).
The breeding success rate or the proportion of breeding attempts that fledged at least one
young was 79% for this study which compared favourably with that from others. The national
survey in 1983 - 84 showed breeding success in Wales to be 51%, Scotland 63 - 66% and
northern England 66% (Bibby & Nattrass 1986). In N E Scotland during 1980-89 the success
rate was 68% (Rebecca et al 1992) and in the S E Yorkshire Dales between 1983 and 2002 it
was 88% (Wright 2005).
Dispersal and recoveries
The female Merlin ringed in 2002 within the National Park and recovered in 2005 breeding 15
kms from her natal site has proved that birds bred within the study area do in fact return to
breed. This is the first such recovery in 20 years proving the value of ringing in helping to
understand movements, dispersal and longevity.
There is an indication from ringing recoveries that some fledglings appear to be dispersing to
the east or south-east. The five birds recovered during the study period were all found either
south or east of their natal site. Other research has shown that four Merlins ringed in the S E
Yorkshire Dales were recovered within 6-8 weeks of fledging to the south and east of their natal
sites at Scarborough, Whitby, Driffield and Hull (pers comm Wright 2006).
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Nest site preference
Within the North York Moors all breeding attempts by Merlin were in ground nests in heather
with a clear preference shown for mature heather over 20 cms high. The same sites are used in
successive years but at this time it is not known whether it is the same birds that return to breed
there; further research could assist here. Although there are large areas of forest within the park
there are no records of the species using tree nests as in other studies (Newton et al 1986, Parr
1994). In 2001 20 artificial platforms were erected in trees on the edges of forests on some
moors in an effort to encourage tree nesting by Merlins. So far none have been used but they
continue to be monitored annually.
Nest sites being burnt out post-breeding season will hopefully become a problem of the past as
relations with land owners and gamekeepers improve. Now most keepers are informed of the
whereabouts of Merlin nests as the breeding season unfolds and conversely some keepers
provide valuable information as to the locations of nest sites themselves. In consequence when
it comes to burning heather post-breeding many keepers now obligingly retain known nest beds
realising the benefits of reduced disturbance the following spring by fieldworkers not having to
search for relocating pairs in such areas.
Prey
The heavy reliance that Merlins had on Meadow Pipits and Starlings was similar to other studies
comprising 47% and 21% of the breeding season diet. Other studies showed that in the S E
Yorkshire Dales the figures were 51% and 30% respectively (Wright 2005). In Northumbria
Meadow Pipits made up 55% of prey with Skylarks Alauda arvensis the next most common at
12% (Newton et al 1984). Prey is an important factor that can influence breeding productivity
(Newton 1979) and more research is needed in this area.
Future work
The North York Moors Merlin Study Group will continue to provide valuable information on the
status and distribution of the species within the National Park. However at this time it is
estimated that fieldworkers only cover 50% of the study area during annual surveys and as such
it is difficult to make an accurate assessment of the birds’ overall status (pers. comm. North
York Moors National Park Authority NYMNPA 2006). It is imperative therefore to obtain
comprehensive coverage of the whole area as soon as possible and to maintain this from
season to season.
The burning out of nest sites post-breeding can seemingly ‘influence’ productivity the following
year when the birds may not breed or may move elsewhere to breed on sites that are not found.
Comprehensive examination of nest site records may reveal a correlation between productivity
and sites that have been burnt out or lost to this practice.
In recent years some moorland landowners have signed up to the Wildlife Enhancement
Scheme (WES) (pers comm Clayden 2005) which encourages the practice of creating mosaics
of different stages of heather growth including the degenerate stage favoured by breeding
Merlins. A comparison of breeding productivity between estates that have adopted the WES
scheme and those that have not may reveal significant differences. In addition more detailed
and varied data gathered on nesting heather beds may increase knowledge about suitability and
preference.
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During the study period attempts have been made to monitor foraging and dispersal ranges of
adult birds using radio telemetry. So far this has proved unsuccessful but will continue. Further
knowledge of dispersal patterns and movements could be obtained from using passive
integrated transponders (PIT tags). Each tag has an individual bar code and is fitted to a birds’
leg at the time of ringing. Activities of tagged birds can be monitored at nest sites without the
need to disturb or re-trap them. This system has been used successfully elsewhere in Britain
(Wright 2005).
This study has shown the heavy reliance Merlins place on Meadow Pipits as their main source
of food during breeding. Fluctuations can occur in the breeding rates of some raptors that are
associated with annual fluctuations in prey numbers (Newton 1979). Future research could
include breeding season surveys of Meadow Pipits to show a correlation between their breeding
productivity and that of Merlins. Investigations into the optimal habitat required for Meadow
Pipits during breeding may also prove beneficial.
By adopting the recommendations and study projects put forward in this report the quality of
research and data gathered should improve immensely. This should help to gain a better
understanding of the status, distribution and habitat management of the Merlin within the North
York Moors National Park and ultimately its future conservation.
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Breeding waders on in bye land in the North York Moors.
Cleo Small
Introduction
Populations of breeding wading birds have been declining across the UK for several decades
(O’Brien & Smith 1992; Wilson et al. 2001) and upland agricultural areas now hold the highest
concentrations of breeding waders in England (Gibbons et al. 1993). Identification and
conservation of high-density areas within upland habitats is therefore a high priority for wader
conservation.
The North York Moors (NYM) Wader Survey of Inbye and Lowland Farmland in 2003 assessed
overall wader population sizes within the agricultural fields in the NYM National Park. This
survey complemented the surveys of the North York Moors open moorland that were conducted
in 1996 and 2000 (Charlton & Archer 1996; Shepherd 2000a). The survey also aimed to identify
habitat types favoured by waders, in order to help direct management advice to farmers who
wish to encourage good populations of waders on their land.
The North York Moors (NYM) National Park has several characteristics that make it interesting
for a wader survey and set it apart from neighbouring wader habitats in the North Pennines and
Yorkshire Dales. Firstly, the NYM National Park consists of the largest continuous expanse of
heather moorland in England and Wales, but this occurs at a remarkably low altitude (100-400
metres), resulting in a substantial mix of ‘upland’ and ‘lowland’ habitats. The NYM National Park
also contains a mix of arable and pastoral agriculture, while the North Pennines and Yorkshire
Dales National Park are almost entirely pastoral. In addition, the horizontal strata of the
sandstones and shales in many areas of the National Park often result in an abrupt boundary
between the heather moor and the fields below. This results in relatively little of the marginal wet
and rushy allotment land that forms the transition between the two in the North Pennines, and
which forms prime wader habitat there. Rainfall is also generally lower in the NYM National Park
than in the neighbouring Yorkshire Dales.
The survey looked at the habitat characteristics of each field and also at the patterns and
combinations of habitat types within the surrounding landscape. This was because waders may
use a variety of habitats during the breeding season: adult feeding areas may be different to
nesting areas, and chicks may be led away from the nest to chick-rearing areas. A variety of
habitat types may therefore be needed to provide optimal habitat for waders (Shrubb et al.
1991; Wilson et al. 2001).

Methods
The survey of waders was conducted in April - June 2003 using standard wader survey
methodology, which involves three dawn or dusk visits to each field in the survey area, usually
three weeks apart (O'Brien and Smith 1992). Surveyors walk to within 100m of every part of
each field and map wader observations as they walk, without attempting to locate wader nests.
The benefits of this method are that a large area can be surveyed in the time available and the
results reflect overall habitat use by waders.
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Sites were chosen by random selection of grid reference points within the enclosed areas of the
NYM National Park and selecting the nearest 100ha of fields around each point. Moorland,
coastline and woods and forests were excluded from the selection, as were fields less than
0.4ha, since these were likely to be gardens. Site selection was stratified to ensure that both
upland and lowland areas were represented, but with at least 75% upland sites, since it was
anticipated that upland areas would hold more waders than lowland areas. Lowland and upland
areas were differentiated by defining 5km x5km blocks as ‘upland’ if upland dales were present
within the area. In total, 50 sites were surveyed: 40 within upland dales of the National Park,
and 10 in lowland areas.
The number of breeding waders in each survey site was calculated using standard methods.
For curlews, the calculation of number of breeding pairs on agricultural fields is complicated by
the fact that curlews nesting on moorland are known to come down to in-bye fields to feed.
Therefore, three different calculations were used in the analysis. The first (Smith 1983) was
used to reflect curlew densities in terms of use of fields for foraging, while the other two are
more likely to reflect the number of curlews actually breeding in the fields themselves.
 Lapwing pairs: 0.5 x (maximum number of individuals seen on Visits 1 and 2) (Barrett &
Barrett 1984)
 Snipe pairs: maximum chipping or drumming birds seen on any one visit (Green 1985)
 Curlew pairs (Smith calculation): maximum pairs seen on any visit (Smith 1983) where
pairs are identified by paired birds, agitated behaviour of an adult bird or single birds not
in flocks.
 Curlew pairs (Grant calculation): 0.71(average no. individuals seen on Visits 1,2 and 3) +
0.1 (Grant 2000)
 Curlew pairs (Map assessment): Compare survey maps from the three visits to each
site. Pairs are identified by paired birds, agitated behaviour of a bird, or a single bird in
the same or nearby fields on more than one visit.
Habitat characteristics of fields were recorded during the wader survey, and further habitat
variables were later extracted from digitised maps of the survey area (Box 1). In total there were
2076 fields or sub-fields (some fields were sub-divided for the purposes of the analysis because
habitat types varied greatly) and a total survey area of 46.5 km2.
The relationships between the habitat variables and the presence/absence of the three species
of waders that were commonly found within the survey area (lapwing Vanellus vanellus, snipe
Gallinago gallinago, and curlew Numenius arquata), was explored using logistic regression
models.
Habitat variables
Habitat variables recorded during the survey







Sward height - (excluding rushes) recorded on each visit as short (0-10cm), medium (1020cm), or long (>20cm).
Rush cover - % cover of soft rush Juncus effusus (0,1, <5, 5,10, 20, 30, 40…100%).
Surface characteristics - % cover of new muck, old muck, molehills, poached ground,
grass tussocks or rank vegetation.
Stock type - presence/absence of sheep, cattle or horses, etc. on each visit.
Wet areas - % cover of wet areas within each field.
Vegetation type - for meadows and pastures, the vegetation of each field was classified
based on National Vegetation Classification (NVC) communities (Rodwell 1991, 1992).
Categories were Species-poor (‘improved’) grassland, Semi-improved grassland, Hill
1

pasture, Nardus grasslands, or Upland flush (Small & Norman 2003)
Habitat variables extracted from digitised maps of the survey area





Field area (ha)
Distance to nearest road, moorland edge, building (m)
Area of woodland within a 200m radius from the centre of each field
Presence/absence in neighbouring field of each of: wet area (either 1% or 5% cover),
short sward, >10% rush, arable crop, improved (species-poor) grass, semi-improved
grass, bare areas

Results
Wader population sizes in the enclosed fields of the NYM National Park
The number of pairs of breeding waders recorded within the 50 survey sites are shown in Table
1. As discussed in the methods, the Smith calculation for curlew is good for indicating the
density of curlews present in the fields, but the number of breeding pairs is likely to be nearer to
69 pairs (using the map assessment method), since a number of the birds recorded in the fields
are likely to be moorland breeders that have travelled to the fields to forage.
Densities of all three species were between two to four times higher on the 'upland' sites in this
survey compared to the 'lowland' sites (Table 1). In addition, densities of lapwing and snipe on
the ‘upland’ sites were also twice as high as those recorded on the NYM open moorland (Table
2), while curlew densities on the 'upland' sites were slightly below those on the NYM moorland.
Densities of lapwing, curlew and snipe were higher than the averages for the north of England
(Table 2). Lapwing, curlew and snipe densities were below those recorded in the North
Pennines, but comparable to those in the Yorkshire Dales National Park and South Pennines.
However, there were very few records of redshank and oystercatcher in this survey.
Table 1. Numbers and densities of pairs of breeding waders recorded within the North York Moors
In-bye and Lowland Farmland survey area

Total pairs
All sites
Density per km2
‘Upland’ sites
Density per km2
‘Lowland’ sites
Density per km2

Lapwing

Snipe

Curlew
(Smith
calculation)

Curlew
(Grant
calculation)

Curlew
(Map
assessment)

195

34

135

104.2

69

4.2

0.7

2.9

2.2

1.5

4.7

0.8

3.4

2.7

1.8

2.1

0.2

0.8

0.4

0.1
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The survey data suggests that 1.5% of the UK lapwing population, 1.2% of the UK curlew
population and 0.5% of the UK snipe population is breeding on the NYM in-bye and lowland
farmland. This means that the NYM National Park as a whole (in-bye and lowland farmland plus
open moorland, based on data from Shepherd 2000a) contains an estimated 2.2% of the UK
lapwing population, 6% of the UK curlew population, and 0.8% of the UK snipe population.
These results emphasise that the NYM National Park is an important area for breeding waders.
Another interesting result from the survey was that wader densities varied greatly across the
NYM National Park, with some sites, and even individual fields, containing very high densities of
waders while others, even in the same valley, contained very few or none. The high-density
fields are clearly critical to wader conservation within the NYM area.
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Table 2. Comparison of densities of breeding waders within the North York Moors survey area with other areas. Data shown are number of
breeding pairs per km, excluding non-wader habitat such as woods, houses and roads.

Lapwing
Curlew
(Smith
calculati
on)
Snipe
Redshan
k
Oysterca
tcher

North
York
Moors
in-bye &
lowland
farmlan
d
(this
survey)
4.2

Upland
sites
(this
survey)

Lowlan
d sites
(this
survey)

North
York
Moors
open
moor
(Shephe
rd
2000a)

Norther
n
England
(O’Brien
&
Murray
1998)

Yorkshi
re Dales
National
Park
(Shephe
rd
2000b)

Pennine
Dales souther
n sites
(Ullrich
&
Babbs
1998)

Pennine
Dales norther
n sites
(Ullrich
&
Babbs
1998

4.7

2.1

2.1

3.0

3.7

4.2

22.5

Balders
dale &
Lunedal
e,
North
Pennine
s (Small
et al.
1999)
22.7

2.9

3.4

0.8

3.9

1.7

3.9

4.4

7.1

8.0

0.3

0.9

0.6

4.4

5.5

0.7

0.8

0.2

0.4

0.0

0.0

0.0

0.0

0.2

0.6

0.0

2.9

5.9

0.0

0.0

0.0

0.0

0.6

1.8

1.3

3.2

4.6
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Wader Habitats
The results from the wader-habitat logistic regression models are shown in Table 3.
The ability of logistic regression models to correctly predict presence of birds is
strongest when the ratio between presence:absence is close to 50:50. In this survey,
birds were present in only around 10% of fields. It is therefore expected that the
models do not perform well in correctly predicting wader presence. Nevertheless they
are capable of identifying factors that are significantly related to wader distribution.
Table 3. Significant relationships between wader presence/absence and habitat variables, as
identified in the logistic regression models. The significance of each variable is calculated
based on the change in log likelihood of wader occurrence if the variable is removed from the
model (*** = p<0.001, ** = p<0.005, * = p<0.05).

Lapwing Snipe
Vegetation type
Vegetation height on Visit 1
Vegetation height on Visit 2
Vegetation height on Visit 3
Presence of wet areas
Surface features
Stock type
Slope
Field area
% rush cover
Distance to moor
Distance to nearest road
Wood in 200m radius
Neighbour with bare ground
Neighbour with wet areas >5%
Neighbour with semi-improved grass
Model Performance
% predictions that were correct
% presences correctly predicted
% absences correctly predicted

Curlew
***

***
*
***
***
***
***
***
***
**
***
**

90.1%
27.5%
98.3%

***
***

***
***
***
*

***
*

***

***
**

98.2%
0.0%
100.0%

86.8%
9.4%
98.7%

Lapwing
Lapwing distribution was strongly related to vegetation height, with lapwings
preferring fields with bare ground or short swards. Some of the highest lapwing
densities were on arable land with bare ground, such as bare plough fields, spring
sown cereals, or fields which had been recently reseeded. The importance of short
vegetation has been identified in previous research (e.g. Redfern 1982; Baines 1988)
and is likely to reflect ease of mobility (Galbraith 1989), and may also relate to the
ease of finding prey (Redfern 1982). Since replacement clutches are not laid in long
swards, sward height is also likely to affect the length of the breeding season
(Galbraith 1988).
Lapwing presence was also positively related to the presence of wet areas within
fields. In his study on breeding waders in Teesdale in the North Pennines, Baines
found that, in dry springs, chicks on drier fields grew at a slower rate, took longer to
fledge and fledged at lower weights, compared to chicks in fields with damper soil
and wet areas (Baines 1994). Previous research in the north of England has also
found lapwing distribution to be significantly related to the presence of wet areas
(O’Brien 2002; Small 2002).
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In grassland fields, lapwings also preferred fields in which the surface was not just a
smooth green surface but was mottled with other features, especially bare areas,
poached ground, rocks, molehills or muck spreading. In addition, lapwing densities
were higher in large fields, flat fields, fields without stock, fields close to the moorland
edge and fields away from roads and woodland.
Snipe
Snipe presence was strongly related to the presence of rush cover within fields, as
well as being positively related to fields with wet areas and those that were near
other wet areas, fields near the moorland edge, and fields away from roads. The
findings from this analysis support previous research that has demonstrated the
importance of soil moisture for snipe (e.g. Galbraith & Furness 1983; Green 1984;
Nairn et al. 1988). Snipe are considered the wader most vulnerable to drainage since
they depend upon being able to probe soils or mud with their sensitive bills. In this
survey, the average density of snipe in fields with wet areas which neighboured
others with wet areas was 4.8 snipe per km2 per visit, compared to 1.2 snipe per km2
per visit for isolated wet fields. Rushes are often indicative of moist ground, but snipe,
the most secretive of the five wader species, also use rush tussocks as cover and as
nest sites. In this survey, the average % rush cover for fields with displaying snipe
was 17%.
Curlew
The results from this analysis support previous research that has found that curlew
distribution is strongly related to the presence of wet areas in fields (Baines 1988;
Galbraith & Furness 1983; Nairn et al. 1988; Peel 1997). In this survey, curlew
densities were highest in fields in which wet areas covered at least 5% of the field
area.
The preference by curlews for shorter swards found in this study contrasts with
previous research that has found curlews related to longer vegetation heights
(Milsom et al. 1998; O’Brien 2001; Small 2002). The relationship to longer sward
heights is thought to reflect the fact that curlew use tussocky grass for their nest sites
(e.g. Baines 1988; Bibby 1988). In this study, the relationship to short swards may
reflect the fact that many of the curlew recorded are likely to have been moorland
birds coming down to the inbye to feed. It has previously been found that curlew have
a reduction in prey capture success in long grass (Berg 1993; Milsom et al. 1998).
In terms of habitat pattern, curlew were more likely to be found in fields near the
moorland edge, fields that were surrounded by other fields with wet areas and semiimproved grass, and fields away from roads.
Discussion
The results from this survey highlight three key points.
Firstly, the results identify the enclosed fields of the NYM National Park as important
areas for waders. Wader densities were comparable to those found in the Yorkshire
Dales National Park. Densities were highest in ‘upland’ sites near to the moorland
edge, and densities of lapwings and snipe in these areas were in fact higher than on
the moorland itself.
Secondly, the results also indicate that wader distribution varied greatly across the
sites, with some sites containing very high densities of waders while others, even in
the same valley, contained very few or none. This means that these populations may
1

be more vulnerable than is immediately apparent due to being focused in small
areas.
Thirdly, the habitat analysis supported previous research on wader habitat
preferences. This included identifying the importance of wet areas to breeding
waders, even if these wet areas are small (e.g. ≤5% field area). Rush cover was
important for snipe, and bare earth, short swards and surface features were
important for lapwings. In addition, waders preferred fields close to the moorland
edge, and lapwings and curlews preferred large open fields. Additional preferences
identified in this analysis were the preference by snipe for clusters of fields with wet
areas, and the preference of curlews in this survey for short vegetation height. The
latter may reflect the fact that many of the curlews recorded in this survey were
moorland breeders coming to the enclosed fields to feed.
In terms of management recommendations, short swards may be maintained through
grazing but, given knowledge of the impact of trampling on nest failure, preferred
habitat is likely to be those fields in which low soil fertility, herb-rich swards and high
soil moisture retard the growth of the sward, without requiring intensive grazing. The
encouragement of surface features in grass fields may sometimes be in conflict with
grass production (e.g. the encouragement of areas of poached ground, patches of
bare earth around feeding troughs or molehills). However, the survey found that even
small areas of these features were associated with higher lapwing densities. Muck
spreading was also associated with higher lapwing densities. The results suggest
there are benefits to be gained from having small clusters of fields with wet areas,
and revealed high densities of lapwings on arable fields such as spring sown crops
and bare plough.
What makes the importance of the NYM National Park especially interesting is that it
has few of the rushy allotment fields that are prime wader habitat in the North
Pennines. It also has lower rainfall than the Yorkshire Dales. However, in its favour,
the NYM National Park has a unique mix of pastoral and arable fields in close
proximity to heather moorland, and some less improved fields remain.
Moreover, the wader densities recorded in 2003 may have been lower than average
for the NYM National Park. In early 2003, there was less than half the average
rainfall in February, March and April, and this prolonged period of unusually dry
weather prior dried out many of the usually-damp areas in the in-bye fields. It is
possible that populations of waders, particularly snipe, which are most dependent on
access to damp ground, are even higher in most years.
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North York Moors Moorland wader survey 2005
Wilf Norman
Ornithologist
Introduction & methods
An in-depth study of the breeding success of four wader species, Lapwing, (Vanellus
vanellus); Golden Plover, (Pluvialis apricaria) Curlew, (Numenius arquata) and Snipe,
(Gallinago gallinago) was carried out over the 2005 nesting season using three
sample 1km squares from those surveyed as part of the North York Moors National
Park/RSPB funded moorland wader surveys carried out in 1996, (Charlton & Archer)
and 2000 (Shepherd). Meadow Pipit (Anthus pratensis) was initially included but
subsequently dropped from this survey. It was intended to ring as many wader
chicks as possible during fieldwork but this proved to be overly ambitious and few
were captured. A record was kept of all other bird sightings and potential avian,
mammalian and reptilian predator species.
The survey squares selected were No 33 (Northdale Rigg, Rosedale Moor), No 64
(Shooting House Hill, Spaunton Moor) and No 73 (Sleights Moor). The survey
period ran from 18 April to 17 July - 14 weeks requiring one and a half days per week
surveying time, equivalent to 21 days fieldwork in total. The squares were monitored
mainly on mornings and each took approximately four hours to check on each visit.
All registrations of birds were recorded within quadrats using the Brown & Shepherd
(1993) method employed in the 1996/2000 surveys. A Global Positioning System
hand unit enabled territories to be plotted with accuracy. Location of nests and
assessment of brood sizes was subsequently attempted by observation from suitable
fixed points where available. Quadrats are referred to throughout by compass
orientation e.g. NE SE etc.
Northdale Rigg, (Surveyed by WN 1996 & 2000), and Shooting House Hill, (surveyed
by WN 2000 only) are parts of moorland estates professionally keepered and
managed as grouse moors.
Both squares present complex habitat mosaics of different growth-stage heather
beds (Calluna vulgaris), burns etc. However, the Northdale eastern quadrats are
mainly enclosed rough pastures with rush stands and Shooting House Hill holds
extensive boggy flushes the length of the square. Sleights Moor (surveyed by WN
2000 only) is not professionally keepered and managed for grouse shooting and
exhibits little habitat mosaic. A portion of the north-west quadrat of this square is of
arctic tundra-like appearance with a mat of young heather in many places. The
north-east and south-east quadrats are blanketed with mature but generally poor
quality ling. The south-west quadrat also holds extensive beds of poor heather and is
much the boggiest quadrat of the four.
The weather conditions throughout the survey period with certain exceptions were
basically dry, mainly sunny or bright but cool with fresh breezes over April and early
May warmer and sunnier thereafter over June and July. However, a torrential rain
storm of 19 June and heavy 36 hour rainfall over 6-7 July caused considerable
mortality of young birds and the survey squares by the middle of July were virtually
bird-free zones with only a few Meadow Pipits and grouse to be found.
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Results
Comparison with results of 1996/2000 surveys (numbers of breeding pairs)
Table 1

Lapwing
96
00

Golden Plover
96
00
05
7
3
6
(1)

Curlew
96
00

05
05
7
1
6
3
5
8
(2)
Rosedale
6
3
6
2
2
4
5
8
9
(1)
Sleights
2
2
3
2
1
3
2
2
( ) = Replacement/late nests
[ ] = possible nesting pairs only
Spaunton

Snipe
96
00

05

-

-

[2]

-

1

[1]

-

1

[1]

The results from this survey compare quite favourably with the previous survey
results. This suggests the Brown & Shepherd method of censusing upland waders is
a reasonably reliable technique for establishing breeding pair densities. However, the
2005 figures include definite relay/replacement nests by Lapwing and Golden Plover
and this may not have been the case in the 1996 and 2000 surveys. Nonetheless
the improvement in Lapwing and Curlew nesting densities that occurred between
1996 and 2000 does appear to have been maintained.
Pair numbers and distribution
Table 2

Lapwing
Golden
Plover
Curlew
Snipe
Meadow
Pipit

Spaunton
NW NE
2
2

SW
2

SE
1

Rosedale
NW NE
1
3

SW
1

SE
1

Sleights
NW NE
-

SW
3

SE
-

3

2

1

1

1

2

1

-

-

-

-

-

2
-

2
[2]

1
-

3
-

2
-

2
[2]

3
-

2
-

-

-

2
-

[1]

3

2

2

1

2

1

2

2

5

4

4

1

Disappointingly few Snipe were recorded and no definite breeding pairs located.
Numbers of nests found
Table 3

Lapwing
Golden
Plover
Curlew
Red
Grouse

Spaunton
NW NE
2
-

SE
-

Rosedale
NW NE
1
2

SW
1

1

-

1

SE
1

Sleights
NW NE
-

SW
-

SW
1

SE
-

1

-

1

-

-

-

-

-

-

-

1

-

-

1

1

-

-

-

-

-

-

-

-

-

-

-

1

-

-

-

-

-
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Clutch sizes recorded for located nests
Table 3a

Lapwing

Golden
Plover
Curlew
Red
Grouse

Clutch
Size
4
3
2
4
2
4
10
7

Spaunton
NW NE
1
(1) 1
1
1
-

SW
(1)
1
1
-

SE
1
-

Rosedale
NW NE
1
1
(1)
1
1
1
-

SW
1

SE
1
-

Sleights
NW NE
-

SW
1
-

SE
-

Figures in parenthesis represent either replacement or late nesting attempts.
Finding nests proved far more time-consuming and difficult than expected. The
process also caused considerable distress to the birds therefore it was decided the
time spent on nest finding operations would have to be kept to a maximum of thirty
minutes.
Presumed total nest losses at Egg Stage
Table 4

Lapwing
Golden
Plover
Curlew

Spaunton
NW NE
1
-

SW
2

SE
-

Rosedale
NW NE
1
1

SW
-

SE
1

Sleights
NW NE
-

SW
2

SE
-

1

-

-

-

-

-

1

-

-

-

-

-

-

1

-

-

1

1

-

-

-

-

1

-

Losses additional to those from known nests were assumed when territories were
abandoned before the behaviour of the adult birds indicated young were present. both
avian and mammalian redation was suspected.
Total number of each brood size recorded for species
Table 5

Brood
Size
4
3
2
1

Golden Plover
Sp
Rd
1
1
3
1
2
1

Sl
-

Lapwing
Sp
Rd
1
2
3
1
-

Sl
1
-

Curlew
Sp
2
3
2

Rd
1
2
4
-

Sl
1
-

(Sp = Spaunton, Rd = Rosedale; Sl = sleights)
this aspect of the survey also proved difficult to achieve. The above figures were the
maximum brood sized recorded. On numerous visitis it proved impossible to catch
sight of even a single chick on some territories and these sites were classed as still
active and viable on the strength of the behaviour of the adult birds.
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Nest losses post hatching/pre fledging
Table 6

Lapwing
Golden
Plover
Curlew

Spaunton
NW NE
1

SW
-

SE
-

Rosedale
NW NE
-

SW
1

SE
-

Sleights
NW NE
-

SW
-

SE
-

-

1

1

1

-

1

-

-

-

-

-

-

1

1

1

1

1

1

1

1

-

-

-

-

Post-hatching/pre-fledging losses were assumed where adults were known to be
parenting young but territories were deserted before young could possibly have
fledged.
Overall total nest losses
Table 7

Lapwing
Golden
Plover
Curlew

Spaunton
NW NE
1
1

SW
2

SE
-

Rosedale
NW NE
1
1

SW
1

SE
1

Sleights
NW NE
-

SW
2

SE
-

1

1

1

1

-

1

1

-

-

-

-

-

1

2

1

1

2

2

1

1

-

-

1

-

1

Summary of wader pairs density and outcomes (by square)
Table 8

Total no.
pairs
Nests
Found
Known
Failed at
Egg Stage
Presumed
Total
Failures
Egg Stage
Failures
Post
Hatching/
PreFledging
Total
Failures
Post 19
June
Failures
%age
Nests
Successful
(Actual)
%age
Nests
Successful
(Projected)

Golden Plover
Sp
Rd

Sl

Lapwing
Sp
Rd

Sl

Curlew
Sp
Rd

Sl

7

4

-

7

6

3

8

9

2

2

1

-

3

4

1

1

2

-

1

-

-

2

2

1

1

1

-

1

1

-

3

3

2

1

2

1

3

1

-

1

1

-

4

4

-

4

2

-

4

4

2

5

6

1

2

1

-

1

1

-

3

3

-

43

50

-

43

33

33

38

33

50

71

75

-

57

50

33

75

66

50

(SP = Spaunton, Rd = Rosedale, SL = Sleights)
The catastrophic storm and rain deluge that affected the whole of the North York
Moors area on 19 June was almost certainly responsible for wiping out a significant
number of wader broods especially Curlew. Sleights Moor was the least affected by
the event as the downpour was less intensive to the east of the NYM than in the
west. Had some of the lost broods survived, the success percentages across the
board, as presented in Table 8, would have been higher.

1

Predators Recorded During Survey
Table 9

Spaunton
Maximum
Carrion
Crow
(Corvus
corone
corone)

Rook
(Corvus
frugilegus)

No.
Visits

Rosedale
Maximum

No.
Visits

Sleights
Maximum

No.
Visits

4

3

2

4

12

9

7

1

ca20

7

ca20

11

-

-

-

-

15

5

2

2

12

4

6

6

-

-

2

1

-

-

1pr

4

-

-

-

-

1

3

1

4

2

3

Jackdaw
(Corvus
monedula)

Herring Gull
(Larus
argentatus)

Lesser
Blackbacked Gull
(Larus fuscus)

Merlin
(Falco
columbarius)

Kestrel
(Falco
tinnunculus)

Fox
(Vulpes
vulpes)

Stoat
(Mustela
erminea)

Adder
(Vipera berus)

Evidence only from scats at all three sites
-

-

-

-

1

1

-

-

1

1

-

-

No Weasels (Mustela nivalis) were recorded.
Other species recorded
The most frequently encountered species not monitored was Red Grouse. Wren
(Troglodytes troglodytes), Wheatear, (Oenanthe oenanthe), Green Sandpiper,
(Tringa ochropus), Ring Ouzel (Turdus torquatus), Skylark (Alauda arvensis),
Pheasant (Phasianus colchicus) and Brown Hare (Lepus capensis) were recorded in
small numbers. Disappointingly, no migrant raptors were seen.
Discussion
It quickly became apparent that areas of fresh burn (i.e. burns which occurred pre
this season) were virtually no-go areas for birds. Not one breeding pair of any
species was logged on any of them. A superficial assessment of the apparent nesting
habitat preferences of the wader species indicated Lapwings invariably preferred flat,
fairly bare ground with damp areas and ideally some grass in the vicinity. Golden
Plover preferred two year old plus burn where woody heather stems were breaking
down or, where a hot burn had originally taken place, the surface of the moor was
1

tundra-like with a mosaic of ground hugging mosses, lichens, and young heather still
interspersed with bare spots. However, one Rosedale nest was actually in the
enclosed in-bye fields – a rare, possibly unique event in the North York Moors.
Lapwing nest sites appeared to have greater all round visibility than those of both
Golden Plover and Curlew. The latter’s nest sites mainly held taller vegetation,
heather and rushes and were always adjacent to damp or boggy areas.
It is generally accepted that the preferred habitat of Snipe is farmland pastures
holding damp areas and reasonable patches of rushes. This is the case in the North
York Moors (Small, 2003; Small & Norman 2003). Nonetheless Snipe do normally
occur in reasonable numbers on the moorland tops, (Shepherd 2000); therefore the
paucity of records from this survey was rather surprising.
The much poorer returns for Sleights Moor against those for Spaunton and Rosedale
was very pronounced. It seems likely that a combination of a lack of moorland
habitat management and predator control lies behind Sleights' low density of
breeding waders and grouse, although the relative importance of these two factors
cannot be distinguished from this study. It has been shown that the highest densities
of breeding waders in the North York Moors occur on moorland estates actively
habitat-managed for grouse (Charlton & Archer (1996), which Sleights Moor is not.
Initial results of the Upland Predation Experiment at the Army Training Estate at
Otterburn (Hoodless & McKendry 2003) indicate that species of waders may well
benefit from predation control on moorland.
It was not possible to meet all the targets set for this project. A vehicle, trained dog
or portable hide would have been an immense help towards nest location, more
accurate assessment of brood sizes, and associated capture of chicks for ringing.
Should a similar survey be contemplated at a later date, serious consideration should
be given to the provision of this kind of assistance.
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Bird surveys on Fylingdales Moor in 2005
John Edwards
The Hawk and Owl Trust, C/O Lastingham Lodge, Low Street, Lastingham, North
Yorks. YO62 6TJ
Introduction
In 2004, agreement was reached between the owner of Fylingdales Moor, English
Nature, the North York Moors National Park Authority and the Hawk and Owl Trust,
that the area (about 7,000 acres) should be regenerated and managed exclusively
for the benefit of wildlife and natural features. Initially, the aim has been to initiate a
series of surveys of the flora and fauna of the moor, and to use this “baseline”
information (together with the results of previous studies and surveys) to help devise
an appropriate management plan for the future. In 2005, teams of volunteers began
surveying birds, small mammals and wildflowers. In addition, we are working with
field workers from Butterfly Conservation (studying Large Heath and Small Pearlbordered Fritillary) and ecologists from the North York Moors National Park and
English Nature (studying Water Voles). This report summarizes and discusses the
results of the first year’s bird surveys on Fylingdales Moor.
Methods
The surveys were based on a simplified version of the British Trust for Ornithology’s
(BTO) Breeding Bird Survey (BBS) methodology. Eight one-kilometre squares were
surveyed during 2005. The squares surveyed were (OS grid ref, South West corner):
NZ 96/00; NZ 90/00; NZ 90/03; NZ 95/00; SE 90/98; SE 94/98 and SE 92/99. These
squares were selected to give a reasonable coverage of whole of Fylingdales Moor,
and to be representative of the different habitats present in the area. In addition, we
were given access to equivalent data from the BTO BBS survey conducted on an
adjoining square (NZ 94/00). In conducting the surveys, volunteers made two (main)
survey visits each year (one in late April to mid May, and a second between mid May
and early July) to each allocated square. Volunteers walked two 1 kilometre
“transects” in each square, and counted and recorded the numbers of each different
bird species seen. All surveys were conducted in the early morning, and volunteers
were asked not to begin surveys after 09.00 a.m., or if weather conditions were poor
(strong wind or heavy rain). This survey method gives a “snapshot” of the different
species present and of their relative abundance on the moor during the breeding
season and, repeated each year, allows comparative data to be accumulated. The
results from 2005 (the first survey year) are summarized below.

Results
Fifty different bird species were recorded on the selected squares during the formal
(main) surveys. Several other species (e.g. Ring Ouzel (Turdus torquatus) Red Kite
(Milvus milvus)) and Hen Harrier (Circus cyaneus) have been seen on the moor, but
were not recorded during the formal surveys. Other notable species, recorded
outside the survey season, included Short-Eared Owl (Asio flammeus) and Great
Grey Shrike (Lanius excubitor). A list of the species recorded during the formal
surveys, together with an index number of their relative abundance 1 is presented in
1

Relative abundance. Usually measured on a log scale, this is a measure of a species’
abundance (e.g. the number of individuals) relative to the abundance of other species.
1

Table 1. Species marked with two asterisks are UK red-listed species (of high
conservation concern) and those marked with a single asterisk are UK amber-listed
species (of medium conservation concern) (RSPB, 2002).
The Meadow Pipit (Anthus pratensis) was the most commonly recorded species
during the formal surveys, with 211 individuals being recorded on the squares. This
species was also one of the most widely distributed species, being present on 7 out
of the 8 squares surveyed (NOS=7), giving an index of relative abundance (IRA) of
1477. Wood Pigeon (Columba palumbus) and Carrion Crow (Corvus corone) were
also recorded on at least 7 squares, although in far fewer numbers than the Meadow
Pipit.
Table 1. Bird species recorded on Fylingdales Moor during formal surveys in 2005.
Species are listed in order of their index of relative abundance (IRA), together with
data on the number (out of 8) of 1km squares on which they were recorded (NOS).
SPECIES
Meadow Pipit *
Wood Pigeon
Herring Gull *
Carrion Crow
Swallow *
Skylark **
Wren
Curlew *
Red Grouse *
Willow Warbler
Linnet **
Swift
Chaffinch
Kestrel *
Blackbird
Robin
Great Tit
Reed Bunting **
Yellowhammer **
Redpoll *
Wheatear
Cuckoo *
Golden Plover
Blue Tit
Whitethroat
Crossbill

IRA
1477
371
354
320
204
170
168
150
78
75
57
48
44
32
24
16
14
12
12
11
10
8
8
8
8
8

NOS
7
7
6
8
6
5
6
5
6
5
3
3
4
4
3
2
2
3
2
1
2
2
1
1
2
1

SPECIES
IRA
Goldfinch
6
Greylag Goose * 5
Greenfinch
4
Merlin *
4
Goldcrest
4
Willow Tit **
4
Pheasant
4
Blackcap
3
Whinchat
3
Pied Wagtail
3
Sparrowhawk
3
Coal Tit
2
Long tailed tit
2
Stonechat
2
Redstart *
1
Grey Heron
1
Dunnock *
1
Wood Warbler *
1
Rook
1
G.Sp Woodpecker 1
Grey Wagtail *
1
Bl-headed Gull * 1
Lapwing *
1
Snipe *
1

NOS
2
1
2
2
2
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Most of the other species recorded were less common and/or less widely distributed,
although Skylark (Alauda arvensis) Wren (Troglodytes troglodytes) Red Grouse
(Lagopus lagopus) Curlew (Numenius arquata) and Willow Warbler (Phylloscopus
trochilus) were reasonably well distributed, being recorded on at least 5 squares.
Other species such as Redstart (Phoenicurus phoenicurus) Great Spotted
Woodpecker (Dendrocopos major) and Grey Wagtail (Motacilla cinerea) were only
recorded once, and only on one square. Of the more “typical” moorland species, the
surveys indicated reasonable numbers and distribution of Curlew and Red Grouse,
but rather disappointing numbers of Golden Plover (Pluvialis apricaria) and very low
numbers of Lapwing (Vanellus vanellus) and Snipe (Gallinago gallinago). Several of
1

the species recorded are either red- or amber-listed as UK species of conservation
concern (Table 1.).

Discussion
There is relatively little that can be extensively discussed on the basis of the data
obtained in this first Fylingdales Moor bird survey. It is anticipated that future surveys
will provide a more definitive and comparable picture of the range of species present
on the moor, and of any substantial changes in population and distribution.
Nevertheless, even these preliminary results provide information that will be useful in
helping to develop an appropriate habitat management plan for the area.
It will be no surprise to most people familiar with the avifauna of the North York
Moors, that by far the most abundant species recorded during the surveys was the
Meadow Pipit. However, the apparent abundance of this, and of some other small
passerine species (e.g. Skylark and Wren) suggests that there is ample food supply
for other species such as the Merlin (Falco columbarius) – a small bird of prey that
feeds predominantly on small birds, especially Meadow Pipits (Wright, 2005; Trobe,
1990).
In general, the surveys recorded the presence of species that might be expected to
occur on a northern moor. Thus, it was encouraging to receive records for Red
Grouse, Curlew, Golden Plover, Stonechat (Saxicola torquata) and Wheatear
(Oenanthe oenanthe), but rather disappointing that there appeared to be so few
Lapwing and Snipe. The reasons for the apparent paucity of the latter two species
are not clear, but it is hoped that a programme of predator control (particularly Foxes
and crows) will result in increased numbers of these and other ground-nesting
species.
Because the main surveys were conducted during the main breeding season, it is
reasonable to assume that the majority of species recorded during the surveys were
breeding on the moor. It is equally likely that some of the other species recorded (e.g.
Swallow (Hirundo rustica) and Swift (Apus apus)) were not breeding on the moors
(because of lack of suitable nest sites). Similarly, the relatively high numbers of
Wood Pigeon and Herring Gull (Larus argentatus) probably reflect the proximity of
forestry/farmland and the North Sea coast respectively, rather than the presence of
these as breeding species on the moorland.
Although the majority of squares surveyed comprised predominantly of open heather
moorland, some squares were adjacent to large areas of forestry, and one square
contained substantial areas of open rough grassland and wooded slopes bordering a
small beck. It was mainly in this square that the more “unusual” species (certainly for
moorland habitats) were recorded. Thus, this square reflected the diversity of habitat
within the Fylingdales Moor area, and produced records for species such as Redstart
and Wood Warbler (Phylloscopus sibilatrix).

Further Work
Starting in 2006, we intend to extend these surveys to cover between 10 and 12 onekilometre squares.
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Survey of Ring Ouzel territories in Rosedale and other areas of the
North York Moors National Park
K. S. Hutchinson
White Gate Cottage, Church Lane, Thornton le Dale, North Yorkshire, YO18 7QL
Introduction
The ring ouzel Turdus torquatus is a summer migrant to Europe and Fenno-Scandia,
where it is characteristically associated with upland areas. The British population has
declined steadily since the early 20th century, and the species' range contracted by
27% between 1970 and 1990. A national survey in 1999 suggested that this decline
was continuing and estimated that fewer than 7,600 pairs remained. As a result, the
ring ouzel was red-listed in 2003 and is now a species of high conservation concern
in Britain. Both British and continental ring ouzels winter in similar areas of Spain and
north-west Africa, and whereas the species has declined in Britain, its numbers are
thought to be relatively stable on the continent. Therefore, it is thought that the
decline in British breeding ring ouzels is due to factors in Britain, rather than
elsewhere.
A survey of ring ouzel territories in the North York Moors started in 1999 with the core
study area centred on Rosedale. This area had been chosen chiefly for its ease of
access, its popularity as a recreational area and that through sustained effort in the
one area it was hoped to gain a better understanding of long term population levels
and trends. The survey has been conducted each year apart from 2001 when foot
and mouth prevented access.
Methodology
The period of study was from late March to mid July. The criteria applied to
determine the holding of a territory was based on that used in The New Atlas of
Breeding Birds (Gibbons et. al. 1993). A territory being confirmed when the criteria
for Confirmed or Probable status was met. Essentially, when the male was singing
or when adult birds were noted feeding young. The use of a tape lure also provided
evidence of territory occupancy through the ring ouzel’s noted response.
One of the key aspects of the study has been the detailed survey of the ring ouzel’s
habitat in an attempt to gain an understanding of the fine-scale cues used by nesting
ring ouzels and to define the characterising features of a nest site within a ring
ouzel’s nesting area. The sampling protocol used in conducting the habitat survey
was based on the Burfield method (Burfield, I. J. 2002). To obtain the percentage
ground cover within the nest area eight equally spaced transects radiating out from
the nest for a distance of 200 metres were sampled at 25 metre intervals. At each of
the 64 sampling points the percentage cover of various vegetation types lying within
a 1m2 quadrat were recorded to the nearest 5% by eye. Ground cover at the nest
site was recorded by centering a 1m2 quadrat over the nest. Details recorded at the
nest site also included: vegetation height; nest aspect; gradient; and, elevation. This
work was carried out at the end of the nesting season in early September. The
transects and sampling points were established using a GPS receiver. By 2005
some 15 nest sites and 13 nest areas had been surveyed using this method (see
Figure 2).
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Results
Figure 1: Tetrads recorded as holding a ring ouzel territory between 1999 and 2005
in the North York Moors National Park

Tetrad (2x2km) where ring ouzels
have been recorded as holding
territory between 1999 and 2005.
10km square where there has been no
confirmation of ring ouzels breeding
since the 1968-1972 BBA survey.

National Park Boundary

Table 1: Ring ouzel territories recorded in the Rosedale area between 1999 and 2005.

No.

Location

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
TOTAL

Spaunton Moor - Spindle Thorn
Spaunton Moor - Loskey Ridge 1
Spaunton Moor - Loskey Ridge 2
Rosedale West - Bank Top
Rosedale West - Bank Top east
Rosedale West - Hob Crag
Rosedale West - Thorgill Bank
Rosedale West - Thorgill Head
Rosedale West - Sheriff’s Pit
Rosedale West - Round Hill (south)
Rosedale West - Round Hill (central)
Rosedale West - Round Hill (north)
Rosedale West - Sledge Shoe Bents
Rosedale West - Matty Carr Hill 1
Rosedale West - Matty Carr Hill 2
Rosedale West - Lion Inn
Rosedale West - Dale Head North
Rosedale West - Dale Head West
Rosedale East - Dale Head East
Rosedale West - Dale Head South
Rosedale East - Reeking Gill
Rosedale East - Nab Scar
Rosedale East - Sturdy Bank

Year
99 00
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Table 2: Ring ouzel sightings recorded in areas of the North York Moors other than the
Rosedale area between 1999 and 2005.

No.

Location

Year Recorded

1.
2.
3.

Arden Great Moor
Baysdale - Armouth Wath (north)
Baysdale - Armouth Wath (south)
Bilsdale West Moor - Staindale
Fm

2000.
2002.
2000, 2002.

4.

2003.

1999, 2000, 2002, 2003,2004,
2005.
6.
Bransdale East - Shaw Rigg
1999, 2000, 2002, 2004, 2005.
7.
Bransdale East - Rudland Rigg
2005.
8.
Bransdale East - Bog House
2005.
9.
Bransdale West - Bonfield Gill
1999, 2000, 2002, 2003.
10.
Bransdale West - Pockley Moor
1999, 2003, 2004, 2005.
11.
Bransdale West - Cinderhill Wath 2004.
12.
Farndale - Blakey Crossing.
1999.
13.
Farndale - Gill Wath
1999.
14.
Farndale - Middle Head
2000.
15.
Farndale - Rotten Hill
2002.
16.
Fryup Dale - Dale Head
2000.
17.
Great Ayton Moor - 1.
2002, 2003.
18.
Great Ayton Moor - 2.
2002, 2003.
19.
Great Ayton Moor - 3.
2003.
20.
Great Ayton Moor - 4.
2003.
21.
Ingleby Moor - Burton Howe
1999, 2002.
22.
Kepwick Quarry
2003.
+
23.
Lockton High Moor
2004, 2005.
24.
Northdale - North Gill
1999.
25.
Northdale - West Gill
1999.
26.
Scugdale - Far Moor
2002.
27.
Snilesworth Moor - High Arnsgill
2000, 2003.
28.
Tripsdale West - Midge Hole
2002.
29.
Urra Moor
2002.
30.
Westerdale East - Esklets Crag
2002, 2004.
31.
Westerdale West - High House
2002.
+
These were likely to be Fenno-Scandia passage migrants.
5.

Bransdale East - Ousegill Bridge
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Table 3: Summary of annual breeding results at ring ouzel nest sites in the Rosedale area of
the North York Moors.
Year

Pairs

Laying pairs
nd
(including 2
clutches)

Pairs that
hatched
young
(including
nd
2 broods)

Successful
nests
(including
nd
2 broods/
attempts)

Pairs that
failed
completely

Total
young
fledged

Average
brood
size

Fledged
young
per pair

2000
2002
2003
2004
2005

1
1
6
4
4

1
1 (1)
6 (2)
4 (1)
4 (2)

1
1
5 (1)
4 (1)
4 (1)

1
1 (1)
3
2 (1)
4 (2)*

0
0
2
1
0

4
4
11
8
13

4
4
3.66
4
3.25

4
4
1.83
2
3.25

* One pair had two unsuccessful attempts before being successful at the third attempt.
Figure 2: Mean percent values of ground cover measured at ring ouzel nesting areas and
sites in the Rosedale area of the North York Moors
Percent

Figure 2: Mean percent values of ground cover measured at ring ouzel nesting areas and sites in the
Rosedale area of the North York Moors.
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Figure 3: Location of ring ouzel nest sites in the Rosedale area of the North York Moors
(n=21)
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Figure 3: Location of ring ouzel nest sites in the Rosedale area of the North York Moors (n=21).

Discussion
The breeding ring ouzels of the North York Moors are an isolated community whose
nearest neighbors are to be found on the Pennines some 50 kilometres to the west.
Within the North York Moors National Park, breeding ring ouzels are found almost
exclusively above the 250 metre contour (the tree line in the national park). This
concentrates the breeding population to the higher ground found on the westerly side
of the Moors, with those seen on the east side most likely to be Fenno-Scandia
passage migrants. Lockton High Moor is one such place where annual gatherings of
up to 12 ring ouzels have been seen in mid to late April lingering for a week or so
before heading of to Scandinavia (Scandinavian ring ouzels return to their breeding
ground a month later than those breeding in Britain). Figure 1 clearly shows the
east/west split with all recorded territories between 1999 and 2005 found entirely on
the west side of the National Park.
The Breeding Bird Atlas (BBA) survey of 1968/72 showed 13 10km squares across
the Moors National Park contained breeding ring ouzels, reduced to just five squares
by the second BBA survey in 1988/91. Over the period 1999-2005 ring ouzels have
been recorded as holding territory in nine of the 13 10km squares of the first BBA
survey. Several visits to square NZ71 have failed to find evidence of breeding ring
ouzels, though suitable habitat appears to be present in parts of this 10km square.
Likewise, visits to square SE89 produced no proof of breeding ring ouzels despite
anecdotal evidence to suggest breeding took place in Thack Sike on Lockton High
Moor over 20 years ago. Most of squares SE58/68 appear to be unsuitable for
breeding ring ouzels and their recorded presence in the first BBA survey needs
further investigation.
The more detailed study that has taken place in the Rosedale area between 1999
and 2005 has identified 23 ring ouzel territories - though not all are occupied in any
one year. Of these, 15 have been used three or more times with some, such as Hob
Crag, Sheriff’s Pit and Sledge Shoe Bents, proving to be annual favorites. Taken
1

over the period of the study the annual number of occupied territories in the
Rosedale area averages out at 13 (discounting the 1999 total when only a partial
survey of the dale was carried out). This figure has varied from a low of nine in 2000
to 16 in both 2002 and 2003. Ring ouzels are notoriously difficult to find and if
anything the figures for Rosedale err on the low side and are likely to be higher.
With just six years of data, the number of ring ouzels breeding on the North York
Moors is difficult to quantify with any degree of certainty, though the number of
sightings suggests a ‘healthy’ population. In the core study area around Rosedale a
pattern has yet to emerge, though the view here is that the ring ouzel population is
relatively stable, showing an annual fluctuation typical of a migratory species with
some years being better than others. Work over the next few years will add further
data and hopefully show this to be the case in a quantifiable way.
Acknowledgements
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5.

Reptile recording

The Adder is probably a familiar species to many people who work on or visit the
North York Moors but there is a huge disparity between this informal knowledge and
the data available to decision makers. As a characteristic reptile of both upland and
lowland heaths which might be sensitive to changes in habitat quality, Adder has
been proposed as a Regional Biodiversity Indicator Species. However, this status
means little in the absence of baseline surveys to establish its current status and
distribution, and allow future monitoring of trends.
As part of a wider study to assess the current status of reptiles in Yorkshire, the
North & East Yorkshire Ecological Data Centre undertook surveys at four study sites
in the North York Moors National Park in 2003-2004 (Pickles)
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Reptile Surveys in the North York Moors
Summarised and adapted by Simon Pickles in large part from Mortimer (2005)
North and East Yorkshire Ecological Data Centre (NEYEDC)
St William’s College, 6 College Street, York, YO1 7JF
Introduction
In 2003, the Regional Assembly for Yorkshire and the Humber recognised a
provisional list of Regional Biodiversity Indicator Species, and undertook to ratify
these as regional indicators when it could be demonstrated, by the appropriate
statutory bodies, that they could be effectively monitored. This candidate list of
indicators included the adder.
Consideration of the data readily available through the National Biodiversity Network
(NBN) to provide a baseline for distribution of the adder in the region suggested that
the available information provided a poor indication of the species’ true distribution.
This view was reinforced by an article in the Yorkshire Naturalists’ Union Bulletin
(Sunter & Howe, 2002) in which the authors commented on the notable lack of
knowledge of the current status and distribution of herptofauna in the Yorkshire
Region. They went on to suggest that the apparent distribution was significantly
influenced both by variations in survey effort across the region and by failures in data
networks to place survey results in the public domain.
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Concern was increased by the fact that only four of the nationally available records
for adder post dated 1990, with no records in the decade prior to the beginning of the
project. Despite these concerns over data, the North York Moors National Park
emerged as a likely stronghold of this species in the Yorkshire and Humber Region.
In response to this situation, NEYEDC undertook to develop a long-term iterative
survey of reptiles in North Yorkshire. The aim of the survey was to revisit sites with
historic reptile records, and in particular adder records, and to establish current
records for all reptile species present. Adjacent areas with habitats suitable for
reptiles would then be identified and the survey rolled out. In this way it was hoped
that habitat used by reptiles and the spatial continuity of reptile populations could be
investigated in addition to their distribution. As part of this initiative, a number of sites
were selected within the North York Moors National Park.
In Spring 2003, NEYEDC established reptile surveys at three sites on the North York
Moors, for which recent unconfirmed / anecdotal reports of adders had been made.
The methods used were based upon guidelines given in the Herptofauna Workers’
Manual (JNCC, 1998) and in various published papers (Riddell, 1996; Inns, 1996;
Reading, 1996). In 2004, reptile surveys were continued at two of the previous sites,
and an additional candidate reptile site was added. Site descriptions are given below.
Wykeham Forest (surveyed 2003 – 2004) – Owned by the Forestry Commission,
this site consisted of an open field of unimproved neutral grassland surrounded by
woodland. Tufted hair grass (Deschampsia caespitose) was frequent within the long
sward. Scattered patches of gorse (Ulex europaeus) were also recorded at the site.
This site was relatively sheltered, with a northerly aspect. It had intermittent light
grazing in both 2003 and 2004.
RAF Fylingdales (surveyed 2003 – 2004) – Owned by the Ministry of Defence, with
no public access and situated within the North York Moors SSSI, this site had varied
topography with a mosaic of habitats including short-grazed unimproved grassland,
wet heathland, dry heathland and scrub woodland.
Fen Bog (surveyed 2003) – Land owned by the North York Moors National Park
Authority (NYMNPA) and within the North York Moors SSSI. The site is an extensive
flat exposed area in close proximity to the road and is dominated by mature heather
(Calluna vulgaris).
Fen Bog Nature Reserve (surveyed 2004) – This site is close to the previous site
and is also within the North York Moors SSSI, but it is under the management of the
Yorkshire Wildlife Trust (YWT). The survey was set up to encompass the varied
topography of the site, from flat marshy areas near to Ellerbeck to rocky outcrops and
small cliffs. Some of the site was dominated by Bracken (Pteridium aquilinum).
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Methods
At each site twenty sheets of metal, approximately 50cm x 50cm in size, were
positioned in four transects, (each with five stations), to act as artificial refugia to
attract all species of reptile. The refugia in each transect were set up 15 metres apart
from each other, along a North – South axis where possible (though topography
made this difficult at some sites). On each visit the refugia were checked for animals
underneath and the ground scanned for reptiles basking in the open whilst walking
between the refugia. A note was made of any non-reptile species found in
association with the refugia.
At Fen Bog and Wykeham Forest the refugia were established on 31st March 2003.
Due to unavoidable delays, the refugia at RAF Fylingdales were not set up until 29th
April 2003. These were checked regularly during periods of suitable weather
(approximately every four to six weeks) throughout the field season, the last visit
being made on 26th September 2003. The refugia at RAF Fylingdales and Wykeham
Forest were left in place over the winter and monitoring continued in 2004. The
refugia at Fen Bog were moved to the YWT Fen Bog nature reserve on 16th March
2004.
Results
Adder (Vipera berus) was recorded several times at RAF Fylingdales and Wykeham
Forest. Individuals were mostly seen out in the open basking rather than under the
refugia. One of the adders recorded at RAF Fylingdales in 2003 was a recent
hatchling. At Wykeham Forest, in the Spring of 2004, a male and female were seen
on top of an artificial refuge performing their courtship ritual.
Common Lizard (Lacerta vivipera) was recorded at all four of the sites. Some
individuals were found under or on top of the refugia, whilst others were out in the
open basking, away from refugia. An interesting bright green colour variation of the
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common lizard was found at the Fen Bog site in 2003. One of the lizards spotted at
RAF Fylindales in 2003 was immature, its size suggesting it had recently been born.
A single slow-worm (Anguis fragilis) was recorded under a refugia at RAF
Fylingdales in 2003. Several more werer recorded at this site in 2004. Slow-worms
(adults and juveniles) were regularly found under refugia at Fen Bog nature reserve
in 2004. This species was never found on top of or away from refugia.
There were no sightings of grass snake (Natrix natrix) during any of the surveys in
either 2003 or 2004.
In 2003, the most animals were seen on the 29th August, when air temperature was
between 12 and 15o C, cloud cover was high but with sunny spells, following periods
of heavy rain. In 2004 the highest number of reptiles was recorded on 13th July, when
air temperatures were similar and weather conditions were dry with light winds and
approximately two-thirds cloud cover.
Table 1 summarises the results.
Table 1: Presence of each reptile species at each site, with the maximum number
recorded on a single visit
Site name
Wykeham Forest
RAF Fylingdales
Fen Bog (NYMNPA)
Fen Bog nature
reserve (YWT)

1km grid
reference
SE9389
SE8697
SE8598
SE8598

Common
lizard
 (1)
 (2)
 (1)
 (1)

Adder
 (2)
 (3)

Slowworm

Grass
snake

 (4)
 (5)

Discussion
The study sites were clearly all suitable for reptiles, as at least one species was
recorded at each. Common lizard was the only species to be found at all four, which
suggests that this species is either less selective in its choice of habitat or is more
amenable to the use of refugia. The presence of immature adder, common lizard (at
RAF Fylingdales) and slow-worm (at Fen Bog nature reserve) confirms breeding of
these species at these sites in recent years. It is likely that slow-worm also breeds at
RAF Fylingdales since dispersal abilities are poor and therefore slow-worms would
probably not have travelled any great distance from adjacent land. At sites where
slow-worm has been recorded, the results suggest that this species occurs in higher
numbers than the other reptile species, although this may be a result of refugia being
more successful for surveying the slow-worm, as they tend to use refugia more than
the other reptiles (JNCC, 1998; pers. obs.).
Although the habitat at RAF Fylingdales, Wykeham Forest and Fen Bog nature
reserve appeared suitable for grass snake, none were found. This is not surprising as
there have not been any recent records of this species in that part of North Yorkshire.
It is not clear, however, if this is due to absence of grass snake or lack of recording
effort.
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Further work
NEYEDC was unable to continue the reptile survey work in 2005, due to shortages of
both full time and volunteer staff, however, work should commence again in the 2006
field season, where additional sites will be added to the programme in close proximity
to those described above.
It is hoped that the survey can gain support as a result of the development of the
National Amphibian and Reptile Recording Scheme and the consequent upsurge in
local interest in Herptofauna, which has led to the recent formation of a Yorkshire
Amphibian and Reptile Group.
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6.

Invertebrate studies

The North York Moors National Park supports several invertebrate species identified
as Priority Species for conservation in the UK Biodiversity Action Plan. For the most
part these are not moorland species. The Freshwater Pearl Mussel (Margaritifera
margaritifera) maintains a small and dwindling population in the River Esk which is
the subject of Environment Agency research whilst the native White-clawed Crayfish
(Austropotamobius pallipes) occurs in the more base-rich Rye and Derwent. The
stiletto fly Cliorisma rustica is associated with exposed riverine sediments on the Rye
whilst there are historic records of two Priority Species of river shingle beetle from the
upper Derwent. Calcareous seepage fens on the Jurassic limestone at the southern
edge of the Moors provide habitat for the soldier fly Odontomyia hydroleon and the
whorl snail Vertigo geyeri.
Although not a moorland species per se, the Pearl-bordered Fritillary butterfly
(Boloria euphrosyne) is associated with the mosaic of habitats transitional between
heathland, woodland and enclosed grassland which we refer to vaguely as the
‘moorland fringe’. Sam Ellis’ study of the sole surviving metapopulation in the
National Park is included in this Review to highlight the importance of such
transitional habitats for biodiversity. Moreover, this species is closely associated with
open stands of bracken, emphasizing that bracken sometimes needs managing in
the interests of biodiversity, not simply eradicating!
More intimately associated with moorland are two other butterflies of conservation
concern, the Small Pearl-bordered Fritillary (Boloria selene) and the Large Heath
(Coenonympha tullia). These have been the subject of recent surveys to improve our
understanding of their distribution and habitat requirements within the National Park,
as reported in this chapter by Sean Clough and Dave Wainwright respectively.
Much less amenable to monitoring is the water beetle Helophorus tuberculatus,
which may (or may not) be a threatened species in Britain (Hammond, in this
chapter). It is a specialist of temporary pools or rivulets on charred or bare peat and
as such is an interesting component of the National Park’s invertebrate fauna.
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The conservation of the Pearl-Bordered Fritillary Butterfly in bracken habitats
on the North York Moors
Sam Ellis
Butterfly Conservation
Introduction
Bracken Pteridium aquilinum (L.) Kuhn is usually considered of little agricultural or
wildlife value, but in lowland habitats under 300m, the presence of Bracken on open
hillsides and within woodland clearings can be vital to several species of highly
threatened fritillary butterflies. Suitable Bracken habitats occur in sunny, sheltered
situations where there is a mix of grass, Bracken and scrub. The Bracken acts as a
woodland canopy suppressing excessive growth of grass during the summer, whilst
supporting a spring ground flora of both grassland and woodland plants, including
abundant violets, the larval foodplant of most fritillary butterflies. In the spring, the
dead Bracken litter and standing trash provides a warm microclimate for the
developing larvae. Suitable Bracken habitats occur on neutral to slightly acid soils,
but Bracken on more acid soils where violets are rare or absent, or in exposed
upland areas is unsuitable for these butterflies.
The Pearl-bordered Fritillary Boloria euphrosyne L. is one of the most threatened and
fastest declining butterflies in Britain, having been lost from 60% of the 10 km2 in
which it was recorded in 1970-82 (Asher et al 2001). There are recent records (199599) from only 262 10 km2, representing about 350 discrete breeding colonies.
As well as breeding in well-drained Bracken habitats, the butterfly can also be found
in woodland clearings, usually in coppiced or recently-felled woodland and in open
deciduous wood-pasture in Scotland, typically on south-facing edges of Birch Betula
spp. or Oak Quercus spp. woodland where there are patches of dense Bracken and
grazing by deer and/or sheep. In all habitats, the larval foodplant, principally
Common Dog-violet Viola riviniana Reichenbach, is abundant and grows in short,
sparse vegetation, where there is abundant leaf litter which provides the warm
microclimate. Other violets, such as Heath Dog-violet Viola canina L. and further
north, Marsh Violet Viola palustris L., may be used in some habitats.
The recent decline has been most severe in Wales, where it has died out in all but a
few areas, and England, where it has disappeared from most eastern and central
counties. The decline of the Pearl-bordered Fritillary has been largely attributed to
changes in woodland management, particularly, the reduction of coppicing and to the
deterioration of Bracken habitats, through either abandonment or overgrazing.
The Pearl-bordered Fritillary is protected under Schedule 5 of the Wildlife and
Countryside Act (1981) for sale only. It is a Priority Species in the UK Biodiversity
Action Plan and classified as High Priority by Butterfly Conservation who have
prepared a Species Action Plan (Barnett and Warren 1995) for the butterfly.
The most isolated group of colonies in Britain occurs on the southern edge of the
North York Moors and with the exception of sites in Kent and Sussex, these are the
only ones remaining in eastern England. The nearest colonies are on the Morecambe
Bay Limestones, at least 100 km distant. The Pearl-bordered Fritillary is the rarest
butterfly in North East England and is a High Priority species in Butterfly
Conservation’s Regional Action Plan. There are recent records from just three sites
near Kirkbymoorside where Bracken habitats are utilised. This paper describes some
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of the butterfly and habitat monitoring undertaken since 2001 and discusses the
results in the context of measures undertaken to conserve the butterfly. Sites are
referred to by number rather than name to protect confidentiality.
Methods
Habitat area and isolation
Sites were mapped according to the extent of the main flight areas and the
distribution of three main habitat types: dense Bracken, Bracken/violet-rich grassland
mosaic and violet-rich limestone grassland. Site isolation was measured as the edge
to edge distance to the nearest occupied site.
Butterfly monitoring
Adult populations were monitored annually between 2001 and 2005 using timed
counts (Warren, Thomas and Thomas 1984). Timed counts were expressed as
number of sightings per hour and were converted to relative estimates of population
size, using the following equation (after Pearl-bordered Fritillary National Survey,
Tom Brereton pers. comm.):
RELATIVE ESTIMATE = 0.995x - 0.009 (r = 0.74, n = 12, P<0.01)
Where, x = timed count (n h-1).
Habitat condition monitoring
Condition monitoring of Bracken habitats was undertaken in 2005 using the
methodology developed by Butterfly Conservation (Brereton, Brook and Hobson
2005). The following attributes were estimated for each habitat patch:
1.
2.
3.
4.
5.

Cover of Bracken litter under 15cm depth (%)
Cover of Bracken litter over 15 cm depth (%)
Tall (>1.5m) scrub cover (%)
Grass cover (%)
Bluebell Hyacinthoides non-scripta Chouard ex Rothm. cover (%)
Several other attributes were recorded (presence/absence for attributes 3-8)
within a 1m radius of at least 20 sampling points along a structured walk (usually
a ‘W’ shape) through the same habitat patches:
6. Depth of Bracken litter (in cm): by drop disk, including both broken down litter in
contact with ground and flattened standing trash
7. Vegetation height (in cm): live vegetation cover by drop disk, only recorded when
Bracken litter or frond canopy absent
8. Exposed (likely to have been in an open, sunny position for at least part of the
flight season), shallow (less than 15cm deep) Bracken or leaf litter,
9. Dog-violets (on well-drained ground with a flat or southerly aspect)
10. One or more known/presumed nectar plants in flower (Daisy Bellis perennis L.,
Bugle Ajuga reptans L., yellow dandelion-type etc)
11. One or more associated positive indicator species. Positive indicators include
Common Rock-rose Helianthemum nummularium Mill., Hairy Wood-rush Luzula
pilosa Willd, Honeysuckle Lonicera periclymenum L., Primrose Primula vulgaris
Huds., Pignut Conopodium majus Loret, Sweet Vernal-grass Anthoxanthum
odoratum L., Wavy Hair-grass Deschampsia cespitosa P. Beauv., Wild
Strawberry Fragaria vesca L., Wood Anemone Anemone nemorosa L., Wood
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False-brome Brachypodium sylvaticum P. Beauv., Wood-Sage Teucrium
scorodonia L. and Wood-sedge Carex sylvatica Huds. Bluebell is not a positive
indicator
12. Bramble and other low invading scrub (e.g. Hawthorn seedlings)
13. Evidence of stock grazing (trampling, cattle paths, dung, poaching)
Data were analysed by calculating means for vegetation height and frequency for all
other attributes.
Results
Habitat area and isolation
Table 1 Summarizes patch area and isolation data for the three sites. All three sites
are small but less than 1km apart. Hairy Violet Viola hirta. L. was the only violet
recorded on limestone grassland, not often quoted as a larval foodplant, but both
eggs and feeding damage were noted on this plant. Common Dog-violet was the only
larval foodplant present in the two Bracken habitats. The largest habitat patches were
Bracken/violet-rich grassland mosaics both present at Sites 1 and 2, but absent at
Site 3, where very little of any habitat remained. A large area of dense Bracken was
also present on Site 1.
Table 1: Area and isolation data for Pearl-bordered Fritillary sites in the North York
Moors

PATCH AREA
Dense Bracken (ha)
Bracken/violet-rich grassland
mosaic (ha)
Violet-rich limestone grassland (ha)
Total habitat area (ha)
ISOLATION
Distance nearest occupied site
(km)

SITE 1

SITE 2

SITE 3

0.81
0.83

0
5.63

0.29
0

0.41
2.05

0
5.63

0.23
0.52

0.96

0.96

0.99
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Butterfly monitoring
Table 2 summarises timed count data for the three sites. These data suggest that
small populations (< 100 adults at peak flight period) are being maintained at Sites 1
and 2, but at Site 3 the butterfly is either extinct or on the verge of extinction.
Butterflies were recorded in all habitat types, but principally in the Bracken/violet-rich
grassland mosaic. Areas of very dense Bracken where violets were scarce were
avoided.
Table 2: Relative population estimates for Pearl-bordered Fritillary in the North York
Moors 2001-05
Year
2001
2002
2003
2004
2005

Site 1
59.7
27.9
15.9
88.1
59.7

Site 2
NO DATA
22.9
18.8
37.8
43.8

Site 3
0
1
0
0
0

Habitat condition monitoring
Figure 1 summarises the cover and frequency values for each attribute for the
Bracken patches on the three sites. The overall assessment of cover abundance
(Figure 1a) shows that three of the five patches assessed were relatively grassy
(>50% cover). In all five patches suitable Bracken litter (<15cm) was more abundant
than unsuitable (>15cm), Some taller scrub was present on all patches, but Bluebell,
generally considered a negative indicator of suitable Bracken habitat, was only
present in Site 1, Patch 3.
The more detailed monitoring produced high frequency values of 75% or more of
suitable Bracken litter on all five patches (Figure 1b) and over 70% frequency of
violets (Figure 1c) on four of these. Combining these data (Figure 1d) shows that
suitable Bracken litter occurs together with violets at 60-80% sampling points on four
patches, but at Site 3, Patch 1 this fell to only 25%. Figure 1e provides further
evidence that all patches support Bracken at a depth suitable for the Pearl-bordered
Fritillary, but at Site 3, Patch 1 the mean depth was only about 5cm.
The presence of nectar plants during the flight period is known to be important for
this species and although Site 2, Patch 1 appears to support suitable vegetation,
nectar is scarce here (Figure 1f).
Species indicative of suitable Bracken habitat occur at 55% frequency or more on
four patches, but at only 40% at Site 3, although as the vegetation recovers this
should increase. Negative indicators were not recorded, but it is noteworthy that
nettles Urtica spp and thistles Cirsium spp. were more frequent in Site 2, Patch 1.
Low invading scrub is present on all patches (Figure 1h), but is less frequent at Site
2, the only site grazed by domestic livestock. Figure 1i clearly shows the impact of
livestock grazing with both Site 2 patches having higher grazing frequencies than
Site 1. Evidence of grazing on Sites 1 and 3 are presumably attributable to deer
and/or rabbits.
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Discussion
The three sites all fall within a single land ownership. Sites 1 and 3 are not grazed by
domestic livestock but have been managed for shooting by cutting access rides
through the Bracken. Both sites 1 and 3 are in a management agreement with the
National Park. Site 2 is sheep grazed through a Countryside Stewardship (CSS)
agreement.
Site 1, Patch 2 and both patches at Site 2 are relatively grassy (Figure 4a),
suggesting breeding habitat may be quite localised. Typical Pearl-bordered Fritillary
habitat is described as a mosaic of around one-third grass to two-thirds Bracken,
whereas Site 1, Patch 2 and both Site 2 patches are around 55-60% grass to 40-45%
Bracken.
At Site 1, early in 2005 National Park volunteers created a new limestone grassland
glade by cutting Gorse Ulex europeaus L. scrub, which was immediately colonised by
the butterfly the following spring. Bracken control through localised experimental
spraying with Asulox (2004) and bruising by hand (2005) has also been undertaken
in the densest Bracken areas of Site 1, Patch 3 to encourage restoration of violet-rich
ground flora.
Since 2003/04 extensive scrub clearance has been undertaken both within and
adjacent to the habitat patches at Site 2, partly through the CSS agreement and
partly by volunteers. This has improved the extent of habitat, but the butterfly is
largely restricted to Patch 2, with only occasional adults in Patch 1. This is probably
explained by preferential sheep grazing of Patch 1 (Figure 1e). Some supplementary
feeding occurs here and the mature scrub provides shelter for livestock, which could
explain the degree of eutrophication evidenced by the frequency of nettles and
thistles.
Sheep are selective grazers and there are very few nectar sources present in Patch
1 during the flight period compared to Patch 2 (Figure 1f) and is the most likely
explanation of the paucity of butterfly records.
Site 3 supports about 0.5 ha of poor quality habitat and it is therefore unsurprising
that the butterfly is on the verge of extinction. Scrub cutting on the limestone
grassland, where the last recorded adult was seen, has improved that habitat, but
historically it was the Bracken that was most important. A very dense Bracken
litter/standing trash layer, accrued in the absence of grazing, had clearly reduced the
frequency of violets (Figure 1d) and grass cover (Figure 1a), making the habitat
unsuitable. Following Bracken cutting, raking and bruising by volunteers the litter
layer has now been reduced to a level (Figure 1e) that should enable a recovery of
the associated ground flora. Fortunately the proximity of Site 3 to Site 1 should allow
recolonisation to occur naturally once the extent and quality of habitat improves.
In the longer-term the butterfly will only be maintained by the introduction of
sustainable management regimes. Violet-rich Bracken habitats are best maintained
by extensive cattle or pony grazing regimes, where grazing prevents too grassy
swards becoming established and Bracken from becoming so dominant that the
ground flora is shaded out. Like many rare butterflies, the Pearl-bordered Fritillary
does best if conserved at the landscape scale in a series of linked sites. At present
all the eggs (butterflies!) are in too few small baskets. Opportunities to restore further
habitat whether in woodland or Bracken on the southern edge of the North York
Moors cannot be missed.
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The small Pearl-bordered Fritillary in the North York Moors National Park
Sean Clough
Introduction
The Small Pearl-bordered Fritillary Boloria selene Denis & Schiff is a butterfly of
Conservation Concern in the UK Biodiversity Action Plan and has undergone a major
decline (52% decline in distribution at 10 km square level since 1970-1982 (Asher
2001)). It has a westerly distribution in the British Isles, absent from the midlands,
East Anglia, Lincolnshire and Yorkshire except for populations in the Yorkshire Dales
and North York Moors National Park (NYMNP). It occurs in a variety of habitats
where its larval food plants Common Dog Violet Viola riviniana and/or Marsh Violet
Viola palustris are found. Adults are on the wing from early June to late July / early
August. Eggs hatch within two weeks and the larvae feed on Viola leaves into
September, when they enter diapause. Feeding starts again in spring, pupation
occurring in May, lasting three to four weeks. It is generally a sedentary butterfly,
with mark, release and recapture studies showing the majority of flights less than
50m, although it is capable of flights of up to 3.5km between sites (Stewart et al
2002). There had been no systematic survey of this butterfly in the NYMNP,
although Butterfly Conservation Yorkshire Branch (BCYB) possessed records for the
area, some of which were shared with Forest Enterprise through the Forest District
Butterfly Recording Group.
The main aims of the survey were:
1.
2.
3.
4.
5.
6.

To locate and visit the sites of records collated by BCYB 1995-2002
To determine the status of the butterfly on these sites.
Where appropriate to estimate population size using a transect count.
To map habitat patches containing violets and to make a basic recording of
each patch plant community.
To locate and record new sites, time permitting.
To produce management recommendations for each site for use in the
conservation of the butterfly.

Methods
Six figure grid references and a site name were available from the BCYB database.
Several of the records were for singletons so a record of a butterfly was not a
guarantee of an occupied breeding patch. Further sites were discovered in the
course of the survey.
All the sites for investigation were visited between June 15th and June 29th 2003, the
peak flight period for the butterfly in NYMNP, in periods of sunshine. If no butterflies
were seen and no violets found the site was not mapped. If violets were present but
no butterflies were present the site was classified as unoccupied and mapped.
Where butterflies were present the number was recorded and the site classified as
occupied and mapped.
Where possible a transect count was made. The methodology is based on Pollard
(1977). These gave relative estimates of population size using a regression equation
(Ellis and Bearney, unpublished data) derived from the same-day comparisons of
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Population Indices with absolute estimates of population size from mark, release and
recapture (Thomas 1983).
Patches of Viola spp on the sites were mapped and the area (in square metres or
hectares as appropriate) recorded. The vegetation, litter and bare ground of the
violet containing patches was recorded using the DAFOR scale. These results are
not reproduced here due to limitations of space. Some sites in the May Beck –
Jugger Howe network surveyed by Terry Whitaker were analysed using MATCH
software to give a National Vegetation Classification (NVC) and co-efficient.
Results
27 sites were identified as occupied by the butterfly and containing patches of Viola
species. The relative population estimates for all sites were Small (<100). They have
been grouped into networks; sites separated by less than 3 km and linked through
valley systems. Exchange of individuals between sites in these networks is therefore
probable, if rare, based on Stewart et al’s findings. Such a network has been termed
a metapopulation – a collection of local populations connected by occasional
dispersal, in which there are local colonisations and extinctions (Hanski and Gilpin
1991).
Of the original 33 site records from the BCYB database, 10 were unoccupied. Three
sites contained patches of violets, the remaining seven showed no evidence of
having possessed suitable habitat and the records were assumed to be wanderers or
misidentifications.
Table 1 Keldy Network, occupied sites
Site
no.
1
2
3

Site name

Grid ref.

Keldy Valley North
Keldy Valley South
Cold Keld Road

SE774924
SE774921
SE784927

Total
seen
19/06/03 2
23/06/03 2
23/06/03 1
Date

Site area
(ha)
0.085
0.060
0.005

Relative
pop. est.
14.78
14.23
13.31
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Table 2 Key’s Beck-Wheeldale Network, occupied sites
Site
no.
4
5
6
7
8

Site name

Grid ref.

Date

Key's Beck
Key's Beck Pond
Wheeldale Beck
Wheeldale Gill
Wheeldale Plantation

SE798953
SE803964
SE808971
SE801992
SE790992

24/06/03
20/06/03
29/06/03
16/06/03
16/06/03

Total
seen
9
2
24
3
1

Site area
(ha)
0.170
0.170
1.100
0.175
0.010

Relative
pop. est.
20.06
14.78
44.85
14.78
12.95

Total
seen
11
2
3
4
10
1

Site area
(ha)
0.500
0.009
0.012
0.030
0.200
-

Relative
pop. est.
70.20
12.68
13.80
13.90
23.58

Table 3 Newton Dale Network, occupied sites
Site
no.
9
10
11
12
13
14
15
16
17

Site name

Grid ref.

Date

Raygate Slack
The Grange
Newton Dale Halt
Carter's House, North Dale
Thack Sike
Fen Bog South
Rail Line, South of Fen Bog
Crossing
Eller Beck
Eller Beck Bridge

SE812915
SE815920
SE836949
SE838963
SE851970
SE852974

15/06/03
15/06/03
24/06/03
24/06/03
16/06/03
16/06/03

SE853980

26/06/03 2

0.006

13.02

SE854984
SE858983

16/06/03 3
16/06/03 18

0.010
0.073

13.90
21.66

Total
seen
11
28
8
1
2

Site area
(ha)
0.200
0.160
0.040
0.010
0.020

Relative
pop. est.
56.58
50.60
16.98
13.68
14.78

Total
seen
1
1
1
15

Site area
(ha)
0.020
0.015
0.025
0.060

Relative
pop. est.
14.78
14.23
13.96
29.08

0.017

13.83

Table 4 Langdale End Network, occupied sites
Site
no.
18
19
20
21
22

Site name

Grid ref.

Date

Deepdale Meadow
Little Grain
Hipperley Beck
Hipperley Beck Lun Brow
Harwood Dale Beck

SE912904
SE900945
SE924940
SE917953
SE933958

23/06/03
23/06/03
17/06/03
17/06/03
17/06/03

Table 5 Jugger Howe – May Beck Network, occupied sites
Site
no.
23
24
25
26
27

Site name

Grid ref.

Date

Jugger Howe Beck South
Jugger Howe Beck North
Blea Hill Beck
John Bond's Sheep House
May Beck, Newton House
Plantation

SE947984
SE935993
NZ897006
NZ899014

22/06/03
22/06/03
21/06/03
21/06/03

NZ890016

21/06/03 3
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Site Vegetation Assessments
Of the 27 sites identified as occupied by the butterfly and containing patches of Viola
species six contained only Common Dog Violet Viola riviniana patches, 16 only
Marsh Violet Viola palustris patches and five contained patches of both. Patches
containing violets were usually small, generally <200 sq m.
Marsh Violets were found in association with damp/wet mire or fen pasture
communities, amongst rushes Juncus spp, Purple Moor-grass Molinea caerulea,
sedges Carex spp or a combination. Mosses Sphagnum spp were also common.
They were also found in damp grass within 2-3m of stream edges. These sites were
all associated with watercourses, either immediately adjacent to a stream or in
patches nearby. The streams were either in open moorland valleys or within
coniferous forest. Common Dog Violets were found most commonly amongst
bracken litter on woodland edge or amongst dry grass on forest road verge edges.
On a single site, Deepdale Meadow (site 18) they were found amongst short herbrich meadow.
On occupied sites Marsh Violet density varied between Dominant and Occasional.
Dog Violet density varied between Abundant and Rare although on only one site was
it classed as Abundant.
The principal nectar source for adults was Bell Heather Erica cinerea, with 21 adults
recorded using it. A further four were recorded on Marsh Thistle Cirsium palustre.
There was no obvious difference between vegetation on occupied and unoccupied
Marsh Violet sites either from the DAFOR data or the few sites with NVC
classification. A detailed vegetation study of Marsh Violet oviposition sites against
unoccupied Marsh Violet patches is needed to determine more precisely the
butterfly’s management requirements in mire, wet fen and damp grass habitats.
Status in the NYMNP Area
Although 10 of 33 records returned no butterflies on this survey only three could have
once been breeding habitat, and a further four breeding sites were discovered, giving
27 in all. The butterfly was recorded in 27 1km squares. The population of the SPBF
within the National Park appears stable. The colonies on moorland could be
threatened only by changes in stocking levels and drainage patterns. Those in the
Forest Districts have persisted under the previous management regime, and Forest
Enterprise have now entered the sites onto their database which will flag up the
butterfly should any work be scheduled in their area. The butterfly seems mobile
enough to exploit new habitat should any be created within 1 – 2km of an occupied
site.
Management Recommendations



For mire/wet fen habitat hydrology is important as the habitat will change should
the sites become permanently drier or wetter. Any proposals to alter drainage on
or around sites should be examined carefully.
Where grazing occurs changes in stocking levels could affect vegetation
structure, resulting in loss of breeding habitat. Any proposals to alter stocking
levels on sites should be assessed and any agreed changes monitored.
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Marsh Violets along stream edges are often amongst Alder, Birch or Sallows.
Selective thinning may be required to allow sufficient light and warmth for the
larvae to prosper.
Where streams are amongst coniferous forest occupied habitat is found where
conifers are at least 4m from the stream edge. At Keldy Valley South (site 2)
where work on a path had created large areas of bare earth on the stream edge
Marsh violets were the first to recolonise, along with clumps of Purple moor-grass
and Yorkshire fog. This situation was replicated at the northern end of Key’s
Beck Pond (site 5) where colonisation of building spoil was taking place. When
clear-felling around streams it would therefore be beneficial to remove any brash
and accumulated layers of pine needle from within 5m of the banks by scraping
back to bare earth. Where brash and needles are left violet/grass mosaics do not
develop and may even be destroyed if left covered with the detritus of the clearfelling operation.
Similarly when replanting sites, planting should be no closer than 5m either side
of stream edges.
Where bracken dominates, there is an inevitable build-up of litter in the absence
of grazing. Where Common Dog Violets occur amongst litter occasional
management, for example by raking off, is necessary to prevent the violets being
shaded out. This has already occurred almost completely at The Grange (site
10). Scrub encroachment is also a threat to this kind of habitat.
Common Dog Violets on verges are also at risk from disappearing under scrub
growth. Where trees are 4 metres or more from the verge edge and scrub is
occasional, habitat is most suitable. Removal of trees to 4 to 5 metres from
verge edge can create more suitable habitat.
Monitoring of populations should continue and surveys for new sites should be
undertaken.
A detailed vegetation study of the butterfly’s Marsh violet oviposition sites is
needed to determine more precisely the butterfly’s management requirements in
mire, wet fen and damp grass habitats.
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The status of the Large Heath Coenonympha tullia butterfly on the North York
Moors
Dave Wainwright
Butterfly Conservation
Introduction
In terms of occupied 10km x 10km squares, the Large Heath has declined in Britain
by 47% since the period 1970-82 (Asher et al., 2001). It is currently listed as a
Species of Conservation Concern in the UK BAP and is classified as Vulnerable in a
European context by Swaay and Warren (1999). It is widespread and locally
common in Ireland, Scotland and the far north of England. The butterfly has declined
markedly in central and eastern England and Wales (e.g. Asher et al., 2001).
Historical records would suggest that the species maintains a widespread, if
scattered, presence within the North York Moors. A small number of sites, for
example May Moss and Fen Bog yield reliable records in most years. However, most
records are of occasional sightings and many of these sightings derive from many
years ago. Many regions occupied by the Large Heath are under-surveyed on
account of remoteness, difficult terrain and access restrictions. For these reasons,
the precise status of the butterfly within the North York Moors was uncertain prior to
2004.
Figure 1: Distribution of C.tullia within the UK 1995-1999

© Asher et al., 2001

The Large Heath is strongly associated with wet and open habitats where the larval
foodplant Hare’s-tail Cottongrass Eriophorum vaginatum) is abundant. The main
nectar source is often Cross-leaved Heath Erica tetralix (e.g. Melling, 1987; Joy,
1992), although the butterfly is an opportunistic feeder that will use a variety of other
nectar plants should they be present (Wainwright, 2005). The butterfly is highly
colonial and several studies of marked butterflies have failed to reveal any
movements exceeding 1km (Turner, 1963; Joy, 1992; Wainwright, 2005). Females
1

are especially sedentary, particularly when recently hatched. The flight period usually
extends from around mid June until August, but may be slightly earlier or later in
some years. Eggs are laid singly, almost invariably on dead plant material and
usually in places where the ground vegetation is fairly sparse. Eggs hatch after a
couple of weeks and most larvae complete their development by May or June of the
following year. On some sites a small proportion of larvae will take two years to
develop fully. As with many other rare butterfly species, the Large Heath has specific
habitat requirements. Research has shown that the species experiences poor
breeding success on mires where vegetation is well developed, for example those
dominated by large Cottongrass tussocks or tall Heather Calluna vulgaris. Such
conditions occur most commonly on mires susceptible to summer drying, or where
drainage ditches have been dug, especially if livestock are excluded. Invasive
species such as Wavy Hair Grass Deschampsia flexuosa and scrub are often
indicative of habitat unsuitable for the butterfly (Wainwright, 2005). Conversely, high
quality mires with strong populations of plant species such as Cross-leaved Heath,
sundew Drosera spp., Bog Asphodel Narthecium ossifragum and various species of
Sphagnum moss, often support sizeable Large Heath populations.
During 2004 an extensive survey was undertaken of all parts of the North York Moors
from which the Large Heath had previously been recorded. Additionally, basic data
pertaining to vegetation structure and composition within each potential breeding
area were recorded in order to ascertain habitat condition.
Methods
Survey areas were identified using records from three main sources: North York
Moors National Park & Butterfly Conservation databases and further records collated
by Mr. H. T. Eales. All these records relate to sites within the eastern sector of the
Moors, i.e. east of Goathland. All the sites with locations that could be clearly
identified were then surveyed for Large Heath butterflies between the dates 21/6/04
and 26/7/04. Many of the intervening stretches of moorland were also surveyed.
Each occupied breeding patch was mapped using a Global Positioning System
(GPS). For purposes of this report, a breeding patch describes a local population of
butterflies isolated from other local populations by at least 100m of habitat unsuitable
for breeding (i.e. lacking requisite foodplants).
Relative population estimates were made for most colonies using transect methods.
This involved walking a route of known length and counting each adult butterfly seen
in a 5m wide corridor. Transect counts (N) were expressed as density (D): numbers
per 100m transect (i.e. numbers per 500 sq. m), multiplied by 20 (= numbers per ha)
and the patch area (A) to give a Population Index (P):
P = D x 20 x A (ha)
Population estimates generated by this method are not indicative of the exact
number of butterflies present, as the proportion of butterflies remaining unseen
(hence uncounted) is not known. However, research has shown that estimates
generated using the transect method correlate closely with the actual numbers of
adult butterflies present as determined by mark, release and recapture methods (an
absolute estimate of population size) (Wainwright, 2005). An estimate of relative
population size (RE) is expressed by the regression equation:
RE = (P x 0.66) + 59.2
1

The above equation was used to convert population indices (calculated from transect
counts) from North York Moors breeding patches into relative estimates of population
size for each patch where a transect count was undertaken.
Within each breeding patch, the abundances of various plant species indicative of
habitat quality were recorded using the DAFOR scale (e.g. Goldsmith, 1991). Data
pertaining to peat wetness, vegetation structure and land management were also
recorded for each patch (see Wainwright 2004 for methods in full). These data were
used to ascertain habitat quality within each breeding patch.
Results
In total, 58 occupied habitat patches were identified. The locations and approximate
boundaries of each of these colonies are shown in Figure 2.
Figure 2: Distribution of C. tullia breeding patches within the North York Moors

 Crown copyright. All rights reserved.
Licence number AL 100015237.

Relative population estimates were made for 36 patches. Populations consisting of 199 adults present on the day of survey were deemed as being small, those with 100999 adults were deemed to be medium and those consisting of >999 adults were
regarded as being large. Eleven patches (31%) supported small populations, twentyfour (66%) supported medium populations and one patch (3%) supported a large
population.
Most breeding patches are located on land managed for Red Grouse, Lagopus
lagopus, shooting (45/58 patches, 78% of total)
Habitat quality was considered to be satisfactory on 55 of 58 breeding patches. lack
of management threatens the butterfly within two patches, while one patch is
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overgrazed. Part of a further breeding patch is overgrazed, this is unlikely to
eliminate the butterfly as stock are exceluded from part of the patch.

Discussion
The 2004 survey revealed that the Large Heath is more widespread within the
eastern section of the North York Moors than previous records would suggest,
particularly on Fylingdales and Jugger Howe Moors. The butterfly was found to be
present at most of the locations listed in previous records, suggesting that conditions
remain suitable. Continuing habitat suitability can be attributed to Grouse Moor
management practices, comprising patch burning and light sheep grazing, which
appears to be ideal for the butterfly. The former practice appears not to constitute a
threat, as it rarely impacts upon the patches occupied by the butterfly, probably
because the patches are too wet and support relatively little heather cover. Light
grazing is probably beneficial, as it helps to prevent the accumulation of dead plant
litter that occurs on unmanaged sites and may prevent tussock-forming species such
as Hare’s-tail Cottongrass or Purple Moor grass Molinea caerulea becoming
dominant. Current management is therefore optimal not only for Red Grouse, but
also for Large Heath. Heavy grazing, which is detrimental to the butterfly, is unlikely
to become widely established unless land use changes, on account of its tendency to
reduce or eliminate heather cover, which is an essential resource for Red Grouse.
Thirteen patches were located on land not managed for Grouse shooting, including
May Moss (grid ref. SE875960), Hussacks (SE856955) and Sneaton Low Moor
(NZ897040). May Moss and Hussacks are unmanaged. The former site is owned by
Forest Enterprise and is partially enclosed by conifer plantations. Vegetation
composition and structure is almost identical to many of the unmanaged
Northumbrian Border Mire sites. A population estimate of 109 adults was obtained for
this 17ha site, indicating a low density of adults. Ideally, a regime of light sheep
grazing would be initiated at this site. A single adult was seen at Hussacks. This site
is too dry and too overgrown to support anything other than an extremely small
population, although grazing would be beneficial. A single adult (possibly a stray)
was seen at Sneaton Low Moor, which was seriously overgrazed at the time of
survey. However, habitat condition for the Large Heath could be successfully
restored at this site by reducing livestock density.
There are several pleasing aspects to this survey. Firstly, the butterfly is clearly
thriving within the survey area. In terms of colonial butterfly species with specialised
habitat requirements, this is perhaps not unique but is quite unusual. Secondly,
current management of most breeding patches is ideal – again unusual. The need for
appropriate management is highlighted by comparing the incidence of patch
occupancy observed in the current study (i.e. all potential breeding patches
occupied) with an observed occupancy rate of <50% of Northumbrian Border Mire
sites (Eales, 1998). Almost all Border Mire sites are unmanaged, livestock having
been excluded during the afforestation of the Kielder Forest district, and many have
been gripped. Work is now afoot to address these management issues at many of
these sites, but even if it does prove possible, it may well be decades before habitat
quality for the butterfly is restored to the current standards of the occupied patches
on the North York Moors.
Butterfly Conservation would like to thank the landowners who granted access to
their holdings, and to NYMNPA who funded survey work.
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Helophorus tuberculatus: a threatened moorland beetle?
Martin Hammond,
110 Kingsway West, Acomb, York YO24 4QB
Martinhammond1@tiscali.co.uk
Introduction
Helophorus tuberculatus is a small, black ‘scavenger water beetle’ with distinctive
knobbles (tubercules) on its wing cases. In Europe its distribution extends into Great
Britain, north-eastern France and southern Germany, northwards to Scandinavia and
eastwards into Siberia (Hansen, 1987). It also occurs in North America. The status of
H. tuberculatus in Britain was recently updated to ‘Near Threatened’ (Foster, 2001)
from its previous classification as nationally rare (Red Data Book 3) (Hyman &
Parsons, 1992). It appears on several Red Data lists in Continental Europe, and is
described as “comparatively rare and local” in Fennoscandia (Hansen, 1987).
Hansen (1987) gives the habitat of H. tuberculatus as Sphagnum bogs or oligotrophic
and acidic pools on moors. Angus (1978) comments that, “It appears to be
associated with burnt or other dark ground, where its close resemblance to a piece of
charcoal camouflages it”. There are few British records. Those which probably relate
to breeding populations come from a Scottish Moss, from ephemeral pools on
lowland peatland / heathland sites and from recently burnt upland moorland. The
remaining records are from perplexingly random locations and these presumably
refer to vagrant individuals, many Helophorus species being active fliers.
Despite its distinctive appearance – but maybe because it is so effectively
camouflaged - H. tuberculatus remains one of the most enigmatic British water
beetles (the term is used loosely because this is probably a species which spends
only a limited part of its life in water, being found usually on wet peat). There have
been a handful of very scattered records from the southern half of England and there
are apparently small but persistent populations extant on two lowland peatland sites
further north, one in East Yorkshire the other in North Lincolnshire. However, the
strongest indication of an extensive population comes from the North York Moors
(see below), despite a lack of recent records.
Elsewhere, there was a cluster of records from Lochar Moss (Dumfries) between
1879 and 1949, but the species now appears to be extinct in Scotland (Foster, 2001).
Its distinctive elytral (wing case) sculpturation means that Helophorus tuberculatus is
occasionally detected amongst subfossil insect remains from archaeological sites,
and such records exist from York and Carlisle.
The status of Helophorus tuberculatus on the North York Moors
Robert Lawson collected H. tuberculatus from the Scarborough area in the 1860s or
1870s; Walsh (1956) states that, “…it was probably found in peaty patches on the
moors, but has not been seen for many years.” It was rediscovered by H. Kenward in
1976. Lawson’s record does suggest that the species may have been resident on the
North York Moors over a long period.
Table 1 summarises 20th century North York Moors records of Helophorus
tuberculatus held by the Balfour-Browne Club (B-BC) (which oversees the British
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water beetle recording scheme), or referenced in the Invertebrate Site Register (ISR)
(an unpublished database held by Natural England).
Table 1: 20th Century records of Helophorus tuberculatus from the North York Moors
Grid reference
NZ 70
SE 743 994

Location
Rosedale Moor
Rosedale Moor

NZ 70?
NZ 74- 00-

Danby /
Glaisdale Moors
Glaisdale Moor

NZ 74- 00-

Glaisdale Moor

NZ 745 000

Egton High
Moor
Fylingdales
May Moss

NZ 90
SE 875 960

Date
April 1976
22 November
1979
1970s

Collector
H. Kenward
Dr R.G. Booth

Source
B-BC
B-BC

M.B. Usher

ISR

14 November
1979
9 August 1980

Dr R.G. Booth

B-BC
B-BC

11 August 1979

Prof G.N.
Foster
Mr K.G. Payne

June 1982
1982

Mr J.H. Flint
Mr J.H. Flint

B-BC
ISR

B-BC

Key (1987) cited H. tuberculatus as an example of a moorland beetle with its
“headquarters” in the North York Moors, and suggested that the species had
“…undergone spectacular population explosions after the burning of extensive areas
of moorland, as happened on Rosedale Moor in 1976, the beetles inhabiting streams
heavily contaminated with ash”.
The author of this note has searched unsuccessfully for Helophorus tuberculatus on
the North York Moors on several occasions in recent years, although by no means
systematically. It is quite possible that specialist techniques such as the use of
extraction funnels would be more productive than traditional methods of sieving
debris or using a water net (c.f. Foster, 1987).
Unanswered questions
As far as is known, Helophorus tuberculatus has not been found on the North York
Moors since 1982. In theory, the wetter parts of the Moors should provide ample
continuity of habitat for the beetle in the form of ephemeral pools or runnels on
burned heathland or other bare peat. It is quite feasible that the spate of records
following Kenward’s discovery in 1976 simply reflect the interest which this record
generated amongst coleopterists wishing to find this elusive species. Alternatively,
Helophorus tuberculatus could be an extreme pioneer species, founding short-lived
breeding populations on the barren aftermath of extensive wildfires, although this
hypothesis is not reflected by its currently-known lowland sites.
The enigmatic nature of Helophorus tuberculatus makes it difficult to evaluate its
conservation significance. However, this species should undoubtedly merit attention
in the Local Biodiversity Action Plan for the National Park if its continued presence is
proven by further fieldwork.
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7.

Paleoenvironmental studies

Blackford and Innes explain here how ancient fungal spores preserved in peat shed
light on the Mesolithic landscape of the North York Moors.
Pollen analysis (palynology) is widely used as a method for reconstructing past
environments from preserved deposits but traditional techniques provide only a
qualitative picture, open to a degree of interpretation. This pollen analysis was used
in Bunting’s study aimed at modelling the pollen signal of dwarf-shrub heath
vegetation so that samples can be interpreted in a more quantitative fashion.
A brief note by Bunting et al describes investigations into the post-glacial
development of Jugger Howe Beck valley in the eastern North York Moors.
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Prehistoric woodland clearance on Rosedale Moor: evidence for herbivore
grazing, fires and a ‘dead wood stage’ at the time of Mesolithic forest
disturbance
J. J. Blackford (University of Manchester) and J. B. Innes (Durham University)
Introduction
Many pollen analytical studies have been conducted using the peats of the North
York Moors and other upland areas in northern Britain (see for example the review by
Innes, 1999). This previous work has, collectively, demonstrated clearly that most of
the high moorland was once tree covered, and that the tree cover was probably
continuous deciduous woodland at its peak. Trees began to be removed, and forest
composition altered, in the Mesolithic period approximately 9,000 – 6,000 before
present (BP) when fires became common, as shown by preserved charcoal. Most
authors have attributed these fires to human actions (Edwards, 1990; Simmons and
Innes, 1996b; Innes and Simmons, 1999; 2000).
In many parts of the world where continuous forest cover remains, land is cleared by
fire to make way for agriculture through patterns of shifting cultivation, or ‘slash and
burn’. The hypothesised land use for Mesolithic Yorkshire however, is of a preagricultural nature, as the first solid evidence for farming in the region is at least 500800 years after the latest of these events. It is suggested, therefore, that the fires
were set by people to encourage the resources they required; probably hazel, oak
and large animals, most likely red deer, wild boar and aurochs. Frequent finds of
flints of Mesolithic-age beneath and within the lower parts of the same peat deposits
that contain the fire record adds to the circumstantial evidence for human-induced
clearances of the uplands The evidence is not altogether watertight, however.
Tipping (1996) and Brown (1997), for example argued that human induced
clearances and fires are difficult to distinguish from natural fires that may have
occurred in a time of warmer, drier summers. Burning of the understory, or the
debris from felling, may be more plausible than burning mature deciduous woodland
(Moore, 2000). The aim of this paper, therefore, is to review recent work in the
North York Moors National Park that addressed this research question by using an
under-used fossil group- the fungi. Sub-fossil (preserved rather than mineralised)
fungal spores are common in peat and identifying them to species or group level can
provide information about the environment at the time of peat deposition, and about
processes going on in that environment (van Geel, 1986; van Geel et al. 1989). In
the context of Mesolithic impacts, potential fungal indicators of past burning (Innes et
al., 2004) and particularly grazing (Davis, 1987; Blackford et al. 1996) are potentially
useful as previously the inferred presence or absence of animals has been quite
speculative.
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Methods
The peat deposits at North Gill, on the Central Watershed of the North York Moors
(Fig. 1a) were selected for this study because of the detailed previous work at the
site. Innes and Simmons (2000) and Simmons and Innes (1996b) showed a pattern
of small fires and changes in tree cover dated to 5760 + 90 BP. The core from NG 5
(Fig 1b) has been selected here because it showed evidence of fire-associated
woodland disturbance in earlier work (reviewed in Innes and Blackford, 2003).

Figure 1. Location map showing (a) the location of North Gill and (b) the location of
sample site NG 5 at North Gill within an area of prehistoric burning.
Full details of how the samples were prepared and analysed are available in Innes
and Blackford (2003) or from the authors on request. Briefly, standard pollen
preparation techniques were used incorporating alkaline digestion, sieving, acid
digestion and dehydration. Fungal remains were counted from the same samples
and identified according to the previous work of van Geel (1978) and co-workers.
Results
The results are shown in Fig. 2 below and described and interpreted here in
stratigraphic order; i.e. oldest deposits first. The sequence starts approximately
6,300 years ago and continues for approximately 400 years, based on the age of
peat initiation in this locality and on a radiocarbon date of 5760 ± 90 at 73 cm depth
(Turner, et al., 1993; Innes and Blackford, 2003).
Phase a. High charcoal, high Corylus, Betula, Poaceae and Melampyrum; Type 55A
fungi, Sporormiella and Gelasinospora common; semi-open woodland with fungal
spores indicative of fire and dung.
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Phase b. Increased pollen of Alnus and Quercus, reduced but still high charcoal
values, increase in Type 18A and Coniochaeta cf. lignaria type; regenerating
woodland with a wetter peat surface and dead wood.
Phase c. Still high charcoal, with further increases in Alnus and Quercus, reduced
Corylus and Betula. Fungi show fire (especially in 94 and 96) and dead wood
indicators (in 95), suggesting phases of fire separated by a regeneration phase.
Phase d. Characterised by high Sporormiella and much less charcoal, and reduced
fungal indicators of local fire (Gelasinospora, Neurospora). Possible phase of
intensive grazing following burning.
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Figure 2. Fungal spores, charcoal and pollen from the lowest part of a peat profile at
North Gill (NG5). Data are presented as percentages of total fungi (A) and
percentages of tree pollen (B) excluding Alnus and Corylus.
Phase e. Opens with further charcoal and pyrophytic fungi, increased open ground
herbs and more consistent Pteridium. Evidence for grazing and burning in this phase
with woodland types remaining steady. Increased Type 18A suggests wetter peat.
Phase f. Coniochaeta types increase with Alnus and Quercus, with very low
charcoal. A regeneration phase with evidence of standing or dead wood at ground
level.
Phase g. (Fungi only shown here); shows continued very low charcoal frequencies
with high Type 18 and further increases in deciduous tree cover.
Discussion
Fungal records from North Gill have shown three particular aspects of prehistoric
environmental change that were not shown by conventional pollen and charcoal
analysis, enabling a more complete test of previous conclusions. If the theory of
Mesolithic impacts on the upland landscape at this time is valid, then fires such as
those recorded at North Gill would be expected to enhance the resource
procurement for hunter-gatherers. Pollen records from this time have provided some
evidence for this, with both Corylus avellana-type (hazel) and Quercus (oak)
benefiting. In this study, fungal spore evidence shows an increase in animal
numbers. Sporormiella are obligate dung fungi, and other types from the fungal
family Sordariaceae (Type 55A and Cercophora-type) while not obligate coprophytes
1

would benefit from dung and grow more vigorously. This site shows that the patchscale fires reported earlier (Innes and Simmons, 2000) were followed by increased
grazing in phase d, consistent with the needs of Mesolithic people. Open ground
would not only encourage large herbivores into a particular space, but may provide
easier hunting conditions and better-fed animals. Wild animal herds might well be
capable of keeping clearances open without further human interference (Edwards
and Buckland, 1984), perhaps as shown during phase d, although animals are
present throughout the sequence. Burning of the site itself as well as the
surrounding area is shown by the fungal types Gelasinospora and Neurospora, which
are known to be favoured by burning (van Geel, 1978; Innes et al. 2004).
Microscopic charcoal can be blown by the wind several km or more, but the fungal
record shows that this site was burned in phases a-c, and in the first level of phase e.
Fires became rare in phase d and were locally absent in e and f. As well as
demonstrating grazing and burning, the fungal remains provide a further insight.
Species of the fungal group Coniochaeta are particularly known as decomposers of
dead wood (Long, 1994). Their abundance in phase c and in the first sample of
phase d, plus peaks at depths of 90 and 87, show phases of increased dead wood,
perhaps on the ground, or as standing dead timber, with trees regenerating around
them.

Conclusions
While the broad pattern of forest-heathland transition on the North York Moors has
been investigated for some time (Simmons, 1969), the details of the processes
involved are only beginning to emerge (Simmons and Innes, 1996a,b; Innes and
Simmons, 2000; Innes and Blackford, 2003). The addition of fungal spores to the
range of palaeoecological indicators applied to this problem suggests that animal
grazing phases, with prior burning and a dead wood stage, played a role in the
transition from a primary upland woodland to a secondary disturbed woodland well
before the Neolithic period and before the dominance of Calluna heath. The phases
described here are consistent with a Mesolithic forest manipulation model. The
evidence for direct human involvement, however, remains elusive; wild animal herds
and natural fires could conceivably have created the same patterns.
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Study of relationship between moorland vegetation and pollen deposition
Dr M. Jane Bunting
Department of Geography, University of Hull, Hull HU6 7RX
Part of a Leverhulme Trust funded Research Project
Introduction
The work summarised here was carried out as part of a Leverhulme Trust funded
research project which aimed to develop qualitative and quantitative models of the
relationship between vegetation abundance and pollen percentages for dwarf-shrub
ecosystems.
Dwarf shrub mires and heaths have high conservation value, support
rare/endangered plant and animal species, have economic importance as grazing
land, and form a distinctive and dramatic landscape which attracts visitors to remote
rural areas. Continuous accumulation of waterlogged peat and plant remains (e.g.
pollen) beneath the growing plants in wetter locations such as Fen Bogs (Atherden,
1976) forms an archive of the development of the system. This long-term record is
critical for understanding the system’s ecology, processes, and history, and therefore
for planning effective management of these landscapes, or restoration of damaged
mires (e.g. abandoned peat cuttings).
At present, pollen analysts generally achieve only qualitative reconstructions of past
vegetation from this archive. There are still uncertainties about how changes in
pollen abundance relate to vegetation composition, or even what spatial scale of
vegetation is being ‘sensed’ by the pollen record. Dwarf heath species have
lifespans of several decades, so conventional long-term monitoring is problematic;
pollen analysis can provide a detailed record covering several hundred years with a
few months of laboratory work, providing a unique insight into system dynamics.
These long-term ‘monitoring by proxy’ datasets will provide a valuable basis for
informed planning of management in these systems (e.g. Birks 1996).
Existing work (e.g. Evans & Moore 1985; Tallis 1997; Hjelle 1998) and a pilot study of
pollen-vegetation relationships in dwarf heath communities in north-west Scotland
(Bunting 2003) suggests that the pollen rain reflects plants growing within a few
metres of the sampling point and that a strong quantitative relationship between plant
and pollen abundances exists for the main species. If this relationship can be
effectively modelled, spatially precise quantitative reconstructions of past vegetation
communities will be obtainable for these ecosystems, opening a range of new
research avenues linking ecological and management concerns to longer time
scales. This potential is demonstrated by the success of models developed for
closed canopy forest ecosystems, largely by research groups in the USA and
Sweden (e.g. Jackson 1994; Calcote 1995; Sugita et al. 1999); this project aims to
develop these models for use in dwarf-heath communities.

Methods
Two study areas within the North York Moors were chosen, Fen Bogs and Sleights
Moor, as examples of contrasting dry and wet dwarf shrub vegetation. Samples of
moss were collected, and the local vegetation recorded using the rooted frequency
method in a sub-divided 1m x 1m quadrat (after Hjelle 1998). Vegetation was
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recorded out to 1.5m from the sampling point (e.g. the sampling point was located at
the centre of a 3m x 3m grid of 1m x 1m quadrats, see Figure 1).
Figure 1: grid of quadrats used for vegetation survey. The grey shaded central subsquare shows where the moss sample for pollen analysis was collected.

Moss samples were then prepared for pollen analysis using standard methods
(Moore et al. 1991) and a sum of 400 non-arboreal pollen grains was counted for
each sample.
Data analysis
The pollen-vegetation relationship can be modelled using a simple linear regression
equation of the form:
pij = ajvij + p0j
(Equation 1)
where pij = abundance of taxon j in the pollen assemblage at site i
vij = abundance of taxon j in the vegetation within some specified area
surrounding site i
aj = the slope coefficient for taxon j
p0j = the y-intercept for type j, often referred to as the ‘background pollen rain’,
that is, the component of the pollen of type j which originated from beyond the
defined area.
In order to estimate the parameters αj and p0j, and apply the model to reconstruct
past vegetation from pollen assemblages, it is important to understand the spatial
scale of vegetation sampled by the pollen assemblage deposited at the sampling
point. Plants growing close to a sample point are expected to have greater influence
on the composition of the pollen assemblage than plants growing far away (e.g.
Prentice, 1985; Sugita, 1993, 1994; Jackson, 1994), therefore the term vij is generally
measured as distance-weighted plant abundance within a specified distance of the
site. Sugita (1994, p. 881) defines the term Relevant Source Area of Pollen (RSAP)
thus “…the correlation between pollen loading and distance-weighted plant
abundance should approach an asymptote as the vegetation sampling area
increases. The ‘relevant source area’ for pollen can be defined as the area beyond
which the correlation does not improve…”.
1

The simple linear model makes no allowance for the fact that the pollen-vegetation
relationship is non-linear when percentage data are used for the pollen component
rather than absolute values. ‘Extended R-value’ models, which simultaneously
estimate parameters for all taxa in a given dataset, have been developed to address
this problem. These models correct for the percentage effect by including a sitedependent weighting factor for each taxon that varies according to the abundanceweighted representation coefficients of all other taxa in the vegetation around the site
(Parsons and Prentice, 1981; Prentice and Parsons, 1983). Maximum Likelihood
Function scores measure the goodness of fit between pollen percentages and
distance-weighted plant abundance once the weighting is applied, and the Relevant
Source Area of Pollen for the pollen assemblage is defined as the distance at which
these scores approach an asymptote.
Extended R-value analysis (Parsons & Prentice, 1981; Prentice & Parsons, 1983)
was therefore applied to two datasets for the main taxa found, comparing pollen data
with vegetation data out to 0.5 m (from the innermost quadrat only), and comparing
the same pollen data with vegetation data out to 1.5m (a distance-weighted sum of
the values from all 9 quadrats).

Results
Surface sample and vegetation data were collected from 18 locations. Figure 2
shows an example of scatter-plots of the data for one taxon from Fen Bogs.
Figure 2: Scatter plots of Poaceae pollen percentages (y-axis) against rooted
frequency (x-axis) within the inner quadrat (left hand plot) and within the whole 3 x 3
grid (right hand plot).

Likelihood function scores dropped with increasing vegetation survey distance,
indicating an overall improvement of fit between the pollen assemblage and rooted
frequency vegetation abundance with increased survey distance.
A key output from ERV analysis is an estimation of Relative Pollen Productivity (aj in
equation 1 above). Table 1 shows a comparison of values for some common taxa
from the North York Moors work with other studies using the rooted frequency
method of vegetation survey.
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Table 1: Relative Pollen Productivity estimates for this study and others
Fen Bogs

Poaceae
Myrica gale
Potentilla-type
Vaccinium-type
Calluna vulgaris
Cyperaceae

1
1.05
0.04
0.05

Hjelle 1998
(lowland
Norwegian
haymeadows)
1

Lygra, Norway
(coastal heath)

0.1
0.02
1.1
0.25

1.16
0.29
4.4
2.04
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Table 1 shows that RPP values collected using this method are highly varied. It is
not yet clear whether this difference is attributable to geographical variation in RPP or
to differences in methodology (e.g. time of collection) and species composition for
palynological equivalent taxa (e.g. the palynological taxon Vaccinium-type includes
the genera Erica, Vaccinium and Oxycoccus, and marked variation in the proportion
of taxa present may be leading to the range of values found).
Discussion
The overall project included data collection from Argyll, Scotland and from Lygra,
south-west Norway, and final analysis of the empirical data is not quite complete.
Work at Lygra using multiple methods of vegetation survey around the same pollen
sample points led to the conclusion that the method of vegetation survey chosen did
not affect the estimated relevant source area of pollen, which was around 1.5-2.5 m
for all datasets which included vegetation survey to beyond 2.5m around the
sampling point. Therefore the small decrease in likelihood function score seen in the
NYM data is typical, and reflects the local sensitivity of moss samples (Bunting and
Hjelle in prep.).
However, vegetation survey method was found to have a marked effect on the
estimated values of Relative Pollen Productivity. In this report, results have only
been compared with other values derived using the same rooted frequency survey
method, which still produces highly variable results. Comparison of datasets
collected using a visual estimate of cover survey approach suggests less variation in
RPP values between different areas using this method. We argue that perhaps
canopy cover is a better representation of a ‘pollen’s eye view’ of vegetation
abundance than rooted frequency.
What this work does show is that fluctuations in the pollen abundance for taxa which
form part of the wetland community in a sedimentary basin are, at least in part,
reflecting the local dynamics of the surface vegetation within a few metres as well as
processes in the wider landscape. Disentangling this very local signal from the wider
landscape signal is an important challenge for palaeoecological studies. The
development of modelling approaches during this project (e.g. Middleton & Bunting
2004) suggest that this provides a useful complement to empirical studies in
addressing this problem.
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Further work
The later stages of this study at Lygra mean that the methodology used in this study
is now known to be flawed, and future work would be useful to confirm the findings
reported here. The combination of empirical data and modelling approaches
developed in this project and in my wider research into the problems of
reconstructing past upland environments are now ready for application to ecological
and conservation problems, and I will be developing this further in the North York
Moors area soon. My longer-term goal is to produce vegetation maps for the eastern
Moors for specific time slices in the past 10 000 years.
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Holocene Environmental Change and Valley Floor Development at Jugger
Howe Beck, North York Moors
Short note on an ongoing PhD project
Dr M. Jane Bunting, C.A. Langrick and Dr B.T. Rumsby
Department of Geography, University of Hull, Hull HU6 7RX
Introduction
Holocene development of upland British rivers and their floodplain ecology has
become increasingly relevant over the last 20 years. Their sensitivity to
environmental change, preservation of climatic signals and preservation of
palaeoecological archives within their sediments make floodplains a complex but
interesting palaeoenvironmental resource. Floodplains are dynamic ecosystems
comprising a mosaic of geomorphological features and vegetation communities that
alter over time in response to autogenic and allogenic forcing factors. There is an
increasing body of palaeoenvironmental research on such systems, but the intimate
links and interactions between floodplain vegetation and geomorphology are still not
fully understood, for example, how valley slope deforestation and afforestation affects
hydrological regime, sediment budget and floodplain geomorphology over the longer
term. The PhD project briefly reported here aims to investigate Holocene
environmental change and valley floor development in a small scale river system,
identify the driving forces behind these changes, and explore the interactions
between floodplain vegetation and geomorphology.
Methods
Jugger Howe Beck is a southerly flowing second order tributary of the River Derwent
in the central-eastern North York Moors. A study reach around 1km long and
averaging 50m wide was chosen in an area of well-established, complex and variable
valley floor encompassing the confluence of Brown Rigg Beck and Hollin Gill to form
Jugger Howe Beck. A detailed geomorphological map of the study reach was
prepared using field observation, GPS survey and an extensive coring programme to
map sub-surface sediments.
Four distinct geomorphic units were identified, and depositional contexts for fine,
relatively organic rich sediment located and surveyed with a detailed coring
programme. Six contexts were selected for further study, one from each of the first
three geomorphic units and three from the most downstream unit, where a
particularly complex network of abandoned palaeochannels characterised the valley
floor. At least one core was collected from each of these contexts for laboratory
analysis.
Analysis included detailed stratigraphic description, loss-on-ignition and pollen
analysis, and a total of eight radiocarbon dates have so far been acquired.
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Results and Discussion
Sediments have been accumulating in parts of the study reach for at least 5000
radiocarbon years. Marked, near-synchronous changes are seen in the record in the
late Iron Age (around 500 BC), the Norse period (around 1000 AD), and around the
time of the Little Ice Age (around 1600 AD). A four-phase conceptual model of valley
floor development in the region has been developed (summarised in Table 1), and is
being tested against sediments from another study reach.
Table 1: Conceptual model of phases of floodplain development in small river
systems draining the North York Moors (BP = radiocarbon years Before Present)
Age
Last millennium

Phase
Phase IV

c. 2500-1000 BP

Phase III

Mid Holocene
c. 5500-2500 BP
Early Holocene

Phase II
Phase I

Description
Final clearance of woodland remnants. Channel
stabilisation
Main woodland clearance from c. 2500 BP.
Channels actively reworked.
Channel stabilisation; mixed woodland on slopes,
floodplain wetlands begin to accumulate sediment
Downcutting: no sedimentation
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8.

Acidification and the aquatic environment

Because of its base-poor geology and soils, most of the moorland in the North York
Moors National Park is inherently vulnerable to anthropogenic acidification, having
little capacity to offset lowering of pH. In the previous Moorland Research Review,
McNish (2001) highlighted the occurrence of significant acidic pulses in the
headwaters of the River Esk following heavy rain whilst Evans (2001) reported
evidence of marked acidification of pools and streams on the Moors combined with
strongly negative Acid Neutralising Capacity.
However, at the time the previous Review was compiled, assessment of acidic
deposition in the North York Moors was based largely on modelling with only a small
amount of field data available. This Review includes a report by Evans et al based on
a 2005 survey carried out by the Centre for Ecology and Hydrology (CEH) in which
51 surface water bodies (46 headwater streams and five standing water sites) were
sampled.
Tom Chadwick has monitored pH levels in rainwater, a stream, a spring and a pond
in Danby Dale since 1990, providing an important long-term dataset. In his paper, the
results are summarised for the period 2000-2005 and he relates these to long-term
trends.
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Evidence of severe surface water acidification in the North York Moors
National Park
Chris Evans1, Dave Norris1, Edwin Rowe1, Tom Chadwick2 and Tim Heaton3
1. Centre for Ecology and Hydrology, Bangor, LL57 2UP (cev@ceh.ac.uk).
2. 4 Station Road, Castleton, Whitby, YO21 2EG
3. NERC Isotope Geosciences Laboratory, British Geological Survey, Keyworth,
NG12 5GG.
Introduction
Acid deposition has had a detrimental impact on the chemical and biological
condition of upland terrestrial and aquatic ecosystems across much of the UK. Some
acid-impacted areas, such as Snowdonia in Wales, and Galloway in Southwest
Scotland, have been intensively studied over many years, so that the extent and
magnitude of damage (and more recently, recovery) have been well established. By
contrast, remarkably little information is available for the North York Moors. This is
particularly surprising since the slowly weathering sandstone geology, and organic
soils, predispose much of the upland area to acidification. In addition, whilst most
acid-sensitive areas of the UK are in the north and west, and therefore remote from
most sulphur emission sources, the North York Moors are close to major sources
such as the coal-fired power stations at Drax, Ferrybridge and Eggborough, resulting
in the highest rainfall sulphate (SO4) concentrations of any upland area in the UK.
At a national level, there was been a long-standing effort to quantify levels of damage
from acidification through the work of the Freshwaters Umbrella programme of the
Department of the Environment, Food and Rural Affairs (DEFRA). A total of 1722
sensitive lakes and streams sampled throughout the UK provide the dataset used to
define ‘critical loads’, which are the maximum level of acid deposition that can occur
before long-term acidification, and therefore biological damage, occurs. Only 11 of
these sites were located within the North York Moors National Park, of which 5 had
an extremely low acid neutralising capacity 2 (ANC) of less than -50 eq/l. In other
regions, this ANC level has led to extinction of fish stocks, as well as damage to
other aquatic flora and fauna. This dataset was described in the previous Research
Review. Following this assessment, Defra funded a detailed survey of surface water
chemistry during March 2005, undertaken by the Centre for Ecology and Hydrology.
Surface water survey
The survey of surface waters was carried out between March 1st and March 4th 2005.
A total of 51 surface waters were sampled, comprising 46 headwater streams, four
moorland pools and one reservoir. Seven of the stream catchments contained
coniferous forestry, the rest were predominantly heather moorland (Figure 1).
Sampling coincided with a large accumulation of snow across most of the region,
although as air temperatures remained close to zero Celsius throughout sampling,
the effects of snowmelt on river flows or chemistry was limited. Samples were
filtered, returned to the laboratory and analysed for a range of major ions, pH and
alkalinity.
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Acid neutralising capacity (ANC) represents the balance between base cations and acid anions. Nonacidified waters generally have a positive ANC, even in acid-sensitive regions, whereas negative ANC
values are only normally observed in waters that have been subject to anthropogenic acidification.
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Figure 1: Areas of acid sensitive moorland and forest, and sampled catchments in
the North York Moors acid waters survey.

Results of these analyses provided, in general, evidence of severe surface water
acidification. Of 51 sites sampled, 44 had a pH below 5.0, and 45 had an ANC below
0 eq/l, which is typically considered the minimum level at which a healthy aquatic
biota can be sustained. Of these, 33 sites had an ANC below -100 eq/l. This can be
compared, for example, to a similar survey undertaken on surface waters in the
South Pennines which, located between the major industrial regions of Manchester
and Sheffield, has been considered the most acid-impacted region of the UK (Evans
et al., 2000). In the South Pennine survey, 21 out of 64 waters sampled had a
negative ANC, but none had an ANC below -100 eq/l.
Figure 2 provides an illustration of the chemistry of the surface waters sampled. Sites
are ordered from low to high ANC in all plots. Marked differences were observed
between the three groups of sites samples (moorland streams, forest streams and
standing waters) and these are discussed in turn.
The chemistry of streams draining moorland
Streams draining moorland formed the largest group of sites in the survey. Of the 37
moorland streams sampled, 32 had an ANC between -165 and -50 eq/l, and a pH
between 4.0 and 4.9. Aluminium (Al) concentrations were mostly between 200 and
500 g/l, likely to lead to toxic effects on fish. By far the dominant cause of
acidification in these streams was SO4; most had concentrations above 100 eq/l,
which are very high compared to waters in most other acid-sensitive regions. In
contrast, concentrations of the other major acidifying anion, nitrate (NO3), were very
low (< 10 eq/l in most streams). Since nitrogen depositionlevels are fairly high, this
suggest that the peaty moorland soils remain able to retain the majority of incoming
nitrogen. The relatively uniform chemistry among this group of streams suggests that
there is a consistent degree of acidification across the acid-sensitive moorland area.
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Figure 2: Chemistry of surveyed surface waters,
ranked from low to high ANC.
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deposition inputs.
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buffering, it is striking that the three lowest-ANC
streams sampled all had afforested catchments,
the most extreme having an ANC of -316 eq/l.
It is also clear that SO4 and NO3 concentrations
were markedly higher than those of comparable
moorland streams. This is the result of two
mechanisms by which conifers enhance
acidification, firstly through the role of the
canopy in ‘filtering’ pollutants from the
atmosphere, and secondly through the increase
in evapotranspiration, which concentrates
pollutants in runoff. Both mechanisms have
been widely observed, but their effects appear
particularly severe in this region. Finally, the
forest streams had greatly elevated Al
concentrations, suggesting that the biological
impact of any given ANC is likely to be
exacerbated in waters draining forested
catchments.
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contact between waters draining the small peaty catchments of these pools, and Albearing mineral soils. The one reservoir sampled was located on relatively wellbuffered geology, and consequently bears a closer resemblance to the non-sensitive
moorland stream sites sampled.
Sulphur isotope analysis
Sulphur isotope analysis (measuring the amount of the heavy isotope, 34S) was used
to infer the sources of SO4 in surface waters. For example, this approach can be
used to distinguish 34S-rich SO4 derived from atmospheric pollutant deposition, from
34
S-depleted SO4 derived from the weathering of S-bearing minerals within the
catchment. This can therefore be used to establish whether observed levels of
surface water acidity are the result of acidifying pollution, or are a natural feature of
the region. A subset of samples were therefore analysed by the NERC Isotope
Geosciences Laboratory, British Geological Survey. Of 11 analyses undertaken, one
sample, from a stream 1 km north of Goathland, was depleted in 34S, suggesting a
substantial geological source. This stream had by far the highest SO4 concentration
and also the highest ANC of any site sampled, so clearly this geological S source is
not associated with acidic conditions. By contrast, the remaining 10 analyses all
showed a high and fairly uniform level of 34S, consistent with a predominantly
atmospheric source of SO4. At almost all sites, then, high levels of SO4 and
subsequent acidification may result from the deposition of acidifying pollutants.
Long-term stream pH data

Figure 3: Long-term pH data for two streams in Danby
Dale
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Conclusions and further research needs
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Based on the 2005 survey, surface water acidification appears to extend throughout
the geologically sensitive area of the North York Moors National Park, almost 50% of
the total area. Strongly negative ANC and highly elevated Al concentrations suggest
a degree of acidification that is perhaps more severe than in any other acid-sensitive
region of the UK, reflecting the proximity of the Moors to major emission sources.
Within the moorland area, virtually all acidification can be attributed to sulphate, and
isotopic analyses indicate that much of this sulphate may be derived from pollutant
deposition. In the smaller area of the National Park where conifer forests have been
planted on sensitive geology, this appears to have significantly exacerbated the
degree of acidification, with extremely high levels of nitrate as well as sulphate
leaching, and elevated concentrations of potentially toxic aluminium. Finally, longterm monitoring of pH suggests that such acid conditions have persisted over most of
the last 15 years, and that, as yet, the decreases in UK sulphur emissions achieved
since the 1980s have not yet translated into surface water recovery within the North
York Moors.
The biological implications of the observed acidity in both moorland and forest
streams are not known, but conditions were so acid (ANC < -100 eq/l at most sites,
median total Al 380 g/l) that it is highly doubtful whether many of these waters could
sustain viable populations of salmonid fish, or of many acid-sensitive macroinvertebrate species. There have been recorded fish-kills following stocking at sites
within the park, for example at Botton Pond in Danby Dale in 1993. The River Esk is
the only river in Yorkshire to support salmon and sea trout, and the fishery has been
in decline since the 1960s, with the near-disappearance of trout from moorland
headwater streams. The reasons for this decline have not been linked to acidification,
although biological water quality of some headwater tributaries of the Esk is
categorised in Environment Agency classes D-F (Fair to Bad) due partly to acidity
(North York Moors National Park Authority, 2001). The evidence of this study is that
the acidity of these and other streams is the result of acid deposition, and not simply
a natural feature of such systems. The scale of the damage identified highlights the
need for further work to establish the biological consequences of acidification in the
region. The absence of a full long-term chemical and biological monitoring in the
North York Moors represents a significant gap in existing acid waters monitoring, and
the establishment of such a site would be of great benefit in determining whether
continuing reductions in acid emissions are sufficient to trigger chemical and
biological recovery of upland waters within the National Park.
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Monitoring report on acid rain and acidification in Danby Dale, 2000-2005
Tom Chadwick
Environet Environmental Monitoring. 4 Station Road, Castleton, Whitby, North
Yorkshire YO21 2EG. tom@chadwick.sol.co.uk
Background.
In 2000 Environet reported on ten years of monitoring in Danby Dale including data
gathered from daily rainfall and weekly sampling from three fixed locations, Danby
Beck (GR NZ692025), Botton Pond (GR NZ692025) and Brown Hill Spring. (GR
NZ686055). This sampling for pH levels at the three locations has continued since
the last report.
In 2005 a report jointly prepared by the CEH and Environet was submitted to the
National Park Authority entitled, Evidence of Severe Surface Water Acidification in
the North York Moors National Park (Chris Evans, Dave Norris, Edwin Rowe, Tom
Chadwick and Tim Heaton). A detailed report on this work can be downloaded at:
http://critloads.ceh.ac.uk/contract/reports.htm
Summary of results
At the end of the period 2000 to 2005, pH levels measured in rainfall were within the
range pH 3.5 and pH 6.11. The number of high acid rain events declined over the
period with only 4% of the total rainfall events for 2005 below pH 3.99. Conversely
pH measured above pH 4.5 significantly increased from 47% of total recorded events
in 2000 to 93% of total rainfall events in 2005. During this period, total yearly rainfall
in 2000 of 1174.7mm was the second highest in the rainfall record since 1990 and in
2003 yearly rainfall of 677.8mm was the second lowest recorded since 1990.
At the end of the period 2000 to 2005, pH levels measured in Danby Beck continued
to be within the range pH 3.30 and pH 4.50 and this is consistent with measurements
taken between 1990 and 2000.
For the same period 2000 to 2005 recorded pH levels at Brown Hill Spring were
within the range of pH 4.95 to pH 6.52. This shows little change in the range between
1990 and 2000.
At the end of the same period 2000 to 2005 Botton Pond shows a range between pH
4.86 and pH 7.66. During this period the three highest readings occurred since
sampling began in 1992.
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Conclusions
Linear trend lines inserted in the charts representing the complete recordings from
1990 indicate some improvement in pH values for Rainfall and Botton Pond. No
change is recorded in Danby Beck which remains significantly acidified even in
periods of low flow rates and there is little change in Brown Hill Spring, although
here, the pH values are consistently higher than Danby Beck.
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Overview of moorland research, 2000-2005
Martin Hammond
Wildlife Consultant
Introduction
The North York Moors National Park Authority publishes a review of moorland
research carried out within the National Park at approximately five yearly intervals.
This overview is of the papers submitted for the period 2000 to 2005.
Future prospects for sheep farming on the North York Moors
In the previous Moorland Research Review (1995 - 2000), Mervyn Lewis of the Rural
Business Research Unit at Askham Bryan College reported on a detailed analysis of
the economics of sheep farming on the North York Moors during the second half of
the 1990s. Several inter-related factors made sheep farming on the Moors
particularly marginal and subsidy-dependent. Lamb production was 20-25% lower
than for hill sheep in other parts of northern England or what was then MAFF’s
Northern Region as a whole. This meant fewer lambs for sale and proportionately
more needing to be retained to maintain the breeding flock.
In this Review, Lewis and Beetham (chapter 1) return to the economics of hill sheep
farming on the Moors in the wake of changes such as the introduction of Single Farm
Payments, the replacement of the old Hill Livestock Compensatory Allowance with
the Hill Farming Allowance and the increased importance of payments for grazing
management of SSSI land. A notable conclusion of their study is that, “For many hill
farms the agri-environment schemes in general and the Higher Level Stewardship
(HLS) in particular are going to be critical in maintaining viability. For farms in the
North York Moors it is likely to prove to be the defining factor on whether moorland
flocks are retained.”
In the 2004/05 financial year, the gross margin per ewe on six case study farms
averaged £27. This compared to an average for Yorkshire and Lancashire hill flocks
of £45 per ewe. Lambing production remains well below the regional average whilst
store lambs continue to fetch only about half the regional price.
If the potential for farmers to earn a living from hill sheep on the North York Moors
remains so poor, the abandonment of established flocks is a realistic scenario. If this
takes place, Lewis & Beetham estimate that re-establishing a hefted flock of 1,000
sheep would cost in excess of £125,000 and would take five years. Hefted flocks – in
which an awareness of a ‘home range’ is maintained over the generations on
unenclosed moorland – are essential to conserving the moorland landscape. Lewis
and Beetham conclude that, “Once moorland flocks have disappeared they are very
unlikely to return. The economic costs and other difficulties in re-establishing hefted
flocks are virtually insurmountable”.
Fire site restoration
Fire has been a major influence on the vegetation of the North York Moors since
Mesolithic times, as described in the previous Moorland Research Review (Innes &
Simmons, 2001; see also Blackford & Innes in this volume), and remains an
important management tool today. However, a clear distinction must be made
between carefully planned and managed rotational burns of heather patches and socalled ‘wildfires’ which are usually the result of carelessness.
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A massive wildfire occurred on Fylingdales Moor in September 2003, burning for four
days and severely damaging 250 hectares within the North York Moors SSSI, SPA
and SAC. As well as requiring a major commitment of fire-fighting resources
estimated to cost £50,000, this necessitated a costly programme of vegetation
restoration.
The papers by Rachel Pickering and Giles Manners in chapter 1 provide interim
reports on the restoration of the Fylingdales fire site. The restoration programme has
involved many stakeholders including the private land owner, English Nature, Rural
Development Service, English Heritage (the area is rich in archaeology) and
Fylingdales Court Leet (which represents the interests of common right graziers).
The National Park’s Modern Apprentices and volunteers have carried out much of the
labour-intensive work involved in restoring vegetation.
Rapid restoration of vegetation has been an important objective in order to prevent
further peat erosion, restore wildlife habitat and protect archaeological features.
Immediate work involved sowing nurse crops of commercially-available grasses
along with a small amount of heather seed. A second phase of work involved
spreading heather seed and brash, and sowing local-provenance seed of wavy hairgrass and bell heather.
The results so far indicate that seeding with a nurse crop of the non-native bentgrass Agrostis castellana succeeded in providing a favourable environment for
natural and assisted regeneration of native moorland plants. Further monitoring will
establish whether the nurse crop persists and needs to be suppressed. Use of
perennial rye-grass as a nurse crop proved to be both unsuccessful and unnecessary
in this instance. Initial recovery is clearly a dynamic process and early patterns of
species establishment will change as more coherent plant communities develop in
response to environmental variables.
One salient point, however, is that natural regeneration has been better than
expected and the extent to which fire had destroyed propagules (buried seed and
rootstock) was over-estimated in initial assessments.
George Winn-Darley’s contribution to chapter 1 makes more informal observations
on the Fylingdales wildfire and another almost simultaneous one on managed grouse
moor on Bransdale Moor. There are clearly many practical lessons to be learnt
regarding the management of fire risk and response to outbreaks. Inter alia, the
creation of adequate fire breaks may need to be considered where old heather is to
be retained.

Bracken management
Bracken control was a major focus for applied research under the Moorland
Regeneration Programme (see chapter 3 in the previous Moorland Research
Review: Charles, Wightman & Hammond, 2001). The results of this research have
contributed significantly to the development of best practice nation-wide.
In many situations, the land manager’s objective will not be eradication of bracken
but control of its spread, especially along advancing fronts. In chapter 1, Pakeman et
al review long-term monitoring of the effectiveness of this approach on Levisham
Moor. Here an untreated invading bracken front expanded by four to five metres over
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ten years, a front managed by cutting was stablised and a front sprayed with asulam
retreated initially but subsequently recovered.
In 2002, the researchers revisited 20 sites where the short- to medium- term effects
of bracken control had been monitored previously. 18 of these had not reverted to
bracken dominance and 13 could be classified as heathland. However, localised
regeneration of bracken cover was present at 12 sites indicating that periodic respraying will be necessary to prevent reversion to bracken dominance.
Where more intensive control of bracken is required, repeated treatments with the
selective herbicide Asulox are a necessity, as described in Robinson’s report on trials
on the Spaunton Estate.

Conserving juniper
Threats to the survival of juniper, one of only three conifers native to Britain, have
resulted in this plant being identified as a Priority Species for conservation in the UK
and Local Biodiversity Action Plans. This is a particularly problematic species to
conserve, being vulnerable to the traditional upland management practices of burning
and grazing yet also requiring open conditions with limited competition from other
vegetation to re-establish itself.
Despite the fact that juniper has probably persisted for thousands of years on the
North York Moors, by the end of the 20th century local populations could almost all be
considered functionally extinct – some aged bushes could well persist for some time
into the future but virtually no reproduction was taking place. In this context the only
effective option was to artificially propagate local provenance stock in order to
reinforce relict populations and expand the distribution of juniper within the Esk
Valley.
In practical terms the results have been enormously successful. The North York
Moors population now stands at over a thousand individuals rather a few dozen and
seed production has been observed on previously barren old bushes, presumably
because the new plantings have facilitated pollination between male and female
individuals (individual junipers are of one sex or the other). Large numbers of school
children and volunteers have been engaged in the project, so it has raised
awareness of heritage trees and wider biodiversity issues amongst a wide audience.
However, no wild plant can be maintained by such intensive intervention indefinitely
and the next challenge will be to find sustainable means of providing a continuity of
habitat conditions favourable to the natural regeneration of juniper.
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Vegetation management
The North York Moors SSSI covers 44,087 ha and is England’s largest inland SSSI.
One duty of the Government’s wildlife agency, English Nature (now Natural England)
is to evaluate and monitor the ecological health of SSSIs. This has significant
implications since the Government’s Public Service Agreement target is to ensure
that 95% of SSSIs are in favourable (or at least improving) condition by 2010.
This health check takes the form of an assessment of ‘condition’ using Common
Standards Monitoring – a methodology which pools the experience of the English,
Scottish and Welsh statutory nature conservation bodies and aims to provide
objective, science-based standards for evaluating all statutory nature conservation
sites. In chapter 2 of this Review, Andrew Windrum of Natural England reports on the
results of condition assessments for the North York Moors SSSI covering the period
1996-2001.
Only 11.5% of the SSSI was considered to be in favourable condition, so the vast
majority (over 39,000 ha) was assessed as being in an unfavourable state. Over the
UK as a whole, 21% of SSSI/SAC upland heathland was classed as being in
favourable condition during the first six years of Common Standards Monitoring
(Williams, 2006a & b). More positively, 37% of the North York Moors SSSI was
considered to be in an unfavourable but recovering condition.
However, these statistics do beg the question of why so much of this vast SSSI
should be in an apparently poor state of ecological health. Traditional land
management practices certainly play a part: frequent burning (a response to the
faster growth of heather on the North York Moors than in other upland moorlands)
appears to promote species-poor heathland dominated by ling (Calluna vulgaris).
Unfavourable burning practices were considered to result in adverse habitat condition
in just under half the SSSI area. By contrast, excessive grazing pressure is only a
localised problem, causing unfavourable condition in just 4.1% of the SSSI area. This
confirms previous observations (e.g. Jerram, Clayden & Rees, 1998) and contrasts
with many other upland areas where over-stocking has been considered a primary
cause of ecological degradation, in the recent past. Inappropriate supplementary
feeding of livestock impacted on 1.5% of the SSSI whilst drainage works, insensitive
scrub control, illegal use of vehicles, under-grazing and fertilizer use or other
agricultural activities caused damage to just one or two monitoring units each.
It is acknowledged that the topography and geography of the North York Moors set
them apart from most other British upland landscapes, and this will have implications
for how habitat condition should best be ‘measured’. For one thing, the North York
Moors are relatively low-lying despite often being perceived as an archetypal upland
landscape. Only 36.5% of the North York Moors SSSI lies above the 300 metre
contour, and only 18.5% above 350 metres. 52.8% lies between 200 and 300 metres,
so much of the moorland is at an intermediate elevation.
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Height above ordnance
datum (metres)

North York Moors
SSSI/SAC/SPA - area in
each contour band (ha)

North York Moors
SSSI/SAC/SPA percentage of total SPA
in each contour band (%)

450 +

8.72

0.02%

400 - 450

1922.29

4.36%

350 - 400

6224.16

14.12%

300 - 350

8049.65

18.26%

250 - 300

11861.28

26.90%

200 - 250

11584.59

26.27%

150 - 200

3807.77

8.64%

100 - 150

615.03

1.39%

50 - 100

21.66

0.05%

0 - 50

0.00

0.00%

Totals

44095.15

100.00%

Furthermore, the climate of the North York Moors is relatively dry: in large part this
simply reflects the relatively low elevation but the Moors are also the most easterly
block of ‘upland’ heath in England, in the rain shadow of the Pennines. For example,
Lockwood Beck Reservoir in the north-west of the National Park has a long-term
average annual rainfall of 803 mm. (cited by Fowler & Kilsby, 2002); annual rainfall at
Castleton averaged at 928 mm. during the period 2000-2005 (based on Chadwick,
chapter 7 in this volume). Average annual rainfall on the higher moorland in the
centre of the National Park is within the range of 1061-1290 mm., and on the lowerlying moors within the range of 871-1060 mm. (average rainfall maps accessed at
www.metoffice.gov.uk). By comparison, the Upper Wensleydale moors in the
Yorkshire Dales National Park receive over 1900 mm. and the Lake District uplands
experience >2,000 mm.
Consequently, the more montane dwarf-shrub components of higher, cooler and
wetter upland moors are rare on or absent from the North York Moors and the
bryophyte (moss and liverwort) flora is probably also naturally impoverished.
The only way of improving habitat condition assessment criteria for the North York
Moors is to gain a better understanding of the interactions between land
management practices, climate, geography and perhaps additional factors such as
atmospheric pollution. Papers in chapter 2 of this Review hopefully contribute to this
understanding as pieces in a large jigsaw.
Rotational burning has a major influence on moorland vegetation structure and Jane
Burch’s paper on bryophyte regeneration provides some useful indications as to the
succession following burning on both wet and dry heath on the North York Moors. On
dry heath, pioneer acrocarpous mosses flourish during the early stages after burning,
until the heather has grown to around 30 cm high. After this pleurocarpous mosses
increase but only until the heather reaches about 55 cm in height. The ‘ideal’ height
range for pleurocarpous mosses (canopy height 44-55 cm) occurs between 10 and
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20 years after burning and is variously associated different ages of heather on
different sites.
In Erica tetralix wet heath, Sphagna are most abundant in shorter vegetation (again
up to 30cm high) with pleurocarpous mosses increasing as canopy height increases
up to around 50 cm. Both Sphagna and pleurocarpous mosses were represented
where the canopy is between 25 and 30 cm high, which again was recorded for
widely varying ages of heather development.
Burch concludes that canopy height may be a more reliable indicator of bryophyte
recovery than the age of a stand since last burning or the stage of heather
development.
Alison Reid’s paper indicates that longer burning rotations than those currently
practised on Lockton (Fen) Moor would allow increased plant diversity and recovery
of soil fertility. She proposes that a compromise between these goals and the need to
maintain pioneer and building phase heather growth for the benefit of sheep and Red
Grouse could be achieved by alternating burning rotations of 10 and 25 years.
Management of blanket bog remains controversial. Britain has an international
responsibility to conserve blanket bog habitat, which develops where deep peat
accumulates over flat upland plateaux or gently-sloping moorland. In chapter 2,
Ulrike Wenzel concludes that the blanket bogs within managed grouse moors
represent “stable, fire-adapted ecosystems”, and, “…if burnt in a controlled, smallscale manner…burns do not seem to seriously alter the present vegetation type”.
She found that bog mosses (Sphagna) were “…seemingly not affected by the
changing environmental conditions following a burn”. At the same time, rarer plants
considered to be fire-sensitive, such as bog rosemary (Andromeda polifolia) and
round-leaved sundew (Drosera rotundifolia), were only found on May Moss, where
there has been no management burning for over 50 years. In a wider context,
Stewart et al (2004) have reviewed studies of burning on blanket bogs and concluded
that whilst the evidence is contradictory and long-term studies are urgently needed,
“burning of blanket bog and wet heath should normally be avoided if favourable
condition is to be achieved or maintained”.
Much blanket bog has been drained in the past with the aim of increasing Calluna
cover. Marie Schober’s paper (chapter 2) indicates that surface drainage probably
has little gross effect on blanket bog vegetation, although erosion of drainage grips
may cause damage. One fundamental problem this study throws up is the difficulty in
basing practical management guidance on short-term studies, indicating the need for
long-term monitoring.

Water Vole studies
The Water Vole has clearly provided an interesting subject of study in the North York
Moors National Park, as shown by the three papers in chapter 3 of this volume. The
decline of this charismatic rodent in Britain has been catastrophic, due to a
combination of intense predation by feral American Mink and changes in riparian
habitats. The presence of upland populations had been largely overlooked until quite
recently, including those associated with headwater streams around the Derwent /
Esk watershed. These provide a rare opportunity to study Water Vole ecology without
the interference of Mink predation.
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The Water Vole surveys reported by Laura Winter covered 152 upland sites within
the National Park. Water Vole field signs were detected at 38 sites, predominantly
where a mosaic of habitats occurred within a moorland landscape. However, only 6
breeding sites were identified.
Land managers and conservation advisors often have to rely on very limited
observational data when deciding how to protect threatened species most effectively.
This can be problematic where a species apparently occurs widely away from small,
localised breeding colonies, as is the case with upland Water Voles in the National
Park. Many mammals use spraints or latrines to mark-out their territories, and this
can provide a useful means of identifying the location and abundance of breeding
populations.
Ellen Patrington investigated whether latrine counts provided an accurate index of
Water Voles populations at four sites on the North York Moors. Latrines did indeed
show a positive relationship with the number of individuals trapped per 50 metre
section of stream, with roughly three latrines per animal. There was also a positive
correlation between latrine density and counts of burrows. Patrington cautions,
however, that surveys should involve multiple counts of latrines because they can be
washed away by rains and floods.
Helen Laycock investigated the habitat features and management of land
surrounding Water Vole breeding sites on the North York Moors. Watercourses with
moderately steep, grassy banks (but not earth cliffs) were found to be most
favourable for Water Voles with moderate levels of grazing, heather management,
bracken control and predator control in the adjacent landscape. Whether these
factors are co-incidental or positively related to Water Vole occupancy is less certain.
Moorland birds
Moorland birds are a highly-valued feature of the North York Moors, and indeed all of
Britain’s upland heathlands. The economic value of Red Grouse as a quarry species
effectively funds much of the moorland management on the North York Moors, whilst
breeding waders, raptors and songbirds all include species of national or
international conservation concern. Several studies of moorland birds are reported in
chapter 4 of this Review, most of which are associated with long-term research and
monitoring projects.
Surveys of breeding waders on the open moorland of the North York Moors were
undertaken in 1996 and 2000 (see chapter 5 of the previous Moorland Research
Review). In this volume, Wilf Norman reports on a 2005 re-survey of three of the
moorland sites which had been surveyed previously. Two sites show a sustained
increase in numbers of Lapwing, Golden Plover and Curlew whilst wader numbers
are more-or-less stable at the third site, where habitat is less favourable. No definite
breeding pairs of Snipe were located. Data on breeding success indicated that only
between a third and half of nests were successful, torrential rain in June having a
significant negative effect on productivity.
In 2003, breeding waders were surveyed on enclosed farmland in the National Park,
as reported by Cleo Small (this volume, chapter 4). This was a large-scale survey
with 50 sites covering a total area of 46.5 km². Important findings include the fact that
densities of Lapwing on in-bye land on the moorland fringe (‘upland’ sites) were
double the densities recorded from open moorland, and more than double those
recorded from lower-lying farmland. For Snipe, densities in ‘upland’ enclosures were
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four times higher than on lower farmland and double those recorded on open
moorland. Curlews, by contrast, had their highest densities on open moorland and
some of those recorded on enclosed land were believed to be moorland breeders
foraging on in-bye pastures. Combining data from the farmland and moorland
surveys shows that the NYMNP supports around 2.2% of the UK lapwing population
and 6% of the UK curlew population.
David Newborn of the Game Conservancy Trust’s Grouse Research Group reports
on an intensive study of seven 1 km² sites where wader breeding success was
compared to tick burdens and prevalence of louping-ill in grouse. In addition, over
300 wader chicks were examined to record body condition and tick burdens. Blood
samples were also taken from 69 wader chicks to test for louping-ill antibodies.
No relationship was found between tick infestations and chick body condition.
Infestations were small but varied from only 7% of Lapwing chicks to 84% of Curlew
chicks. No louping-ill antibodies were isolated in wader chick blood samples
compared to 4% of samples from young Red Grouse from the same moors. This is
an important conclusion to a relatively large-scale and intensive study. However, it
should be noted that the research was carried out on estates where sheep receive
multiple acaricide treatments to control tick populations.
Merlin, Britain’s smallest bird of prey, is one of the specialities of the North York
Moors and Merlin breeding populations are one of the features leading to the
designation of the North York Moors SPA under the European Union’s Birds
Directive. Long-running studies of local Merlin populations were reported in the
previous edition of this Review (Wightman, 2001), and this has been updated by
Garry Marchant on behalf of the North York Moors Merlin Study Group. This paper
shows the wealth of information which can be produced by long-term intensive
monitoring of species of conservation concern, which is all of practical conservation
relevance.
Ken Hutchinson’s ongoing study of the distribution and habitat requirements of Ring
Ouzels on the North York Moors continues to provide valuable information about this
overlooked migrant thrush, now recognised as a Red List bird of conservation
concern in the UK. The intensively-studied population around Rosedale appears to
be healthy and stable, and Ring Ouzels have bred in nine hectads (10 km squares)
within the National Park in recent years.
Reptile studies
The paper on Adder surveys by North & East Yorkshire Ecological Data Centre
(chapter 5) illustrates the paucity of ‘formal’ data about an animal which many people
would consider characteristic of moorland and the moorland fringe. If Adder is
adopted as a ‘Regional Biodiversity Indicator Species’, surely the next step must be
to encourage anyone who works on or visits the North York Moors to report sightings.
Although such ‘informal’ records do not substitute for regular monitoring
programmes, some foresters, graziers and gamekeepers who follow a regular ‘beat’
could probably provide very useful year-to-year reports.
Invertebrate studies
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The ill-defined transitional zone between open moorland and woodland or enclosed
farmland is readily overlooked by conservationists. In fact, such transitional habitats
can be very biodiverse, especially for invertebrates.
Historically, the moorland edge would have comprised a dynamic mosaic of
heathland, woodland, scrub, bracken and grassland. These component habitats
would have fluctuated over time, with more specialized species forming
metapopulations (clusters of individual colonies) which would expand, contract and
shift in response.
One specialist of such transitional habitats is the Pearl-bordered Fritillary butterfly,
identified as a Priority Species for conservation in the UK Biodiversity Action Plan.
Once relatively widespread in the south of the National Park it is now restricted to two
or three sub-populations on a single block of remnant moor-edge habitat.
In a national context, the breeding range of this butterfly contracted by 68% between
the periods 1970-82 and 1995-99 (Fox et al, 2001). On the eastern side of Britain,
the North York Moors site now appears to be its only breeding station between
Perthshire and Kent. Indeed, the nearest populations of Pearl-bordered Fritillary are
around Morecombe Bay on the west coast. The decline of this species has been
attributed to the abandonment of extensive coppicing, loss of open woodland and
degradation of open bracken stands rich in violets (the larval foodplant).
In addition to Pearl-bordered Fritillary, Fox et al (2001) showed that three other
butterflies found in the North York Moors National Park now merit UK BAP Priority
status due to severe and sustained population declines: the Duke of Burgundy, Small
Pearl-bordered Fritillary and Large Heath. The Duke of Burgundy is restricted to
scrubby calcareous grassland and woodland-edge habitats on the Jurassic limestone
in the south of the National Park but the other two ‘candidate Priority Species’ can be
considered moorland species.
During the 2004 survey reported by Wainwright (chapter 6 in this Review), Large
Heath was recorded from 58 habitat patches in the eastern half of the National Park,
a far wider distribution than has previously been documented. Moreover, two-thirds of
the 36 patches where relative population size was estimated supported mediumsized populations. The vast majority of occupied sites were considered to support
good quality habitat for the butterfly. The 2003 Small Pearl-bordered Fritillary survey
also produced very positive results: 27 occupied sites were located, all supporting
small populations (Clough, chapter 6 in this Review). These were clustered into
distinct meta-populations, with valley systems providing connectivity between more
distant sites.
However, whilst most Large Heath sites are associated with managed grouse moors,
Small Pearl-bordered Fritillary is intimately associated with streamside mires where
marsh violet grows amongst purple moor-grass, rushes and sedges.
Butterflies are amongst the most conspicuous and popular invertebrates, well-known
and relatively easy to monitor. Much more difficult to monitor – and if necessary
conserve – are inconspicuous groups such as beetles. This is certainly the case with
the water beetle Helophorus tuberculatus, which mimics a tiny fragment of charcoal
and inhabits temporary pools or trickles on bare or recently-burnt peat. An argument
can certainly be made that H. tuberculatus is a very rare and threatened habitatspecialist yet it could simply be very difficult to detect. If it is threatened, there is
evidence that localized populations have occurred at least periodically on the North
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York Moors, though it has not been found in the National Park since the 1980s
(Hammond, chapter 6 in this Review).

Palaeoenvironmental studies
The North York Moors have long been an important locus for paleoenvironmental
studies, including the development of innovative techniques for interpreting ancient
environments.
Pollen analysis (palynology) is widely used as a technique for reconstructing past
environments from preserved deposits. It also provides an insight into how peatforming wetlands develop, which is relevant to the restoration of degraded mires
today. One limitation of pollen analysis is that traditional methods provide only a
qualitative picture, open to a degree of interpretation. Bunting (chapter 7) reports on
a study aimed at modeling the pollen signal of dwarf-shrub heath vegetation so that
samples can be interpreted in a more quantitative fashion.
Also in chapter 7, Blackford and Innes explain how ancient fungal spores preserved
in peat shed light on the Mesolithic landscape of the North York Moors. Samples
were taken from North Gill, at the head of Rosedale Moor. The picture presented is of
a dynamic environment in which primary forest was converted to open secondary
woodland or wood-pasture through burning and grazing, long before the
establishment of heather moorland in the Neolithic period.

Acidification
Recent work on acid deposition in Britain has focussed on ecological recovery in
response to decreasing loads: the principal DEFRA research programme in this field
is RAW-UK – Recovery of Acidified Waters in the UK (Curtis & Simpson, 2004). The
general consensus has been that, due to the shift from coal to gas in energy
generation, acidic sulphur deposition in UK waters has halved since 1990, allowing
impacted ecosystems to recuperate 3. The paper by Evans et al in this volume
(chapter 8) is therefore a salient reminder that acidification remains a current problem
in parts of the British uplands, with compelling evidence that it is particularly acute on
the North York Moors.
In the previous Moorland Research Review, McNish (2001) highlighted the
occurrence of significant acidic pulses in the headwaters of the River Esk following
heavy rain. In this previous Review, Evans et al reported evidence of strong
acidification in pools and streams on the North York Moors combined with negative
acid neutralising capacity (ANC, a measure of the chemical capacity to buffer
acidity). On the fringes of the moors, water bodies in enclosed farmland or receiving
water from calcareous catchments were well-buffered and not acidified.
Modelling indicated that ANC had declined significantly since 1850, and sites which
are chronically acidified now would not have been then. Even with substantial
reductions in sulphate emissions, Evans predicted that some waters in the National
Park “may remain unable to support healthy aquatic ecosystems in the future”.
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DEFRA press release, 15 November 2005: Two new research reports indicate that UK waters are
recovering from acid rain. Accessed on the Freshwater Umbrella website: www.freshwaters.org.uk
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The North York Moors are particularly vulnerable to acidic deposition due to the
combination of poorly-buffered bedrock and soils, the proximity of several major
sources of emissions (industry on Teesside, the coal-fired power stations in the
southern Vale of York) and relatively low rainfall (which concentrates SO4 rainfall
levels) (Evans, Norris & Rowe, 2005).
At the time the previous Review was compiled, only limited data was available from
the North York Moors, so the Evans et al (chapter 8) survey of 51 surface waters
carried out in 2005 represents a major improvement in our understanding of the
water chemistry of the moorland.
44 sites had a pH of less than 5.0 and on 33 sites, ANC values were lower than for
sites in the South Pennines, a region previously considered to be “…the most acidimpacted region of the UK”. The vast majority of moorland streams sampled had a
strongly negative ANC and aluminium concentrations were typically within the range
toxic to fish (aluminium ions become much more active at low pH). Streams draining
conifer plantations showed high sulphate, nitrate and especially aluminium
concentrations, whilst some had extremely low ANC.
This data indicates that streams on the sandstone moorland are chronically acidified
with a small number of moorland-edge streams having a more equable water
chemistry and higher ANC. Even compared to other naturally-acidic uplands,
concentrations of SO4 were very high and this was identified as the predominant
source of acidification. Nitrogen deposition does not appear to have a significant
impact on water chemistry except in a few forest streams. Isotopic analysis of 11
samples suggested that sulphate was predominantly of atmospheric origin. The
authors conclude that, “At almost all sites, then, high levels of SO4 and subsequent
acidification may result from the deposition of acidifying pollutants”.
In their report to DEFRA on this study Evans, Norris & Rowe, (2005) state that “…the
effects of acidic deposition have been at least as severe in the North York Moors as
in the South Pennines, and in all likelihood more severe.” They suggest that a total
area of around 700 km² is likely to be strongly acidified, equating to almost half the
National Park.
Evans, Norris and Rowe (2005) suggest that observed conditions in their study
streams were so acidic that, “…it is highly doubtful whether many of these waters
could sustain viable populations of salmonid fish, or of many acid-sensitive macroinvertebrate species”. Due to the very high concentrations of inorganic aluminium in
forest streams they conclude that “aquatic biological damage may be most acute in,
and downstream of, areas of conifer plantation”. Evidence to support these
conclusions is, as yet, mainly anecdotal and this must surely be a focus for research
in the near future.
The implications of extensive acidification on the North York Moors are wide ranging:
although the research focussed on surface waters, such high levels of acid
deposition will presumably impact on terrestrial ecosystems and mires as well. It
remains to be seen whether implementation of the EU Large Combustion Plant
Directive, which comes into force in January 2008, will redress what is evidently a
major environmental problem for the North York Moors.
The value of long-term monitoring of environmental problems such as acidification is
shown by Tom Chadwick’s data, which was incorporated into the Evans et al 2005
study. Since 1990, Tom has monitored pH levels in rainwater, a stream, a spring and
a pond in Danby Dale. The results show that rainfall has become significantly less
1

acidic during the period 2000-2005. Monthly average pH values from Botton Pond
fluctuate markedly but show some long-term increase. Values for Brown Hill Spring
have remained consistent since 1990 and Danby Beck remains markedly acidified:
during 2000-2005, pH levels remained within the range 3.3 to 4.5, consistent with
data for 1990-2000.
The Danby Dale results indicate that rainfall acidity has ameliorated in recent years
but the interaction between rainfall, vegetation, rocks and soils determines the
chemistry of surface waters.
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