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summary

The blanket bogs of Caithness and
Sutherland

The cool, wet and windy climate of
northern Scotiand has led to the
development of extensive fracts of
peatland which cover the landscape of
most of Caithness and Sutherland. This
is possibly the largest single expanse of
blanket bogin the world and the largest
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single area of habitat In the United
Kingdom that is of major imporiance on
the world scale, because of its global
scarcity. According to evidence from
within the peat, the current reeless
condition over most of the deep peat
area s not due o historical clearance of
natural forests by man. The peat bogs
are a natural Post-glacial climax

Blanket bog is now under intense threat, mainly from afforestation. The area of
the Caithness and Sutherland peatlands already lost to {orestry represents
perhaps the most massive single loss of important wildlife habitat since the
Second World War



vegetation type {section 2.2). They
represent the largest area of actively
growing acicd bog in Britain, and their
vegetation is composed of plant
commmunities which have no
counterparts elsewhere, excepiin
Ireland, where very significant losses
have already cccurred. The high
degree of surface ‘patterning' or pool
formation on the fiatter areas of
peatiand (flows") is of particular
conservation significance. The pools
support a specialised range of mosses
{especially species of Sphagnum) and
vascullar plants, and they provide
essential feeding habitats for wetland
birds.

These blanket bogs supporta
partcularly varied northern type of
bird fauna notfound in identical
composition elsewhere in the world.
They hold important breeding
populations of golden plover, dunlin,
greensiank and arctic skua. The lochs
and smaller dubh lochans support
breeding red-throated and plack-
throated divers, greylag geese, wigeon,
teal, common scoters and red-breasted
mergansers. Rare breeding waders
melude Termminck's stint, ruff, wood
sandpiper and red-necked phalarope.
Raptors such as hen harrier, golden
eagle, merlin, peregrine and short-
eared owl also use the bogs as
breeding or feeding areas (Chapter 3).
Many of these species have their main
distribution in subarctic and arctic
areas, and the peatlands of Caithness
and Sutherland have considerable
ecolocical affinities with the arctic
tvndré s {sections 2.5 and 3.3).

Considerabie bird populations are
present (section 4.2 and Table (L1),
although densities of individual species
are often low. We have estimated that
some 4,000 pairs of golden plover, 3,800
pairs of dunlin and 630 pairs of
greenshank breed cn these peatlands.
They hold considerable proportions of
the Buropean Communities' breeding
populations of several wader, waterfowl
and raptor species, including 66% of
greenshanik, 35% of dunlin and 17% of
gelden plover (Table 8.1}

The United Kingdom has accepted
international commitments for the

conservation of wetland habitats and
bird species (Chapter 7). Many of the
breeding bird species on these
peailands are listed in Annex | of the
European Eccnomic Community’s
Directive cn the Conservation of Wild
Birds. Under this Directive Member
States have entered into an obligation to
take special steps to protect the habitat
of such species and other migratory
birds. The 'Bern' Convention requires
conservation of threatened bird
habitats, while the peatlands meet the
agreed criteria of internationally
important wetlands and hence qualify
for designation under the ‘Ramsar’
Convention. The World Heritage
Convention requires the conservation of
natural features of outstanding
universal value for the heritage of
mankind.

Of all terrestrial habiiais in Britain,
these blanket bogs are the largest
axample of a primaeval ecosystem.
They are of global significance, with
both structural and biological features
peculiar to this country. However, their
continued survival is now under threat.

The threat
Coniferous afforestation is destroying
these peatlands. Both the state forestry
enterprise and a private secior
company have obtained extensive land
holdings on the open market and now
OWT1 0T manage extensive areas of
Caithness and Sutherland. Whilst two
decades ago threats to these peailands
on this scale would have seemed
inconceivable, land-use change
unprecedented in its speed and scope
I8 now in progress (section 2.6). The total
area of blanket bogin Caithnessand
Sutherland is estimated to have covered
401,375 ha before afforestation. Since
then, at least 79,350 ha have been
planted or are programmed for
planting, about 67,000 on peat.
Successful afforestation requires
deep-ploughing and draining, which
disTupt water-tables and surface flow
patterns and lead to longer-term
erosion, shrinkage, deep cracking and
oxidation of peat (Chapter 6}, Asthe
trees become established, higher
aevapo-transpiration rates lower the




wajer-table further and change the soil
structure. Ground vegetation is
eliminaied when the forest closes inio
thicket after 10-15 years.

Afforestation is inimical to the survival
of moorland breeding birds. Whilst
some species may persist within young
plantations for a short period, they
disappear once the forest canopy
closes into dense thicket. From this
stage until the mainly unthinned forests
are clearfelled, the ransformed
habitat excludes all the species of open
moorland except the few which may be
able to nest in trees, but even these will
depend for feeding on the extent of
open ground remaming unplanted. The
peatland bird assemblage is replaced
by one of weodland which, as well ag
being almoest entirely different, is of
much lower conservation value
because most of iis speciesare so
widespread and commeon. Neither the
vegetation nor the bird assemblage
show more than insignificant recovery
to the previous peatland types during
subsequent clearance phases in the
forest rotation.

Afforestation can cause non-breeding
and territory desertion by wide-ranging
predatory and scavenging birds, such
as golden eagle and raven, even when
only partofthe open hunting range is
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planted. Moorland bird densities fhin
out aver a perimeter zone beyond the
forest edge, and suggestive indications
that this is partly an effect of increased
predation from crows and foxes are
under investigation. Evidence for
marked changes in vegetation on
unplanted ground adjoining new
plantations already exists and is
consistent with a surface drying effect.
Small enclaves of unplanted 'flow’ and
other habitats left unplanted within the
forests are of doubtful value, especially
in the longer term, either as examples
of peatland vegetation and structure oz
for their bird assemblages.

The physical and chemical effects of
coniferous plantatons also extend far
more widely than the plantations
themselves. After ploughing and
draining there are increased sediment
loadsin streams and lochs, faster
run-off, and other alterations to the
hydrology of catchments. During the
early stages of plantation growth there
can be short-term eutrophication owing
to fertiliser application and run-off. This
canaffect nearby acid bogs by
wind-drift and cause profound nutrient
pollution of streams, with growth of algal
blooms (section 6.5). All these factors
reduce the quality of breeding habitat
for water birds such as dippers and




divers as well as affecting commercial
freshwater fisheries, which are of major
economic importance in Caithness and
Sutherland (section5.1).

The impact of afforestation of the
blanket begs in Caithness and
Sutherland causes a serious net loss of
nature conservation inferest which may
extend beyond the areas actually
planted.

The surveys
The Nature Conservancy Council

(NCC) has undertaken extensive survey
work concerned with both the breeding
birds and the vegetation of the
peatlands. The methodology of NCC's
Upland Bird Survey and Moorland Bird
Study is presented in the Appendix.
The Royal Society for the Protection of
Birds (RSPB) has also conducted
surveys of breeding birds, some of
them using this methodology (section
3.1). Between 1979 and 1986 a sample of
some 19% of moorland in Caithness and
Sutherland was surveyed cuantitatively
for its breeding bird populations. The
surveys were used to assess the nature
conservation significance of the
moorland bird populations throughout
the two digtricts of Caithness and
Sutherland.

The principal species of breeding
waders — golden plover, duniin and
greenshank — all exhibita
considerable range of breeding
densities, which can be related to
variations in vegetation and its siructure
{Chapter 4). Associations between
breeding waders and habiiat features
allow the interpoclation of results over
unsurveyed areas, using map evidence
alone. This method has been tested,
and the results used to obiain
population estimates (Table 0.1). By
examining map evidence from areas
that have been afforested it is possibie
to estimate the numbers of the main
wader species previously occupying
them and thus the loss of populations
through afforestation. There have been
losses of up to 19% of golden plover,
dunlin and greenshank (section6.2). A
disproportionate amount of prime
habitat for waders has been ploughed
and planted: foresters and these birds

are in direct competition for the same
areas of peat bog.

The resulis of NCC's Peatland Survey
of Northem Scotland are bniefly
summarised {Chapter 2)and will be
published in detail elsewhere (Lindsay
etal inprep.).

Conservation aims and the future
The future of these peatlands is
uncertain since afforestation continues
unabated. This report is not concemed
with the questions that have been raised
elsewhere concerming the economic
and social justifications of such upland
forestry (National Audit Office 1986), but
rather seeks to present the
conservation case for the protection of
the peatlands (Chapter 8).

Previous conservation measures
consisted of identifying exemplary sites
to represent the range of interest in the
peatland ecosystem, with the intention
of conferring special protection on
these as National Naiure Reserves
{(NNRs) or Sites of Special Scientfic
Interest (8S8is), Not only isthisan
extremely arbitrary approachin the
particular situation, bui reassessment in
the hight of fuller surveys and
international evaiuation has shown it to
be quite inadequate in meeting the
conservation need. The Caithness and
Sutherland peatlands are now
regarded as having a national and
international importance which lesin
their total extent, continity and
diversity as mire forms and vegetation
complexes and in the total size and
species composition of their bird
populations.

Forestry interests regard ail
plantable land ouiside specially
protected areas as potentially available
for afforestation and have already
planted up to the precise boundary of
some S581s. Most of the remaining
peatiand area is plantable, and under
present government policy and
financiai rules there is ligle to prevent
the whoie of this becoming afforasted,
cutside the present imited area of S58Is
and NNRs. The nature conservation
case igthat the losses of habitat and
birds already sustained on these
internationally important peatlands are




so heavy that any further afforestation is
unjustifiable. These logses are
compounded by the paraliel losses to
moorland habitats Gncluding blanket
bog) and birds which continue apace
through further afforestation in other
parts of Britain and abroad.
Maintenance of nature conservation
interest could be achieved simply by
retaining the existing pattern of
land-use Suchan approach is
compatible with existing agricultural
and sporiing interests. Indeed, an
integrated conservation policy for these
areas could be of advantage to these
other land-use interests.

NCC's surveys enable the extent of the
nature conservation interest of these
peat bogs to be quantified, but they have

also revealed the rapid and continuing
iosses caused by afforestation. Already,
habitat supporting nearly 19% ofthe
three principal breeding waders has
been destroyed or prograrmmed for
planting, and only eight of 41
hydrological systems in Caithness and
eastern Sutherland have been left free
from afforestation. The area lostto
forestry — most of ii since the passing of
the Wildlife and Countryside Act 1881

— represents perhaps the most massive
single loss of important wildlife habitat
in Britain since the Second World War.
Decisions to promoie appropriate
conservation measures are needed
promptly if the losses already sustained
are not to increase.



Table 0.3 Estimated proportions of national and European Commurnities’ populations of selected
bird species breeding in the Catthness and Sutherland peatlands
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Red-threated diver 150 1,000-1,200 | 4% 14% Gomersall, Morton & Wynde (1884)
Black-throated diver* 30 150 20% 20% Campbell & Talbot (1987)
Greylag goose ¢ 300 6500-800 43% ? Owen, Atkinson-Willes & Salmon (1988)
: Sharrock (1876)
Wigeon 80 300-500 20% 2040 Sharrock (1978)
Common scoter 30+ 75-80 38% 16% Thom (1988)
RSPB and NCC (unpublished dala)
Hen harrier® 30 600 5% 1% Newton (1984)
Golden eagle* 30 510 6% <1%? Dennisefal, (1984)
Watson, Langsiow & Rae(1987)
Merlin* 30 500 B% 4% RSPB (unpublished data)
Bibby & Natirass (1986}
Peregrine* 354 730 5% <1%* Raiclifie 1984)
Golden plover® 3,980 22,600 18% 17% Piersma (1886); this repont
Termminck’sstint® <10 <10 — — Rare Breeding Birds Panel (1986)
Dunlin 3,830 9,800 38% 35% Plersma (1986); this report
Ruff*s <10 10-12 — — Piersma (1986); this report
Greenshank 830 §60 66%% 65% Piersma (1986); this report
Wood sandpipert® <10 1-12 — — Rare Breeding Birds Panel {1986}
Red-necked phalarope®®] <10 15-44 — — Rare Breading Birds Panel {1986;
Arcticskua 60+ 2,800+ 2% 2% Fumess (1886)
Short-eared owi* 50 1,000+ 5% 4% Sharrock (1976)

* This indicates species listed on Annex 1 ofthe European Economic Community's Directive on the
Conservation of Wild Birds (79/409) as requiring special protection measures, particularly as regards their
habitat under Atticle 4(1). Other listed species are migratory and require similar habitat protection measures
under Article 4(2).

1 This excludes the whole of Ireland. o

2 EC population uncertain owing o unknown proportion of feral birds in other populations. The populationin
north-west Scotland is the only one thought to be natural, owing to separation from others.

3 Most of the EC population is ol the south European race homeyeri; Britain holds all of the EC population of the
nominate race, 6% of which occur on the Caithness and Sutherland peatlands.

4 The lolal Caithness and Sutherland poputation has increased to ¢ 60 pairs since the 1981 survey (Dennis pers.
comnm.), but no corresponding national total is availahle,

5 Mostofthe EC population consists of the Mediterranean race brookei; Caithness and Sutherland peatiands
hold 5% of the EC pepulation of the nominate race.

6 For reascns of confidentiality ¥ is not possible to indicate precise numbers and distributions of these species
breeding in Sutherland and Caithness. The Scottish populations of Temminck’s stint and red-necked
phalarope are the only representatives of these species breeding within the EC. Wood sandpipers braed in
one other region of the EC hut the Scotlish population s important in EC terms.

T Data for all species were also taken from Cramp & Simmons {1977, 198G, 1983, 1985).
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Introduction

1 ] The peatiands of Caithness and

Sutherland: the rise of
conservation problems
Mountains and moozlands are the most
extensive natural and semi-natural
terrestrial habitats remaining in Britain,
covering at least one guarter of the
country (about 6-7,000,000 ha), mainiy in
the west and north, Thelr vegetation
consists of grassland, dwarf shrub
heath, peat bog and marsh, alpine
'meadow’, moss and lichen heath, and
feli-ield. The local patterm in upland
vegetation depends on topography,
especially steepness and range of
altitude, on the nature of the underlying
rock and derived soils, and on land-use.
Superimposzed upon these local
variations are broad geographical
trends reflecting the main gradients of
climate, of decreasing temperature
from south to north, and of increasing
oceanicity (particularly increasing
rainfall, atmospheric humidity and
windspeed) from east to west and
towards coasts.

Blanket bog, the paricular subject of
this report, has developed naturally

where cool, wet climahc conditions
have favoured waterlogging of the
ground and accumulation of plant
remains as peat. [t is a formation
especially associated with flat or gently
sloping ground, butoccurs at
increasingly low elevations and on
increasing inclines as climaie becomes
more oceanic towards the north and
west of mainland Scotland and its
islands. Blanket bog covers the high
plateau of Dartmoor, but in extreme
oceanic areas such as Sutherland,
Caithness, Liewis and Shetland and the
west of Ireland it is exiensive on
low-lying moorland down almost to sea
ievel. In these situations it represenis a
northern iundra-ike ecosystern which
has developed in these more southerly
latitudes because of the highly Atlantic
climate,

The largest expanse of blanket bogin
Burope, and possibly the largest single
area in the world (Figure 1.1}, is where
the low, rolling moorlands of east
Sutherland descend gradually into the
piains of Caithness. Further westin
Sutherland, blanket bogis still

Figure 1.1 World distribution of blanket bog on Peters’ projection, which

shows correctly proportioned land areas.

The dark areas show those regions within which blanket bog occurs: the total
extentof blanket bog is smaller. Nog that blanket bog occurs almost
exclusively between 40° and 60° latitude north and south on ccean seaboards




widespread but becomes more
dissected by higher mountain ranges.
The whole area of the Caithness and
Sutherland blanket bogs, lying
between 10 and 450m and onginally
covering 401,375 ha (Figure 1.2), is
considered in this report. This area
extends well beyond the largest single
expanse of bog, sometimes called ‘the
flow country’, occupying much of the
area eagt of a line from Tongue to Lalrg
(Figure 1.3) or an even more restricted
area (Royal Society for the Protection of
Birds 1985).

'Flows' are flat or almost flat areas of
deep bog which are especially
extensive in this region and have in
many places developed intricate
surface paiterns, in the form of compiex
pool systerns, These patterned flows
show wide variation in the size, shape
and configuration of the pools and
intervening ridges or hummeocks, and
they are of great scientific interest for
their hydromorphology (Lindsay, Riggall
& Burd 1988). Asscciated with this
structural diversity is a distinctive and
varied set of plant communites with
dynamic successional relationships
and composed of a flora which includes
species of different biogeographical
affinities. There are also numerous
tochs, of widely varying size, and
moeoriand stream and river systems.
Within the accompanying fauna, the
breeding birds are of cutstanding
interest: they represent a particularly
vanried 'undra’ type of assemblage and
mclude nationally and internationally
Important populations of various
species, as well as several national
rarities.

The structural, vegetationaland
faunal variety are all closely
interrelated, and survey information
will be presented to identify and
evaluate their interest. One of the most
notable features is that the wet flow
ground represents an unusually large
area of najural habitatin this country,
where somuch of the land has been
profoundly modified by past human
activity. Although moor-burning has
affected much of the total peatland area
to some degree, quite large areas of the
wettest ground have remained
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relatively undisturbed, and grazing by
large herbivores has been light
because of the naturally low carrying
capacity. This is, indeed, a region which
has largely escaped the more intensive
modem kinds of land-use which have
affected somany mountain and
meorland areas elsewhere in Britain —
upland farming and pasture
improvement, water and hydro-electric
supply, mineral extraction, military
training, and the heavier kinds of
recreatonaluse, lis nafure
conservation interest has survived
under a combination of traditional
management for low-intensity
sheep-farming, sporting interestin red
deer, red grouse, salmon and trout, and
local small-scale peat-cutting.

Concermn over nature conservation on
the Caithness and Sutherland
peailands has increased in parallel with
the rapid advance of commeszcial
afforestation in the region during the
iast decade. After along period of
forestry expansion elsewhere in the
uplands, during which there was little
interestin the planting of deep, wet
bogs, a combination of silvicultural and
technological advance has quite
rapidly ransformed the situation. Both
state and private afforestation have
spread rapidly, benefiting froma
combination of advantageous grant-aid,
tax concessions and land-market
factors. A significant proportion of the
peafland area is now owned by forestry
interests, if not actually planted (Figure
1.4). Because much of the peatland area
1s at a low elevation, a large proporiion
of the totai area is potentially plantable
and therefore at rigk, Afforestation
causes a transformation of the peatland
ecosystem and is regarded as almost
totally destructive to its nature
conservation interest (Nature
Congervancy Council 1986). The
replacement of these unicue habitats
by an exiremely widespread and also
artificial type of forest ecosystem is
regarded by nature conservationists as
a very substantial net loss of wildlife
and environmental value,

The novelty, pace and scale of
afforestation of the Caithness and
Sutherland peatlands took conservation



Figure 1.2 Distribution of bianket bogin
Caithness and Sutherland before
afforestation.

The map of peatland is derived from the soil
categories of the Macaulay Institute {or Soil
Research, All of soiltypes 3, 4, 4d and 4e
were included, with some combinations of
other categories where the slope has
allowed peat formation. From Lindsay et al.
(inprep)
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Figure 1.3 Caithness and Sutherland,
showing localities mentioned in the text
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Figure 1.4 Distribution of foresiry In
Caithness and Sutherland inrelation to the
blanket bog shown in Figure L2

Areas shown are either in Forestry
Commission ownership or have Forestry
Grant Scheme approval or are dedicated
privaie woedlands Map asat January 1986,
since when there have been many further
FGS applications.
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interests somewhat by surprise.
Incompleie surveys were undertaken
by the former Nafure Conservancy
during the late 1860s to identify a series
of areas meriting protection as National
Nature Reserves (Ratcliffe 1977b).
Subsegquently, the portents for land-use
developments in various parts of Britain
indicated that priorities for allocation of
scarce survey resources should lie in
other areas, with emphasis on different
impacts. The launching of more
comprehensive vegelational and
ornithological surveys of the Caithness
and Sutherland peatlands during
19758/80 has been overtaken by the
rapid spread of afforestation, requiring
that the conservation case be
presanied quickly, atbeit from
incomplete evidence. The uplands are
the last great area of undeveloped
natural and semi-natural habitat in
Britain, and these northern peatlands
are outstandingly valuable but
especially vulnerable. This report aims
to present the case for regarding the
Caithness and Sutheriand peatiands as
both a national and an international
scieniific and cultural resource.

Suxvey methods

Since 1980 NCC has undertaken
botanical surveys of the peat bogs
within both administrative districts —
the Peatland Survey of Northemn
Scotland. This has concentrated
particularly on identfying and studying
the patiermed flows from large-scale
rmaps and aeral photographs. The sites
thus identified have subsequently been
examined in detail on the ground. Such
& programme of survey is nevitably
time-consuming because of the nature
of the terrain and the remoteness of
many sites, and if is only now nearing
completion (Chapter 2). Virtually ali
major pool systems have been
examined in detail, and albout 90% of
the total area has been assessed at least
in outline.

Complementing this survey, a series
of ornithological sampling surveys have
also been undertaken by NCC since
1978 — the Upland Bird Survey,
continuing from 1886 as the Moorland
Bird Study {Chapter 3). The pracical
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difficuliies of counting birds over such a
wide expanse of peatiand have meant
that it has not been pessible for NCC o
survey all areas of the Caithness and
Sutherland peatlands for their
ornithological interest, The approach
taken has been that of sampling
representative sites throughout both
districts. Thus, this report:

0 briefly draws upon the results of
NCC's Peatland Survey {the full
results of which will be published
elsewhere)in order to relate the
omithological surveys to concurrent
studies of peatland vegetation and
structure and to provide a habitat
context for the bird fauna (Chapter 2);

r: ouilines the methods of data
collection used by the Upland Bird
Survey (UBS)in 1975-1985, and later
the Moorland Bird Study (MBS}, to
gather information on the
ornithological importance of the
peatiands{Chapter 3);

0 develops and assesses methods of
interpolating the results of the survey
tothe rest of the area, using
correlations between breeding
densifies of waders and features of
physical structure and vegetafion of
peatland, whereby the relative
importance of sites for waderscanbe
identified hoth from maps andon the
ground without the necessity for a full
field survey (Chapter 4);

0 assesses the formerand current
extent of peatlands and the degree to
which bird populations in Caithness
and Sutherland have already been
reduced by commercial afforestation
and then estimates potential future
iosses (sections 4.4 and 6.2);

3 summarises the effects of
afforestation on the physical and
biological components of the
peatland ecosystem (Chapter 8);

7 assesses the international
importance of the peatlands
according to the requirements cf the
UK's treaty arrangements (Chapter 1),

0 evaluates the overall biological
importance of the peatlands, using
inforrnation gained from both of the
bird surveys, the Peatland Survey and
other sources, and synthesises the
total conservation case (Chapter 8).




The blanket bog
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The {ollowing account of the blanket
beg formation is based mainly on
Lindsay et al. {in prep.)and included
here to provide an essential context for
subsequent chapters,

The Peatland Survey of Northexrn
Scofland

During the last seven years, most of the
peatlands of the north of Scotland have
been systematically surveyed. In order
to identify important areas of peatland,
aerial photographs and 1:258,000 maps
of Caithness and Sutherland were
axamined. A wide range of these sites
was then visited {o assess the present
condition of those remaining free from
forestry or intensive drainage. A full
evaluation was made of their physical
and hydrological structure and
floristics. In particular, records were
made of any damage to the site by
drainage or previous severe burning. A
high, unmedified water-table was
considered to be a useful indicator of
high conservation value. Sttes with a

high water-table were also found to
display a range of natural
microtopographical elements
characteristic of undamaged bogs such
as spongy ridges, hollows, pools and
Sphagnum lawns' Detailed
descriptions of the peatland flora were
made at each site and these were
complemeniad by quantitative
information on spacies composition
within 0 8m quadrats. Such data enable
the plant communities of these northern
bogs to be evaluated within a national
coniext.

There are problems of definition over
the limiis of peatland as & substrate and
as a vegetation category, since withina
peatland landscape there isusually a
gradual transiticn from deeper peat
with mire communities to mineral soils
with shallow surface humus, supporing
drier grassland or dwarf shrub heath.
An accepted though arbitrary definition
according to substrate isa minimum
depth of 30cm of organic deposit
{Clymo 1983} This is the basis for the

Table 2.1 Plant communities of the Caithness and Sutherland blanket bogs
These were classified by McVean & Ratcliffe (1962) under the {ollowing main categories (with their table and
list mumbers in brackets).

Ombrogenous mire

0.1 Trichophoreto-Ericphoratum typicum (Table 48, lists |-12)
0.2  Calluneto-Eriophoretum (Table 50)

0.3 Trichophoreto-Callunetum (Table 52, lists 1-12)
4.4  Molinieto-Callunetum (Table 52, lists 13-21)

Types 0.1, 0.2 and 0.3 have both Recomitrivm-rich and lichenrich facies, while 0.l and 0.2 alsohave
dwarf-shrub-rich facies. Separate peol communities of Menyanthes trifoliata and Eriophorum angustifolium,
with or without Sphagnum species, occur, mainly in pool systems with Type G.1.

Soligenous mire

51  Trichophorsto-Briophoretum caricelosum (Table 49, lists 13-21)
S8  Molinfa-Myrica nodum (Table 53}

53  Sphagnete-Juncetum effusi (Table 54, lists 1-9)
54  Sphagneto-Caricetum sub-alpinum (Table 55, lists 1-9)

Types0.1-0.4 are readily recognised and extensive: they are the principal means of delining the limits of the
peatland resource. Types 5.1-5.4 are common within the ombrogenous mire expanses but cover a much
smaller tolal area.

The National Vegetation Classification being compiled atthe University of Lancaster by Dr]. Rodwell for NCC
has further refined this classification, but it is not yet fully available.
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distribution of the main peatland areas
of the map in Figure 1.2, though there
are numerous other patches too small
and fragmented to be shown at this
scale,

Full details of the methods and results
of the Peatland Survey are tc be
published by Lindsay et al. (in prep.).
Their report will show the range of bog
types and peatiand vegetation across
Caithness and Sutherland. In the
Interim, however, the main plant
communities found in these peatlands
are listed in Table 2.1,

The origin of the peatlands in
relation to forest history

Many ombrotrophic bog systems first
became established when the welter
conditions of the Aflantic period
followed the drier Boreal period,
around 5,500 BC, though some of the
shallower upland blanket bogs did not
begin to formuntil later, Many bogs
show a layer of tree stumps and fallen
logs within the basal peat, suggesting
that forest was often overwhelmed by
the rapid growih of bog-mosses
(Sphagnum species), However, the
frecuent cccurrence of a charcoal layer
atthe base of the peat has led some
ecologists to infer that human activity
first destroyed the forest and that the
resulting increase in soil acidification
was as much respensibie for the growth
of Sphagnum asthe direct effect of
wetter climate. Perhaps both factors
acted in combination. There 1s good
evidence from poilen analysis thag
some parts of northern Scotland, such
as the interior of Caithness, Orkney and
Shetland, never carried significant tree
cover during the whole of the
Post-glacial period (Peglar 1979, Moar
1969, Johansen 1975, see also Birks
1984).

It has been supposed that the spread
of trees onto blanket bog surfaces
represented periods of return to drier
clirmate (notably during the Sub-boreal
penod from 3,000 to 500 BC), causing a
desiccation of the surface and loss of
Sphagnum and other moisture-loving
vegetation. Scottish forest history is
confused by the fact that tree remains,
notably of Scots pine Pinus sylvestris, of
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widely varying radic-carbon age, occur
at different levels in blanket bog peatin
different localities. However, pine
stumps in the north-west Highlands
mostly date to 2,000-2,500 BC, and their
occurrence beneath a deep layer of
ombrogenous peat is consistent with
renewal of active bog growth as a result
of increased climatic wetness marking
the onset of the Sub-ailantic period
(Birks 1875). This climatic period, which
has prevailed since about 5300 BC, is not
only wet, butits summer mean
temperature is also believed to be
cooler by 2°C than that of the Atlantic
period {Godwin 1875). This has caused
a descent of the tree-line by perhaps
200m and given optimum conditions for
renewed growth of blanket bog. Under
this present climatic regime, it is clear
that trees would naturally be absent
from much f not all of the deeper
blanketbog surfaces in Caithness and
Sutherland and that blanket bog
represents a natural climatic climax
type (Tanslay 1938, Godwin 1875;
Moore 1987).

Durning the Sub-atlantic pericd, the
nafural ree-line in Caithness and
Sutherland has probably been at
around 300m in favourable situations
where woodland cover has beenable
to develop. It disappears alicgetheron
the most exposed coasts, where
montane heaths with speciessuchas
Dryas octopetala occur almost down to
sea level. Before human impact began
to remove i, woodiand probably had a
patchy cover over the region, mainly on
the drier and more fertile mineral soils
away from the peatlands, in the glens
and on lower hillsides. Scattered
remnants indicate that it was mainly
birchwood (Betula pubescens subsp.
odorata}of a subarctic type, with
variable amounts of hazel, willow,
rowan, alder and helly locally,
Pinewood probably occurred locally in
Sutheriand, where widespread remains
i the peat show that Scots pine wasg
certainly present locally during the
Post-glacial pericd (Crampton 1911;
Birks 1975). The native reesin most
placesare of small size, asare the
remains buried in the peat.



2 3 Peatiormation and bog types
The recent history of bog development

particularly by Sphagnum (Tansley 1939,
Thompsonl887, Lindsay 1887; Moore 1987},

and the present state of the living
surface of vegetation reflect recent
and contemporary environmental
conditions, especially of climate.

For nearly the last 3,000 years Britain
and Ireland have been subjecttoa
climate which is both cool and moist,
derivad from the North Atlantic
Westerlies, which steadily gather
moisture during their 4,000km crossing
of the northern ocean. On passing over
the first land-masses in their tracks they
produce measurable precipitation as
often as two days in every three over the
most oceanic parts of the British Isles,
Such conditions, combimed with a
prevaience of rugged terrain, high
winds, low summer temperatures and
nutrient-poverty resuliing from hard,
acidic rocks, severely limit the potential
for agriculture and forestry in north-
western Britain, tending instead to
encourage the development of a
vegetation dominated by plants
adapted to humid and acidic
condifions, and on flatter ground

= t e
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Sphagnum is a delicate plant whichis
easily damaged by burning, draining
or even trampling. Nevertheless, almost
haif the 30 species of Sphagnum which
occur in Britain are capable, under the
righi conditions, of producing a
continuous ground layer of vegetation.
The plantis also remarkable in its
ability to absorb water, enabling it to
rmaintain the ground surfaceina
constantly waterlogged, relatively
anaerobic state, Without oxygen, the
normal process of decompositon
becomes inhibited and, as a result,
Sphagnum and cther plant remains fail
to decompose when they die, but
accumulate over the soil surface aspeat
instead. The major source of water and
plant nutrients in such mires eventually
changes from ground-water o
atmospheric fall-out because the
thickness of accumulated peat insulates
the living vegetation from the mineral
ground beneath, These are
ombrotrophic (= rain-generated) mires,
or true: bogs, which contrast strongly

=

The surface of highly patterned blanket bogs shows a bewildering display of
pools of different sizes and shapes, illustrating the tandra-like appearance of

these wetlands. Badanloch Bog, Sutherland, August 1985
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with the conditions of fen-peat
formation, where sedges, 'browry
mosses, herbs and reeds are dominant
under the influence of base-rich
ground-water (Tansley 1939). The lack
of decomposition in peat systems
means that macrofessil remains and
pollen grains locked in the stratigraphic
profile of the deep peat deposits have
been of enormous value to Quaternary
ecologists in revealing the ancient
vegetational history of the British Isles
{Godwin 1975).

Inlowland areas of England and
Wales, isolated ombrorophic peat
deposits have developed as ‘raised
mires' in places where topography
originaily caused the ground
water-table to remain consistently high.
These are formed where earlier lakes
and shallow basins have accumuiated
sufficient organic material to create a
dome of peat (from which they derive
their name) rising some 4-5rm above the
surrounding land. The properfies of the
peat maintain the dome in a state of
almost constant saturation throughout
the year (Ingram 1982).

in western and upland Britain, where
rainfall exceeds 170 'wet days' a year
(Figure 2.1) and average water balance
gives a consistent surplus of
precipitation cver evapo-transpiration
between April and September (Figure
2.2), peatdevelops alse on plateaux and
gentle inclines. Under exireme
weiness, of more than 220 'wet days’ a
vear, shallow peat occurs cn slopes of
up to 20 or even steeper on north-facing
slopes. The deepest and wettest areas
of peat, dominated by common
cottongrass Eriophorum angustifolium
and a wide range of Sphagnum
species, tend to form on gentle slopes
and level ground, whereas on steeper
gradients peatis thinner and is
characterised by bryophyte-rich dwarf
shrub heath or acid grassland swards.
These communities of shallower peat
are often referred o as wet grass-
heaths. The climate of these regions is
so wet that peaty soils with moist heaths
are extensive even on steeper and
stonier ground. Vegetation character-
1stic of drier ground can however occur
on desp peat which has suffered from
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burning or drainage.

The extreme wemess of the climate
ensures that waterlogging occurs
almost irrespective of the underlying
geology. This is considered to be the
ulfimate develcpment of an
ombrotrophic mire systern, resulting in
the gradual increment of a completely
organic terrain. In this way upland
areas with predominantly genile relief
in northern and western parts of Britain,
from Dartmoor to Shetland, have, over
the last 2,000-7,000 years, become
covered in a smothering mantle of peat
commenly known as ‘blanket bog' The
main expanses are n Wales, the
Pennines, the Cheviots, the Southern
Scottish Uplands, the Scotiish
Highlands, the Isle of Lewisand
Shetland (Figure 2.3).

Although such bianket bog
landscapes are widespread in western
Britain and Ireland, their most extreme
and extensive development isin
nerthern Scotland. Here, to the east of
the Moine Thrust (Figure 1.3), which
runs from Loch Eriboli to the Sound of
Sleat, the vast low-tying moorland which
makes up eastemm Sutherland and
Caithness represents the greatest
continuous area of blanket bog in
Europe and has been described as
unicue in world terms by international
peatiand experts (International Mire
Conservation Group 1986).

The distribution and extent of
peatland are affected by the landforms
of the underlying geology of the area.
Most of the Caithness flows have
developed on Cid Red Sandstone.
Further west, around Strathnaver, the
bedrock of ancient Moine schists and
gneisses becomes harder and less
uniform in structure, West of the Moine
Thrust peat development is
discontinuous (Figure 1.2). Here, the
ancient Lewisian Gneiss, Torridonian
Sandstone and Carmbrian Quarizite
form a range of mountains running from
Foinaven and Arkle in the north to Ben
More Assyntin the south. Inthe
extrerne west and o the south, the
underlying Lewisian Gneiss has been
exposed and severely glacially
scoured (Gordon 1981). Thereisa
characteristic terrain of irregular low



i

'c
o,
)

)

Figure 2.1 The distribution of 'wet days'
across Britain.

A ‘welday’is a period of 24 hours within
which there is precipitation of at least Imm.
Itis a better index of ecological weiness of
climate than total rainfall. Compiled by
Rateliffe (1968) [rom data pubtished in British
Rainfall (1951-1960)
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Figure 2.2 West-east gradients of
oceanicity across Britain.

Thisindex of climatic wetnessisthe
difference between precipitation and
evape-transpiration for the six summer
months April 1o September. Redrawn from
Forestry Commission (1857)

Key

Surplus more than 20cm

Surplus less than 20cm

Deficiency lessthan 10cm

D Daficiency more than 0cm




Figure 2.3 Distribution of substantial
blanket bogs in Britain (indicated by the
dark areas).

Note that this distribution may differ in detai
from that shown on maps drawn toa larger
scale
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moorland, with knobbly bosses of
projecting bedrock, stony moraines
with wet heath, and dissected but well
developed blanket and valley bogin
the intervening hollows, terraces and
flais.

The international distribution of
blanket bog

Globaily, blanket bogis an extremely
rare habiiat, restricted to the few areas
where cool oceanic conditions prevail
(Gore 1983). Itis found in Europe in
western Norway, the Pyrenees, Great
Britain, western Ireland and Iceland,
though in this last country much of the
blanket bog s modified by wind-blown
volcanic soll to produce arich, fen-like
vegetaton (Einarsson 1968; Goodwillie
1880). Elsewhere (see Tigure L1}, it is
recorded from only relatively small
areas in Labrador, Alaska, Kamchatka,
the Falkland Islands and Tierra del
Fuego, together with smell pockets in
New Zealand and the Ruwenzori
Mouniains in Central Africa (Gore
1883).

The iotal global resource of blanket
bog is estimated to be little more than
10,000,000 ha, of which Great Britain
had between one-tenth and one-
seventh (see Figure 2.3), though large
areas have now been lost to forestry.
The Republic of Ireland has only
771,800 ha of blanket bog, compared
with Great Britain's 1,600,000 ha, and has
lost an even larger proportion of its bogs
through commercial peat extraction,
afforestation and reclamation. Many of
the most important individual areas of
Irish blanket bog have already been
destroyed (Reynolds 1984; Ryan &
Cross 1984, van Eck et al. 1984; Bellamy
1886). Norway, although appearing tc
have widespread blanket bog Figure
1.1), does not possess large continuous
tracts. Most of the country is so rugged
and steep that blanket bogs tend o be
scattered in small pockets through the
landscape, rather than being the
dominant landform. Thus the United
Kingdom contains a greater total area of
blanket bog than any other country in
Burope,

2 /5 The significance of surface
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patterning

Bog surfaces are a product of organic
growth largely involving a range of
Sphagnum specles, which have a
variety of growth forms and are
adapted to different degrees of ground
wetness. A bog surface with
undulations which produce a varying
watertable therefore tendsto display a
range of small-scale patterns resulting
from these various growth formsina
mosaic of Sphagnum. The ‘hummock-
hollow’ pattern often referred to when
describing bog systemsis in fact only a
small part of the full variation displayed
by bog surface features. In northern
Britain the 'hollows' are more likely to
be water-filled pools, while 'hummocks’
may vary from high moss hummocks to
low, soft ridges. Lindsay, Riggall & Burd
(1985) have suggested that the
distribution of these surface features
and their nature are determined partly
by climate and partly by slope. They
suggest that climaie determines the
maximum range of surface features for
a given area, while the arrangement of
these on any particular mire depends
on surface gradient, as postulated by
Goode (1973).

Although the flat or gently sloping
ground and the high humidity and
rainfall (Figure 2.1) produce blanket
bog in Caithness and Sutherland which
1slargely of an intengely patterned
tvpe, considerable variation still exists
within the mire systems of these
northern districts, This variation is
derived partly from the different local
patterns of topography and water
movement (Pearsalt 1956; Boatman &
Armstrong 1968) and partly from the
broader regional trends resulting from
altitudinal and climatic variation. Of thase
broader trends, the most imporiant are
the west—east variation corresponding to
an oceanic—continental climatic
gradient (Figure 2.2)and the south—north
variation relating to the altitudinal drop
from the southern hill ground to the
more northerly low-lying flows.

The general range of patterms found
by Lindsay, Riggall & Burd (1985) across
Great Britain as a whole can be seen in
Figure 2. 4. Within these patterns the



Figure 2.4 Distribution and surface structure of the pool patterns on some

Within each box (drawn at a scale of 1:1,000), pools and hollows are shown
dark, ridges and hurmmocks light. The adjoining nurmbers indicate average
‘rain days' per year for each site, taken from The Atlas of Britain and Northern
Ireland (published by Oxford University Press in 1863). From Lindsay, Riggali &
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surface undulations are so small and
the water-fable fluctuations so limited
that the major environmental gradienis
produce a series of narrow zones each
determined by its vertical location in
relation to the average position of the
water-table, Each zone (with a vertical
span of no more than 10cm) supporis its
own characteristic planf communities,
which rely cn the stability of the bogas
a hydrological system for their
contimued survival, Lindsay, Riggall &
Bignal{1983)and Lindsay, Riggall &
Burd (1985) have described a range of
such zones for Britain. These zones are
important not just for their botanical
features, but also in providing niches for
the bog invertebrate fauna which, in
turn, plays a major role in determining
feeding sites for birds.

The range of physical patterns and
their associated vegetation zones
provides a significant amount of
variation between bog systems
throughout Britain. Sites which have
largely similar species lists can stil
display many differencesin the
arrangement of their patterns and
vegetation zones. Curtis & Bignal (1885}
have investigated the physiognomy of
peatland vegetation and shown hiow this
varies within and between peatland
sites. Vegetation structure is affected by
physical patterning because
hydromorphological differences result
in gradients of species abundance,
plani growth and thus structure.

The floristics of the blanket bogs in
Caithnessand Sutherland are
important not only as the extreme
expression of oceanic influence,
compared with mire systems
elsewhere in Britain, but alsofor the
variafions which occur within the
region. The most pronounced frends
across the two districts in both
patterning and vegetation are from east
to west. The increased level and
frequency of precipitation towards the
west resuits in & gradual shift from
vegetation which clearly displays
rainfed (ombrotrophic) or bog
characteristics o mires which begin ic
take on the character of Fenno-
Scandian 'sloping fen'. This
development cccurs because the
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constant rainfall onto what is a naturally
sloping bog type ensures a steady rate
of water seepage through the surface
layers almost throughout the year. Thus
many valleyside fiows, though generally
classed as rain-fed blanket bog,
support vegetation types which are
more closely related to wetheath or
even valley mire in southemn Britain and
Fenno-Scandia. Valleyside flows in the
west are often characierised by an
abundance of Molinia caerulea, Myrica
gale, Narthecium ossifragum, Drosera
Intermedia and occasionally Sphagnum
pulchrum — all species well known
from, for example, the Dorset heaths.
The sbundance of Racomitrium
lanuginosum as a component of
hummock vegetation increases
markediy westwards. Drosera
intermedia, Carex limosa, Schoenus
nigricans, Rhynchospora alba and
Atlantic bryophyies{(eg. Campylopus
atrovirens and Pleurozia purpurea) also
increase in occurrence in a westerly
direction.

In contrast, eastwards across the two
districts the vegetation reflects
continental influences, particularly in
the dominance of a mixed dwarf shrub
layer. Such a vegetation structure shows
some affinibes with the bogs of
Fenno-Scandia, but certain peculiarities
make the Scottish type quite distinct.
Whilst in Fenno-Scandia the range of
dwarf shrub species typically inciudes
Chamaedaphne calyculala, Ledum
palustre, Vaccinium vitis-idaea,

V. uliginosum, Betula nana and Calluna
vulgaris, in Caithness the list is shorter
with Calluna vulgaris and Erica letralix
forming the major part of the shrub
laver. Chamaedaphne and Ledum do
not occur naturally in Britain, whilst
Vaccinium vitis-idaea and V. uliginosum
are restricted (o steep slopes.
Surprisingly, Betula nana, perhaps one
of the most characteristic dwaxf shrubs
of Fenno-Scandig, is not found at ifs most
abundant in eastern Caithness, but
instead appears to favour a ceniral
position, occurring on high ridges or
hummocks in undamaged miresor
more generally distributed on
damaged bogs. Perhaps the most
peculiar feature of the dwarf shrub
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A Bottomleft: One ofthe bog-mosses

% Sphagnumrecurvum




layer is Arctostaphylos uva-ursi.
Generally described as indicative in
British mires of continental influences, it
18 not a mire plant atall in
FPenno-Scandia, buta woodland
species. Similarly, Arctostaphylos
alpinus grows as a calcifuge bog
species in Britain, but on the Coniinent it
isknown as a plant of dry habitats, and
in the Alps it is a strict calcicole,

Lichens of the reindeer-moss type
(Cladonia species) also increase
eastwards, though there are alsc
western outliers of lichenrich bogin
coastal situations, These northern mires
are important for their populations of
nationally scarce species such as Carex
limosa, Betula nana, Arclostaphylos
alpinus, Vaccinium microcarpum and
the bog-mosses Sphagnum imbricatum,
S. fuscum and S. pulchrum. Blanket bog
plant communities are, however,
intrinsically species-poor, and their
botanical interest lies mainly in the
combinations of species in dynamic
mosaics which represent the response
to semi-acquatic conditions.

Patterned surfaces are associated
with various types of mire — raised
mires, aapa mires and palsa mires.
Similar features are also widespread on
patterned tundras in the arctic regions
ofthe USSR, Canada and Alaska. The
Sutherland and Caithniess bogs
represernt the most southerly and
oceanic occurrence of these marked
patterns over a wide area and are also
unusual in being developed mainly on
bianket bogs, Whilstthereisa
superficial resemblance between
British blanket bogs and certain types
of low arctic wet tundras, the laiter
oceur in areas of low precipitation,
where the winter freeze produces
drought conditions and the underlying
permafrost causes flooding in summer.
The cccurrence in Britain of a naturally
reeless tundra type of ecosystem far to
the south of its main circumpolar
distribution and at very low alfiiudesis
also a feature of great ecological and
bicclimatic interest. It Hlustrates how
completely different sets of
environmental conditions can produce
a convergent response in vegetation
and substrate development.
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Altogether, in the total extent of
blanket bog, the diversity and
uniqueness of the patiermed flows and
the naturalness of many areas, the
Caithness and Sutherland blanket bogs
represent cne of the most distinctive
and localised of BEuropearn ecosystems.
To the best of our knowledge, there is
no other area quite like thisanywhere in
the world. It is more peculiarly British
than almost any other vegetation
complex, except perhaps certain
localised bryophyie communities of the
western mountains and some types of
anthropogenic grasstand and heath.
The area of greatest similarity, the Bog
of Errig in County Mayo, hasbeenso
degraded by extensive cormnmercial
peatworking thatitis no longer
comparable in nature conservation
impaortance Bellamy 1986).

The range of surface patiermsin
Caithness and Sutherland and the
botanical variety displayed by zones
within these patterns will be reported in
detail by Lindsay et al. (in prep.).

Threats to and losses of peatlands
in the British Isles
Peatlands clearly assignable as raised
bogs have always been localised in
Britain. In a study io be published by
NCC (Bragg et al. in prep.), the major
original concentrations of lowland
raised bog in Britain were examined for
changes n land-use since the middle of
the last century. Between that time and
1978, 84% of this habitat was found to
have vanished through afforestation,
agricultural reclamation and
commercial peat-cutting; the increasing
role of afforestation in this process is
especially noteworthy. Much of the
remaining area of raised bog has been
severely damaged by burming and
draining, leaving only 6% of the original
13,000 ha as still vigorously-growing
Sphagnum-dominated bog. In total,
therefore, 94% of the resource has been
lost, more than half of this since 1948, If
that rate of attrition is allowed to
continue, the remainder will be lostin
30 vears.

Blanket bog remains a far more
extensive type than raised bog, though
much has been lost or degraded by the




same processes of change. Higher-
level bogs are especially prone to
damage by ercsion of the peat,
beginning with gullying and ending in
sheet denudation. Fire and grazng
have been so widespread and long
continued that the proportion of the total
large area of blanket bog remaining
quite natural and undamaged is now
quite small, and nearly all of itisin
Scotland.

Blanket bogis now under intense
thredt in Britain, mainly from
afforestation. Extensive areas have
keen planted in Wales, the Cheviois
and the Southem Scottish Uplands.
Extensive flow-lands in Wigtown district
are already widely afforested. Again,
30% of the blanket peat on the Kintyre
peninsula has been lost to forestry since
19485 (Nature Conservancy Councit
1986), ag have numerous scattered
areas in both the western and the
eastern Highlands. On Caithnessand
Sutherland peatlands about 67,000 ha
are planted or programmed for
planting, and, eventhough notallof
thisis planted yet, afforestation has
been so scatiered that only eight out
cf4] hydrological systemsremain
free from some planting. Planting has
taken place up to the edge of many
patterend bog systems.

Ireland, another major stronghold of
European blanket bog, s alsoseeinga
marked decline in this habitat. Indeed,
bog systems generally are under great
threat in Ireland. Ryan & Cross (1984)
cuantified the rates of exploitation forall
Irish peatland types. They found that
blanket bogs were less damaged or
madified than other peat bog types, vet,
even so, some 207,900 ha had been
damaged. This amounts tc 27% of the
total blanket bog in Ireland, while inall
nearly 50% of Irish peatlands have
been lost ag natiral ecosystems. Such
loss has been piecerneal with no
planned policy for conservation of key
sites (van Eck et al. 1984; Bellamy 1986).

There have been and there still are
plans {o extract p2at from Caithness
and Sutherland both for fuel and for
horticultural uses. The area contains
vast reserves of deep peat, and the
Scottish Peat Committee set upin 1949
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was especially interested In them
(Scotish Peat Committes 1968), but
concluded in 1962 that these deposits
were not worth working commercially
under the economic conditions then
prevailing. Recently, there has been
renewed interest in the possibilities of
targe-scale peat-working, butthere is
1o reasoen to suppose that econormic
constrainis have changed significantly,
notably the distance from markets. So
far the extraction is mosty local and
small-scale, around the edges of the
main peatland masses. However, the
possibility of major EEC funding for
commercial peat extraction (The
Scotsman, 8 December 19806) may affect
the economics of working peat in
Caithness and Sutheriand.



NCC'’s Upland Bird Survey in Caithness

and Sutherland

3.1

Introduction

The mountains and moorlands of Britain
have an ecologically diverse and
distinctive bird fauna containing
outlyng and insular populations of
species which belong either to high
altitudes or to northern latitudes in
continental Europe, Of the various types
of upland habitat, the wetmoorlands
with large expanses of blankst bog are
a particular feature of the highly
oceanic British climate, and their
associated bird fauna isalso of
outstanding interest. The bird
community of these northern peatlands
18 especially rich in species of waders
and represernts an unusual avifauna,
showing affinities with these of both
boreal mires and arctic tundzra.

Blanket bogis a naturally treeless
ecosystem lying latitidinally within the
boreal and cool temperate forest zones.
Despite certain resemblances, it differs
from arctic tundra in that ifs origins
depend not on permafrost but on a cool
and exiremely humid climate. in
Europe, blanket bog reachesiis
greatest development in the far north of
Scotland, where its extent and vanety of
form represent one of the most
remarkable vegetational features of
Great Britain. Our concern has thus
beentorecord and evaluate the
ornithological character of this
important habitat in paralle} with survey
and assessment of its vegetation.

Earlier writers on crnithology made
briefreference to the breeding bird
fauna of the boggy flat moorlands
('flows") of east Sutherland and
Caithness. Harvie-Brown & Buckiey
(1887, 1898) describe the great flow land
of this district, with its numerous dubh
lochans, as an important nesting haunt
of red-throated diver, greyiag goose,
greenshank, golden plover, duniin, red
grouse, wigeon and five species of gull.
During the earlier part of the present
century, the area appears to have been
little visited by ornithologists, but a few
egg-collectors came in search of the
rarer species. It became known as
perhaps the main breeding area of the
comimon scoter in this country. I 1900
and 1801, £, 5, Steward, a notable
oologist, recorded nesting greylags,
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wigeon, common scoters, red-breasted
mergansers, greenshanks, red-and
black-throated divers, commeon gulis
and arctic skuas from the flows around
Forsinard. In a vivid description of the
Caithness flows, Yeates 1948)drew
attention to the occurrence here of
small mainland colonies of arciic skuas,
whilst Rankin (1947) discussed the
breeding black-throated divers; both
authors mentoned some of the other
species emphasised by Harvie-Brown
& Buckley. Assessment of congervation
value came much later. Ratcliffe (1877a)
regarded the Caithness and Sutherland
flows as the most important blanket
bogs in Britain for variety of bird
species, and Fulier (1982) stressed the
unusualness of the bird assembiage of
these northern moorlands in his study of
British bird habitats.

By 1970, the conservation importance
of the Caithness and Sutherland
peatlands, both for vegetational
features and for birds, was realised and
an initial selection of the mostimportant
areas suggested, While it was
recognised that this choice was based
on extremely fragmentary and
gualitative survey information, it was
evident that some conservation
measures had to be achieved whilst
further surveys were undertaken. By
the laie 1870s, there were clear portents
that transformation of these great
blanket bog systems on a massive scale,
through afforestation, was becoming
ever moere likely. Moreover, while
guality of the best areas for breeding
birds was assessed largely according
to species diversity and population
density of notable species, it had
become ciear that the total population
sizes for some species had both
national and international importance,
This gave a new dimension to the survey
and evaluation of the ornithological
interest of the northern Scottish
peatlands, as the basis for their
conservation,

In 1978, NCC launched a programme
of breeding bird surveys of moorlands
likely to be affected by afforestation,
and this has particularly concenirated
on Caithness and Sutherland. Its aims
were fivefold:




o to identify, from sites surveyed,
breeding bird assemblages of high
nafure conservation interest inn terms
of species diversity and population
density;

o o collect data to assess and identify
habitat features important o the
breeding birds and from these
associations to predict the location of
other areas of high ormithological
interest;

0 to estimate the size of the populations
of breeding bixds (especially
waders) dependent on the peat flows
of Caithness and Sutherland;

0 toundersiand the effects that rapid
changes — especially those resulting
from afforestation — would have on
the birdiife of these wetlands,

o to make recommendations for the
conservation of wetland bird
assemblages within Caithness and
Sutherland.

To these ends, sample areas were
surveyed in Caithnessin 1979, 1980 and
1984, and in Sutherland from 1980 to
1886, The results of these surveys have
been or will be published elsewhere
(Symonds 1981; Langslow & Reed 1985;
Reed & Langslow 1985, in press and in
prep,; Reed, Langsiow & Symonds
19834, 1983b; Barrettet al. in prep).

Additionally to NCC's survey work,
the Royal Society {or the Protection of
Birds (RSPB) carried out other studies
within the same region between 1880
and 1986. Slightly different methods
were used io allow larger areasto be
covered ai the expense of fine-scale
detail. This work has extended the area
for which data are available and
permitted an independent assessment
of the breeding bird assemblages of
some areas. RSPB's results have been
presented as a series of internal
reports. In 1985 RSPB surveyed eight
sites in Caithness and Sutherland using
NCC’s methodology (Birkin, Hayhow &
Campbell 1985). The resulis of this
survey have been used to extend the
scope of the NCC data-base.

NCC and RSPB quantitatively
surveyed waders on a total of 77 sites
(sample areas) in Caithness and
Sutherland. The range of size cf the sites
was 200-1,025 ha. Despite this large
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range, over B0% of sites (62 of 77) Jay in
the range 550-850 ha, with sites
clustered around the mean value of 674
ha (+ 174 sd). Most sites were surveyed
in only one year but some were visited
in two or more seasons, A few were
surveyed for up to five consecutive
years in order o investigate whether
there were medium-term populaton
changes. Whilst in the early years of the
survey the emphasis was placed on
recording waders and wildfowl, more
recently all species of birds
encountered on survey sites have been
recorded,

The selection of sites was made so as
to include those thought likely to be
imporiant as well as others giving a
range of quality typical of the region as
a whole. The sites were chosen (¢
include many examples of all the major
peatland habitats {(see Chapter 2) within
the total range of types occurring in
Caithness and Sutherland. Thus one of
the aims of the project has been to
assess typical breeding densifies over
the whole of the peatlands, and not just
on the prime sites with exceptional
densities. By relating varying density to
readily survayed ecological features, it
then becomes possible to estimate
densities in other paris of the region
which have not been surveyed for birds.
In this way, the total size of the breeding
populations in the regioncanbe
assessed with some degree of
confidence, and individual areas
placed in context,

Programme of oxnithological
SUrveys

Methods

The method used was a modification of
the territory-mapping census, A
detailed description of methods used
and tests employed to ensuse consistent
and accurate recording and
interpretation of resulis is presented in
the Appendix.

Distribution of sites surveyed

The location of sites surveyed by NCC
between 1979 and 1986 and by RSPB in
1985 is shown in Figure 3.1. In Caithness,
most sites were located in the centre of
the district, although two sites were



Figure 3.1 Distribution of sites surveyed for
breeding waders {1978-1986) superimposed
on the blanket bog shown in Figure 1.2,

Eight sites surveyed by RSPB in 1985, using
NCC methods, are included
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surveyed in the north. In Sutherland,
most sites were located in the east and
cenire, bui within this area sites were
geographically widespread and
covered the full range of peatland
habitat types. Indeed, across both
districts the sites surveyed ranged from
coast to coast. Montane habitats and
steeply sloping moorland at high
altizdes were generally not included in
the sample of habitats surveyed, This
will mean that the sample of sites does
not contain a representative sampie of
those species, such as ring ouzeland
wheatear, which favour such ground.
Separate RSPB/NCC surveys had
previously been made of two of the
most important birds of these steep and
rocky upland habitats, the peregrine
and the golden eagle. There were a few
sites in which montane or steep land
was mncluded. These confirmed the
general absence of wadergand
wildfowl from these habitats,

8 .3 Composition of the peatland

breeding bird fauna
The bird fauna in spring and summer
includes several taxonomic/ecological

Figure 3.2 Densities of all breeding waders
on the survey sites in Caithness and
Sutherland

Frequency of sites
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groups — wadezs, other waterfow],
raptors and sCavengers, passerines
and a miscellany of other types. The
waders are outsianding in overall
numbers and diversity, and the
occurrence of at least 15 breeding
species reflects the variety of peatland
and open water habitats. Golden
plover, dunlin, greenshank and curlew
occur with high constancy in the sample
areas and so have large total
populations within the region. Common
sandpiper and snipe are also
widespread and numerous, but several
species are somewhat local — lapwing,
oystercatcher, redshank and ringed
plover,

The overall densities of waders at
different sites varied considerably
{(Figure 3.2). In Caithness, densities for
all breeding wadersranged from0-Sto
14 - 0 pairs/xm’, and in Sutherland from
0-2to 14 -3 pairs/knt’. The overall mean
density of breeding waders was5-4
pairs/km’, but this exchudes steep,
moniane and other areas unsuitable for
waders, as explained in Chapter 4. The
number of wader species breeding on
particular sites varied from one to ten.

s W # 12 B B B

Densities of breeding waders (pairs/km?)




In Scandinavia, several of the
breeding birds of open peatland
belong to the boreal—subarctic forest
zone rather than to the treeless arctic
tundras — greenshank, wigeon and
three British rarifies, wood sandpiper,
ruff and Temminck's stint, They are,
however, associated with forest lakes
and open marshes, in which there is
usually a considerable area of
transitional habitat consisting of very
open woodland with increasingly
stunted and checked trees asthe
wetness of the ground increases
(Sammaliste 1987; Moen 1985). Such
habitats were once well represented in
the Spey Valley pinewocds and
supported a small and isolated
population of greenshanks. The dense
closed planiations of the new British
forests do not provide these transitional
open forest habitais on anything buta
temporary and fragmentary scale.
NethersoleThompson & Watson (1974)
atiributed the disappearance of the
greenshank population of the Speyside
pinewoods tc commetcial afforestation
of s main breeding and feeding
habitats, open heaths and marshes
within the forest area (see section 6.1),

Whilst golden plovers inn Scandinavia
are mainly birds of open tundra, they
also have a forest heath and bog niche
and they formerty bred sparingly in
suich habitats on both Speyside and
Deeside. They now appear to have
disappeared from such habitats in
Scotland. Even where former breeding
places have been left as unplanted
enclaves of upic 1 km in diameter
within Kielder Forest, most of the
golden plovers have gone: the
ungrazed and unburned vegetation is
now too tall, cuite apart from any
possible influence of predators.

Some bird species show interesting
ecclogical adaptations to the British
environment, differing from those
characteristic of populations throughout
their larger BEurasian range. The golden
plover population in Britain is the
southermost representative of a
circumpolar speciescomplex, and it
has developed an interasting cline in
piumage, a partial migration patiern
and a local dependence on
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anthropogenic habitats for both feeding
and breeding. The greenshank and
wood sandpiper have adapied to
completely treeless open moorland
habiiats in Scotland, though they do
sometimes also occur in open bogs in
Scandinavia (Hakala 1971), The recent
discovery of ruff breeding in the
Caithnessand Sutherland peatbogs is
highly unusual, since this species 1s
usually found in sedge marshes, often
within forest, in more northern areas of
Fenno-Scandia, or in unimproved
agriculiural grasslands in the Buropean
low countries. This is also the first
known breeding of ruff in Britain
evidently from the arctic—subarctic
population, for the recent colonisafion
of a few English localities appears to be
from the temperate Furopean
population. These are examples of
ecological divergence which are of
considerable interest to sludents of
evoluiion and speciation, since thisis
one of the ways in which new forms of
organisms evolve.

The occurrence of a notable group of
northern wading birds as 'fringe’
species in this part of Scotland — wood
sandpiper, ruff, Temminck's stint and
red-neckead phalarope (D & M.
NethersoleThompscn 1986) —is also of
much interest as a 'biological
barometer of climatic change. They are
all still rare, but it is supposed that their
tendency to appear in Britain is the
response to an increase in the
ncidence of northem’ climatic
conditions in the form of colder springs
during the last two or three decades,

Waterfowl are associated especially
with open waters varying in size from
tiny dubh lechans to large lochs. They
include black-throated and
red-throated divers, greylag goose,
common scoter, wigeon, teal, mallard
and red-breasted merganser. Common
and black-headed gulis nest in small
colonies.

Atsome sites predators and
scavengers were regularly seen, with
golden eagle, hen harrier, merlin,
peregrine, short-eared owl and raven
present. Some pairs of merlins, hen
harriers and short-eared owls breed on
the peatiands, but the other species
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nest on rocks and hunt over the bogs.
The arctic skua iz a different kind of
predator breeding in small groups on
the flows, The methods used here were
not appropriate for the accuraie
calculation of raptor breeding
densilies, but attention is drawn to the
general imporiance of this area for
raptors(Table 8.1 and Figures 3.4{4).

The remaining species are mostly
those with a fairly widespread
distribution: on moorland in Britain.
They include red grouse, meadow pipit,
skviark and, as streamside nesters,
dipper and grey wagtail.

Densiiies for individual species of
waders were calculated In two ways.
For those which ccowrred throughout
the peatlands and were found ona
majority of survey sites (golden plover,
duniin and greenshank), the mean
densities were calculated for all siies
surveyed. Thus the mean includeszero
vatues for the few sites where birds
were not present. For more local
species of waders occurzing on few
sites, means were calculated in two
ways — first as described above and
secondly only for those sites holding
breeding birds. This latter value
represents local abundance where the
species is present. For widespread
waders such as golden plover, dunlin
and greenshank the two methods give
fairly similar densities.

Waders

Golden plover

Golden plovers were the most
abundant breeding wader found on the
peatlands of Caithness and Sutherland
and were present on all but five of the 77
sites surveyed.

The range of breeding densities of
golden plovers is shown in Figure 3.3a.
Mean density on the sites surveyed was
1-76 pairs/km* (+ 122 sd). The
breeding distribution of golden plovers
in Caithness and Sutherland is shown in
Ficnure 3.4a.

When overall densities for survey
sites In any year are calculated, there
are slight annual differences, These
differences may reflect year-to-vear
differences in faciors affecting the
breeding pepulation such as spring
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weather {cf Thompson, Thompson &
NethersoleThompson 1986} or may
reflect stight differences in the average
quality of sites selected for survey in
each year. Low densities of 08
pairs/km’ were reported by D & M.
NethersoleThompson (1886) cver their
study area of 3,280 ha in north-west
Sutherland, although in south-east
Sutherland in the 1960s they found that
densities were higher, with
approximately 2-3 pairs/krm’.

Golden plover

Breeding grounds vary widely, from
wet pool and hummock flows, through
drier cottongrass and deergrass bog
{Trichophoreto-Eriophoreium typicum
of Table 2.1) to dry heather moor,
grassiand and stony moraines. Small
numbers of golden plovers alsoneston
the high plateau blanket bogs,
grasslands and dwarf shrub and moss
heaths within the montane zone. The
common feafure is very short
vegetation. Golden plovers often feed in
richer wet places or on grassland on the
moor, but in some areas they reqularly
resort to the improved pastures of
enclosed fields beyond the moorland
edge (Ratchffe 1976).

Dunlin
Dunlins were the second most
abundant breeding wader, being found
at 7l of the 77 sites surveyed in
Caithness and Sutherland. Their
breeding distribution over the whole of
the two districts is shown in Figure 3.4b.
The range of densities of dunlin cn
the peatlands is highly skewed Figure
3.3b). The density distribution has &



long righi tail, since a few sites hold
very high densities compared with
those over much of the rest of these
blanket bog areas,

]junlin

The mean density was 2 - 39 pairs/km’
(£ 2-48 =d). In view of the skewed
breeding density distribution, which is
a function of this species’ semi-colonial
breeding habitg, the median density
(1-76 pairs/km’) may be a more
biolegically meaningful measure of
abundance. Aswith golden plover,
there were year-to-year variations in
breeding density. These yeartoyear
differences are probably largely due to
mclusion or exclusion of a small number
of high-density breeding sites in the
sample surveyed. Annual variations in
weather may also be imporiant in
affecting breeding densities.

D & M. NethersoleThompson {1986)
reported densities ranging between
(-62and 2 7 pairs/km’ on peatlands in
Sutherland, with exceptional breeding
densities of up to 25 pairs/km’ over
smal! areas (five pairs in 20 ha). Their
range of 2-04—2 70 pairs/km’ over
nearly twenty years in one study area of
740 ha equates well with average
densities found in this study.

Holmes (1966, 1870} investigated
dunlin feeding ecology and breeding
density on arctic and subarctic tundra.
He found that breeding density related
closely to the abundance of
mvertebrate food, which in turn was
determined by habitat features
including the number and spacing of
pools. Holmes (1970) concluded "that
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the density of breeding dunlinis
related io the abundance and
availability of their food supply and that
the main function of territorial
behaviour is to disperse the populations
in relation to food". This is most
propably also the case on Scottish
peatlands, since breeding densiiy Is
strongly determined by the abundance
of dubh lochans for feeding (section 4.1).

Other previous studies of dunlin have
shown them to be strongly site-faithful
(Soikkeli 1970; D. B. A. Thompson pers.
COITITL).

Greenshank
Greenshanks were the third most
abundant breeding wader on the
peatlands of Caithness and Sutheriand
and were found on 58 of the 77 sites
surveyed. Their breeding distribution
in the two districts is shown in Figure
34c

The range of breeding densities of
greenshanks on the survey sites was
also skewed (Figure 3.3¢). The mean
density was 0-31 pairs/km’ (+ 0-29 sd),
whilst the median density was0-21
pairs/km”. The range of densities found
is simiiar to that described by D & M.
NethersoleThompson (1986} in studies
in the north of Scotiand. In one study
area in north-west Sutherland they
found greenshank densities varying
between 0-2 and 09 pairs/km® over an
18vyear pericd.

Ea
Greenshank

There seemed to be relatively little
year{oyear variation in breeding
dengities. Such vanation as there was




can be explained by the known effects
of spring weather on breeding nurmbers
and success (Thompson, Thompson &
Nethersole-Thompson 1986).

Greenshanks show a more complex
use of the peatiand habitats than some
of the other breeding waders. The
species requires semi-acuatic
food-gathering areas either along fairly
productive rivers or ai the margins of
lochs and peols. However, nesting may
occur at a distance of up to 3km away,
on either dry or boggy moorland which
may even contain rock outcrops. During
the nesting period, adult birds fiy
between feeding and nesting areas,
and, after hatching, the young are led
dowmn to the wet feeding areas, which
are rich in invertebrates.

Thus greenshanks favour gently
contoured peatiands in areas where
lochs and pools are plentiful, and,
where availabie, habitats range from
patterned blanket bogs to shallow
valley bogs within drier morainic
Calluna heaths. In the far west of
Sutheriand, nesting can occur in areas
of shallow peat sirewn with glacial
errafics (D & M. NetherseoleThompson
1979, 1986},

Curlew

Curlews were the fourth most abundant
species of breeding wader on
peatiands in Caithness and Sutherland
and were found at 46 of the 77 sites
surveyed (Figure 3.3d). Their mean
density was found to be 0- 51 pairs/km’
(£ 0-4] sd) on those sites where they
were present and §- 31 pairs/km’

{+ 0-41 sd) over all 77 sites.

Z
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Breeding areas include a range of
mooriand habitats from deep bogsto
dry heath and grassland, but curlews
are often more numercus on the rough
and often rushy enclosed pastures of
the marginal and crofting lands.

Common sandpiper

Although a species assoclaied with
loch-edge and riverine habitats,
common sandpipers were recorded
breeding on 41 of the 77 study sites
(Figure 3.3e).

Breeding densities for Caithness and
Sutherland were 0- 39 pairs/km’

(+ 0-35 sd) on those sites where
breeding birds were present, but for all
survey sites combined the mean ’
density recorded was 0 2] pairs/km®

( £0-32 ed). However, this is probably an
underestimate. Common sandpipers
breed mainly along watercourses, and
the survey methods are less efficient in
this discrete habitat than over the
expanse of blanket bog. It would
perhaps be more valid to express
abundance of this species with respect
to the total length of suitable
water's-edge habitat{cf D & M.
NethersoleThompson 19886},

Common sandpipers are highly
faithful to territories where they have
nested successiully in previous years:
int & study in the Peak District over 85%
of a colour-ringed sample returned o
the same sites in successive years
(Holland, Robson & Yalden 1882).

Other waderspecies

After the species listed above,
breeding wader species in oxder of
frequency of breeding records on the
survey sites were snipe, lapwing.
redshank, ringed plover and
oystercatcher.

Snipe are partial migrants,
widespread in the peatland areas of
Caithness and Sutherland. The breed-
ing distribution and abundance of snipe
15 poorly known owing to the very
secretive habits of the species. Snipe
were found at 45 sites, but breeding
was proved at only 27 (Figure 3.3£),
However, the territory-mapping
methods used undoubtedly failed to
locate many birds. The survey detected



an average of 0-31 pairs/xm’® { £ 0-28 sd)
on those sites where birds were proved
to breed, but for all survey sites
combined the mean breeding density
was (1] pairs/km®( + 0-22 sd). As with
other species, the distribution of snipe
was found tobe localised within sitesand
strongly determined by the distribution
of suitable feeding habitat — wet, rank
flushes with abundant cover of Juncus
species. D & M. Nethersole Thompson
(1985) found densities ranging between
0-18 and 0- 31 pairs/km’ina 3,250 ha
study area in north-west Sutheriand.
They considered that this
underestimated the abundance
Lecause birds favoured acid grassiand
areas within the peatlands. The major
problems of surveying breeding snipe
in other wetland habitats have been
investigated by Green (1985),

Lapwings are partial migrants and
are widespread, although commoner in
Caithness than in Sutherland. In winter,
lapwings leave inland and upland areas
to winter on the coasis and in the
lowiands. Lapwingsbred on 23 of the 77
sites surveved (Figure 3.3g), They are
mainly a species of grassland and
arable and not strictly a peatland
wader, and they showed a strong
affinity for those parts of sites with
marginal agricultural improvement,
either through drainage or as a result of
reversion of hill pastures. The mean
density on sites where they occurred
was 066 pairs/km’ ( + 0-63 sd), whilst
over all 77 sites the mean density was
0-20 pairs/km’ ( + 0-45 sd). The highest
density recorded was of 1-92 pairs/km’
on a peatiand site in Caithness.

Redshanks are partal migrants to the
peatland areas of Caithness and
Sutherland, with a somewhat localised
distribution within the fwo districts
owing to their habitat requirements.
They were found to be commonest in
Caithness, with fewer birds using
peatiands in Sutherland. Redshanks
bred on only 14 of the survey sites
(Figure 3.3h) and were present on five
other sites. Densities were generally
low. The mean density on sites where
they occurred was 030 pairs/km’( +
017 sd), whilst that over all survey sites
was only 008 pairs/km’ (£ 014 sd).
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Ringed plovers are also partiai
migrants io the peatlands of Caithness
and Sutherland. Their breeding
distribution is widespread and includes
inland areas. Ringed plovers were
found breeding on 12 sites (Figure 3.31),
with a mean breeding density on those
sites that were occupied of 0-29
pairs/km’(+ 0-23 sd). The mean density
over all surveyed sites was (-05
pairs/an (+ 0-14 sd).

Ovystercatchers are summer visitors
to inland breeding areas within
Caithness and Sutherland. They have a
widespread breeding distribution, but
there is litfle information on breeding
numbers within the two districts.
Ovystercatchers were found breeding
on only seven of the survey sites Figure
3.3j). The mean density on these sites
was 0 26 pairs/km’ (£ 018 sd), whilst
over all sites it was 0 - 02 pairs/kn’
{1009 d).

The woodcock is a secretive wader
with a localised breeding distribution.
Though itis primarily associated with
woodlands, single pairs were recorded
as nesting on two sites and birds have
been recorded as present on two
further sites during the last decade.

o

Wood sandpiper
The wood sandpiper ocours in

Caithnessand Sutherland asarare
summer visitor and breeding species
(D. & M. Nethersole-Thompson 1986},
It is nationally rare, with never more
than 10 pairs recorded as breeding at
one fime in Britain. Wood sandpipers
are thought to cccur regularly in
smali numbers on the peatlands, the
vast extent of which resulis in few
confirmed records; however D & M.
NethersoleThompsan {1888} reported
two breeding pairs on the same
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Sutherland moss in 1968, During the
surveys the species was recorded from
two sites in Sutherland.

Red-necked phalaropes breed
irrecuiarly within the area, but the
species has declined in numbersasa
breeding bird in Britain and Ireland
and ifs main stronghold isnow in
Shetland. A substantial proportion of
one 1981 breeding site in the Caithness
and Sutherland peatlands was later
ploughed for afforestation. No birds
were seen during the surveys.

Temminck'sstintis a very rare
breeding visitor to the peatlands of
Caithness and Sutherland. It was not
recorded from the survey sites,
although it is known to have bred within
the area.

The ruff is a northem breeding
wader, with very small numbers
breeding in the Low Countries and in
England. Of particular interestisa
recent racord of confirmed breeding
by ruff on the Caithness and Sutherland
peatlands. None were seen on survey
sites in: the period 1979-1986.

Pectoral sandpipers have been seen
with increasing frecriency in Scotland
in recent years (Thom 1986). A male of
this Siberian—Nocrth American species
displayed over a flow in Caithness
during the spring of 1974 (Byme &
Mackenzie-Grieve 1874),

Other waterfowl

Red-throated diver

Red-throated divers have a boreal—
high arctic world distribution and
breed throughout the peatlands of
Caithness and Sutherland, moving to
the coastand then southwards in winter.
Although there has neverbeena
comprehensive summer survey of
numbers, Thom {1986) suggests that
“substantial numbers”, probably upto
200 pairs, breed in Caithness and
Sutheriand. This amounts to the major
partof the mainiand breeding
population. Other mainland areas, such
as Argyll, hold smaller numbers
{Broad, Seddon & Stroud 1986), whilst
the greaier part of the British population
breeds on the islands of Shetland (700
pairs), Orkney (67-80 pairs) and the
Outer Hebrides (3846 pairs)
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{Gomersall, Morton & Wynde 1984).
Red-throated divers were present on
half the sites surveyed, with fwo pais
breeding on one site, one pair breeding
on each of a further 19 sites and birds
present but with breeding unconfirmed
on 15 further sites. Breeding occurs on
very small lochans or peols, and birds
fly to feed on either large lochs or the
sea. With these nesting habits, it is
possibie for red-throated divers to
breed in areas of highly patiermed mire
where there are no extensive areas of
open water.

Red-throated diver

Thom{1886) records the considerable
extension of the breeding range in the
early 20th century, and numbers are
still increasing in some areas.

Black-throated diver

The black-throated diver isarare
species in Britain whose stronghold isin
northern Scotland. Elsewhere, ithasa
strongly northern distribution
extending to the Arctic. Breeding
throughout Caithness and Sutherland,
black-throats select large lochs, for both
nest site and feeding area (in contrast to
red-threated divers) during the
breeding season. Lochs with remote
islands are particularly favoured, so
that many lochs which are otherwise
suitable but withoutislands are not
used. Campbell & Talbot (1887)
document the very low breeding
success of the British population, and
low productivity has been recorded for
black-hroated divers in Sutherland in




previous years (Bundy 1979). An
important component of this failure

is fluctuaton in water-level of the
breeding loch (Rankin 1947; Dennis
1976). Modification of the catchment
hydrolegy cwing fo peatland drainage
can ba expected to reduce the ime
lag between precipitation and run-off
and thus increase waterlevel
fluctuations,
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Black throated diver

Similarly, some traditionat
non-peatland nesting lochs in more
lowland areas have probably been
rendered less suitable owing to lowland
hydro-electric or water extraction
schemes. Thus remote peatiand lochs
could have become more important for
this species owing to their lack of water
engineering schemes or other
hydrological modification.

The total British population is
estimated at 150 pairs, of which 38
were found in Caithnessand
Sutherland (Campbell & Talbot 1987).
Black-throated divers were present on
23 survey sites, with two pairs on one
site, one pair on each of eight other sites
and birds present but with no evidence
of breeding on 14 further sites.

With low productivity, small numbers
and a restricted distribution, the
British population of black-throated
diversis at considerable risk, RSPB
has recently initiated a major
programme of research into the
breeding and ecology of this speciesin
the north of Scotiand.

Little grebe

The little grebe isa rare breeding bizxd
in the peatlands of Caithness and
Sutherland, found nesting on only cne
survey site. It requires shallow lochs
with abundant submerged vegetation
for feeding and sufficient dense
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emergent vegetation for nesting cover.
Hence, most areas of ombrotrophic
peatland and dubh lochans are
unsuitable, and little grebes appear to
prefer areas where there is some
natural nutrient enrichment giving a
productive aquatic flera.

Slavonian grebe

The Slavonian grebe is a very rare
breeding sumimer visitor fo Caithness
and Sutherland. Thom (1586) records its
breeding in Sutherland first in 1929 (four
pailrs) and then rregularly until the
1560s. In Caithness, first breeding also
occurred in 1923, with up to 10 pairs
recorded untl at least 1975, although
none have been recorded since The
Slavonian grebe, like the little grebe,
prefers enriched conditions and is thus
not found on the more oligotrophic
waiers of the extensive peatlands. This
species was not recorded on the sites
surveyed,

Grey heron

The grey heronis a scarce resident
breeding species in Caithnessand
Sutherland, aithough some individuals,
paricularly young birds, leave the
region in winter. Here they are atthe
north-western limit of their Palaearctic
breeding distribution. Birds were
present on 14 survey sites, with
breeding by one pair recorded oni each
of two sites. The 1954 census found two
heronries in Caithness, with 12 pairs,
and seven heronries in Sutherland, with
33-34 pairs (Thom 1986). More recent
information suggests no major change
in status within the area (M. Marquiss
pers, comm.).

Whooper swan

Whilst primarily winter visitors from
Iceland to jarge lowland lochs in
Caithness, birds occasionally breed in
Britain and not infreciently summer on
Caithness and Sutherland peaflands.
Whooper swans were present on two
sites surveyed by NCC teams.

Pink-footed goose

Pink-focted geese are winter visitors
from Iceland, with a major wintering
locality close to south-east Sutherland




{Owen, AtkinsonWilles & Salmon 1986).
Birds were present on two survey sites
during the summer but there was no
evidence to suggest that these birds
were anything but delayed migrants.

Greenland white-fronted goose
Greenland whitefronts have
iraditionally fed and roosted on
peatlands throughout their world range,
and their present winter distribution in
north and west Scotland, Walesand
Ireland closely reflects the distribution
of oceanic blanket bogs and raised
bogs. Their status in Britain has been
the subject of recent research (eg.
Stroud 1985; Greeniand White-fronted
Goose Study 1986).

Laybourne & Fox (in press)
summarise the past and present siatus
of wintering Greeniand white-fronted
geese in Caithness. These geese have
been present on the peatlands since at
least the 1880s. Harvie-Brown & Buckley
(1887) recorded thaf the keeper at
Strathmore bred pinioned birds from
wounded geese shot on the peatlands
around the Lodge. More recently,
significant numbers have wintered in
the agricultural lowlands, but geese still
use the peatland areas for roosting and
feeding, especially in autumn.

Layboume & Fox (in press) point out
that the bogfeeding Greenland
whitefronts represent the only
European goose sl wintering on
natural (rather than agricultural or semi-
nafural) habitat. Considering that
"conservation is not merely concerned
with the establishment of reserves, but
is the maintenance of natural diversity’,
they state that the protection of these
peatland areas for Creenland
whitefronts is of critical imporiance.

There is recent evidence that
peatlandsin Sutherland are alsoused
by this race of geese, atleast ai timesin
the winter (Greenland White-fronted
Goose Study 1886), but further survey is
required to establish the full extent of
their occurrences in this district.

Creylag goose

In contrast to most breeding greviag
geese in Britain, those of north-west
Scotland are considered to be native in
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origim (Thom 1886). There are {ew good
data on numbers of breeding greylags,
but Thom (1986) refers to 11 pairs found
in Caithnessin 1977 and considers the
whole native British stock Gncluding
those in the Western Isles) to be
hetween 2,500 and 3,000 birds, or 500 to
700 breeding pairs.

Creylag gose

NCC surveys found three pairs
breeding at one site, two pairs breeding
at another site and one pair breeding
on each of a further five sites. Birds
were present at 27 further sites,
although many of these recordsrelaie
to flocks of moulting birds in
midsummer In 1986, a large moulting
flock was discovered on Loch Loyal. By
early July, numbers had increased to
about 1,200 birds, which must represent
a major proportion of the native stock
breeding in Sutherland and possibly
Caithness. This moulting aggregationis
of gignificant conservation importance,
and clearly further study is recuired to
establish the provenance of these birds.

Wigeon

Wigeon breed in both Caithness and
Sutherland Figure 3.4d) and alsc winter
within the region, though wintering
birds are largely confined to the large
lowland lochs of Caithness and south-
east Sutherland. Breeding pairs are
thinly distributed across peatland
areas. Sharrock (1976) suggested that
the Scottish breeding population
amounted o about 400 pairs.

Ofthe 72 sites surveyed for wildfow],
29 (40%) held wigeon. One site held six
breeding pairs, a further 15 sites held
from one to three pairs, and birds were
recorded as present on another 13 sites.
Their secretive nature during the
breeding season means that they were




undoubtedly under-recorded.

Teal

Teal both breed and occur as winter
visitors in Caithness and Sutherland.
The very secretive nature of breeding
teal has meant that information on
numbers and distribution within the
region is scarce. Whilst widespread,
they appear to be nowhere common
and decrease in abundance in west
Sutherand.

Birds were recorded from
three-cuarters of the survey sites (53 of
72), making teal the commeonest
recorded wildfow] species on these
peatlands. Between four and seven
pairs were recorded as breeding on six
sites and one to three pairs on 27 further
sites, and birds were recorded,
although with no evidence of breeding,
on 20 further sites,

Fox (1986a) gave details of the
breeding ecclogy of teal ona Welsh
neatland, showing that position of
nests is closely determined by the
jocation of standing water and
demonstrating the importance of open
water areas within peatland for feeding
and brood-reanng. Areas of peatland
with extensive pcols, such asthe
highly patterned peatlandsunder
consideration, can be supposed to be
highly atiractive nesting habitat for teal.
The blocking of large ditches cut within
the peatland, with a resultant increase
in open water area, wasshown to
increase the numbers of teal nesting
successfully (Fox 1986a). It canthus be
inferred that drainage of peatiands,
especially of pocl systems, will be
extremely damaging to the quality of
teal nesting habitat.

Malilard

The mallard is both a resident breeding
hird and a winter visitor to Caithness
and Sutherland. Ecologically, mailard
are adaptable and can utilise a wide
range of freshwater habitats. Thus,
unlike teal and wigeon, they are not
confined o predominantly peatland
areas within Caithness and Sutherland.
There are no reliable estimates for
breeding numbers of mallard within the
peatlands.
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After teal, mallard were the second
most commonly recorded wildiowl
species, being found on two-thirds of
the sites (40 of 72). Between one and
three pairs bred on 30 sites, whilst birds
were recorded as present on 19 further
sites.

Pintail

Pintail cccur as a rare breeding duck
within the two districts. Between 11 and
4] pairs nested in Great Britain annually
from 1974 to 1984, including up to four
pairs breeding fairly regularly in north
Caithness and cccasional breeding
records from north-west Sutherland
{Thom 1886). Pintail were recorded as
present on one survey site in south-
central Sutherland.

Tufted duck

Tufted duck breed in small rumbersin
north-east Caithness and north-west
Sutherland, but they tend to select more
nuirient-enriched lowland waters.
Additional birds visit the area in winter.
Tufted duck were prasent on (wo sites,
but there were no confirmed records of
brzeding.

Common scoter

The peatiand lochs of Caithness and
Sutherland form a stronghoeld for the
common scoter within Britain Figure
3.4e). The current British breeding
population has been calculated as
between 75 and 80 pairs, 30 of them
within these two districts (Thom 19886;
NCC and RSPB unpublished). An
unpublished collation of breeding data
by RSPE, however, suggests that there
may be as many as 50 pairs breeding in
Caithness and Sutherland. This
evidence confirms the status of these
peatiands as the most important
breeding area for this duck in Britain.
Assessment of precise numbersis
made difficult by the secretive nesting
of scoters in long heather some
distance from cpen water, the
disappearance of males early in the
breeding season and annual
fluctuations in the breeding population.
Numbers appear to have reached a
maximum in the late 1970s with a
Scoitish population of almost 100 pairs.




Common scoter

Comrmon scoters were recorded
from eight survey sites in Caithness and
Sutherland. Between one and five pairs
were seen at each of four sites in
Caithness and three o eight pairsat
each of four further sites in Sutherland.
Whilst these numbers are small in
absolute terms, the region holds a high
proporion (about 40%) of the total
British population of this species, and
the protection of its nesting and feeding
areas is a high conservation priority.

Goldeneye

Goldeneye are common winier visitors
to, and passage migrants through,
Caithnessand Sutherland buthave yetio
be proved to breed. They are currently
Increasing their breeding range within
Scotland (Dennis & Dow 1884), but
breeding appears io depend on the
availability of suitable nest-sites. Birds
were present on 11 of the survey sites
visited, but all these appeared to be
wandering migrants or non-breeding
birds.

Red-breasted merganser

This species has a boreal—low arctic
distribution. Calthness and Sutheriand
hold both resident breeding and
winter-visiting red-breasted
mergansers. Although no population
figures are available for the two districts,
the species is widespread and thought
to be currently increasing. Red-
breasted mergansers were found on 19
of the survey sites. Three pairs were
breeding on one site, one or two pairs
bred on each of a further eight sites,
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and birds were present but with no
evidence of breeding on 18 further sites.

Goosander

The goosander is a scarce breeding
bird in the area and is probably
resident throughout the year. Thom
{1986y suggests that between 55 and 75
pairs breed in Ross and Sutherland.
Both goosander and red-breasted
merganser are subiect to intense
persscution in some areas of Caithness
and Sutherland owing o their alleged
depredations on fish. Goosanders were
breeding on cne survey site and birds
were found to be present on five further
gites, all in Sutherland.

Raptors

Hen harrier

Hen harriers are mainly resident in
Caithness and Sutherland Figure 3.40,
although there is a considerable
dispersal of birds in the winter. Watson
(1977) documented the persecution of
hen harriers in Britain during the last
century by gamekeepers and others.
Available evidence suggests that the
remote peatlands of Caithness and
Sutherland were one of the last
mainland strongholds for this species,
and birds bred in this area untll the turn
of the century, The area was also one of
the first to be recolonised, and Watson
(1977} gives details of summer
recoveries of ringed birds from Orkney
found in Caithness and Sutherland
during 1952-1970. By 19756, numbers had
increased yet further in Sutherland but
hen harmers were still sparse in
Caithness.




It appears thai this recolonisation
provided a focus for further expansion
in mainland Scotland. Although
numbers have now considerably
increased from only a few years ago,
the species is still persecuted,
especially in areas of high grouse
production. In the early 1980s there
were thought to be 30-35 pairs in
Sutherland, Caithness and Ross &
Cromarty (Thom 1$86), but more recent
information suggests about 60 pairsin
Caithness and Sutheriand (RSPB
unpublished daia), though not ail of
these are strictly confined to peatlands,

Hen harriers were recorded as
present on 16 of 63 survey sites(25%)
but were proved to breed on only one
site in Sutheriand. Most sightings of
hunting birds in summer are thought to
relate {¢ breeding birds whese
territories overlapped survey sites,
although their nests were outside them.

Sparrowhawk

Sparrowhawks have a very localised
distribution in Caithness and
Sutherland, and, whilst they are mainly
resident, there is some dispersal out of,
and influx into, the area in winter.
Sparrowhawlks tend to be associated
with remnant native woodlands and
also thicket-stage plantations, though
they sometimes feed over nearby
peatland. They are not so dependent on
peatland habitats as other raptors in the
region and were recorded on cnly one
survey site (out of 50), in Sutherland.

Golden eagle
North-west Scotland provides one of the
major breeding areas in Britain for
golden eagles. The 1982 national survey
identified 511 territories ccoupied by
eagles (Dennis et al, 1984), There are
thoughi tc be about 50 pairs of eagle
currently breeding in Caithness and
Sutherland (R, H. Dennis pers. comm.),
but some of these are coastal and thus
cannot be considered to be dependent
on peatlands (Figure 3.4g). Thirty
territories contain significant areas of
peatland habitat,

Eagleswere noted as presentona
quarter of the sites (15 cut of 60)
surveyved for them, but, as this species.
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usually nests on crags, no breeding was
recorded in this survey. Itis clear,
howsaver, as other studies have
indicated (Watson, Langslow & Rae
1987), that the blanket bogs are
important feeding habitat for significant
numbers of golden eagies.

Kestrel

There are no data on the size of the
kestrel population n Caithnessand
Sutherland. Whilst a few birds are
probably resident, the kestrel is largely
a simmer visitor here, but birds from
elsewhere also visit the area in winter,
Though more common in areas of
marginal hill pasture, pairs of kestrels
bred on two survey sites (out of 56} and
were preseni on 13 further sites. Itis
clear that peatlands are of some
significance as feeding areas for
kestrels in Caithness and Sutherland.

Merlin

Merlins are small moorland falcons
found throughout upland Britain but
currently decreasing in numbers
through much of their British range.
The total British population size is about
600 pairs (Bibby & Nattrass 1986), of
which atleast 30 use the peatlands of
Caithness and Sutherland (Figure 3.4h).
Because of the difficulty in finding
nestng merling, this map undoubtedly
under-records their breeding
distribution. They probably occur more
or less throughout the peatlands but at
low density. They are partial migranis,
and in autumn and winter merlins from
iceland also visit the region. Such
information on breeding disiribution as
there is suggests that the species is
commonest in west Sutherland,
becoming scarcer further eastinto
Caithness.

One pair of merlins was found on
each of three sites (out of 52), with birds
recorded as present on 13 further sites
but not nesting within the area
surveyed. Such a pattern of disiyibution
suggests that mezrlins are widespread
but nowhere cormmon. Information
collected by the MBS team in 1986
suggests that they are still subjectto
persecution in some areas of
Sutherland.




Merlin

Ina study of moorland birds in
southem Scotland, Rankin & Taylor
(1985} found a strong positive correlation
between the breeding density of
meadow pipits and that of merling. [n
view of the {eeding habitats of merlins,
such a refationship is hardly surprising,
but it emphasises the ecological links
between one of the commonest and one
of the scarcest peatland breeding
birds.

Peregrine
Peregrines are widespread in
Caithness and Suiherland, occurring
both coastally and inland in both
districts (Figure 3.41). The population of
this region constitutes less than 1% of
the EC population of the peregrine. but
mosti of the latter consists of the
Mediterranean race Falco peregrinus
brookel. The peatlands suppori a much
greater proportion of the nominate race
F p. peregrinus. Some 35 pairs breed
inland and depend on the peatlands {or
their feeding territories. Whilst nest
sites occur on Crags or in gorges,
hunting takes place over a wide area
and a great variety of prey, mainly
birds, is taken (Ratcliffe 1980).

Out of 60 sites, a pair was recorded as
breeding on one site in Sutherland and
birds were present and seen hunting on
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11 further sites, Thisundoubtedly
under-records their use of the area,
since they are easy to overlock owing fo
their tendency to fly very high when
hunting.

Short-eared owl

Short-eared owls have a scattered
breeding distribution, mainly in
Caithness. The population varies to
some extent with the avallability of prey
and thus can be greatly enlarged after
'vole years' Though the species is
resident, there is also considerabie
dispersal, mainiy of young birds which
leave the area where they hatch and
seitle elsewhere where there is
abundant food. These wandering birds
seem generally notio returnto the
breedingareas.

QOut of 57 sites, one pair was recorded
as breeding on a Sutherland site and
birds were present on three further
sites,

Otherspecies

Red grouse

Red grouse are a widespread and
resident game bird found throughecut
most of the area and belonging to the
endemic race Lagopuslagopusscoticus,
part of the widespread willow grouse
species-complex. Whilst itisabundant

Red grouse

elsewhere in pans of Scotland, there is
a special responsibility to safeguard
this endemic race. Although
widespread in Caithness and east
Sutherland, grouse tend to be more
localised in distribution in west
Sutherland, perhaps owingto the
greater fragmentation of their moorland
habitats. There is litlle good information



on population size, but birds were found
on all survey sites and presumably bred
onall, Earlier in this century there were
a number of productive grouse moorsin
the area, especially in Caithness, but, as
elsewhere, there has been a long4erm
decline in nummbers through much of the
two districis, The causes are still being
studied by the Game Conservancy
elsewhere in Scotland. Caithness has
also been a traditional area for the sport
of 'grouse-hawking' with trained
falcons, for the large, flat moorlands
make it eagy to follow flights of quarry
over long distances and give the best
chance of recovering the valuable
hawks.

Black grouse
Black grouse are resident in Caithness
and Sutherland, They are rare in
Caithness but locally more frequent in
Sutherland, and there hasabeena
slight extension in their range agthe
edges of new conifer plantations are
colonised. Moss (1986} has recently
reviewed the distribution of black
grouse in Scotland and has shown that
the species 15 ecologically more
tolerant of high summer rainfall than
other game birds such as capercaillie,
This tolerance of high rainfall allows
expleoitation of peatland areas in the
wetter north and west of Scotland.
Birds were recorded as present on
only two {0f 67) sites, and the species
cannot thus be regarded as an
important component of the peatland
bird fauna in Caithness and Sutherland.

Axctic shua

Arctic skuas, with a boreal—high arctic
distribution, have long bred on the
peatlands (Everett 1982) and, although
numbers have never been large, are a
significant component of the moorland
bird fauna. Yeates (1948) drew attention
to the occurrence of small colonies of
breeding arctic skuas, particularly in
Caithness, There has been litle
documentation of numbers, however,
until fairly recently. Everett (1982)
Tecorded 20 pairs in 1869-70 and 28
pairs in 1874 in thorough surveys of the
whole of Caithness. These iotals are
markedly legs than the minimum
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populaton of 46 pairs found by Reed,
Langsiow & Symonds (1983b) on UBS
survey sites in 1975 and 1980. When the
URBS surveys were compared with
previous information, it was found that
there were at least six new breeding
areas in 197980 compared with 1974
and, of the six sites surveyed in 1979--80
which had held birds in 1874, five held
larger mimbers - a significant increase
{Reed, Langslow & Symonds 1383h).

Arctic skua

These results suggest that arctic
skuas are still ncreasing their range
within Caithness, although there isnc
more recent comprehensive
information than that of 1979--80. There
still appears to be suitable habitat
unoccupied within Sutherland; although
Thom (1986) recorded one to three pairs
breeding on peailands there, none of
the UBS/MES plotsin that district
contained skuas.

Black-headed gull
Black-headed gulls are breeding
sumner visitors to the area, but
passage migrants and winter visitors
also occur. The species is common and
widespread, although there isno good
information available on total population
size for the two districts. Black-headed
culls breed mainly on water-bodies
where there is floating vegetation or
where there are islands separated from
the land. Thus breeding sites are
somewhat irreqularly distributed,
depending on the physical nature of
particular lochs.

A total of 15 pairs was recorded




breeding on one site in Sutherland
and four pairs bred cnasite in
Caithness. Birds were present at
16 other sites throughout the
peatlands.

Common gull

Common gulis breed throughout
Caithness and Sutherland,; they are
rainly summer visitors, but some
may be resident throughout the year.
Elsewhere they have a northern
continental—low arctic distribution.
There are no good data on the overall
population size, but, on the basis of the
breeding distribution shown in The
atlas of breeding birds in Britain and
Ireland (Sharrock 1976) and average
colony size, some 4,000 {or 10% of the
British population) probably breed
within Caithness and Sutherland.
Breedingtakes place in a varety of
habitats, including moorland, bog,
islets, rocky shores oflochs and shingle
banks alcngside larger water-bodies.
There is thus abundant suitable habitat
within the peatiands.

Common gulls were recorded
breeding on six (of 539} sites, which
held between two and 20 pairs each.
Birds were present at 16 further
sites, and, whilst there was noevidence
of breeding, they were probably
nesting just outside the surveyed
sites.

Lesser black-hacked gull

Lesser black-backed guilsare
breeding summer visitors to Caithness
and Sutherland, though some also
occur as passage migrants, Their
breeding distribution is mainly

coastal, but some also cccur inland.
The species was recorded on 11 {of 58)
survey sites, but there was no evidence
of breeding at any of thege. Former
breeding coleonies of this gull,

with smalier numbers of the next two
species, were mentioned as occurring
in the flow couniry by Harvie-Brown

& Buckley (1887). They were sald io

be heavily persecuted and have
evidently declined considerably since
that time.
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Herring qull and greatblack-backed
qull

Herring gulls are a common resident
species in Caithness and Sutherland,
but their breeding distribution is mainly
coastal, Birds were recorded from four
(of B8) sites, but these were presumably
either migranis, non-breeding
wanderers or visitors from the coast.

Like herring gulls, great
black-backed gulis have a coastal
breeding distribution and, although
they were recorded from 18 (0f 38) sites,
there was no evidence of breeding at
any of these. The status of birds seen
was probably similar io that of herring
gulis observed inland.

Common and arctic tems

Both these species have a
predominantly coastal breeding
distribution, though there are some
inland colonies of commoen terns,
usually associated with the larger lochs.
Amongst thege colonies Laybourne,
Manson & Collett (1977) have found
arctic terns nestng, and this species
has alse been found at a small dubh
lochan within quaking Sphagnum boeg.
"The lochs were some 16-20 km from the
coast, and arctic terns were not seen to
{eed inland (Laybourne, Manson &
Coliett 1977). Common terns were seen
during NCC surveys at one site, ancd
arctic terns were seen on two sites. In
neither case was there any evidence of
breeding.

Cuckoo

As elsewhere, cuckoos are breeding
summer visitors to Caithness and
Sutherland, particularly parasifising the
nests of meadow pipits. There is little
available information on numbers,
although the species occurs widely
through the peatlands. It was recorded
as present on only two sites, but the
survey techniques used are urilikely to
have reflected accurately the true
abundance of this species.

Skylark

Skylarks breed commonly throughout
the peatiands of Caithness and
Sutherland and, after meadow pipits,
are the commonest breeding passerine



on these bianket bogs. Although a few
birds are probably resident, the
species is mainly a summer visitor to
the north of Scotland.

Skylarks were recorded breeding on
all the survey sites. However, because
of the abundance of this species, it has
always been difficuli to estimate
breeding densities. Counis vary from
an average of 210 birds recorded on
visits to a site in Sutherland to only one
singimg male recorded from ancther
gite in the exireme north-west of
Sutherland, Skylarks tend to be
commaoner in more grass-dominated
areas which occur over shallow peat or
mineralised soils,

Meadow pipit
The meadow pipitis a common and
widespread breeding bird throughout
the peatlands of Caithness and
Sutherland and is probably the
commonest breeding passerine.
Numbers of passage migrants and also
some winter visitors use the region,
whilst the breeding birds winter mainly
in the Iberan peninsula. The small
number of birds that winter in
Caithness and Sutherland, mainly on
the coast, are probably immigrants
rather than locally breeding birds.
Meadow pipits were found breeding
on all sifes surveyed, but, as with
skylarks, precise breeding numbers
have been hard to estimate. The highest
average count was of 248 per visittoa
site in Sutherland. Createst numbers
cccur in heather-dominated areas, in
contrast to the skylark.

Grey and pied wagtails

Both grey and pied wagtails were found
on the sites surveyed. Grey wagtails are
breeding summer visitors to the
peatlands, wintering in England,
Ireland and France Whilst fairly
widespread in south-east Sutherland,
they are scarcer elsewhere onthe
blanket bogs of the two districts. Out of
60 sites, a pair was found breedingon
one site in Caithness, whilst birds were
present on two other sites. Many ofthe
waiershed mire systems, with little
water movement, are probably
unsuitable for this species, which
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requires fast-flowing water.

Pled wagtails are more commen than
grey wagtails, being widespread in
both Caithness and Sutherland. Out of
57 sites, one or two pairs were found on
each of 10 sites and birds were present
on 17 further sites. White wagtails are
passage migrants through the area in
considerable numbers. Cccasional
pairs breed, usually hybridising with
pied wagtails.

Dipper

Dippers are resident water birds with a
widespread distribution in Caithness
and Sutherland determined by the
presence of suitable streams for
breeding and feeding. Numbers are
unknows, but one or two pairs were
found on each of five sites (ot of 57} and
birds were present on 12 further sites,

In mid-Wales, the population of
dippers has been the subject of intense
autecological study (Ormerod 1985,
Ormerod, Boilstone & Tyler 1985;
Ormerod, Tyler & Lewis 1985; Tyler &
Ormered 1985). In particalar, the factors
affecting distribution and abundance
have zeen closely investigated. Ina
detailed study of the influence of
stream acidity on breeding distribution,
Ormerod, Tyler & Lewis (1985) have
shown that breeding density is reduced
on those stretches of river which have
raised acidity. This is probably caused
by the effect that raised acidity hasin
lowering the abundance of freshwater
invertebrate pray. In areas of highly
acid rocks and soits, which have low
buffering capacity, coniferous
afforestation has been shown to
mcrease the acidity of run-off,
Ormercd, Tyler & Lewis (1985) stated
that all the streams which showed
evidence of an historical fall in pH
drained from catchments which were
25-40% coverad by matire forests; none
had breeding dippers within 8 km of its
source in 1982,

The Welsh studies suggest that, if
coniferous afforestation of the
peatlands of Caithness and Sutherland
resulted in significant increase in
stream acidity, dippers would be one of
the first water birds to be seriously
affected.



Other passerines

Whilst not commonly thought of as birds
of peatlands, wrens were found on 11%
of 54 survey sites. Wrens are residentin
Caithness and Sutherland, though the
severity of some winters, to which the
species Is sensitive, meansthat
numbers are never great, One {o three
pairs were found nesting on each offive
sites and birds were presenton a
further site.

Whinchais are breeding summer
visitors in the peatlands and are
widespread, although scarcerin
Caithness than in Sutherland. Out of 60
gites, three pairs were recorded
nesting on one site in Sutherland and
birds were present on two further sites.

Wheaiears occur in Caithness and
Sutherland both as breeding surmmer
visitors and as passage migrants from
Iceland and Greenland. They are
widespread and commeon onthe
peatlands, usually nesting where there
are outcrops of rocks and dry
grassland. One to seven palrs nested on
each of 17 (out of 4]) sites and birds
were present on 19 further sites.

Ring ouzels are widespread in most of
Sutheriand, but they are scarcerin
easternmost Sutherland and Caithness.
Five pairs nested on one site, one pair
on another, and birds were presenton
two furiher survey sites out of a toial of
§7. The species requires steeply
sloping ground and was thus absent
from most of the sites surveyed for
waders, particularly those dominated
by watershed mire formations.

Sedge warblers are widespread In
suitable habitat in Caithness, though
scarcer in Sutherland. A pair was found
nesting at one site and birds were
present at five further sites ouf ol 54.

After meadow pipiis and skylarks,
hooded crows were the most commonly
recorded passerines on survey plots,
being seen on 70% of 57 sites. Single
pairs bred on three sites and birds
were present on 37 others. The species
is resident and widespread throughout
the two districts, with hybrid
hooded/carrion crows occurring
locally.

A single pair of ravens bred on one
site, and birds were recorded during
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surveys on 20 further sites cui of 57. The
species is commoen and widespread,
especially in west Sutherland, though
scarcer in Caithness,

Reed buntings are widespread in
Caithness but scarcer in Sutherland.
One or two pairs were found breeding
on each of two (of 87) sites.

Conclusions

The sample surveys, covering about
one-fifth of the Caithness and
Sutherland peatlands, have established
that the region contains particularly
large and diverse moorland breeding
bird peputations. While the breeding
densities of some species such as
golden plover, curlew, red grouse and
merlin are appreciably lower thanin
some moorland areas further south, the
total species list for these peatlands
with their associated open water
habitats greatly exceeds that for typical
southern moorlands. The huge extent of
these peatlands aiso results in large
total populations for many species.

Earlier records of breeding birds for
the region are mostly uncuantified, so
that comparisons are hardly
appropriate. The subjective
impression, however, is that these
peatlands have changed litle, ifatall, in
their most notable omithological
features since this inierest was first
discovered over a century ago. Some of
the inland nesting colonies of gulls have
certainly decreased or disappeared,
and golden plovers may ho longer
reach the high densities reported from
Strathmore around 1920. Certain
species may have had minor
fluctuations but retained an overall
status hardly differing from one decade
to the next. The few rarities may be new
colonists responding to more
favourable climate since 1855, or they
may simply have been found through
the much greater ornithological interest
in the region in recent years.

It therefore seems quite safe to
regard the recent advent of large-scale
afforestation as a quite unprecedented
environmertal change in its potential
for impact on these peailand bird
populations.



Figure 3.3 )
Breeding densities (pairs/km ) of wader species on 77 peatland sitesin
Caithness and Sutherland.

In each histogram the lefi-hand column shows the number of sites on which the
species was not recorded as breeding.
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Frequency Figure 3.3g Lapwing
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Frequency Figure 3.3} Oystercaicher

80

10
i 1 F S MR | ' ] 1 1 1 T s 1 1
G c4 05 68 07 08 06 1.6 11 12 13 14+
Density (pairs/km™)
Yigure 3.4

Bresding distributions of nine bird speciesin 10km grid squares throughout
Caithness and Sutherland.

From Sharrock (1876), with additional information for the three wader species
from the surveys presented in thisreport.
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Overall distributionand rumbersof |/

peatland birds in Caithness and Sutherland

4 .} Introduction

Only about one-fifth of the peatlands of
the region have been surveyed in detail
by the standard method described in
the Appendix. Yetthe 77 plots
surveyed, covering 51,929 ha (Table 4.1:
18% of the remaining area suitable for
breeding waders), required 433
separate visits during 22 man-summers
of fieldwork over the pericd 1979-1586.
There are cbviously considerable
logistical and financial constrainis to
surveying the remaining 81% of the
peatlandsto the same standard.
Moreover, when afforestation is
occurting so rapidly and onsucha
wide and haphazard geographical
scale, we cannot afford io await such
completion and must find a more rapid
yet reliable means of agsessing the
unsurveyed areas.

This chapter accordingly has four
ains. '

nto find out if there are consistent
relationships between breeding bird
densities and habitat {eatures
recognisable on standard Ordnance
Survey maps;

3 f0 use any such associations, in
combination with information on such
habitat features derived from the
maps, to predict the omithological
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guality of the unsurveyed areas;

0 to examine the further possibility of
using such associations between
bresding densitiss and map
attributes to estimate the total bird
populations found in each habitat
category and in the total peatland -
area,

1 to enable pre-afforestation maps to be
used toassess the previous
omithological quakty of land now
afforested and, from this, to estimate
the reductions in populations, on the
same principle as that used for
estmating the present populations,

Waderx densities and habitat
characteristics

Background considerations

The possibility of making such
interpolations will necessarily be
limited to those species which have a
virtually confinuous distribution over
the whole peatland area and are
sufficiently numerous. Thereis also
obvicus merit in applying such an
approach especiaily to species with
high congervation vahie, In practice the
study has been limited at present to the
three most abundant, characteristic
and important wading birds of the
peatlands, the golden plover, dunlin

Tahble 4.1 Land-use and ornitholegical survey in Caithness and Sutherland

Categoryas

Category Area(ha) percentage of

land area
Total area of Caithness and Sutherland 764,084 100%
Ancient, semi-natural and long-established woodland 12,204 LB0%
Forestry plantations 73,048 8-56%
‘Improved’ agricultural land and human settlements 104,080 13-62%
Freshwater (minimum area) 253,170 3-20%
Land too steep/high for moorland waders (including some high-altitude 279,484 36-88%
blanket bog)and coastal areas
Remaining area of blanket bog currently suitable as bresding habitat for 270,100 35 35%
moorland waders*
Total moorland surveyed by UBS/MBS 51,829 6-80%

(included in last category}

* The area of peatlend recorded as suitable habitat for breeding waders does not equate lo the full extent
of blanket bog. There are considerable areas of steep, high-altitude blanket bog that are not considered

suitable breeding habitat.
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and greenshank.

Reed (1985) and Read & Langsiow (in
press) have previously used Upland
Bird Survey data o correlate breeding
densities of waders with certain
landform characteristics identifiable
from 1:25,000 Ordnance Survey maps
(Table 4.2). Using these statistically
derived relationships, itis possible to
assess the likely densities of waders on
unsurveyed sites by measuring the
extent of these landform features from
maps. For exampie, golden plovers,
dunlins and greenshanks were all
found to prefer 'flow' bog with pool
complexes. High greenshank numbers
are usually found where these pools
are widely but reguiarly spaced over
large areas. Drier and steep moorlands
are poorly used by all species, and sites
close to conifer plantations hold lower
numbers than would otherwise be
expected (Stroud & Reed 1986).

The 1:25,000 Ordnance Survey maps,

however, show only certain physical
features of these peatlands (eg. dubh
lochans, pool complexes and probable
wetness as reflacted by contouring).
Waders also respond ic vegetational
features (Table 4.2), many of which are
closely determined by physical
structure, so that, for example, the
presence of bog pools determines the
presence of associated pool-side plant
communities, However, other
vegetation is not linked with physical
features in this way: a site otherwise
expected to have a favoured mix of
habitats may be oo frequently burmt,
heavily grazed or otherwise modified.
Such operations can markedly
influence the vegetaiion, yet are not
apparent until the site is acually visited.
Thus, although assessments of
peatland quality for waders from map
evidence alone are possible if the
habitat requirements of the species
concemed are known and i the

Table ¢.2 Habitat preferences of breeding waders on moorlands in Sutherland

Updated ftom Reed & Langslow (in press). See section 3.4 for explanalion of greenshank habial use. Habitat
prelerences encompass all the surmmer activities during the breeding season and include habitats selected
for their feeding, nesting and youngrearing potential The surveys did not aim tolocate nests; they have
tendead to record birds in their most visible locations, often at or near feeding places.
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assoclations between habitats and
physical features shown on maps are
understood (Campbell 1985), there are
risks that such assessments may be
faulty because of various management
practices which degrade ctherwise
‘gocd’ sites.

Anattempt wasmade to check the
accuracy of the assessments, on which
depends any attempt to interpolate the
results over the rest of the Caithness
and Sutherland peatlands. This was
done inthree stages, First, a
preliminary investigation was
undertaken to establish whether map
information couid be used to predict
densities of waders with an acceptable
degree of reliability. Secondly, the
habitat features shown on maps and
related to different densities of waders
were categorised more formally.
Thirdly, a divect test was undertaken,

Preliminary investigation

Each of the 24 sites surveyed by NCC
from 1982 to 1984 was allocated by a
worker who had not been involved in
the surveys to one of five quality classes,
from expected high breeding densities
of waders io expected low densities.
This was done separately for golden
plover, dunlin and greenshank on the
basis of the physical characteristics
shown on maps of each site and thug the
predicted vegetation {see Table 4.2},
The expected density scores were then
compared with the actual densities
found at each site. (For sites surveyed in
more than one year, the mean ocbserved
density was used.)

Figure 4.1 shows the relationship
between densities cbserved atthese
sites for golden plover, dunlin and
greenshank and the estimations of site
cuality {in terms of expected density)
for each species. Ananalysis of
vanance was undertaken to see
whether there were significant
differences between the mean
censities in each of the five quality
classes.

The differences between the
densifies chserved in the five quality
classes were greatest for greenshanks
(F. = 4419; p<<0-001). This is because
greenshank densities were found to be
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sirongly related to the distribution of
lochs and dubh lochans within blanket
bog and because these features are
especially easy to recognise from
maps. Mean densities of duniins also
differed between classes of sites (F, s =
6-28; p<0-0]), and this was also the case
for golden plovers (F,,, = 5-75; p<0-01).

Much of the variation in densities
between sites assigned to the same
quality class could be attributed to
habitat degradation, such as
overgrazing and burning, which was not
ideniifiable from maps. Howaver, it was
clear that for each of the three main
peatiand wader species the areas with
the highest densities could generally
be identified from maps, and the
rmethod was considered reliable
enough to develop further.

Categorisation of habitattypes
Based on knowledge of peatlands and
the results of the preliminary
investigation, four categories of
peatiand landform were defined more
formally. The features used informal
identification of categories from maps
are given in Table 4.3, and the following
descriptions amplify these inrelation to
what can be seen on the ground.

Category A compriges the very
wettest areas of peal, with numerous
pool complexes and extensive
Sphagnum-dominated flows setina
bog-covered landscape. Maps show
high densities of dubh lochans
clustered into obvious pool complexes
but there are alsc scatiered larger
lochans. The ground is either virtually
flat or gently sloping, with nosteep
gradients. There are few, if any, rocky
outerops and no ¢crags are shown on
maps.

Category B consists of sloping
blanket bog with pools and is drier.
There is a low density of pools, set more
or less discretely on gentie siopes, and
the ground consists of gentle ridges
and watersheds but is not flat. Rocky
outcrops and drier morainic features,
whilst not numerous, can be evenly
spaced across wide areas. There are
often numerous larger lochs within the
landscape. The blanket bog
communities are drier and less



Category A: Pool complexes and wet Sphagnum flows. These areas have a
characteristically high density of bog pools which are attractive to breeding
waders and waterfowl. Loch Syre area, Sutherland, July 1986

3 Y ) . £ £ 3tk LTS - Relpnss
Category B: Sloping blanket bog with individual pools. This drier type of
hlanket bog covers large areas of Calthness and Sutherland. Ben Hutig area.
Sutherland, April 1986
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and more broken ground. This landform is ofien broken
by underlying bedrock protruding from the blanket peatand hasgenemlly
low densities of breeding waders. Inchnadamph National Nature Reserve,
Sutherland, July 1883 :

Category D: Montane and other unsuitable areas. Fell-ields such as these
are unsuitable as habitat for moerland breeding waders




Table 4.3 Features used in categorisation of the Caithness and Sutheriand peatlands into four
landforms for estimation of breeding wader populations. Landforms were assessed from 1:25,000

maps
Category Dubh lochans Streams Lochs Topography Gradients
A: High density of poels Fewstreams, with  Scatterad largarlochs,  Flay openand  Gently slopingio
Pool compiexes  and dubh lochans none issuing from  usually with gemly obwvicusly flan, wih very low
and wat clusterad incbvious pool  watershed mire curved edgas bogay. gradhients
gpbagn uin compleness. pool complexes. indicating peaty banks
ows
Usually at least one pool Generally less than
compler oy marsh five 35-4t comours
symbol per 1 km’ crossad par | km’
diagonalat 125.000.
FPool complexes with
morethan 10 pools par
compler.
B: Low density of pools set More streams, Larger lochs ofien Centlendoss  Ceneraily low
Sloping blanket more or less discretaly. often branched numerous and ancl ¢racitants, butsloping
bog with pools into dendritic irregpular inshape. watsrsheds. gently — not flat,
drainage systems
Poolsless than 10 per hillsides. Usually from five 1o
complez, of less than oneg 12 25-fl coniours
compilex per | ki’ crossed per | km”
chiagonalat 125,000,
C: Mamarsh symbolsor Suzamsand Fewlarae lochs Hilisicles ancd Gradiens sigepsr
Steeperand cdubh lochansmarkedon  waterfallsdown although somstimes brokenor mgre than 13 25-ft
brokengraund 135,000 map. meap slopes surrounded by stesp roughground  comoursper 1 km?
Very few, any pools. banks. inclicated an diagonal at
map. 125,000
D Linear, withmany  Smalllochs usually in Mountainous.  Very steepsions
Montane Mohe, waterfallsand corries, often steaply with usually more than
and other SITERMS embanked considerable  2525-fi contours per
unsuitable dascondingstesn areas of bars ! b clingonal at
areas alopes reckriscres 1:23.000.

shown onmap.

Sphagnum-dominated thanin the
praevious category, and the surface
vegetation is often eroded into gullies,
either naturally or by overgrazing or
after severe fires, exposing areas of
bare peat, which may be extensive,

Category Cis that of steeperand
more broken ground. Here the
gradients are steeper, with no
subsianiial areas of pools or dubh
lochans. The ground is often highly
eroded, with few, if any, wet Sphagnum-
dominated areas. Rocky outcrops and
dry morainic features are abundant.
Podsolic and gley soils with shaillow
peat surface horizons prevail, rather
than true blanket peat. The vegetation
tends to have Trichophorum
cespitosum, Molinia caerulea or Calluna
vulgaris dominant and is of the type
characterised as '‘wetheath' or, inthe
driest sttzations, acidic gwarf shrub
heath.

Category D is the sieepest ground,
with screes, ouicrops, crags, high
montane watersheds and summits with
feil-field and shallow moniane blanket
hog. This was considered tobe
unsuitable habitat for moest meorland
waders. Because of the very low wader
densities found during preliminary
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work in these steep mooriand and
rocky areas, sample plots generally
excluded such areas, and it does not
form part of the analysis.

A test of the landform/wader
associations

Sites surveyed by the NCC and RSPB
teams were randomly assigned to one
of two groups. One group of sites (the
control sef) was examined by someone
familiar with most of the sites and the
survey results. BEach site was divided
into landform categories according to
Table 4.3, and the area of each
category within each site measured to
the nearest | ha. A very few sites (four
out of 38) showed such diversity of
landforms in a smali area that such
division was not possible and these
weare not considered further.

The largest category of landform on
each site was then singled out and the
numbers of golden plovers, dunlins and
greenshanks that had been found by
survey teams within that area were
assigned to it. These munbers were
then expressed as densities for each
speciaes within that landform category.
In a few instances, where a site
contained roughly equal areas of two



landforms, it was possible o calculate
densities for both landform types on the
same survey site,

Figure 4.2 shows the disgributions of
densities of the three main wader
species with respect i landform
categories A, B and C. After densities
had been obtained from the control set
of sites, the data were logarithmically
transformed Gog (x + 1)), in view of the
skewed nature of the density
distributions (see section 3.4}, for
calculation of means and standard
deviations, which are given back-
transformed.

The categorisation of landforms
provided overlapping but clearly
different distributions of wader
densifies, as indicated below.

Colden plover

Of the control sites where landform A
was recorded, 73% contained densities
greater than 16 pairs/knt’. In the case
of landform B, 54% of areas fell within
therange of 0-8—1 89 pairs/km’, with
ecual nimbers above and below these
limits. Category C areas had the lowest
densities, with 70% of such areas
holdinglessthan 0 8 pairs/km’.

Dunlin

Dunlins showed clear separation into
three groups of differing densities. In
category A, 83% of areas held dunlin
densities in excess of 1- 0 pairs/km,
These high densities reflect the strong
affinity of dunlins for dulsh lochans and
other wet areas. In category B, 38% of
dunlin densities fell in the range
02—0-99 pairg/km’, whilst in category
C 90% of the dengities fell below 02
pairs/km’ indeed, eight out of the 10
areas in this last category held no
dunlins atall.

Greenshank

The categorisation of greenshank
densities was less clear than for dunlins
or goiden plovers. Categary A areas
were quite clearly defined, however,
with 50% of them having densities
greater than 0- 3 pairs/kim’. In category
B, 23% of areas held densities between
0-1and0-29 pairs/km’ butalarge .
number of areas {nine outof 13) held no
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greenshanks at all. In category C, 80%
of areasheld none Because of the
similarity in the distribution of
greenshank densities in categories B
and C, these two calegories were
combined for this species. Whereas
78% of B and C areas combined held no
greenshanks, only 28% of A areasheld
none. Greenshanks show more
complicated habitat selection than the
previous two species (section 3.4). they
need running or standing open water
for feeding, but they can nestat some
distance, either on hummeoeck bogoren
drier and often morainic ground on
moderate slopes,

Hinformation frommaps provides a
sound basis for estimating densities of
breeding waders, classification of a
second sample of sites according o the
landiorm features in Table 4.3 should
result in similar distributions of
breeding densities. To investigate this,
the second group of randomly assigned
sites {the test set) was assessed, using
only Ordnance Survey maps and the
diagnostic clagsification in Table 4.3, by
a worker unfamiliar with birds or bird
surveys but farniliar with peatiand
habitats. This worker classified the
landforms within each site and marked
their limits on the map. The area of each
landform category in each site wasthen
measured and the numbers of birds
which had been found in each area by
field survey assigned toit. (The last set
of information was not available to the
worker undertaking the classification.)
The distribution of densities was then
calculated as for the control set of data.

If the map informaton is a useiful
means of interpolating bird densities o
unsurveyed sites within the region,
mean densities in each category should
not differ significantly between control
and test sets. This proved true for all the
comparisons (Table 4.4). Variances
were also generally similar between
the two sets. The only exceptions were
in category C for golden plovers and in
category A for greenshanks, for both of
which the control set was slightly more
varied than the test set. The use of some
eroded areas by golden plovers and
the complex habitat selection of
greenshanks were the probable
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Causes.

The correspondence of density
distributions between the contrcl and
iest sets demonstrates that:
nthe categories of peatiand (Table 4.3)

arereal and reflectidentifiable

habitat types, and

rrit is posgible to identify these
categories on the basis of map
svidence alone,

This has impoertant implications, since
it means that the cuiality of bird habiiats
of the whole area of blanket bog of
Caithness and Sutherland outside
survey sites can be assessed, asin the
following sectons.

The identification and mapping of
areas of peatland suitable for
breeding waders

Introduction

In order to estimatie the breeding
wader population of the two districts, a
mapping exercise was carried out, first
to measure the area of the main
landforms and land-uses, secondly to
assess the quality of the peatlands as a
habitat for breeding waders, and finally
to estimate the distribution and
abundance of the three main species of

waders occurring on these blanket
bogs.

A setof 1:25,000 maps of the two
districts was marked with the position
and extent of several land-use types -
forestry, ‘improved' agricultural land
and human setlements — based on
information available in August 1985.
Additionally, all major water-podies
were marked. Limited survey of steep
ground and high peatlands had
previously shown that they contained
very low densities of breeding waders
{see section 4.2). These could be
classed as unsuitable on the basis of
their physical characteristics, and such
areas also were indicated on the maps.
It was assumed that the remaining areas
held breeding waders on the bagis of
associations of wader distribution and
mapped features. Many of the
categorisations made in this mapping
exercise were checked on the ground
in 1986. Land-use categorisation from
map evidence was found to be largely
accurate in areas checked on the
ground. After the maps had been
annotated, the area of each land-use
type within the two districts was
calculated. The extent of each type was

Table 4.4 Comparisons between control and test data-sets as to means and variancesinan

investigation of the categernsation of landform types

Data were transformed by log (x + Donboth F and ttesis. For greenshank, categories B and Chave been

combined for reasons given in the text.

Category A Category B Category C
Golden plover F;;; W= 2-128 Fx o= 2-342 F;‘._.; = 13 268

p>0-08 p>0-05 O 0l<p<0-05

1y = (0219 ty = 0-744 ts = 0660

0>0-03 P>0-05 P>0-03
Buniin Fiw = 1218 Fop= 1083 F.o=2-T60

p>0-08 p>0-05 p>0-05

L;_‘, = 0283 {;‘; = 0368 tL:-. = O ]36

2005 p>0-05 p>0-08
Greenshank Fup=3-074 Fio = 1635

0.01<p<0-05 p>3-05

ty, = 0-245 Lo = 0-892

p>0-08 p>0-C8
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estimated In units of 10 ha. A similar
method was used by Angus (1987) when
calculating peatiand extent in the same
Teglon.

Details of forest extent and ownership
were updated to January 1986 from
information made available by the
Forestry Commission, All woodland
was measured. inaddition, NCC's
inventories of ancient, semi-natural and
long-established woodland in
Caithness and Sutherland (Walker 1985,
1986), which distinguish between these
and more recent plantings, were
consuited.

Results — cuxrent extent of habitatsin
Caithness and Sutherland

The total mapped area for both districts
came to 792,380 ha. This compares with
local government figures of 586,518 ha
for Sutherland and 177,676 ha for
Caithness, totalling 764,094 ha (Table
4.1). Thus the mapping discrepancy is

3 - T%. Most of this occurred inthe
delineation of boundaries in the
intertidal zone Thisis one of the types of
land unsuitable for breeding waders, so
the total for such land has been
corrected accordingly. The natural
habitats unsuitable for moorland
waders are unevenly distributed across
the districts, being found largely in the
mountainous west of Sutherland. The
total extent of blanket bog is greater
than that of moorland suitable for
breeding waders The rest of the
peatiand complex nevertheless
contains other habitais and species of
conservation importance.

The area of 'improved’ agricultural
land and settlements is 104,060 ha, This
12 a broad category, including areas of
improved hill pasture as well as better
arabie land in Caithness. Itis
concentrated in noriheastern
Caithness, with marginal crofting land
on the coasts and in some of the larger
Sutherland straths.

Within Caithness and Sutheriand at
least 78,350 ha were either already
planted or pregramrmed for
afforestation by January 1886, The total
extentis slightly greater, as several
small areas on some estates and farms
have been planted as shelter-belts and
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there have also been plantingsclose to
roads to act as snow barriers and
windbreaks. The areas afforestable in
the short and medium terms further
increase the total 0of 79,350 ha, which
does notinclude a considerable area of
land owned by forestry interests for
which grant-aid hag not yet been
sought,

Distribution of woodland
In Caithness there is little semi-natural
woodland (Walker 1986). The total area
of ancient, semi-natural woods and
long-established plantations amounts to
only 877 ha in the whole district. Most of
these woods are found in sheltered
glens or coastal gorges. Sutherland is
more natzally wooded, with a total of
11,827 ha of ancient, semi-natural and
long-established woodiand. In west and
central Sutherland there are many
small, semi-natural woodlands, and
there are larger, more extensive woods
in the south of the district {Walker 1985).
Forest iechnology has only recently
alowed the draining and ploughing of
heavy, water-saturated peat (Thompson
1979, 1984). Thus it can be confidently
assumed that very few long-established
plantations were planted on peatlands.
Such woodlands have a history of
several hundred years and would have
been established or develcoped on
mineral soils. Figure 4.3 shows recent
plantations to be concentrated in west
Caithness and east Sutherland and on
the peatlands around Loch Shin and
Lairg.

Pastand current extent of peatlands in
Caithness and Sutherland

The 1:25,000 mapping allowed the
calculation not only of the fotal area and
distribution of flat, wet peatland suitable
for moorland waders but aiso of the
extent of peatlands before foresiry
resulted in major losses of blanket bog.
Stady of the underlying landforms
shows nearly all recent forests to have
been established on peat. Within the
two districts there hag been relatively
listie recent conversion of moorland fo
agriculiural use, although thishasbheen
more significant in the distant past.
Including newly afforested land, it is



Figure 4.3 Extent of recent forestry plantations in Caithness and Sutherland in
each 10km grid square (January 1986}
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Figure 4.6 The relationship between the estimated area of original peatland
cover and the area of recent forestry plantations.

Grid squares with substantial areas of sea and agricultural land are excluded
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The total original area of blanket bog
in Caithness and Sutherland has been

calculated that formerly the total area of
peatland suitable as habitat for

breeding waders (categories A, Band
C)was about 343,000 ha. By August 1985
this area had fallen to some 270,100 ha.
However, the loss of peatiand to forestry
has not been uniform over the whole
region. There has been a much greater
proportional loss of the loweraltitude
(below 250 m) peatiands in north-east
Sutherland and west Caithness (Angus
1987).

calculated as about 401,375 ha (Lindsay
etal in prep.). This contrasts with the
area of 343,000 ha calculated as
originally suitable for waders,
indicating that there is a considerable
area of steeper mountainside with
shaliow or dissected peatland
unsuitable for waders (included in
category D).

Figure 4.5 shows the present



distribution of peatland suitable for
breeding waders. Comparison of the
distribution of forestry plantations
(Figure 4.3) with that of the oxiginal
peatland extent (Figure 4 .4) shows that
virtaally all recent plantings have been
on peatland suitable for waders. Areas
unsuitable for mooriand waders have
been little planted. To the west of the
Moine Thrust Figure 1.3)thereisa
large area of land less favoured by
moorland waders (see section 2.3). The
same features (Tockiness, steepness,
fragmentation and, in places, high
altitude) also make it largely unsuitable
for the establishment of forests. To the
east, the area of unsuitable land
diminishes and, correspondingly, the
extent of forestry planiations increasss.
There is a strongly significant positive
correlation between the area of original
peatland cover and the area of {orest
plantations in each 10 km grid square
{r = 0-691, n = 41, p<0-60) Figure 4.6).
There is a corresponding significant
negative correlation between the area
of land unsuitable for wadersand the
amount of foraestry in each 10 km grid
square (r = —0-693, n = 4], p<0-G0L.
This implies that both foresters and
breeding waders select those areas
which are flat and boggy, and so they
are in direct competition for the same
areas of land. This is the root of the
current problem.

This coincidence of selection is due to
waders favouring the wettest areas,
which tend to be large and flat with well-
developed pool systems. Foresters also
prefer areas which are large and flat.
This allows greater ploughing efficiency
and lesstime is taken up in turning the
ploughing rig at the end of each furrow.
There are also other congiderable
econocmies of scale in afforesting
uniformterrain, suchasthoseassociated
with fencing. Pool sysiems are not
usually initially drained and planted,
but they become isolated when they are
clogely surrounded by forest, and their
hydrology may ke altered so that they
can subsecuently be afforesiad.

44 The use of landforms to estimnate
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abundance and losses of waders
on peatlands

Estimation of wader population sizes
The total area suitable for breeding
waders was divided into three of the
four landform categories outlined in
section 4.2 and Table 4.3, Golden
plovers, duniins and greenshanks do
not breed in every 10 kmsquare in
Caithnessand Sutherland (Figure
3.4a-cydespite the presence of
apparently suitable habitat, but they
occur on most peatland areas. The
mean densities found in each of the
three landform categories takes such
non-unifermity into account by
including sites which appear suitable
on habitat grounds but where species
are either absent or breed at
anomalously low densities. Inchusion of
such sites will reflect the scaxcity or
non-cccurrence of peatland wadersina
few such areas of Caithness and
Sutherland.

The area of each of the three
landiorm categories was calculated
within the area of land classed as
suitable for breeding waders (Table 4.5
and Figure 4.7). Multiplying these areas
by the average densities of breeding
waders found for each category
provides population estimates [or the
peatlands of Caithness and Sutherland
{Table 4.5).

Golden plover

A total of 3,980 pairs of golden plovers is
estimated o breed on the remaining
unplanted peatlands in Caithness and
Sutherland. The total British breeding
population is estimated at about 22,600
pairs (data collated for Piersma 1986},
thus the Caithness and Sutheriand
peatlands hold some 18% of British
preeding golden ploversand 17% of the
population breeding within the
EBuropean Communities' territories
(Table8.1).

The breeding distribution in Figure
3.4a shows that golden plovers avoid
agricultural land in the extreme
north-east of Caithnessand have a
strong affinity for peatland. Unlike
dunlin and greenshank, golden plover
densities are cften greater on slightly



Table 4.5 Estimated breeding populations of mooriand waders on the Calthness and Sutheriand
peatlands based on associations of densities with landform categories
See Table 4.3 for definitions of the landform categories.

Extent(um® Density Estimated Rounded total
(pairs/im?) numbers {pairs) numbers {(pairs)
Golden plover
Landform A 828-5 2-37 1863
Landform B 992-8 -46 1449
Landform C 8801 084 563 —
3980
Dunlin
Landform A 828-5 3-890 3231
LandformB 952-8 0-57 586
Landfoxrm C 8801 0-04 35 -
3830
Creenshank
Landiorm A 828-5 0-64 530
Landiorm B 5928 0-08 i)
Landform C 8801 0-02 18 =

eroded peatlands where there isan
even spacing of small hags and hillocks.
The highest densifies coincide with the
area of greatest forestry expansion
(Figure 4.3), thus giving a potential for
further severe losses if afforestation of
peatland habitat continues at its current
rate.

Dunlin
A total of 3,830 pairs of duniins is
estimated to breed in Caithness and
Sutherland. This estimate is higher than
those made previously for the same
area owing io a reanalysis of data using
different methods (see the Appendix
for details). This reanalysis gives a more
realistic total for the two districts.
Adjusting the data collated for Plersma
{1986) by incorporating this figure gives
a national total of 9,800 pairs. Thus
Caithness and Sutherland hold about
39% of the British breeding population
of dunlins and 35% of the European
Communities’ breeding population
(Table 8.1). The methods used to survey
for dunlins usually resultin
underestimates of rie numbers, but
this will apply generally so that relative
proportions will be correct.

The highest breeding densities in
Caithness and Sutherland show close
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agreement with the extensive wet areas
of peattand Figure 4.5). This speciesis
thus one which would be directly and
significantly affected by loss of further
peatland habitatin Caithness and
Sutherland.

Greenshank

A total of 630 pairs of greenshanks

is estimated to breed in Caithness

and Sutherland on landform categories
A, Band C The total British breeding
population is currently estimated at
960, with most of the remainder being
in Ross and only small numbers
breeding elsewhere (Sharrock 1976).
Thus Caithness and Sutherland

hold about 66% of the British (and
therefore the Buropean Communities’)
breeding population of this species
(Table 8.1).

The breeding distribution of the
greenshank throughout Caithness
and Sutherland is shown in Figure
3.4c. Although it is widespread in the
extreme wesi of Sutherland © & M.
NethersoleThompson 1879), the
habitat here is fragmented and
discontinuous because of interruption
by unsuitable high mountains, In
Caithness and east Sutherland the
breeding habitat is much more



Figure 4.7 Exlent and quality of habitat for
breeding moorland waderson the
Caithness and Sutherland peatlands, shown
as the landform categories of Table 4.3
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continuous, Greenshanks avoid the
agriculturally medified land in the north
and east of Caithness and are strongly
associated with peatiands throughout
both districts.

In a review of birds potentiaily
affected by afforestation published by
the Royal Forestry Society, Harris (1883)
categorised the greenshank as
breeding usually on intractable, wet
boggy open spaces above the planting
iimit; this is totally incorrectand
misleading. In Caithness and
Sutherland, aselsewhere, a high
proportion of the total British population
is directly at threat from further loss of
peatland habitat.

Losses of breeding waders

Inthe same way that habitat/Gensity
associations have been used to
caiculate the numbers of breeding
waders currently present on the
Caithness and Sutherland peatlands,
the losses of breeding waders due to
the afforestation of peatfland are
estirnated in Chapier 6.

The numbers of other peatland
breeding birds

The previous section hag shown that it is
possible to estimate numbers of golden
plover, dunlin and greenshank based
on their characteristic agsociation with
certain habitat and landform types. For
the other peatland birds there are
varying difficulties in estimating total

ds

redshank), and yet others are evidently
widespread but elusive (eg. merlin and
short-earad owl). The rarest species,
especially of waders, are extremely
difficult to find, and in such a large area
it 1s unlikely that all breeding pairs have
been discovered. The 77 surveyed siies
may give a reasonable sample from
which the total numbers of some of
these other species could be estimated
within brcad limits, but there isno
means yet of testing such an
assumpion.

Summary of the ornithological
interest

The outstanding features ot the
ornithological interest of the Caithness
and Sutherland peatlands are the high
species diversity and the large
populations of breeding waders. No
fewer than 15 species of waders are
known to nest in the region and these
inciude 66%, 38% and 18% of the total
British breeding populations of
greenshank, dunlin and golden plover
respectively. There is a wider
ecological spectrum of breeding bixds,
including waterfowl, raptors and
passerines, than for any othey mooerland
area in Britain. Important fractions of the
total British breeding populations of
other species are as follows:
red-throated diver (14%), black-
throated diver (20%}, greylag goose
(wild stock — 43%), wigeon (20%),
common scoter (38%), hen harrier (5%),



carmmon scoter (16%), hen harmer (%),
merlin (4%), golden plover (17%), duniin
(35%), greenshank (66%), arctic skua
{2%) and short-eared owl (4%).

Several species have declined and/or
are still declining elsewhere in Britain —
wigeon, buzzard, golden eagie, merlin,
red grouse, golden plover, dunlin,
snipe, curlew, greenshank, red-necked
phalarope and raven, Some of these
have already beenreducedin
numbers through afforestation in other
districts as well as in Caithness and
Sutherland.

Many of the above species are mamnly
or wholly northern European (boreal—
arciic) in distribution and depend in the
rest of their range on naturally treeless
open wetlands and tundras. Britain
supporis the southernmost populatons
of these birds because of the large
extent of open moorland resembling
these more northern habitats, Caithness
and Sutherland are an especially
favourable area for this bird
assemblage because the conjurnction of
climate and {cpography have given
large areas of wet blanket hog, with a
wide variety of associated open water
habitais which simulate undra. Some of
the characternistic breeding birds of
nerthern tundra are different, however,
the goose tribe being represented in
Caithness and Sutherland only by the
greyiag and the whimbrel being
replaced by the curlew, so thatthe
precise combination of species is noi
exactly replicated anywhere else mthe
world.

In the winter the region remains
mportant for several scarce or local
bird species. The peatlands are used
as feeding habitat and roosting sites by
intermationally significant numbers of
Greenland white-fronted geese.
Golden eagles and hen harriers stay to
hunt the moors, and the red grouse
population is resident.

15



Unsurveyed habitats and species groups

5 ] Lochans,lochs and rivers

The study of open water habitais in
Caithness and Sutherland for their
botanical and invertebrate interestis
only just beginning. Most of the
standing open waters belong o the
dystrophic or oligotrophic types, but
litfle is known of their limnotogy at
present. Caithness and Sutherland hold
important freshwater fisheries: such
rivers as the Helmsdale, Shin, Thurso
and Naver have long been famous for
the exceptional quality of their salmon.
The streams and larger moorland lochs
are also fished a gocd deal for brown
trout. Whilsi recent declines in catches
on: the Helmsdale and other rivers have
been, in par, attributed to offshore
netting, Egglishaw, Gardiner & Foster

5.2
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(19886), Graesser (1979) and others have
demonsirated the close relationship
between declines in salmon catches
and the afforestation of upland
catchments used as nursery sireams.

Invertebrates
Because of the remoteness of the region
the terresirial invertehrate fauna is very
little known and more survey work is
needed {oidentfy the range of species
and record their abundance and
distribution. Becausge of their
geographical position, it is likely that the
peatlands of Caithness and Sutherland
support distinctive invertebrate
communities differing in precise
species composition from those found
on peatlands further south in Britain.

= Bottom left: Northern eggar moth
] Topright: Large heath butterfly (northern formy)
Bottom right: Fox moth



They contain the most extensive
population of the large heath butierfly
Coenonympha tullla in Britain,
essentially a peatland species, and
large day-flying moths such as the
emperor Saturmia pavonia, northern
eggar Lasiocampa callunae and fox
Macrothylacia rubi are numerous. The
available evidence suggests that the
lochs and pools within the peatlands
support assemblages of freshwater
invertebrates of conservation
imporiance, including some species
which are nationally rare. The arctic-
alpine dragonfly Aeshna caerulea is
known from the region and the recent
discovery here of the water beetle
Oreodytes alpinus, new to Britain and
found elsewhere only in Siberia and the
exireme north of Europe, suggesis
nerthern tundra affinities in the
invertebrate as well as the
ornithological fauna Foster & Spirit
1986). Other nationally rare water
beetles occur in the dubh lochans
{Spirit 1986; Foster 1987).

i8



Effects of afforestation on the ecosystem

6.1

The Nature Conservancy Council’s
report Nafure conservation and
afforestation in Britain (1985) gave a
general account of the impact of
afforestation on both the biological and
the physical environment. Ratcliffe
{(1986) has also considered the effects on
wildlife in upland Scotland, These
commeniaries are relevant io the
Caithness and Sutherland peatlands,
but the following statement makesmore
specific reference to the effects on this
parbcular area, and especially onits
birds. The impact of affcrestation is
complex, for not oniy are there obvious
and direct effecis on the ground
ploughed and planted, but unplanted
ground and freshwater habitats both
within and beyond the forest are
affected in varying degrees. In the
sifuation of continualiy expanding
afforestation, open ground steadily
contracts in area and may become
increasingly surrounded and
'squeezed’ betweaen blocks of {orest, so
that its relative value may change,

Effectson birds
The direct effect of afforestationisto
replace the peatland bird assemblage
with a woodland bird assemblage
Different species are affected at
varying rates: some, such as dunlin,
disappear quickly, while others may
linger for several years, though usually
inreduced numbers Reed 1882a). The
relevant cuicorne is that, by the ime the
young forest closes to the thicket stage
at 10-15 years, the habitat has been
transformed and is useless to most open
moeorland birds. They diseppear and, at
the minimum, their loss is directly
proportional to the area and quality of
ground planted. The preblem is
exacerbated because the flows are
partcularly attractive to foresiry
interests because of low land prices
and the relative ease and cheapness of
planting operations on such flatand
unbroken ground. These flat flows are
also the prime peatlands for both
vegetation and breeding birds. There
has thus been a selective conversion of
many areas of the highest quality bird
habitat to forest.

[tis exceedingly unlikely that the
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birds displaced from planted ground
are permanently absorbed by
adjoining unplanted peatland, giving
an increase in population density there.
Any lasting absorption of dispiaced
birds would be contrary o alithathas
been learned about the relationships
between the carrying capacity of
mooriand and population densities of
breeding birds. Results from one site in
Sutherland surveyed before the
afforestation of adjacent moorland
showed that numbers of some waders
increased after major planting but
decreased In subsequent years io
densities below the originai levels. This
indicates that, whilst birds were initiaily
displaced from ploughed areas and
attempted to breed close by, the
population failed to maintain itself at this
larger size, Although some speciesare
subject to markad annual fluctuations,
many are relatively constant, and all
have an upper imit imposed by the
productivity of the habitat. Most of the
peatland bird species already have a
non-breeding surplus which is
excluded from nesting by the territorial
behaviour and spacing of the breeding
popalation.

Thompson, Thompson & Nethersoie-
Thompsoen (1986) found that, during
years of high greenshank breeding
density, egg weight was less and
interactions between females more
frecuent (both factors militating against
breeding performance) than when
density was low. They concluded that
"loss of habitat surrounding lochs and
rivers used by feeding greenshanks
will inevitably promote competition,
increased predation, reduced food
intake and, ultimately, the production of
iess viable eggs (through birds laying
later and lighter clutches)”. During their
movement from nest sites to feeding
areas, greenshank chicks (like other
wader young) are at considerable risk
from being trapped within the deep
drainage diiches and plough-lines
(Viisanen & Rauhala 1983). Nethersole-
Thompson & Watson (1974) have
documented the decline and extinction
of groups of breeding greenshanks
which required exiensive open areas
within the mature pine forests



of Strathspey, When these were planted
and dense cover grew up, the
greenshanks deserted the area (see
section 3.3},

There are, indeed, indications that
afforestation leads to a thinning-out of
breeding bird populations on adjoining
unplanted moortand beyond the forest
boundary or forming enclaves within it.
For some species, thisis only tobe
expected, There is typically a cessation
of moor-burming on ground adjoining
forest, and in some areas grazdingis
reduced as well through rernoval of
sheep. This leads to an increase in
lnxuriance and age of vegetation, and
after about ten years the effectis often
quite marked, o the point where
suitability as breeding habitat has
declined for those species which need
short vegetation, for example goiden
plover and dunlin, As anexample, in
Galloway scattered pairs of dunling and
a relatively dense population of golden
plovers bred during 1950-60 on the
moorlands between Airie and
Grobdale, east of Loch Skerrow. By
1986, although some 20 km' of open

moorland still remained, it was
surrounded by large expanses of
well-established forest: the dunlins had
disappeared and the goiden plovers
had declined tolow density (A. D
Watson pers. Cormi).

Preliminary studies from moorland
bird surveys in Caithness and
Sutherland and also northern England
suggest that some breeding species
tend to avoid the forest edge, so that
there isa zone of lower density on the
moorland around the perimeter
{Langslow 1983; Stroud & Reed 1586).
Such an effect could be parily the result
of habitat change, butit couid alsobe a
response (o increased predation
associated with the forest. In
Kincardine, R. Parr (pers. comm.) found
thai afforestation of half of Kerloch Mcor
was followed not only by a substantial
decline in the breeding population of
golden plovers but also by a marked
increase in nest predation for the
residual breeders on the remaining
moorland.

Afforestation creates new nesting
habitat for carrion and hooded crows

Afforestation results in bath the direct loss of pattemed bogs and less chvious,
long-term effects. The loss of such wetland areas has seriously affected
internationally important moorland breeding wader nopulations. Loch More
wetlands, Caithness



(Petty 1985} and much ncreased cover
for foxes Hewson & Leitch 1983). These
predators are provided with secure
refuges by the forest, for in thicket
plantations their breeding places are
usuaily impossible to locate; vet both
rely largely on ground cutside the
forest for food and will perforce
concentrate their search over the
adiomning bogland. Until recently many
parts of these peatlands, especially the
remoter areas, were subjecttoonly a
low nest predation pressure from
crows, for large areas were devoid of
their nestng sites (in trees) and were
distant from the nearest breeding pairs.
Though crows range widely over the
open moorlands, the advent of large
blocks of forest in numercus places is
bound to increase their penetration of
the remaining open ground. The effects
could be even more serious for the
other waterfowl than for the waders and
other species, since the vicinity oflochs
and riversis a focus for their nests and
the young are taken there soon after
hatching and so are readily located by
predators.

These suggestive pomters have led to
more detailed research, now in hand,
on potential avoidance and predation
responses which could representa
serious 'edge-effect’ of afforestation, in
addition to ifs primary impact in causing
species loss. These effects may not
appear untll the plantations are
well-grown, and they may become
enhanced as the overall balance of
areas and pattern of configuration
between {orest and peatland change
through the advance of further new
pianting. In a study of birds of enclosed
areas of moorland surrcunded by
conifer forests in southem Scotland,
Rankin & Taylor 1985} conciuded that
the size of such areas and the number
or diversity of habitats within the
moorland 'islands’ together had a
dominant influence on the numbersand
densities of breeding bird species.
Only areas greater than 270 ha
sustained a represeniative mooriand
bird assemblage inciuding less
common species such as meriin, ring
ouzed and short-eared owl. The
predatory birds need a much larger
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open mooriand hunting area than that
which will satisfy the feeding and other
requirements of their prey species.

In areas of low carrying capacity,
each pair of golden eagles may need 1o
hunt over open moorland averaging
10,000 ha in area. In Galloway, the
reduced breeding performance of
three out of four pairs of golden eagles
was correlated with an average 43%
afforestation of their feeding areas by
1979 (and an average 69% of the more
productve ground below 905 m). One
pair, which subsequently disappeared,
had lost 62% of their feeding area and
90% of their low ground (Marcuiss,
Ratciiffe & Roxburgh 1985).
Afforestation also accounted for most of
the 56% decline in the raven breeding
population between 1946-60 and
1974-76 in southem Scotland and
northern England reported by
Marquiss, Newton & Ratcliffe (1978).
Raven decline here has continued in
parallel with further planting, reaching
2% by 1981 (Mearms 1983}. In some
parts of these regions the decrease has
been proportional to the area
afforested, but some raven territories
have been deserted even when they
are only partly planted. In Galioway
again, a hill population of buzzards
numbering at least 25 pairs in 1946-55
had declined to only two pairs in 1981
(D A. Ratcliffe unpublished; Mearns
1883): although onty about 50% of the
area had been afforested, a much
higher proportion of the more
productive low ground had been lost.

The greater ability of ravens and
buzzards in mid-Wales to maintain their
numbers in the face of afforestation
appears to depend on the exceptionally
good food supply of the remaining open
ground in this area and the less
continuous distribution of blocks of
forest (Newton, Davis & Davis 1982).
Forest edges have provided tree nest
sites for a few additional pairs of ravens
and buzzards in parts of Wales where
both tree and rock sites were otherwise
lacking. However, for these species and
other moorland raptors such as merlin
and kestrel which may utilise old crows'
nests within the new forests, the crucial
issue is the extent of open hunting
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ground remaining beyond the
plartations, since the new {orests have
little or no value as feeding habitat.

Open ground remaining within
forests asrides and roadside vergesis
virtually useless as nesting haiitat to
nearly all the birds of the Caithness and
Sutherland peatlands. The nests of
larger species would be far too readily
located by predators (Ratcliffe 1986).
Apart from oceasional pairs of small
passerines, these areas are devoid of
nesting birds. Common sandpipers
may continue to nest on sream banks
where the forest edge is kept well back,
but most waders need a broader
expanse of nesting hahitat. Even where
patches of pool and hurnmock 'flow’ are
left unplanted within the forests, they
can be of only doubtful value to
breeding waders and other waterfowl.
Mostly they are too few and too small,
and habitat changes resulting from the
abruptly abutting forests are probable
{Chapmarn & Rose 1986).

Losses of peatland birds
The methods used o estimate the
quality of breeding habitat and hence

the overall numbers of breeding
waders on existing moorland (see
Chapter 4) can also be used to

esiimate the losses of these on areas
recently afforested. The areas of recent
planting and land released for planting
were superimposed on earlier,
pre-afforestation Ordnance Survey
maps, and the quality of lost peatiand
habitats assessed according to the four
landform categories of Table 4.3. It was
then calculated that 912 pairs of gelden
plovers, 791 pairs of dunlins and 130
pairs of greenshanks once used
moorland cccupied or planned to be
occupied by plantations (Figure 1.4). On
this basis, the original, pre-afforestation
populations for the Caithness and
Sutherland peatiands of Figure 1.2 can
be calculated to have been 4,900 pairs
of golden plovers, 4,620 pairs of duntins
and 760 pairs of greenshanks. There
has thus been an actual or predictabie
ioss of 19% of golden plovers, 17% of
dunlinsand 17% of greenshanksasa
direct effect of afforestation. It has not
been possibie yet to estimate the losses
of other breeding bird species, but
most of those listed in Table 6.1 canbe

Table 6,1 Declines in bird species due o afforestation in other parts of Britam
(Sources: Marquiss et al, 1978, 1985; Mearns 1883; Naturs Conservancy Council 1886; D A. Ratclilie pers. comm,)

Species Area

Wigeon Ettrick District

Greenshank Spey Valley

Dunlin Wales, Cheviots, Southern Uplands of Scotland (st least 400 patrs lost)

Coldenplover Wales, North York Moors, Cheviots, Southern Uplands, Eastern Highlands(atleast
2,000 pairslost)

Curlew Wales, Northern England, Scuthern Uplands, Highlands (several thousand pairs lost)

Snipe Wales, Northern England, Southern Uplands, Highlands (no estimate)

Red grouse Waies, Northern England, Scuthern Uplands, Highlands (no estimate, but must be

thousands of pairs lost)

Goldeneagle

Southern Uplands, West Highlands(18-20 pairs lost)

Merlin Wales, Northern England, Southern Uplands, Highlands (tens of pairs lost)
Bazzard South-west Scotland (¢ 25 pairs lost)
Raven Cheviots, Southern Uplands, South-west Highlands{tens of pairs lost)

In addition, species such as lapwing, redshank, curlew, snipe, whinchat and stonechat have declined inthe
lowlands through agricultural development, so that their upland populations are now increasingly mporiant.




presurned to have been affected.

Some of the Caithness and
Sutherland peatland birds which cocur
widely in the British uplands have
already lost a good deal of ground
elsewhere, through the widespread
afforestation of their habitats on both
blanket bog and drier moorland (Table
6.1}, The national populations of golden
plover, dunlin, curiew, red grouse and
merlin have all been significantly
reduced by this transformation of
habitat. These losses elsewhere are
almost certain to continue through still
further afforestation, so that the
Caithness and Sutherland populations
of affected species will become an
increasing proportion of the British
totals — unless afforesiation coniinues
here, too, at the present rate,

The pre-thicket stage after
afforestation is beneficial to some birds
which nestin fairly dense cover,
including serne open moorland species
such ag short-eared owl, hen hartier
and black grouse. This phase is
ephemeral and ‘'once-off, however, and
cannot influence the long-term
assessment of impacts. The crucial
queastion 18 whether the cycle of return
to open ground, when the forestis
harvested and before the next
generation of treesagain closesto
thicket, can restore a sufficiently large
and close approximation to the original
peatland bird community. Given that
the forest rotation will, in the longer
term, maintain a certain proportion of
pre-thicket ground at any one time,
foresters have argued that it will
continue to maintain a parallel
representation of moorland birds
(eqg. Garfitt 1983).

As a general thesis, this argument
has been found wanting (Naure
Conservancy Council 1986; Ratclifie
1986): the original bird cormmunity is not
restored, and there is a shift toa mixed
type in which some of the original
species return, but less numerously
than those of open woodland, scrub or
forest edge and glade. While it will be
some time before the siiuaton on the
Caithness and Sutherland peatlands
can be properly observed, the effect of
afforestation in drying out the ground
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makes it even less likely that there will
be any significant return of the waders
regarded as scimportant in thisarea.
Observation of open areas created by
large-scale death of young trees from
pine beauty moth attacks does not
suggest that anything approaching the
peatiand bird community redevelops.

The lack of compensatory gain in
forest bixds

Nature conservation and afforestation in
Britain (Nature Conservancy Council
1986) examined in depth and rejected
the arguments that afforestation
replaces moorland by a woodland
habitat with a richer bird fauna and that
it restores a more original type of
habitat to a man-made landscape.

A main conclusion of this report is as
follows {p. 64):

"When the heaths, grassiands,
peatlands or sand dunes that are lostto
afforestation have special nature
gonservation value in their previous
siate, the forests that replace them,
however geod they may become for
wildlife, are not, and never can be, an
adequate substitute. Thisis so because
they can never contain more thana
fragmentary, depleted and therefore
inadequaie representation of the open
ground habitats, communities, species
and physical feafures in their former
wholeness!'

Afforestation has a particularly
destructive effect on wet ground
habitais, The forests that are created
are quite different from natural boreal
coniferous forest; not only are they
almost wholly composed of exotic
species, but their structure and lack of
subsidiary vegetation layers are highly
artificial and will remain so. Whatever
opportunities may exist for diversifying
conifer plantations on fertile, lowland
sites in more southern distzicts, they are
minimal in Caithness and Sutherland,
where most plantations will remain
unthinned untl they are felled because
of the very high risks of wind-throw. The
stil} more important point, however, is
that the blanket bog covering so much
of the region is a naturally treeless
climax vegetation developed under the
extremely cceanic climate and that
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Mature gonifer forests are dense and dark. These even-aged plantations lack
the structural diversity found in natural woodlands. The forest birds

encouraged by such plantations do not compensate for the loss of the

moorland hirds displaced

forest of any kind on the flows isan

artefact (see section 2.2).
it has been claimed by forestry

interests that afforestation in Caithness

and Sutherland is beneficial to the
conservation of birds because:

0t increases the numbers of
individuals, or even of species,
compared with those living on the
peatland habitats;

0 it enhances overall diversity, giving
the best of both worlds, since some
unplanted peatlands will still remain,
These argurments are invalid. The

bulk of the resulting forest bird fauna

consists of small passerine songbirds
which are cormmon throughout Britain,
many of them in hedgerows and even in
suburban gardens (Table 6.2). Their
occurrence in greater numbers than
the displaced birds of the peatlands is
irrelevant to the conservation issue, By
the same token, the additonal

“diversity" created through limited

afforestation is of itile account if the

bird communmnity which isadded has low
intrinsic conservation value The
amount of forest which has already

been created is quite sufficient to give
de facto representation to this
viewpoint: with any more, the balance-
sheet of losses compared to gains
becomes increasingly adverse and
unacceptable. Even if rarer songbirds
such as crossbill, redwing, fieldfare
and brambling colonise the forest,
there is more than enough of such
habitatalready and this does not
provide an argument for further forest
expansion, It has to be remembered
that, for some peatland and moorland
birds, this is not the only region where
congraction and loss are occurring
through afforestation.
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Table 6.2 Bird species found in coniferous piantations in Caithness and Sutherland

Species VEICTIBODRIo  Species Ve popaa
Buzzard 8,000—10,000 Golderest 500,000
Kestrel 30,000—40,000 Spotted flycatcher 300,600
Waodcock 8,000—35,000 Long—tailed tit 300,000
Tawny owl 50,000~--100,000 Coaltit 800,000
Wren 3,000,000—5,000,000 Bluetit 3,500,000
Dunnock 2,000,000 Creatftit 2,000,006
Robin 3,500,000 Treecreeper 200,000-—300,000
Redstart 146,000 Carrion/hooded crow 1,000,000
Whinchat 15,000--30,000 Starling 3,000,000—6,000,000
Blackbird 4 800,000—5,000,000 Chaffinch 5,000,000
Song thrush 1,500,000 Greeniinch 800,000
Mistle thrush 300,000 Siskin 15.000—30,000
Sedge warbler 200,000 Scottish crosshill 500
Wiliow warbler 2,500,600 Reed bunting 400,000
Effects on vegetation Ratcliffe (1986) has given reasons {or

" " Afforestation causes the replacement of
peatland vegetation by dense stands of
conifers with few other plants. During
the pre-thicket stages some of the
existing species, especially grasses,
some sedges and dwarf shrubs,
become more luxuriant and tussocky.
The deep ploughing and draining used
as standard ground preparation rapidly
dry out the surface of the intervening
peatridgesand cause a loss of the
strongly moishire-loving species. When
the forest closes to thicket, virtualiy all
the ground vegetation disappears,
because the shade is so intense and the
litter fall so heavy. In these unthinned
forests this condition will persist until
clear-fell harvesting, and thisis a main
reason why they can never be
regarded as equivalent io natural
boreal forests. The vegetational interest
of these new plantations is thus limited
to whatever ground is left unplanted
and whatever cover redevelops during
pre-thicket phases of subsequent rotations.

regarding the vegetaton of linear open
habitats such as rides, roadsand
streamsides as a particularly
fragmentary, uncharacteristic and
unsatisfactory representation cf the
range of open moorland communities.
This is even more the case for peatlands
because of the pronounced drying
effects which result. The only residual
open habitats worth considering in this
context are wider areas, mainly
patches of peol and hummock flow, left
unplanted within the forests. The
questions to be asked about these are
whether they are a sufficient
representaton of the peatland
ecosystern and whether they will refain
their previous character in the longer
term.

Many of the true borea!l forests
elsewhere naturally contain open areas
of bog too wet for trees to grow on. They
range in size from tiny pockets to huge
expanses, but most of them result from
underlying topography and soil which




Fiture 6.1 Diagrammatic representation of natural Scandinavian forest bog
and afforestation bianket bog in Scotland to illustrate the significant
differences.

Whilst underlying topography may be similar, blanket bog swathes the mineral
substrale, contrasting with isolated basins of peat in Scandinavia. Forest bog
trees ate ol mixed age and size, and waterlogging on the bogs causesa
gradual transition, with increasingly stunted trees around the edges of the
hasins. The open structure of these forests reflects their ecological maturity.
Plantations in Caithness and Sutherland consist of dense, uniform trees of even
age which fragment once continuous blanket bog and cannot be thinned to
achieve a more 'natural’ state owing to the severe risks of wind-throw

Scandinavia: dry climate, with raised bogs developed only where lopography
mainains a high water-table and with forest on dry mineral soils and hog
marging

Scotland:; wet climate, with blanket bog developed everywhere except on
steep ground and with plantations established on peat where ploughing and
draining have lowered the water-table
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give impeded drainage. Most of these
{orest bogs are accordingly classified
either as valley mires and fensor as
raised bogs. Others are types not found
in Britain such as aapa mires and palsa
mires, Where the ground slopes
steeply into weiler places, there may be
a clear-cut eGge between forest and
bog, but more typically thereisa
gradual fransition in which the trees thin
out and become stunted, appearing
finally asan irregular perimeter of
dwarf 'checked’ growth on the bog
edges where the watertable is
critically high. Some bogs have a
scattering of these checked trees thinly
distributed over much of the surface,
but others have a ceniral tresiess area,
Natural forest hogs show encrmous
variety in their relationship to the
surrounding forests (see, eg., Moen
1985; Eurola & Holappa 1985).

Enclaves of wet flow within plantations
may in time develop a superficial
similarity tc these natural forest bogs.

In many cases there will be a hard,
wall-like edge to the trees, but natural
regeneration may in time producea
more graded edge. The main point to
note is that, because the Caithnessand
Sutherland examples are blanket bog,
the leaving of arbitrary unplanted
‘islands' of flow will not approximaie to
any natural conditions, for their
relationships with the surrounding body
of peat are lost{Figuze 6.1). While the
pool and hummock systems may be of
ouistanding interest, their development
has depended on the growth of peat
over a wider surrounding area, This
situation also makes residual ‘islands’ of
flow vulnerable to fuxther changes
likely to reduce or destroy their
remaining interest.

Even limited drainage can have
very serious effects on the ecology
of blanket and raised bogs (Ivanov
198%; Lindsay 1987). Not only can
limited surface drainage suchas
moor-gripping affect the level of the
water-table and the composition of the
surface vegetation (Lindsay in prep.),
but peripheral deep drainage can alter
the ground-water 'mound’' (Ingram
1882}, resulting in a lowering of the bog
surface at considerable distances from
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the ditch. The Irthinghead Mires, a Site
of Special Scientific Interestin
Northumberland, are a series of small
but important bogs protected from
diract afforestation but now totally
surrounded by the Kielder Forest.
Charman (1986) has correlated the
decreased plant diversity on these
remnant bog siies with increasing age
of surrounding forestry and has
speculated that this is & result of a falling
water-table, though fertiliser or spray
dnift may also be involved.

One of these bogs, Coom Rigg Moss,
became totally surrounded by conifer
plantations in the 1850s and 1960s. Since
that time there have been marked and
major changes o the flora and structure
of this peat bog, and, whilst the precise
mechanisms are not yet clear, "itis
exiremely unlikely that the changes
gseen at Coom Rigg would have taken
place i the surrcunding area had not
been afforested" {Chapman & Rose
1986). If the full conservation interest of
ombrotrophic mire systems is fo be
preserved, complete hydrological
systerns need to be protected intact. In
the northem flow country, such
hydrological systems can be extensive,
because of the breadth of watersheds
and the extent of catchments.

The implications are of a high
probability that isolated portions of flow
lefi within planted forest will lose their
ecological and botanical interest
through inevitable consecuent change.

The remaining possibility, that
peatland vegetation will regenerate {o
its previous state during successive
clearance phasesin the future forest
rotations, seems very unlikely. The
deep-ploughing and draining required
for afforestation cause a permanent
drying cf the affected bog surfaces
(Pyatt 1887). Water-table and surface
flow patterns are immediately
disrupted (McDonald 1973; Robinson
1685) and these changes are followed
by longer-term shrinkage of peat
(Prus-Chacinski 1962), wastage and
oxidation (Silvola 1986). Asthe
trees become established, higher
evapo-transpiration rates lower the
water-table further, contributingtoa
complete change in soil structure and



in ground flora. So when the forestis
evenfually felled, the habitat will

never revert to its previous state, for

the physical conditions are
permanently altered. Even ifthere is
regeneration from buried seed or
recolonisation from outside, the ground
becomes too dry ever to support again
the moisture-loving plants which
characterised the previous blanket
bogs. Species associated with dry peat

Patterns of afforestation have cansed the isolation and fragmentation of
previously extensive bog systems. The vegetation of such isolated areas will

slowly change owing to aliered management practices and the ‘edge-effects’
of the new plantations. Forsinard, Sutherland

surfaces are likely to become
dominani, and the probability is thata
mixed grass-heath will develop widely.
It is noticeable that in areas opened up
through pine beauty moth 'kills| a great
abundance of purpie moor-grass
Molinia caerulea and rosebay
willowherb Chamerion angustifolium
has rapidly developed, evidenily in
response to the high nuirient levels from
added fertiliser.
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Finally, the deep-ploughing and
progressive medification of the upper
peat after afforestation (including
erosion and redistribution of material)
renders the affected areas worthless
for studies of vegetational, climaticand
land-use history through pollen
analysis. The sub-fossil pollen and other
plant remains which allow such
historical reconstructions and
correlations (Godwin 1975) have to exist
in an undisturbed state, free from any
suspicion of modification tothe
complete peat profiles within which
they are buried and preserved. Surface
oxidation destroys the upper layers of
the record, while any redistribution of
material confuses it hopelessly.
Cracking of peat also allows material
from the surface to sink deeply below.
While it may be that a suffiicient number
of undisturbed profiles will survive in
unplanted sites within the region, the
precise needs for the location of sample
sites within these palaeo-ecological
studies cannot be predicted and, quite
often, fairly closely spaced samples
along transects are needed.

Effects on abiotic features
Afforestation also has several quite
marked effects onthe physicai/chemical
environment, and these have been
recently reviewed (Nature
Conservancy Council 1986). There has
so far been insufficient research to
establish their relative importance in
Caithness and Sutherland, but some
general extrapolations and predictions
can be made. Ploughing on these
peafiands has the immediate and
inevitable conseguence of increasing
the amplitude of peak stream flows by
shortening the duration of peak run-off,
after rain the excess water runs off
much more rapidly than before, and
total water yield increases slightly
(Robinson 1980}, When the forest has
closed to form thicket, thereisa
decrease in water yield through
interception effects (Calder & Newson
1579). Erosion of peat and mineral soil is
another inevitable result of ploughing
(Robinson & Blyth 1982}, and
subsequent cracking of deep peatis
reporied (Pyatt & Craven 1979; Pyatt
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1987). Run-off and stream sedimentation
can be reduced by modifying the
system of draining, but on deep peat
this is difficult because the whole
purpose of draining is tc lower water-
tables by removing more water than
before. Recent research on the blanket
bog plateau of Llanbrynmair Moors in
Wales has shown thai the
implementation of management
guidelines on water protection has
failed to prevent an increase in stream
sediment loads to 246% of former
values in one catchment and to 4758% of
former values in ancther, after forestry
ploughing (Francis 1887).

Drying of acidic peatincreases its
acidity by oxidation (Pearsall 1938;
Silvola 1986). The acidification of stream
waters by the 'scavenging’ of
atmospheric acidity by surrounding
forest is now well known (g, Harriman
& Marrison 1882). While the prevailing
acidic peats, soils and waters of
Caithness and Sutherland are
vulnerable to enhanced acidification,
the lower levels of atmospheric acidity
in this region (compared with, for
example, Galloway) are likely to
moderate the degree to which such
acidification occurs (Fry & Cooke 1984).
Data should nevertheless be collected
and the situation monitored. The other
major chemical effect, of nutrient
enrichment of peats, soils and waters by
the addition of fertilisers to promote
forest growth, is potentially seriousin its
bioiogical implications. This can cause
local eutrophication, leading to algal
blooms in lakes and reservoirs, and the
same effect has been observed afier
significant clear-felling of partofa
caichment (Parr 1984).

Studies of these changes and their
biological effects are patchy and, in
some cases, fragmentary, and thereisa
particular dearth of information for
Caithness and Sutherland. There isan
accumulating literature to show that, In
one area or another, the effects of
afforestation on freshwater fishenes are
generally adverse. This subject was
reviewed in Nature conservation and
afforestation in Britain (based on
Graesser 1979; Harriman & Morrison
1982; Stoner, Gee & Wade 1984; Stoner



& Gee 1985; Drakeford 1878, 1882).
Egglishaw, Gardiner & Foster (1986)
have since shown a high degree of cor-
relation thronghout Scotland between
extent of afforestation and decline in
salmon catches. Acidification of lakesin
Sweden has affected water birds
{(Eriksson, Henrikson & Oscarson 1980;
Triksson 1884), and a decline in dippers
has been correlated with enhanced
river acidification in Wales associated
with afforestation (Ormerod, Tyler &
Lewis 1985). These findings point to the
need for study of the chemistry of the
Caithness and Sutherland peatlands. An
important aspect of effects on abiotic
featuresis that they are mostly not
confined to the ground actually planted,
but have significant overspill effectsinto
adjacent areas, especially inthe case of
rivers and lakes. Afforestation therefore
hasio be assessed in its effect on the
whole catchiment.

Bn overall assessment

Afforestation so fundamentally
transforms the peatland ecosystem that
it is effectively destroyed. The fauna
and flora are lostand the physical
attributes so altered that, even if
forestry ceased, any reconstitution of
the previous ecosystem would be for all
practical purposes impossible. The
pre-thicket stage of subsecrent forest
rotations can only be regarded asa
derisory restoration of the peatland
ecosystem,. In view of the importance of
the peatland ecosystem, itsreplacement
by a type of forest which is artificial and
present over increasingly large areas of
Britain, with little regional variation,
amounis to a substantial net loss of
nature conservation interest. The
various possibilities of effects extending
bevyond the forest perimeter can only
compound this loss.

The rivers draining from the peatlands of Caithness and Sutherland support
major salmon fisheries which are important to the local economy. Blanket
afforestation has sericusly affecied such fisheries elsewhere
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International implications

The international importance of the
peatlands of Caithness and Sutherland
hastobe considered inrelationio
overseas opinion and the requirements
which stem from infermational treaties
concerning nature conservation to
which the United Kingdom is a party.

The Northern Highlands of Scotland,
which include this area, were identified
as globally important and listed as a
"priority biogeographical province of
iand for the establishment of protected
areas’ in the World Conservation
Strategy (UCN/UNER/WWTF 1980), a
document welcomed by the UK
Government. This lays great stresson
the conservation of non-renewable
resources, the preservation of genefic
diversity and the maintenance of
essential ecological processes and
ecosystems. All these considerations
are pertinent to the continued survival
of peatiands in Caithness and
Sutherland. Indeed, the UK non-
governmental response to the World
Conservation Strategy (World Wildilife
Fund-UK et al. 1983) suggests that the
results of upland bird surveys show that
“forestry operations should be planned
with great care”.

In September 1986 the Iniernational
Mire Conservation Group (iMCG)
visited the peatlands of Caithness and
Sutherland on a study tour. This group
of peatland ecologists from nine
countries considered the blanket bogs
of the north of Scotland to be “unique
and of global importance”, expressed
its "dismay at the extent to which
afforestation was found fo be destroying
this internationally important habitat”
and viewed "the speed of destruction
with particular alarm” (Intemational
Mire Consarvation Group 1088).

The United Kingdom is a signatory to
four intermational treaties which are
relevant to the conservation of peatland
habitats — the ‘Bern’ Convention, the
'Ramsar’ Convention, the EEC Directive
on the Conservation of Wiid Birds and
the World Heritage Convention.

"Z ] The ‘Bern’ Convention on the

21

Conservation of European
Wildlife and Natural Habitats
Article 3 of this Convention requires the
prometion of "national policies for the
conservation of wild flora, wild fauna
and natural habitats, with particular
attention to endangered and vulnerable
species. ..and endangered habitats™
Article 4 specifically concerns the
conservation of habitats, Articie 4(1)
states that "appropriate and necessary
measures [shall be taken] to ensure the
conservation of the habitats of the wild
flora and fauna species, especially
those lisied in the Appendices Iand II,
and the conservation of endangered
natural habitats” Article 4(2) states:
"The Contracting Parties in their
planning and development policies
shall have regard to the conservation
requirements of the areas protected
under the preceding paragraph, so as
to avoid or minimise as far as possible
any deterioration of such areas.' Article
4(3) requires the special protection of
areas important to breeding migratory
species,

These provisions are applicable to
the peatiands of Caithness and
Sutherland. Their statusasan
endangered and important natural
habitat has been recognised by the
International Union for Conservation of
Nature and Natural Resources
(JUCN/UNER/WWTF 1980), Royal
Society for the Protection of Birds (1985},
IMCG (1986), NCC (1986 and this
report), Ramblers' Associaticn
(Tompkins 1986}, Scottish Wildlife Trust
{1987}, Council for the Protection of
Rural England (Stewart 1987) and
others. Many of the species listed in
Appendices land Il of the Convention
occur on these peatlands. These
include otter, black-throated diver,
red-throated divey, little grebe, meriin,
peregrine, ringed plover, wood
sandpiper, cormmon sandpiper,
Termminck's stint, dunlin, red-necked
phalarope, short-eared owl, pied
wagtall, grey wagtail, wren, whinchat
and stonechat.




7_2 The ‘Ramsar’ Convention on

Wetlands of International
Importance especially as
Waterfowl Habitat

The United Kingdom is also a party to
the 1971 'Ramsar' Convention, having

signed itin 1873 and ratified itin 1976.

The preamble to this Convention, which

specifically mcludes peatlands,

indicates that the Contracting Parties
are “convinced that wetlands constifite

a resource of great econormic, cultural,

scientific and recreational value, the

loss of which would be irreparable”
and that they desire "tostem the
progressive encroachment on and loss
of wetlands now and in the future™

Article 3() of the Convention requires

that "the contracting Parties shall

formulate and implement their planning
so as to promote the conservaton of the
wetlands included in the hist [of
protecied sites], and as far as possible
the wise use of wetlands in their
territory".

The Conference of the Centracting
Parties held in Cagliari, [taly, in 1980
agreed eight criteria for the assessment
of international Importance of wetlands.
A wetland should be considered
internationally important if it met any of
these criteria. The relevant {ext says:

1. Quantitative criteria for identifying

wetlands of importance to waterfowl.
A wetland should be considered
internadonally imporant ifit:

a. reqularly supports either 10,000
ducks, geese and swans; or 10,000
coois: or 20,000 waders
or

b. reqularly supports 1% of the
individuals in a population of cne
species or subspecies of waterfow}
or

c. reqularly supporis 1% of the
breeding pairs in a population of cne
species or subspecies of waterfowl.

2. General criteria for identifying
wetlands of importance to planis or
animals. A wetland should be
considered internationaily importani
ifit:

a. supports an appreciable number of a
rare, vulnerable or endangered
species or subspecies of plantor
animal
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or

b. is of special value for maintaining the
genetic and ecological diversity of a
region because of the gquality and
peculiarities of its flora and fauna
or

c. is of special value as the habitat of
plants or animals ata critical stage of
their biological cycles
or

d. s of special value for its endermnic
plant or animal species or
communities.

3. Criteria for assessing the value of
representative or unique wetlands.
Awetland should be considered
internationally importantifitisa
particularly good example ofa
spacific type of wetland
characteristic of its region”’

The Caithness and Sutherland
peatlands are quite exceptional in
meeting all eight of these criteria.

Criterion la: The peatlands of
Caithness and Sutherland regularly
support more than 20,0600 waders.

Criterion 1b: The peatlands support at
least 1% of the individuals in
biogeographical populations of the
fellowing waterfowl: Greenland
white-fronted goose, native greylag
goose, dunlin and golden plover.

Criterion lc: The peatlands support at
least 1% of the breeding pairs of the
following biogeographical populations
of waterfowl: native greylag goose,
dunlin and golden plover.

Criterion 2a: The peatlands supportan
appreciable number of individuals of
several rare, vulnerable or endangered
species or subspecies of plants and
animals, Among the species or
subspecies in this category are: black-
throated diver, Greenland white-
fronted goose, greenshank, wood
sandpiper, merlin and golden eagie

Criterion 2b: The ecological
peculiarities of the peatland fauna and
flora have been described in this
report. The peatlands clearty qualify
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under this criterion.

Criterion 2¢: As breedingand
wintering habitat for large numbers of
specialised peatland birds, insects and
plants, the peatlands fulfil this criterion.

Criterion 2d: The peatlands cqualify
under this criterion since some of their
plant communities and their breeding
bird assemblage are globaily unique.

Criterion 3: The global importance of
the area as an ouistanding example of
oceanic blanket boghas been
recognised by such groupsasthe
International Mire Conservation Group
(see abhove). This area is a supreme
example of blanket bog development.

Contracting Parties to the 'Ramsar’
Convention provide recnilar reports on
wetland conservation. The UK report to
the Conference ofthe Contracting
Parties at Groningen, Holland, in 1984
stated: "Recentresearch has
suggested that mire systems are the
most threatened wetland habitatin
Britain" and "commercial afforestation
iIsnow a major threat to bianket mire
systems, promoted by tax incentives
rather than the direct economic value of
the imber produced” GUCN 1984,

p. 452

EEC Directive on the
Conservation of Wild Bixds
Asamember of the EEC, the UK has
accepted and is bound by Directive
79/409 of 2 April 1979, The Directive is
concemed with many aspects of bird
conservaton, but Article 4 concerning
habitat protection is of particular
relevance to the peatlands of Caithness
and Sutherland. This says:
"“1. The species mentioned in Annex i
shall be the subject of special
conservation measures concerming
their habitat in order {o ensure their
survival and reproduction in their
area of distribution.

iIn this connection, account shall
betaken of
species in danger of extinction;
species vulnerable to specific
changes in their habitat;

o

a3

c. species considered rare because of
small populations or restricted local
disiribution;

d. other species requiring particular

attention for reasons of the specific
nature of their habitat.

Trends and variations in
population levels shall be taken into
account as a background for
evaluations.

Member States shall classify in
particular the most suitable
territories in number and size as
special protection areas for the
conservation of these species, taking
Into account thelr protection
requirements inthe geographical
sea and land area where this
Directive applies.

2. Member States shall take similar
measures for reqularly occurring
migratory species not listed in Annex
1, bearing in mind their need for
protection i: the geographical sea
and land area where this Directive
applies, as regards their breeding,
moulting and wintering areas and
staging posts along their migration
routes. To this end, Member States
shall pay particular attention to the
protection of wetlands and
partcularly to wetlands of
international importance.

3. Member States shall send the
Commission all relevant information
so that it may lake appropriate
initiatives with a view to the
co-ordination necessary to ensure
that the areas provided forin
paragraphs 1 and 2above forma
coherent whole which meets the
protection requirements of these
species in the geographical sea and
land area where this Directive
applies.

4 Inrespectof the protection areas
referred to in paragraphs 1 and 2
above, Member States shall take
appropriate steps to avoid pollution
or deterioration of habitats or any
disturbances affecting the birds, inso
far as these would be sigmificant
having regard to the objectives of this
Article Outside these protection areas,
Member States shall also strive to avoid
pollution or deterioration of habitais”
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The following species listed under
Annex }, and thus requiring habitat
protection under Article 4(1), occur on
the peatlands of Caithness and
Sutherland as either breeding or
wintering species or subspecies:
black-throated diver, red-throated
diver, Greenland white-fronted goose,
hen harrier, golden eagle, peregrine,
merlin, golden plover, wood sandpiper,
red-necked phalarope and short-eared
owl. Most of the remainder of the
breeding bird species, especially the
waders, are migratory and require
habitat protection under Articie 4(2).

Under Article 4(4) Member States are
required to strive to avoid pollution or
deterioration of habitais both inside and
outside protected zones. This is
particularly relevant to the afforestation
of peatlands since such afforestation
results both in direct habitat loss
{Chapter 6) and in pollution of
watercourses and other wider effects
(section 6.5).

The Woild Heritage Convention
The Convention concerning the
Protaction of the World Cultural and
Natural Heritage, or the World Heritage
Conventon, which the UK Government
ratified in 1984, requires each State
Party to ensure that "effective and
achve measures are iaken for the
protection, conservation and
preservation of the cultural and natural
heritage sitzated on its territory” which
qualifies for World Heritage status
under the Conwvention.

The following are the criteria for
"natural heritage™

“natural features consising of physical
and biolegical forrmations or groups of
such formations, which are of
outstanding universal value from the
aesthetic or scientfic point of view,

geological and physiographical
formations and precisely delineated
areas which constitute the habitat of
threatened species of animals and
plants of outstanding universal value
from the point of view of s¢ience or
conservation;
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natural sites or precisely delineated
naiural areas of cutstanding universal
value from the point of view of science,
conservation or natural beauty !

The peatlands of Caithness and
Sutherland meet all three criteria, and
IUCN, which is responsibie for vetting
“natural site” World Heritage
submissions for Unesco and the World
Heritage Bureau and making
recommendations for the World
Heritage List, has recently urged the
Nature Conservancy Council to
consider nominating the peatlands of
Caithness and Sutherland as the first
British wetland listed under the World
Heritage Convention. This Convention
recognises the concept of a “common
heritage” and that certain unicue
"cultural and natural properties”
constitute “a world heritage for whose
protection itis the duty of the
intemational community as a whole to
co-operate’.



Birds and bogs: their conservation needs

The Caithness and Sutheriand
peatlands should be viewed as an
ecosystem in which the different
elements — of physical environment,
plants and animals — are a functionally
interdependent whole. Whilst these
elements are evaluated separately and
this report places special emphasis on
the birds, overall nature conservation
value resides in this unity, The most
significant aspects of nature
conservation importance are as follows.

National value

0 The large area and diversity of
blanket bog as a physiographic/
vegetation feature and the relative
lack of disturbance in many places,
giving the greatest extent of actively
growing mire in Britain and one of the
few areas of exiensive natural
terrestrial vegeaton now remaining.

1 The extensive development of
patierned flow as a feature rare in
British bogs elsewhere and the great
variety shown by these pocl and
hummock systems.

2 The abundance of certain rare or
local bog plani species.

o The greater diversity of the breeding
bird assemblage than that of moorland
and bog elsewhere in Britain.

0 The large total numbers of many bird
species, considered as percentages
of their total British populations (Table
8.]) and bearing in mind that some of
these species are declining
elsewhere and will confinue to do 50,
especially asa result of afforastation.

o The presence of several nationally
rare breeding bird species.

1 The predicted equivalence of interest
relating to habitats (mainly open
waters) and groups (especially
invertebraies) not yet surveyed.

International value

0 One of the largest and most intact
known areas of blanketbog (a
globally rare ecosystem-type) in the
world.

1 A northern undra-type ecosystem in
a southem geographical and climatc
location, by reascn of the exireme
oceanicity of the northern Scottish
climate,
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0 Development of unusually diverse
systems of pattermed surfaces ocn
blanket bog instead of on other types
of bog/mire where their analogues
occur elsewhere in the world.

0 A floristic composition of blanket bog
and associated wet heath vegetation
unique in the world and representing
a highly Atlantic influence on plant
distribution and vegetation
development,

0 A tundra-type breeding bird
assemblage showing general
similarity to, but specific differences
from, that occurring on arctic—
subarctic tundras, _

o Significant fractions of the total
populations of certain breeding bird
species in Europe and particularly in
ithe territories of the BEuropean
Communities (Table 8.1).

0 Insular ecological and other
adaptations by several bird species
which may represent incipient
evolutionary divergence in Britain,

The crucial question remaining s
about how much of the total peatland
area now left in Caithness and
Sutherland deserves national and
international conservation designation
or other conservation measures. Nature
conservation faces a new situation in the
Caithness and Sutherland peatlands, in
that the distinction usually made
elsewhere between specially important
sites and the more diffused interest of
‘the widey countryside' breaks down
here, Over much of Britain, especially
the lowlands, a great deal of the land
surface has been so modified by Man
that nature conservation interest is now
thinly spread, sc that remnants of semi-
nafural habitat are readily identifiable
ag specially important 'islands’ Evenin
upland areas where semi-natiral
habitat remains extensive, it may be of
variable nature conservation interest,
so that selecting the best areas s shll
possible, though more difficuit. On the
Caithness and Sutherland peatlands,
any attemnpt to select the best’ areas for
conservation measures is much more
problematical and less appropriate,
because:
rthere are no abrupt differences or



Table 8.1 Population and disiribution data for birds cccurring on the peatlands of Caithness and
Sutherland
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distinct boundaries in special interest
within the peatiand areas, other than
those recently created by
afforestation;

v within any one peailand areas, the
overall high level of special interest is
reinforced by the mutual
interdependence of the different
habitat and species components of
the ecosystem,

o the international importance of these
peatlands resides especially in their
total extent and wildlife content.
These points will now be amplified,

first by considering the needs of the

bog structure and vegetation and of the
birds separately.

Asregardsthe structural and
vegetational characteristics of these
peailands, it is possible to identfy
undisturbed pool and hummock
systems, level flows and associated fens
as outstandingly importani features.
These cannot be considered in isolation
and have to be regarded as nuclei
within the whole moorland ecosystem
which needs to be represented,
including the related wetand dry
heaths, flushes, lochs and streams. In
making any such selection of
representative areas, the complete
range of variation in surface pattern
structure and vegetation and in
botanical features itlustrating
geographical, topographic and
altitudinal variation within the region
also hasto be included. The location
and extent of these key peatland areas,
all of which cualify as "key sites” inthe
terms of 4 nature conservation review
(Ratcliffe 1977b)are shown in Figure 8.1,
"The concept of delineating undisturbed
catchmenis has to be expressed in the
selection process, but, because many
of the most important fiows lie across
broad and ill-defined watersheds,
boundaries drawn through the
imaginary middle of watersheds
surrounding a particular catchment are
cuite inappropriate: o protect these
features they have to be drawn well
within adjacent catchments. Extensive
hydrological systerns which have less
than 6% cover of conifer plantations are
shown in Figure 8.2. Thereisalso the
problem of the effect of afforestation on
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ground beyond the forestedge: this
extends over a wide zone, but the total
effect is not known. Aerial spreading of
fertilisers and pesticides is also likely to
affect a peripheral zone of unknown
width beyond the forestedge.

Ormnithological site assessment has to
take account of the point that each bird
species occupies its own ecological
niche and that the total bird
assemblage thus requires all the
different habitat components of the
moorland ecosystermn. While the pool
and hummock systemns are especially
important for several species, feeding
and nesting habitat requirements
usually diverge. Greenshanks feed at
pools, lochs and rivers but often neston
shallow peat or dry, stony moraines.
Golden plovers, curlews, red grouse,
meadow pipits and skylarks nestin
large total numbers on the shallow peat
areas as well as on the wetter flows.
Snipe and redshanks feed in the
grassier and flushed areas. The
interpolation procedures described
and validated in section 4.2 allow areas
of high guality wader habitat to be
identified, all appropriate for key site
gtatus. The distribution of these areas,
with a necessary buffer zone of  kmto
allow for the effect of plantations both on
the adjacent peatland vegetation and
on the moorland bird assemblage, is
shown in Figure 8.3.

The other waterfow! need lochs and
rivers, and their numbers depend on
the freciiency and extent of these
habitats. Most of the ducks and greylag
geese nest on the moorland well back
from the edges of these open water
habitats. The raptors, owls and
scavenging birds are widely dispersed
over the whole area, each pair holding
a large territory and needing an
extensive hunting range (up to 10,000 ha
for a pair of golden eagles). Because of
the mobility of birds and their need to
range widely but variably, the drawing
of boundaries through a continucus
peatland area becomes an even more
arbitrary and unsatisfactory process
than itdoes in trying to delineate
representative sites for their structural
and vegetational interest.

The possible 'edge-effects’ from
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Figure 8.1 Extent of provisional key
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Figuzre 8.2 Key unafforested hydrological
systems in Caithness and Sutherland.

The shaded areas represent 23 individual
systems which had less than 6% cover of
conifer plantations in January 1986
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Figure 8.3 Extent of high quality peatland
wader habital (categories A and Bof Table

4.3y in Caithness and Sutherland including
associated lkm bufferzones
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Figure 8.4 River catchments (including
loch systems) of exceptional importance for
: - River catchments




Figure 8.5 Area containing significant Key

known mertlin nesting and feeding habitat ) }
and nesting sites of rare breading waders AN Rare breeding birds habitat
and common scoter up to 1986 (10km grid

squares)
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Figuzre 8.6 Combined representation of the Key

provisional areas required 1o mamiain aspacts Provigional key peatlands (including
of the exceptional nature conservation interest peatland $581s) with buffer zone

in Caithness and Sutherland
% Highquality wader habitat with buffer zone

[ﬂﬂ Key hydrological systems
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N birds
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for black-throated divers
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Figure 8.7 Extent of blanket bogin
Caithness and Sutherland, with areas of
forestry (including land in Forestry
Commission ownership or with Forest Grant
Scheme approval) established on peatland
and elsewhere

Blanket bog

b

Planiations on blanket bog

U Plantations on other substrates
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encroaching forest also have worrying
portents for breeding birds, and some
of them may not show until the
plantations are well established. Any
avoidance effects are likely to be
overtaken in sericusness by increased
nest predaton from crows and foxes
{see section 6.1). The effecis of
afforesiation on hydrology,
sedimentation and water chemistry of
lochs and rivers, both withinand
outside the planted ground, could also
have adverse implications for edge-
feeding waders, other waterfowl and
riparian birds. It is important that
complete large river catchmenis are
protected from afforestation, since
acidification is known to be increased
by conlfer plantations in base-poor
geological areas and adversely affects
breeding water birds such as black-
throated divers and dippers (section
6.5) and the economically important
populations of saimon and trout (section
5.1; see also Nature Conservancy
Council 1986, pp. 4041, Twelve key
river catchments each holding more
than 2% of the EC population of black-
throated divers are shown in Figure 8.4.
Quite often, high ornithological interest
and high vegetanonal inierest do not
coincide. The distribution of the rarer
birds (Figure 8.8) and plants is erratic
and uncorrelated.

These considerations underline the
great difficulty in trying o delineate
arbitrary units of peatland which could
satisty the need to represent
adecuately the total field of variation
and to ensure that the units could he
individually viable and secure from
gradual loss of interest. Forithasto be
assumed that mest of the surrounding
areas would be vulnerable to further
afforestation, right up to the boundaries.
While there is a general correlation in
quality between certain siructural/
vegetational and ornithological
features, anattemptto select a
representative series of sites for the one
would by no means take adequate
account of the other. Figure 8.6
combines the areas required o
maintain the features described above,
It is clear that the exceptional interest is
maintained throughout much of the
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peatlands and that any one partof them
is of importance to several overlapping
interests.

Beyond this, however, the overriding
issue isthat the concept of a
representative series of exemplary
sites isno longer accepted as an
adecuate recognition of the
conservation value and needs of the
Caithness and Sutherland peatlands,
This earlier approach does not match
the prasent reassessment, based on
fuller survey information and the
international dimension. The
outstanding international importance of
these peatlands lies in their total extent,
continuity and diversity as mire ferms
and vegetation complexes and in the
total size and species composition of
their bird populations.

The remaining extent of the
Caithness and Sutherland peatlandsas
a whole should therefore be regarded
as the desirable nature conservation
area for iis national and international
importance. A significantand
important fraction of the total has
already been lost to afforestation inan
extremely arbitrary and haphazard
way (Figure 8.7), and there is no rational
scientific or conservation basis for
making a further arbitrary selection
within the remainder, to surrender
additional areas to afforestation. The
case for retaining as much as pogsible
of what remains is reinforced by the
extensive losses of peatiands and their
wildlfe resulting frorn afforestation in
other parts of Britain (Wales, the
Cheviots, the Southern Uplands of
Scotland and the Highlands and
Islands} and by the fact that such losses
will continue elsewhere under a policy
which sets an open-ended annual
planting target of 33,000 ha. Indeed,
under the present nules which promote
afforestation, all piantable areas of
blanket bog could eventually
disappear outside specially protected
areas.

In the time that it has taken to collect
and analyse the data presented in this
report (1979-1986), habitat supporting
nearly 19% of the specialised breeding
wader populations has been destroyed
and only eight of 41 hydrolegical



systems in Catthness and eastem
Sutherland have been left free of
afforestation.

The maintenance of the nature
conservation interest over the
peailands is largely compatible with the
traditional land-uses, which include
crofiing, game management and
fishing. In contrast to these iraditional
uses of peatland areas, the drastc
change in land-use caused by
afiorestation is totally destructive to the
natural and seminatiral habiiais and
their nature conservation value While
crofiing, game management and nature
conservation are not mutually exclusive,
blanket afforestation also forecioses
future options on traditional forms of

Dubh lochan systerns,central Caithness
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land-use as effectively as it damages
nature conservation interests. It thus
follows that the simplest way of
achieving nature conservation over
the Caithness and Sutherland
peatlands is to maintain existing
land-uses, though with greater
regulation of moor-burning. Beyond
making this point, the present report
does not seek to discuss details of the
possible conservation measures which
might be adopted to ensure this
outcome, nor is it concerned with the
questions that have been raised
concermning the economic and social
justfication of such forestry {National
Audit Office 1986). Itsaim is to present
the conservation case.




During recent years, a great deal of
concern has been expressed over the
past losses of natural and seminatural
habitat and its wildlife in Britain. Many
of these losses fook place during earlier
periods before nature conservation was
conceived — notably the destructon of
the great forests and the fenlands
before 1800 AD The post1940 inroads
inio the coastlands, chalk grasslands,
lowland heaths, moorlands, old hay
meadows, marshes and hedges and the
pollution of lakes and rivers mostly
occurred in response to national need
or before effective legisiation and
adequate knowledge existed. The area
of the Caithness and Sutherland
peatlandsalready lost to forestry —
most of it since the passing of the
Wildlife and Countryside Act 1881 —
represents perhaps the most massive
single loss of importan: wildlife habitat
since the Second World War.
Hencelorth the situation will be
different, in that any further losses to this
unique area will take place as the result
of deliberate decisions taken in fuil
knowledge of what is at stake.
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Appendix
Methods of ornithological surveys

Metheds of datz collection used in
thege surveys have been described in
published reporis (see section 3.1} and
by Reed (1982b). For most moorland
bird species, inding the nest of any
given pair is tco difficult for thisto be a
feasible means of population counting
over the large areas which have tobe
surveyed, Observation of adult birds in
their nesting territories thugs hastobe
the principal basis of census, A terTitory
mapping method was used, whereby a
siie was visited several imes (usually
four) in the course of the breeding
season. A pailr of observerswalked a
series of iransect lines across the site
200 m apart; thus no part of the site was
more than 100 m from an chserver.

Once decided, the fransect patiern
was adhered to, with obhservers on
subsequeni visiis using the same
transecis as on the first visit but
reversing the direction of walking them
on each occasion. Bearings wers taken
frequenily to ensure that the same
transect lines were used on each visit,

Weather can adversely affect the
number and behavicur of hirds seen.
Recording was not attempied if there
was strong wind (greater than Force &
or even less in exposed areas), rain, low
cloud or fog.

On each visit, observers recorded
the birds seen {rom the transect lines,
Each sighting was mapped, usinga
code{including details of behaviour)
markad onto 1:10,000 maps in the field.
Any double recording (ie. when both
observers saw and recorded the same
bird during a transect) was corrected at
the end of each line walked. At the end
of each day a single composite map was
produced. Not all bird species were
recorded in the early years of the
surveys. More recently, however, all
species encountered have been
recorded.

Alter each site visit the sightings were
transferred to a summary map of the
site for each species. Atthe end of the
season if was thus possible to determine
the number of territorial pairs of each
species on each site from the clusters of
sightings on the summary map. Birds
were accepied as breeding or
attempting to breed if one of the

119

foilowing was recorded (Reed,

Langslow & Symonds 1883a);

oanest

7 & pair with young;

0 a pair acting as if with young (cf Reed
& Langslow 1985);

o abird or birds present in the same
area on two or mere oCccasions
showing signs of attachment to the
area,

Breeding densities are expressed In
this report as pairs per square
kilometre.

The analysis of dunln sightings
presents great problems. Dunlins
breed semi-colonially, have small
territories and do not move long
distances to mob observers, Like snipeg,
they often behave cryptically. Problems
of obtaining cuantitative estimates of
breeding numbers on machair habitat
have been discussed by Reed & Fuller
(1983), Read, Willlams & Webhb (1983},
Jackson & Percival (1983), Webb, Reed
& Williams (1883) and Fuller, Green &
Pilenkowski (1883). Whilst dunlins breed
at a lower density on blanket bog than
on machair, many of the census
problems are similar.

Greatest activity, and thus
detectability, was found in the period
3-20 June. In estimating the number of
pairs present, we followed the method
used by Reed & Fuller (1983): the
number of single birds 50 m or more
from other birds seen during the period
3-20 June (or as close to that period as
possible) was taken to represent a
minimum number of pairs. This method
of analysis differed from that employed
for other species in being based on
data only from the period of peak
activity and not on clusters of records
from the whole season.

After the breeding season, vegetation
at each site was mapped and then
divided intoa grid of 200 m x 200 m
squares. Details were recorded, using
the provisional categories of the
National Vegetation Classification (Birks
& Ratcliffe 1980). Aswellasthe
vegetational composition of each
square, details of the structure and
physical features were recorded, such
as presence of pools and dubh lochans,
age and height of vegetation and the



amount of regrowth after muirbum. The
selectivity of breeding waders for
particular areas within a site could thus
be related to detailed habitat
information (Reed & Langslow in press).

Seasonal iming of visits

In the course of five vears' fieldwork,
much effort was expended to identify
biasesin data collection and to evolve a
standard methodology. Emphasis was
placed on determination of optimal
fiming for census visits so that results
would be repeatable and would
accurately represeni numbers of
breeding waders (Langslow & Reed
1985; Reed in prep.).

It wag found that ideally visits should
be spaced about three weeksapart.
Sites were usually visited a minimum of
four timas, with at least three visits
between | May and 7 July. The most
important perieds were 16 May to 2
June, 3-20 June and 21 June to T July.
These correspond to the main pericds
of territory establishment, incubation
and fledging. Atleastone visit was
made during each of the first two
periods,

Diurnal timing of visits

In order to elimmate any biagesdueto
differing detectability of waders at
varying times of the day, diumal
variation in behaviour was investigated
by Reed et al. (1983), Reed et al, (1885)
and Reed & Langslow (in press).
Dunlins, curlews, lapwings, snipe and
goiden piovers all showed significant
diurnal differences in detectability.

Detectability was found to be highest
in the early part of the day after dawn
(hefore 09.00 hours}, dropping toa low
point in the early afternoon before
rising to a second but lower peak of
detectability in the early evening. This
had important implications for the scale
and bming of surveys,

Where wide-scale censusing was to
take place, an early start would have
resulted in a biased estimate for areas
covered in the first few hours after dawn
when compared with results obtained
during the rest of the day Reed ef al.
1688). Avoidance of eazly morming starts
provided compatitie information from
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site to site. If large tracts needed o be
completed within a single day,
extension into the early evening activity
peak did not seriously affect resulis
(Reed et al. 1985). This was because the
rise in activity and detectability in the
evening was substantially less than m
the early moming.

Validation of methods

The methods used for assessing dunlin
densities were tested by Jacksen &
Percival (1983) during the survey of the
breeding waders of the machair of the
Outer Hebrides carried out by the
Wader Study Group and NCC (Reed &
Fuller 1983). The methods were
checked against intensive nest
searches and studies on colour-marked
birds in several areas and were found
to be consistent, although
underestimating by about a third.
Further checks were undertaken in
1988 and 1886 with similar resulis (Fuller
1985; Fuller & Percival 1986). As
explained above, the same procedure
for estimating the number of texritorial
pairs was used for the Upland Bird
Survey.

The methods used to estimate
densities of other territorial waders
were tested in 1982 inan area of Wales
where RSPB workers had
independently searched for nests inan
intensive survey of breeding waders.
This enabled the method to be checked
in terms both of overall numbers found
by both methods and of the probability
of nest location with respect to distance
from the transect. Of seven golden
plover nests found by RSPB surveycrs,
all were located by NCC ransects,
except that furthest {80 m) from the
transect. As a proportion of nests found
this was 86%.

In 1982 the transect method was
tested at Kerloch, in Grampian Region,
onan area of meorland intensively
searched by the Institute of Terrestrial
Ecology. The ITE personnel used
trained dogs to locate all golden plovers
in a moorkand plot of about 800 ha. This
was then surveyed by NCC workers,
using the standiard fransect method. Of
the 13 pairs of gelden plovers known to
be present by ITE, the NCC observers



found 10 (77%) within the study plot.
However, one of the pairs was known to
have moved into a nearby field, where it
was ndependently located by the NCC
obsgervers, who thug located 1l of the 13
territorial pairs (85%).

In noarea did the terriiory mapping
locate all nests. Estimates of breeding
populations obtained this way must
therefore be regarded as minima,
particularly for dunlin.

Between-year comparisons of
breeding wader populations

In order to investigaie more closely
between-year variations in wader
breeding numbersand io see what
implications these have for site
assessments based on a single year's
survey, Langslow & Reed (1985)
surveyed a number of sites in Caithnass
and Suiherland in consecutive years.
Cverall, they found that between-year
variation in the densities of moorland
breeding waders was relatively low
and showed no overall trend for all
species. The spatial distribution of
territorial birds on census plois in
relation to the mosaic of habitat types
cid not vary significantly between
vears. This suggests that, although most
Upland Bird Survey plots were
surveyed in only cne year, the results
accurately represen: the quality of the
areas as habitat for breeding waders.
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