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Abstract. Uplands and peatlands are of international edcdbgmportance and heavy grazing pressure
has been implicated in a decline in their conditibherefore, a better understanding of grazer Hebav
could aid the design of conservation strategie® dthiective of this study was to test whether thmes
resource selection results were obtained from difleck observations as simultaneously-run GPS
tracking studies. Direct flock observations wer@diected on 50 sampling days, June 2004-July 2005.
Habitat, habitat condition and grazing lawn freqryemaps were produced. Resource use and avaiyabilit
were estimated using range analysis and GIS, asduree selection was analysed using weighted
compositional analysis. Flock distribution was usewith a mean of 0.0-8.9 sheep/ha observed based o
a 1 ha grid system. Habitat selection based orctdaieservations varied seasonally with acid grassla
related habitats selected most in spring, summdraatumn, and wet heath and blanket bog selected
most in winter. Moderately damaged areas and gugues containing numerous/extensive grazing lawns
were consistently selected moBk(.05). Resource selection findings based on dfteck observations
were consistent with those obtained using detaB&$ tracking data from fewer individuals. Resource
management recommendations are discussed.
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I ntroduction

Uplands and peatlands are of international impeddor their associated flora and
fauna and restricted global distribution and extefssociated habitats, such as
‘temperate Atlantic wet heath witrica ciliaris andErica tetralix and active ‘blanket
bog’, are recognised as priority habitats for covestion at a European level (European
Commission, 2008). Heather-dominated landscapesecpated to be best represented
in the British Isles (Thompsoet al, 1995b), which also supports 18-22% of the
world’s blanket bog (Cadbury, 1987, Department ofsAHeritage Gaeltacht and the
Islands, 2002). However, grazing-related damageuimpean uplands is most notable
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in the UK and Ireland (European Environmental AdwsCouncils, 1999) where sheep
farming is the prevalent land use. This damageabably attributable to relatively high
sheep numbers; of nearly 26 million breeding sheemrthern Europe, 80% are on the
British Isles (Dyrmundsson, 2006).

EU policy has a large influence on the managemérdreas with poor soil and
climatic conditions for agricultural production,csuas upland areas. Irish sheep farmers
(mainly hill sheep farmers, L. Connollyers comm) are highly dependent on direct
payments and additional subsidies, for exampleludkty subsidies, production costs
exceeded incomes generated in 2006 (Connetlyal, 2007). EU policy in recent
decades encouraged high stock numbers which rdsuiteggrazing-related damage
(Gillmor and Walsh, 1993), conversely, there is noereasing concern that changes in
financial support will lead to undergrazing anddaabandonment in European uplands
(Moravec and Zemeckis, 2007). Grazing animals adely recognised as an important
management tool in ecological conservation (Rowall Clarke, 1988, Thompsaat
al., 1995a) and agri-environment schemes provide supo hill farmers that is
essential if grazers are to be kept on upland awdsetter understanding of grazer
behaviour could increase the efficacy of agri-emwnent schemes.

Provenza and Cincotta (1993) recognised the difficin predicting foraging
behaviour. A complex computer-based hill grazingnagement model of sheep
stocking regime impacts on hill vegetation has bdemeloped (Armstronget al,
1997a; Armstrongpet al, 1997b). This model has been used by various wgdons to
aid decision-making (Hester and Baillie, 1998) angew version of this model, which
incorporates additional components, is awaitinghter data for validation before
release (HillPlan; Macaulay Institute, 2009).

Grazer preferences have been investigated usinlysenaf faecal, stomach and
oesophageal samples (Heady, 1964; Williams, 1968InMs et al, 1983). Seasonal
diet selection of hill sheep has been reporteceureral studies (Welch, 1984; Bullock,
1985; Grantet al; 1985, Grantet al, 1987). Vibracorders, sensors built into GPS
collars and video recordings have been used tcstigate sheep behaviour including
activity, circadian rhythm and inter-animal distaaqHulbertet al, 1998; lasoret al,
1999; Sibbaldet al, 2000; Umstatteet al, 2008). Direct observations of hill sheep
behaviour activity, location and orientation havsoabeen made (Hunter, 1962;
Berggren-Thomas and Hohenboken, 1986; Clatka, 1995; Hesteet al, 1999).

Scottish Blackface is the dominant hill sheep brieettie British Isles and, therefore,
the obvious choice as the study animal. Informasittelies of habitat selection by hill
sheep have previously been based on direct obsmrwddta at the very detailed plant
community level (Hunter, 1962) or within 2.5 ha tslaand with only two habitats
available (Clarkeet al, 1995). The former has practical limitations farge-scale
repeatability and the latter excludes a number albithts typically available on
heterogeneous hill areas.

Key findings from studies by the same authors, Wwhised GPS tracking collars on
hill sheep with access to a mosaic of upland aratlgped habitats, are that sheep; (i)
occupied only 9-20% of the area available to th@ipnselected acid grassland most and
avoided blanket bog, (iii) mostly selected 1 hadgmiquares that contained
numerous/extensive grazing lawns (patches of gmadshith short, dense swards that
have been heavily grazed (McNaughton, 1984) anydd{d/not avoid severely damaged
areas with comparatively low forage availability i(N&ms, 2008; Williamset al,
2009).
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The objectives of this study are (i) to investigegsource selection based on direct
flock observations and (ii) to compare these resfittat have a relatively large sample
size) with findings from GPS tracking collars otiraited number of sheep (Williams,
2008; Williamset al, 2009) which were made at the same time. The aafdins for
conservation strategies using the two methodslaoedéscussed.

Methods
Study area

The study area consisted of 216.9 ha of upland meadland at the Teagasc Hill
Sheep Farm in Co. Mayo, Ireland (53°37’N, 09°41'Whe dominant habitats were
blanket bog and wet heath, with fragmented patcfexid grassland. The study area
was within the catchment area of the Eriff Rivemda part of the
Mweelrea/Sheeffry/Erriff Complex candidate Speckatea for Conservation and
proposed Natural Heritage Area. The general aspast south-southeasterly and the
altitude ranged from 15-275 m OD, with the highastepest slopes in the northwest
corner of the study area. The site was Class @adoicultural land use (Gardiner and
Radford, 1980). Soils were mainly peats and pepthderanged between 30 and 525 cm
(Walshet al, 2000).

A maritime temperate climate prevailed with the neet synoptic meteorological
station located in Belmullet, Co. Mayo, approxinhaf®d km distant. Based on the most
recent 30-year averages (1961-1990) recorded atuBlelt, the mean daily temperature
was 14.0 °C in July and 5.7 °C in January, andcatiraial mean daily duration of bright
sunshine was 3.5 h (Met Eireanmdated. The mean annual rainfall recorded on-site
(1993-2005) was 2086.4 mm (L. O’Mall@gers comm). The minimum and maximum
hours of daylight at the study area were calculaged h 27 min and 17 h 4 min.

Scottish Blackface sheep grazed the study aretoekisg rates of 0.4 ewes/ha in
spring (March-May), 0.9 ewes/ha in summer (JunewsStigand autumn (September-
November) and 0.8 ewes/ha in winter (December-Fe@yuThese calculations were
based on 2004-2005 averages, omitted lambs anddext|hoggets at a ratio of 3
hoggets:2 ewes. The study area was grazed for 8#8id 2004 and 351 days in 2005.
Supplementary feed was not given in the study akemes lambed in early April with a
productivity of 1.0 lamb/ewe (based on mean dat@428006). Approximately 80
females were retained annually as replacement©’Malley pers comm). Sheep had
open access across the site, which was markedpeg$ in a 106 100 m (1 ha) grid.

Direct flock observations

Sheep locations and behaviour activities were dembfor individuals at the time of
sighting. Locations were estimated to the nearest gquare and behaviour activity
categories used followed those of (Hester et 899}, i.e. grazing, moving, standing,
lying, interacting and other (‘other’ activitiescinded defecating, scratching against a
post and the shaking of rain water from fleeces).

Flock observations were made from along a set roapproximately 8.2 km in
length, designed (i) to minimise disturbance toeghbefore recording locations and
behaviour activities and (ii) to gain sight overshof the study area. Flock observations
began at 10:00 local time and took approximatetpbrs to complete. Recordings were
made in all weather conditions using a Dictaphagsdesl in a ziplock plastic bag and
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transcribed to an Excel spreadsheet. Flock obsensmtvere conducted twice weekly
for five weeks for each of five seasonal sampliegquls between June 2004 and July
2005, providing a total of 50 sampling days.

Habitat, habitat condition and grazing lawn frequency surveys

Habitats were mapped using the UK and Irish clesdibns and guidelines (Nature
Conservancy Council, 1990; Fossitt, 2000; Herita@euncil, 2002) to enable
comparison with other studies, increased replidghaind further applications. Habitat
patches >0.25 ha were mapped with the aid of colour, ortboected aerial
photographs taken in 2000 (Ordnance Survey Irel@ndlin, Ireland). Habitats are
referred to throughout by the Irish classificatimames, the UK equivalents are detailed
in Williams (2008).

Habitat condition of the study area was originatigpped in (Bleasdale and Heffron,
1999) and ground-truthed for change in 2005. Assess was made following the
method described by Duchas the Heritage Servicettedepartment of Agriculture
and Food (1999) which uses six condition categpriesdamaged, moderate-
undamaged, moderately damaged, moderately-sewsasigged, severely damaged and
very severely damaged. Habitat condition indicatoctude (but are not exclusive to)
grazing-related damage, are defined for each haypa, and include vegetation cover
and growth, particularly the cover and conditionCafiluna vulgaris(L.) Huds and the
cover ofNardus stricta(L.), species richness, sward height, exposedasailevidence
of burning.

All acid grassland patches were grazing lawns,aalymst of intensive grazing, but
acid grassland patches were under-representecedmatiitat map because patches were
fragmented and often too small to map following piag guidelines. To efficiently
obtain more information on acid grassland distitnutgrazing lawn frequency by grid
square was mapped. Grazing lawn frequencies wéoeatdd for each full or part
100x100 m grid square in 2005. Categories of graiamn patches (~4-7 Tror the
equivalent area) were (i) none, (i) few (1-5 pa&h (iii) several (6-10) and (iv)
numerous/extensive (>10). In the instance of a grdtsquare, on the boundary of the
study area, it was classified as numerous/extemisaa@d grassland occupie.3 of its
area.

The habitat, habitat condition and grazing lawmgfrency maps were digitised using
Geographical Information System (GIS) software (BI$ Desktop, V.9.1 & 8.3, ESRI,
Redlands, CA, USA).

Data analysis
Resource analysis

The habitat, habitat condition and grazing lawmg@iency maps were imported into
range analysis software (Ranges7, Anatrack Ltds&oIiUK) and analyses performed
to estimate resource content of the study areaail#dbility and flock use of these
resources based on grid squares was estimated Asi@S (including the identity
tool) and Excel (including pivot tables).
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Statistical analysis

During the daily 5 hour direct flock observatiorssibility conditions (high or low)
were recorded. Spearman’s rank correlation tesplémented using SPSS v.15,
Chicago, lllinois, USA www.spss.com) was used 81 tehether there was a correlation
between visibility conditions and the proportiontioé flock sighted.

Selection of habitat, habitat condition and graziagyn frequency categories was
examined using weighted compositional analysis (f@msnAnalysis V.6.2+, Smith
Ecology Ltd, Abergavenny, UK). Each sampling daysweeighted by the number of
observationsProportions of resource use were compared withettaaailable, using
Wilks’ lambda (\) test (MANOVA). (Aebischer et al., 1993) used atstep approach
based on Johnson’s selection levels (Johnson, 198®jch was previously
implemented with the GPS data, comparing (i) hébisaailable within the study area
with those used within ewe ranges (broad level) @hdabitats available within ewe
ranges compared with those used at location (detadvel), (Williams, 2008). This
method was repeated with GPS data for habitat tiondand grazing lawn frequency
(Williams et al, 2009). However, with the flock observation dataly a one-step
approach could be used, comparing resources alailathin the study area with those
used at the 1 ha grid square level. This estinsmtetérmediate between the broad and
detailed levels because there is no precise lotateta and most individuals were
unmarked prohibiting ewe range estimates.

Compositional analysis tests are based on percentalyes, which overcame the
potential problem arising from the inclusion of fpa@and complete grid squares.
Resource use and available percentage data wilhangd an exact multivariate normal
distribution, and hence randomisation tests weegl s evaluate the significance A&f
and t values (Aebischet al, 1993).

All sampling days were combined for annual testsh wummer resource use and
number of observation values averaged becausese¢hson was duplicated. To enable
comparison with results previously obtained frorfinsited number of sheep tracked
using GPS simultaneous to these direct flock oladems, tests were repeated using
three habitat and three habitat condition groupsble 1a,§. Where the two
combination habitats (characteristics of two hdbitaere exhibited in these instances,
i.e. blanket bog-acid grassland and wet heath-gmadsland) overlapped two habitat
groups, values were divided equally between thedwveesponding habitat groups.

A total of 8791 sheep observations were made dweb0 sampling days. All were
suitable for analysis of sheep behaviour activiied proportions of the flock sighted.
Sixty-five observations were omitted from compasial analyses as these were of
sheep that chose to occupy a fenced exclosuredeutsie study area and were
unsuitable for resource selection analysis becdiffs@ent management practices in the
exclosure affected classification of habitats, tabicondition and grazing lawn
frequency.
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Table 1. Availability of habitats, grid squares containingfdrent frequencies of grazing
lawns and areas of differing habitat condition ret216.9 ha study area

Category Abbreviated Area Group
name/code (%)
a) Habitat
Blanket bog Blanket bog 52.8 Bog
Wet heath Wet heath 35.3 Heath
Semi-natural dry-humid acid grassland Acid gras$la 3.0 Grassland
Wet heath-Semi-natural dry-humid acid gsld Heatsgland 2.4  Heath & grassland
Cutover bog Cutover bog 2.0 Bog
Dense bracken Bracken 1.6 Grassland
Blanket bog-Semi-natural dry-humid acid gsld Bogsgland 1.6 Bog & grassland
Eroding blanket bog Eroding bog 0.5 Bog
Semi-natural wet grassland Wet grassland 0.5 (Grads
Buildings and artificial surfaces Track 0.4 Grassl
Earth banks Earth banks 0.1 Grassland
b) Grazing lawn frequency
None None 114 N/A
Few (0-5) Few 36.8 N/A
Several (6-10 or equivalent) Several 17.4 N/A
Numerous ¥10)/extensive Numerous 34.3 N/A
¢) Habitat condition
Undamaged areas U 29.5 Undamaged (U)
Moderate-undamaged areas MU 22.3 Moderately daan@dge
Moderately damaged areas M 21.0 Moderately damg@dgd
Moderate-severely damaged areas MS 5.5 Modermdamhaged (M)
Severely damaged areas S 2.0 Severely damaged (S)
Very severely damaged areas VS 19.8 Severely dan@&@)
Results

Direct flock observations

A mean of 79.1 % (min. 57.6 %, max. 94.6 %) of fleek was sighted on 50
sampling days. The Spearman rank test indicateédhibaroportion of the flock sighted
was not affected by visibility conditions (correétat coefficient=0.168P=0.245, n=50).

Grazing was the main behaviour activity observethwmeans of 63.1-94.6 % of
sightings per sampling periodFi§. 1). Lying was the second-most observed activity
with means of 2.5-30.2 % of sightings per samplpegiod. Proportions of sheep
sighted grazing were highest in winter. The highmsportions of sheep sighted lying
were in both summers and autumn. The number ofrefisens was low in spring
because ewes were taken off the study area and gumplementary feed prelambing if
twin-bearing or of low body condition.
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Behaviour activity observed (%)
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Figure 1. Mean proportions of behaviour activities of Scttiackface hill sheep observed on
10 days for each of five seasonal sampling peridds total number of sheep observations
made in each sampling period is included in x-#adiels

Flock distribution across the study area was cfeameven Fig. 2). Five categories,
with four manual breaks in sheep density valuesewsed to identify (i) unoccupied
grid squares (0.00), (ii) squares occupied at dovibelensities expected based on the
annual stocking rate of 0.74-0.75 ewes/ha (L. Oldabers comm), (iii) squares
occupied at densities greater than expected basdtleoannual stocking rate (>0.75,
subdivided into two categories using the mean mitdpaetween 0.75 and the highest
mean observed density). Sheep densities were lowanall in spring as most of the
flock was brought in for supplementary feed prelamgbSheep densities were higher
overall in summer as sheep numbers observed intlhdggets and lambs whereas
annual stocking rate calculations excluded lamlasiacluded hoggets as ewes at a 3:2
ratio (L. O’'Malley pers comm). A preference for the northwest quarter of thedg
area was most marked in summer (2004 and 2005) a@apvith alternative seasons.
Between season and year variation was evident aek fldistribution, although
distribution was most similar for the two consegatsummers sampled.

The mean sheep density by grid square across aflaBipling days indicated a
preference for the northwest quarter and northeaster of the study are&i. 39).
Mean densities per sampling period and overallpaesented irFigures 2and3a but
absolute sheep densities by grid square for thesd&fpling days found observed
densities ranged between 0.00 and 158.13 sheepithaawmean density of 0.93
sheep/ha. However, the highest observed sheeptylémsieach sampling period was
consistently found in part grid squares on the blamy of the study area ranging in size
between 0.05 and 0.13 ha. The highest number efsteen in a grid square at any one
time was 23 and this occurred in complete, 1 hd gguares on two occasions (i.e. a
density of 23.00 sheep/ha).

On any one sampling day, sheep were observeddaspersed across the study area,
as opposed to being congregated in one group. €neguhistograms indicated that
typically the majority of grid squares were unodedp none were occupied at low
densities between 0.01 and 0.93 sheep/ha, and stvegpation was at densities of
>0.94 sheep/ha(g. 4).
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Sheep/ha
[ 0.00
[] 0.01-0.38
[ 0.39-0.75
[ 0.76-4.08
W >4.08

— Study area boundary

c) Winter 2004-5

b) Autumn 2004

Figure 2. Mean sheep density by grid square from 10 daysdoh of five seasonal sampling
period
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a) Mean sheep density (all 50 sampling days)

Sheep/ha
] 0.00

0.01-0.38
[ 0.39-0.75
[ 0.764.08
W 4.09-8.91
— Study area boundary

¢) Grazing lawn frequency

Few (1-5)
8 Several (6-10)
M Numerous (>10)/extensive

b) Habitats

Blanket bog (incl. cutover bog and eroding bog)
A\ Blanket bog-acid grassland

- Acid grassland (incl. track, earth banks and wet grassland)
Bracken (with an acid grassland understorey)

T Wet heath-acid grassland

B et heath

d) Habitat condition

U Undamaged
MU Moderate-undamaged

#8 M Moderately damaged

§2 MS Moderate-severely damaged
B8 S Severely damaged

B VS Very severely damaged

Figure 3. Spatial distribution maps of sheep occupation, tebj grazing lawn frequencies and
habitat conditions for the study area.
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a) Sampling day no. 8 of 10, autumn 2004
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b) Sampling day no. 4 of 10, summer 2005
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Figure4. Sheep densities observed in the study area whitsisted of 270 grid squares.
These are typicdrequency histograms from two randomly-selectedoiagndays.

Data presented in sub-sections are based solalyect flock observations.

Habitat sdlection

Eleven polygon habitats were available to graZ€able 13. The dominant habitats
were blanket bog and wet heath, which combinedwatdea for 88.1% of the study area
(Table 1a Fig. 3b). Wet heath was mostly associated with the slafete northern
half of the study area and blanket bog with the anlewvel areas, typically at lower
altitudes.
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Table 2. Tests for random use of habitats by Scottish Béaekhill sheep based on direct

observations. The habitat ranking is shown in ptreses whet is not significant and
>>>’ denotes a significant difference between tamnsecutively ranked habitats.
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Habitat selection test§ &ble 23 were conducted with only nine of the 11 polygon
habitats because earth banks and eroding bog hbad tonitted since too many zero
values, indicative of low use, prohibited analysasning. Habitat selection by sheep
was only significantF®<0.05) for autumn and annual tests, although hiatatks were
still considered to be meaningful (Williams, 2008yacken Pteridium aquilinumL.
Kuhn) was selected most in both summers and spaimg),acid grassland was selected
most in autumn. Wet heath followed by blanket bogrevmost selected in winter
whereas these two habitats were of intermedialeviorank in the other seasons. No
two rank sequences were identical, indicating viamabetween seasons and years.

To include all polygon habitat data and to simplépmparison with results
previously obtained from GPS tracking of ewes {secB.5), the 11 habitats were
combined into three group3dble 13 and tests re-rurtdabitat group selection was
significant P<0.05) for all tests except autumnaple 28). The selection rank for all
tests was consistently acid grassland-related ditsbgelected most, followed by wet
heath, and blanket bog habitats selected least.

Grazing lawn frequency selection

Grid squares containing few (36.8 %) and numerotsisive (34.3 %) grazing
lawns were the most frequently occurrifigable 1. The largest block of grid squares
containing numerous/extensive grazing lawns waadan the northwest corner of the
study area, some were also located along the soubleeindary and scattered elsewhere
(Fig. 30.

Selection of grid squares containing different frexgcies of grazing lawns was
significant (P<0.05) annually and for all seasomsept winter Table 3. All four
categories were suitable for analysis and did exad themselves to further grouping as
with habitat selection analyses. Grid squares @an humerous/extensive grazing
lawns were selected most overall and in all seasesied. The rank of the subsequent
three categories varied slightly between seasotyaars.

Table 3. Tests for random use, by Scottish Blackface hdephof grid squares consisting of
varying grazing lawn frequencies (based on dirdigavvations). The grazing lawn
frequency ranking is shown in parentheses whennot significant and ‘>>>’ denotes a
significant difference between two consecutivehkeal frequency categories.

Sampling Randomness test Grazing lawn frequency rankings No. of % of total
period(s) A P (most>least selected) sightings sightings
Annual 2004-5 0.459 <0.001***  Numerous>>>Several>None>Few 8726 100.0
Summer 2004 0.135 0.008 ** Numerous>None>Sevemi>F 1737 100.0
Autumn 2004  0.304 0.035 * Numerous>None>SeveralcFe 2226 100.0
Winter 2004-5 0.908 0.877 (Numerous>None>SeveralpFe 1957 100.0
Spring 2005 0.144 0.013 * Numerous>>>Several>>>Héane 726 100.0
Summer 2005 0.069 0.002 ** Numerous>>>Several>Néesev 2080 100.0
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Habitat condition selection

All condition categories from undamaged to veryesely damaged areas occurred in
the study areal@ble 1¢. The most dominant single category available watamaged
areas (29.5 %). Moderately damaged categories emulaccounted for 48.8 % of the
study area and severely damaged categories comaauedinted for 21.8 %. A mosaic
of habitat conditions was foun&ify. 3d). Severely damaged areas were most associated
with the mountain ridge and, in places, at lomtadtes. Moderate damage was mostly
associated with the northern half of the study amed undamaged areas were mostly
associated with more level areas at low altitude.

Selection of areas with varying habitat conditiarsing all six categories, was
significant P<0.05) annually and for all seasons except winiable 43. Moderate-
undamaged areas were selected most in both sumagusin, spring and annually but
second-least in winter when moderately damagedsaregie selected most. Severely
damaged areas were selected least in all testptes®eond-least in summer 2005. Very
severely damaged areas had a low selection rafikeobut of six in autumn, rose to
four in spring, and were selected more in summebaih years and spring with a
selection rank of three.

Table 4. Tests for random use of habitat condition categmhy Scottish Blackface hill
sheep based on direct observations. The habitaditon ranking is shown in parentheses
when4 is not significant and *>>>" denotes a significadtfference between two
consecutively ranked condition categories.

Sampling Randomness test Habitat condition rankings No. of % of total
period(s) A P (most>least selected)? sightings  sightings
a) Testswith six condition categories

Annual 2004-5 0.446 <0.001*** MU>M>U>>>VS>MS>>>S 8726 100.0
Summer 2004 0.169 0.036 * MU>>>M>VS>U>MS>S 1737 0.0
Autumn 2004  0.036 <0.001*** MU>U>M>MS>VS>S 2226 100.0
Winter 2004-5 0.154 0.053 (M>U>VS>MS>MU>S) 1957 wo
Spring 2005 0.085 0.011 * MU>>>M>U>VS>MS>S 726 1mO
Summer 2005 0.134 0.039 * MU>M>VS>U>S>MS 2080 000.
b) Testswith three condition groups

Annual 2004-5 0.341 <0.001**  M>>>U>>>S 8726 100.0
Summer 2004 0.710 0.223 (M>S>U) 1737 100.0
Autumn 2004  0.047 0.003 ** M>U>>>S 2226 100.0
Winter 2004-5 0.365 0.017 * M>U>S 1957 100.0
Spring 2005 0.218 0.006 ** M>>>U>>>S 726 100.0
Summer 2005 0.444 0.040 * M>>>S>U 2080 100.0

®U = undamaged, MU = moderate-undamaged, M = moelgraamaged, MS = moderate-severely

damaged, S = severely damaged, VS = very seveaahaded areas.
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The six condition categories were grouped intottiree broader categorie$able
1¢) defined by Duchas the Heritage Service and thpaBment of Agriculture and
Food (1999) and selection tests were re-run. Setewtas significant<0.05) annually
and for all sampling periods except summer 2004ble 4H. Moderately damaged
areas were consistently selected most in all t8&tgerely damaged areas were selected
least annually and in autumn, winter and springenehs severely damaged areas were
second-most selected in both summers.

While visual comparison of the four maps presemeegure 3suggests there is not
a clear, direct link between flock distribution bitats, grazing lawn frequencies and/or
habitat condition, in summary, compositional aniglysesults suggest that flock
distribution was generally associated with acidsgl@and, numerous/extensive grazing
lawns and moderately damaged areas.

Direct flock observations and GPS tracking results compared

Habitat rank sequences with three habitat grougsedan direct flock observations
matched those based on GPS data for all seasdting détailed selection level and for
summer and autumn at the broad level. When congdliock observations with GPS
data at the broad level with five habitats commonboth sets of tests, there were
similarities and differences. Examples of similastinclude wet heath being selected
most in winter and acid grassland selected mosautumn with blanket bog least,
preceded by wet heath in both sets of results. plesmnof inconsistencies in results
between methods include blanket bog selected semast in winter with flock
observations but least with GPS data, and brackstted most in spring with flock
observations but second-least with GPS data.

Grid squares containing numerous/extensive graawmgs were most selected in all
tests, i.e. in all seasons and at all selectioel$eased on direct flock observations and
GPS tracking data (Williamet al, 2009).

Moderately damaged areas were consistently selaoiest in tests using flock
observation data and GPS data (Williaetsl, 2009). Both methods indicated a higher
selection of severely damaged areas in summerligesam GPS data presented in
(Williams et al, 2009), although this was also found to be truspring using flock
observation data.

Discussion
Direct flock observations

The majority of the flock was sighted when follogithe chosen route. Complex
topography with hummocks, hollows and steep sl@iessured some sheep from view
and hindered observer access to some areas. Wysihd not affect proportions of the
flock sighted.

Grazing was the main behaviour activity observed @ore so in winter than other
seasons, which is consistent with findings by ah&cottish Blackface sheep are
reported to graze hill vegetation 79% of daylighte in winter (Hulbertet al, 1998),
53% in summer (Clarket al, 1995) and 60% in summer and autumn (Hesteal,
1999). Proportions of sightings are probably inthea of time spent on respective
behaviour activities and values for summer andraatare similar to those of (Hester et
al., 1999). Feeding blocks were available in tred by (Hulbert et al., 1998) which may
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explain the lower proportion of time spent grazimy winter compared with
observations in this study where no supplementey fvas available.

Uneven sheep distribution and a preference forntir¢hwest quarter of the study
area are consistent with findings from GPS datalligifis, 2008) and are likely to be
explained by resource selection as discussed bdibliv.sheep, including Scottish
Blackface, are thought to learn home ranges fragir thams and are known to return to
the same areas (Hunter and Milner, 1963; LawrenceVdood-Gush, 1988). Foraging
behaviour is also reported to be influenced by egpees of individuals (Provenza and
Cincotta, 1993). Therefore, a feedback loop propabturs between experience gained
of environmental conditions, including habitatsaging lawns and habitat condition,
and home ranges subsequently passed on to offdpenged. High occupation of the
northwest quarter of the study area is consisteitit fmdings that hill sheep prefer the
area with the highest elevation (Berggren-ThomassHwohenboken, 1986).

A striking finding is that sheep densities rangedween 0.00 and 158.13 sheep/ha
(0.00-8.91 mean over 50 sampling days). Many studiénill sheep behaviour are plot-
based trials which provide valuable information lmannot explore sheep densities
applicable to open hill situations. Conversely, kemce and Wood-Gush (1988) studied
sheep behaviour on an open hill area but did nmirteon sheep densities. Hewson and
Wilson (1979) reported a maximum of 35 sheep andabdbs on a heavily grazed
coastal grassland area about 1.6 ha in size (dgqoivid 30.6 sheep/ha). A comparison
between Hewson and Wilson’s study and the predenty svould be unfair because
different methods were used, including the use df ha grid and more advanced
technology (i.e. GIS software) in this study. Ocoaal highs of 16 sheep in 0.1 ha
(equivalent to 158.1 sheep/ha but strongly infleehby grid positioning) and 23 sheep
in complete, 1 ha grid squares (i.e. equivaler23d sheep/ha) were observed in this
study. This information highlights the level of setion that can be exhibited by hill
sheep on heterogeneous upland topography and atezbeegetation.

The highest observed sheep density (158.13 shgembarred in mid-October 2004
when the weather was dry, windy and overcast wigh kisibility. Sixteen sheep were
observed occupying a grid square which was on tlienorthern boundary and only
0.10 ha in size, estimated using ArcGIS. The ggdase was on the mountain ridge,
with steep slopes and rock outcrops indicative hallewer soils than elsewhere, and
dominated by wet heath.

Habitat salection

In tests with nine habitats, bracken was most ssdem both summers and spring,
probably because it supported an understorey df graissland, and acid grassland was
selected most in autumn. Acid grassland-relatedtdtabwere consistently selected
most in tests with three habitat groups. Prefexdoc grassland on heterogeneous hill
vegetation is consistent with findings by otherse(gti, 1984; Clarkeet al, 1995;
Hesteret al, 1999). Probable explanations for a preferencactd grassland include
high vegetation productivity potential (McNaughtdr§84), higher protein and energy
concentration and plant biomass (Doyle, 1979, Do¥#82) and higher digestibility
and herbage intake on acid grassland than hedifamket bog (Hodgsoet al, 1991).

Seasonal variation in habitat rankings based oer habitats is probably explained
by seasonal variation reported in plant palatabdind hill sheep diets (Bullock, 1985,
Grantet al, 1987). For example, acid grassland patches istthayy area are dominated
by Molinia caerulea(L.) Moench (O'Dowd, 2005) which dies back in gauitumn and
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this provides a likely explanation for the top séilen rank of wet heath as opposed to
acid grassland in winter. When habitats were grdugiee broad selection trends were
found but detail at habitat level was lost whichprebably why heath was second to
grassland-related habitats in winter for this t&stis highlights the importance of
conducting analyses with separate habitats (andriegssample sizes are large enough
to do so) in addition to habitat groups becauseheath and blanket bog habitats were
most selected in winter, which has important mameagg implications.

Blanket bog-related habitats were consistentlycseteleast, or most ‘avoided’, in
tests based on the three habitat groups. Likeljtaegpions include low vegetation
productivity, digestibility and herbage intake, andeficiency in minerals (Hodgs@anh
al., 1991), combined with taller vegetation which ghé®d more difficult to graze
(Grant et al, 1985). Additionally, features associated withsthiabitat that made it
difficult for sheep to move through, included bamp[s, surface water, drainage ditches
and areas of quaking peat.

Minor variation in habitat selection rank sequenbesveen tests based on direct
flock observations and GPS tracking data may bdaexgd by flock observation
analyses being intermediate between broad andetktelection levels tested with GPS
data. However, trends were generally consisteniehtb the same conclusions.

Grazing lawn frequency selection

Grid squares containing numerous/extensive gralEangs were associated with a
large bowl-like feature and adjacent hillock in therthwest corner, the riverbank on
the western half of the southern boundary, farmkand earth banks along the eastern
half of the southern boundary, and scattered Mk#pcock outcrops and/or sloping
ground with well-drained soils. Absence of graziagns was typically associated with
areas of waterlogged, deep, quaking peat on relgtievel ground, and occasionally
with very steep north-facing slopes inaccessiblghieep on the northern boundary. The
distribution of grazing lawns is probably explainéy sheep being reported to
congregate and produce grazing lawns where vegetatioductivity potential is high
and to disperse from areas where potential is MaNaughton, 1984).

Sheep most selected grid squares containing nuisiesdgansive grazing lawns in all
seasons, which is consistent with findings base®@B#8 data (Williamgt al, 2009). A
close association between flock and grazing lavetridution was expected as grazing
lawns are a product of intensive grazing. During pfant growing season, selection is
probably explained by the relatively better forageality and availability of acid
grassland as discussed above. Selection for gudreg containing numerous/extensive
grazing lawns outside the vegetation growing seasdren forage quality of acid
grassland is relatively lower, is probably explairsy sheep known to return to learned
home ranges and to concentrate grazing activitfdse proximity to grassland patches
rather than further away (Clarlat al, 1995; Hester and Baillie, 1998). Additionally,
grid squares typically supported and were oftenidatad by alternative habitats such
as wet heath.

Habitat condition selection

Severely damaged areas were most associated vetimtiuntain ridge, which is
probably largely explained by wind-driven rain ateleffect on soil erosion reported to
be most severe close to the top of a hill (ChoQ2)0Severely damaged areas on the
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southern boundary at low altitude were associatéti deep peat, relatively level
ground, waterlogging most of the year, former gedtaction in places and poaching on
routes used when sheep were gathered and releasedhie yard. Moderately damaged
areas were mostly associated with steeper slopamdted by wet heath where sheep
paths traversed the hill. Undamaged areas werdesppoor, dominated by tall, rank
purple moor-grass and were arguably undergrazed.

Grazers can facilitate damage to upland habitatsyaersely, they increase diversity
in plant species composition, height and strucame the fauna this supports (Rowell
and Clarke, 1988). While increasing diversity hasdiits, creation of acid grassland
patches is at the expense of wet heath (vanetel, 1984; Gillmor and Walsh, 1993;
Thompsonet al, 1995b) which, unlike acid grassland, is listedlemAnnex | of the
Habitats Directive. Some acid grassland patchesranatable where livestock graze
hill vegetation and the spread of grassland patishideely (Clarkeet al, 1995).

Moderately damaged areas were selected most, wiaslconsistent with GPS data.
Relatively better forage quality associated witlesin areas, compared with severely
damaged areas that support higher proportions pés®ed soil and undamaged areas
that support tall vegetation that is difficult tcage, provides a probable explanation.

Higher selection of severely damaged areas in sunmsneonsistent with findings
from GPS data (Williamst al, 2009), although this study also found this taroe in
spring. Use of severely damaged areas particulduiyng the vegetation growing
season raises concerns as grazing-related prassiikely to inhibit recovery in areas
where the proportion of exposed peat is highests@®al selective grazing for preferred
species probably explains use of these areas ass8ddlackface sheep are thought to
be more selective in summer when environmentalrbgémeity is highest (Lawrence
and Wood-Gush, 1988kriophorum spp(L.) andNarthecium ossifragurfL.) Huds)
were abundant species on areas of exposed pedGamat et al., 1987) reported high
proportions of these in the diets of Scottish Bfack sheep grazing blanket bog during
the plant growing season.

Implications for conservation

An important finding from this study based on dirlock observations was that
habitat, grazing lawn frequency and habitat coaditselection trends matched those
previously obtained from thousands of GPS trackdatp for only a small number of
individuals. This adds credence to findings froneseh two, very different research
methods, indicating that both methods produced lteesthat are likely to be
representative of the flock. Additionally, it ream€es management recommendations
previously made (including by Williams (2008) andili&@ms et al. (2009)). These
recommendations were that; (i) stocking rate catoahs should be based on grazer
behaviour, relative proportions of habitats avddadnd habitat condition, (ii) areas of
habitats selected least (i.e. avoided; blanketHadmtats in this study) should be omitted
from stocking rate calculations, (iii) additionakasures, such as fencing, are probably
also necessary to meet conservation objectives sfocking rates should not increase
the number or extent of acid grassland patchelseagéxpense of heathland, (v) grazing
lawn frequency mapping could be used as an indicatograzer distribution and
subsequent grazer impact predictions, and (vi) tewidl information on grazer
selection should be gathered and incorporated hiltananagement models such as
HillPlan (Macaulay Institute, 2009) and used to @dision-making.
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Flock distribution ranged between grid squares tete unvisited and where very
high stocking densities were observed on occasioeven grazing pressure combined
with all six habitat conditions occurring in theeostudy area, which was managed as a
single unit, makes management planning problematieas with different condition
categories and carrying capacities require differeranagement prescriptions but
compartmentalising an upland/open hill site, esing fencing, is labour intensive and
expensive, neither of which are conducive to thi $theep enterprise with high
dependence on off-farm employment and low profirgms (Connollyet al, 2007).
Exclusion of grazers from targeted areas and shesjbers calculated based on habitat
availability, grazer selection and habitat conaitishould facilitate vegetation recovery
on exposed peat and reduce grazer impact on damaged. In this and similar
instances, grazers should be excluded from extersaverely damaged areas, e.g. the
area associated with the mountain ridge, and effexinitored. Gathering sheep is an
essential practice for production and animal welfand routes that cross blanket bog
were unavoidable, therefore use of erosion comtratis or other ground reinforcement
technology to withstand and contain trampling puesson localised eroded patches
could be considered.

Seasonal selection rankings of habitats, grazimgdaand habitat conditions provide
useful information that could be used to predicafing behaviour and consequently
grazer impact on vegetation. Seasonal grazing egisihould be devised that meet
habitat conservation objectives at site-level basadgrazer behaviour and habitat
condition. Traditionally, hill sheep overwintered paddocks on the lower hills in
Wales (Cunningham, 1979). Habitats with higher eovetion importance and lower
carrying capacities were most selected in winteerdfore, it is recommended that
grazers are removed from areas of semi-naturalvidktation during this period. On
sites where fields of improved agricultural grasdlare unavailable, creation of such
areas could be considered to provide conservatippast areas to the majority of the
upland and peatland contained. Typically hill sitegvestern Ireland that do not already
have fields of improved grassland are unlikely awvédasuitable sites for either improved
grassland or livestock housing, in which case rsglBheep at the start of winter and
buying replacements in spring may be the only f#asioption if conservation
objectives are to be met.

Recommendations made above should not compronmesgntmcial viability of hill
farming, i.e. if extra costs are involved, farmsf®uld be compensated accordingly.
This enterprise is highly dependent on agri-envitent payments which should
continue to pay farmers to manage land for consiervédut with revised management
agreements, increasing the efficacy of agri-envirent schemes in this sector based on
new findings on grazer behaviour. Further studresraquired on multiple study sites,
with varying topography and vegetation assemblag@espbtain sufficient data on
resource selection by hill sheep for inclusion asameters in management models.
Although this study investigated hill sheep selation a mosaic of upland and peatland
habitats, the same applications could be madedtoaiservation decision-making on a
wide variety of assemblages of habitats, plant camities and vegetation condition,
and with a range of study animals.
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