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Introduction

The occurrence of uneven patterns of grazing across upland grass/heather moor has been well-documented (Clarke, Welch & Gordon 1995a,b; Hester & Bailie, 1998).  These patterns arise from the patchy distribution of plant communities across a moor and from herbivore preferences for specific plants and/or grazing areas.

The introduction of the Less Favoured Areas Directive in 1975 together with economic pressures and agricultural subsidies has resulted in major increases in the number of sheep (Ovis aries) grazing on upland moor.  As a result many moors have become overgrazed with a subsequent decline in the condition and quantity of dwarf heath shrubs such as heather (Calluna vulgaris (L.) Hull) and other associated flora and fauna (Anderson & Yalden 1981; Bardgett et al. 1995).  

In recent decades, greater awareness of the impact of agriculture on semi-natural habitats has led to the introduction of schemes such as the Environmentally Sensitive Areas (ESA) Scheme, Countryside Stewardship and the Moorland Schemes.  These have resulted in lower stocking rates being implemented on substantial areas of upland moor.  Despite these reductions localised over-grazing of heather still occurs and less palatable vegetation such as purple moor-grass (Molinia caerulea (L.) Moench) and mat grass (Nardus stricta L.) remain under-grazed (ADAS 1998a).  

When grazing pressure is reduced, species such as mat grass are avoided by sheep (Armstrong & Milne 1995), which can give these species a competitive advantage over dwarf shrubs such as heather.  In addition, the local distribution of vegetation communities has implications for the grazing pressure exerted by sheep in that area.  Large areas of grass within heather mosaics tend to attract sheep, which results in concentrated grazing on heather at the interface (Clarke, Welch & Gordon 1995b).  In addition, under certain conditions grass is used as a path, to gain access for grazing, to higher heather vegetation that would otherwise be inaccessible (Oom & Hester 1999).

The management of these communities is important if agri-environment scheme objectives aimed at maintaining and enhancing the cover of heather, and UK Biodiversity targets are to be met.  Sheep grazing patterns can be modified during the summer months by the introduction of self-help feed blocks (Waterhouse & Marsh 1999; Davies & Griffiths 2000).  However, it is known that sheep tend to graze heather during autumn and winter when more palatable grasses do not meet their metabolic requirements (Welch 1984; Grant et al., 1987).   The aims of this project were two-fold. First to determine whether feed blocks can be used to draw sheep away from areas where heather is vulnerable (such as heather-grass interfaces); and second to determine the impact of feed block placement on the composition and rates of vegetation change in areas whether heather is lacking.

The specific objectives were:

1. To determine the effects of feeding blocks in drawing sheep away from and reducing grazing pressure on vulnerable areas such as heather-grass interfaces

2. To determine the effect of block density on vegetation structure and rate of species replacement (primarily heather and mat grass) around each block

3. To determine the effect of season (autumn and spring) of placement of feeding blocks on vegetation structure and species change around each block

4. To assess the impacts of feeding blocks on the pattern of grazing and rate of species replacement across the whole paddock

5. To assess the relationship between grazing level, heather growth and change in heather/mat grass cover from information obtained at each site

6. To evaluate the economic/practical considerations surrounding the use of blocks for manipulating grazing levels
Methods

Study sites

The project was conducted at four field sites in the Cambrian Mountains Environmentally Sensitive Area (three commercial hill farms and the ADAS Pwllpeiran Research Centre).  These were selected because they possessed a part- or whole- farm ESA agreement that imposed stocking rates on an area of enclosed land managed as a single unit which encompassed mosaics of heather, mat grass and bilberry.  The sites varied in their size, topography and altitudes (Table 1) and were stocked with white-faced Welsh Mountain sheep at stocking rates set by the ESA prescriptions designated for the individual sites. 

Table 1. Summary of the characteristics of the four field sites in the Cambrian Mountain Environmentally Sensitive Area used in this project.


Site 1

Aberhosan
Site 2

Ponterwyd
Site 3

Llanddewi
Site 4

Pwllpeiran

Grid Reference
SN831 952
SN760 823
SN691 555
SN801 771

Size (ha)
54.9
53.6
39.0
15.0

Altitude (m)
470-564
350-500
350-430
560-600

Treatments

On each site, the use of supplementary feed in spring and autumn was normal agricultural practice if the sheep required feed.  However, normal practice is to deposit supplementary feed at a locally convenient access point for the farmer (either on the moorland management unit itself or on in-bye land in the near vicinity.  

Normal practice was maintained at two sites (Aberhosan and Pwllpeiran), whilst at the remaining two sites (Ponterwyd and Llanddewi), feed blocks were strategically placed on areas dominated by mat grass and bilberry (Vaccinium myrtillus L.) vegetation away from the interface between mat grass/bilberry and heather.  The strategic placement treatment was conducted at the site level, with one feed block being placed at three pre-defined points for a six-week period.  The strategic placement treatment was applied twice in April/May and October/November 1999 at each point, thereafter normal practice was resumed for the subsequent years of the project.

SAMPLING Design

Within this project two studies were undertaken to assess the: -

a) Effects of feed blocks on grazing pattern and species change across the sites. 

b) Localised effects of feed blocks on specific vegetation communities.

In addition, the data from these studies were used to evaluate the relationship between grazing level, heather growth and species change (objective 5) and the economic/practical considerations of using feed blocks to manipulate grazing levels (objective 6).

Effects of feed blocks on grazing pattern and species change across the sites

This study meets the scientific objectives:

· To determine the effects of feed blocks in drawing sheep away from and reducing grazing pressure on vulnerable areas such as heather-grass interfaces (objective 1).

· To assess the impacts of feed blocks on the pattern of grazing and rate of species replacement across the whole paddock (objective 4).
To determine the effect of feed blocks on grazing pattern and species change across the sites, two different approaches were undertaken: a) spatial assessment and b) stratified random sampling of specific types of vegetation (heather dominated, bilberry/mat grass dominated) and the interface between the two.

Spatial assessments

Two of the four sites were selected to have spatially explicit design plans to locate points to be sampled (Table 2).  A systematic sampling approach was used to quantify spatial variation in the key species and grazing intensity over a range of spatial scales.  This plan consisted of a 50 m grid that covered the whole moor at each site and additional sampling points located around these points to provide information on variation at a scale smaller than 50 m.  A random sub-sample of the grid points, stratified by the four quarters of each moor, was selected to obtain representative coverage of each site.  At each selected baseline point on the 50 m grid, additional sampling points were added at 5, 10, 25 and 35 m along one axis of the grid and 5, 10 and 30 m along the other axis.  At each additional sampling point, and all the points on the 50 m grids, a 2 x 2 m quadrat was established.

Grazing intensities of key species, presence of key species, total grazing intensity and the dropping density were recorded immediately before and after each feed block treatment in 1999 (Table 3).  

Stratified random sampling

Five quadrats were randomly established on each of the four sites in heather dominated, bilberry/mat grass dominated and at the interface between the two communities (a total of fifteen quadrats per site).  Vegetation data (dominant species, grazing intensities of, and presence of key species, total grazing intensities and dropping densities were recorded in 1999 (before feed blocks were placed), and then again in 2000 and 2001. (Table 3)

Localised effects of feed blocks on specific vegetation communities

This study meets the scientific objectives:

· To determine the effect of block density on vegetation structure and rate of species replacement (primarily heather and mat grass) around each block  (objective 2)

· To determine the effect of season (autumn and spring) of placement of feeding blocks on vegetation structure and species change around each block (objective 3)

On each of the four sites, a number of 50 m2 experimental areas in mat grass/bilberry communities were identified.  On the two sites where the strategic feed block placement treatment was applied, six experimental areas were nominated.  At the centre of three of these areas, feed blocks were placed and the remaining three areas had no feed blocks.  On each of the two sites where normal practice continued only three experimental areas were nominated and all of these remained without feed blocks.  This design is summarised in Table 2.

Table 3. Summary of data collected from each sampling approach and its timing. Letters indicate different assessments made (A) presence of key species, (B) grazing intensity of key species, (C) total grazing intensity (D) dropping density (E) bare ground (F) dominant species (G) vegetation structure

Sampling Approach
Data collected
When

Spatial assessments
A,B,C,D and E
Pre and post feed block treatments in 1999

Stratified random sampling
A, B, C, D, E, and F
Pre feed block treatments and the end summer 2000 and 2001

Localised effects of feed blocks
A,B,C,D and E
Pre and post feed block treatments in 1999 on three of twelve quadrats in each area

Localised effects of feed blocks
A, B, C, D, E, F and G
Pre feed block treatments and the end summer 2000 and 2001

Each of the experimental areas contained twelve randomly placed 4 m2 (2 m x 2 m) quadrats.  Baseline data for vegetation (dominant species, grazing intensity of, and presence of key species) and sheep dropping density were collected in spring 1999.  In addition, vegetation structure measurements were collected within a sub set of these quadrats.  After feed block treatments were applied, data on vegetation structure, key species and grazing were collected from three quadrats selected at random in each area.  Sampling was undertaken before and after each of the feed block treatments in spring and autumn, and then at the end of the summer in 2000 and 2001.

The placement of feed blocks could affect grazing pattern in subsequent years, therefore it could be difficult to determine the effects on vegetation change due to feed blocks without an interaction with the subsequent effects of changes in grazing.  To assess whether feed blocks influenced plant species changes, it was necessary to separate subsequent grazing from three of the twelve quadrats in each area by fencing after each of the feed block treatments.  Fencing in itself will alter the rate of plant species change therefore, for comparison purposes, to assess longer-term effects of feed block treatment on the rate of plant species change to be determined three out of the twelve quadrats (in each area) were fenced before the feed block treatments. 

Assessments

Several techniques have been employed to determine the effects of the feed block treatment on sheep grazing patterns and vegetation change, using measurements of frequency of key species and grazing intensity, dropping density, vegetation structure and dominant species.  Each quadrat was divided into four hundred 100 cm2 cells to aid vegetation assessments.   For assessments that were undertaken in one hundred 100 cm2, sampling was carried out on 25 cells in each of the four corners of the quadrat.  

Frequency of key plant species and grazing intensity assessments

At the sites, the four key species within the vegetation were heather, bilberry, mat grass and purple moor-grass.  The frequency of these key species was recorded on a presence/absence basis in one hundred 100 cm2 cells of each quadrat (25 cells in each corner of the quadrat).  The presence/absence of grazing of these species was also recorded on a cell by cell basis.  In addition, the number of cells in which grazing was observed on any species was recorded.  The total grazing intensity was calculated as the total number of grazed cells (heather, bilberry, mat-grass, purple moor-grass + other) during each collection.  Proportion of key species grazed was calculated by dividing the grazing intensity of the key species by the presence of the key species.

Dropping density and bare ground

The frequency of droppings was recorded on a presence/absence basis in four hundred 100cm2 cells of each quadrat.  The frequency of bare ground was recorded on a presence/absence basis in four hundred 100cm2 cells of each quadrat.

Dominant species 

The dominant canopy species was recorded in one hundred 100 cm2 cells of each quadrat (25 cells in each corner of the quadrat).

Vegetation structure

Vegetation structure was assessed using 10 measuring pins randomly placed (using random number tables) within the quadrat, and lowered vertically down through the vegetation.  For each pin, all species which made contact with it and at what height were recorded. 

Data Analysis

Effects of feed blocks on grazing pattern and species change across the sites.

Spatial data on the presence of, and grazing intensity of each key species were calculated together with an assessment of the temporal change in grazing intensity on each species following each sample collection.  Mean values for frequency of species presence and grazing level were based on the number of quadrats in which the species occurred rather than the total number of quadrats present on the moor.  Thus quadrats in which species were absent were not included in the calculation.  Analysis was undertaken on the: (a) presence of, and grazing intensities of key species, (b) proportion of each key species grazed, (c) total grazing intensity, (d) frequency of droppings and (e) bare ground for each of the three vegetation types (heather-dominated, bilberry/mat grass-dominated and the interface between them).  Data were analysed for differences between vegetation type, sites and treatment (feed blocks present or absent on the site) by nested analysis in GLM with year included as a repeated measure.  All data were tested for normality and the appropriate transformations were made prior to analysis.  These were conducted in STATISTICA (StatSoft 2001).  Post hoc tests were conducted using Unequal N HSD.

Dominance and species replacement indices for key species (heather; mat grass; bilberry; wavy hair-grass {Deschampsia flexuosa}; fescues {Festuca spp.} and bent-grasses {Agrostis spp}) were derived from the dominant species assessments.  Frequency counts were calculated by counting the number of 100 cm2 cells in which each species was dominant.  Separate analyses were conducted for each key species.  The same analysis procedure to that used for key species was conducted.

Species replacement was calculated as the number of 100 cm2 cells in which dominance switched from heather to mat grass, wavy hair grass, bilberry, fescues bent-grasses and vice versa between 1999 and 2000 and again between 1999 and 2001.  Codes were assigned to each species change combination (for example heather to bilberry) and this was included as a fixed factor in the analysis with the counts of each species combination change as the data.  The same analysis procedure was conducted as for key species.

Localised effects of feed blocks on specific vegetation communities

Analysis was undertaken on the: (a) presence of key species, (b) grazing of key species (c) proportion of each key species grazed, (d) total grazing intensity, (e) frequency of droppings and (f) bare ground, in the experimental areas immediately before and after each of the block placement treatments in spring and autumn of 1999. For the two sites that had blocks placed strategically, differences between pre and post block placement were analysed using a GLM with the factors presence/absence of feed blocks, site and time (the latter included as a repeated measure).  In addition, the data from the experimental areas that did not contain feed blocks (on the sites that had feed blocks strategically placed) were analysed in conjunction with the data from the control sites to determine if having feed blocks present on the site affected grazing in the area without blocks.  All data were tested for normality and the appropriate transformations were made prior to analysis.  These were conducted in STATISTICA ver 6.0 (StatSoft 2001).  Post hoc tests were conducted using Unequal N HSD.  

The same suite of analyses were conducted to assess the longer-term effects of feed blocks on grazing levels and frequency of key species, total grazing intensity, frequency counts and species replacement data derived from the dominant species assessments with the year (1999, 2000 and 2001) used as the repeated measure.  In addition, similar analyses were conducted on the frequency counts and species replacement data collected from the fenced quadrats.  To determine if the rate of change had been altered by the placement of feed blocks, the data from quadrats fenced after feed block placement were compared with that collected from quadrats which were fenced before feed block treatments.  

Relationship between grazing level, heather growth and species change

Species replacement data were summed for each sample point.  Separate multiple regression analyses of the maximum vegetation height (mean of ten sample hits) for each key species present and total counts for species replacement data with presence of key species, total grazing intensity, and the grazing intensity of all the key species were conducted for the control sites.

Multiple regression of counts of species replacement data against the presence of key species, overall grazing intensities and the grazing intensities of key species were conducted for the two control sites (site 1 and 4).

Table 2. Summary of the overall experimental design in relation to the four field sites.


Site 1

Aberhosan
Site 2

Ponterwyd
Site 3

Llanddewi
Site 4

Pwllpeiran

Treatment
Control 

(normal practices)
Feed blocks placed strategically
Feed blocks placed strategically
Control 

(normal practices)

Effects of feed blocks on grazing pattern and species change across the sites.


Spatial assessments  
Yes

Yes


Quadrats in grass/heather interface
5
5
5
5

Quadrats in grass
5
5
5
5

Quadrats in heather
5
5
5
5

Localised effects of feed blocks on specific vegetation communities



No of experimental areas
3
6
6
3

No of areas with feed blocks
0
3
3
0

No of areas without feed blocks
3
3
3
3

No of quadrats area-1 fenced before spring treatment
3
3
3
3

No of quadrats area-1 fenced after each feed block treatment
3
3
3
3

Results

Effects of feed blocks on grazing pattern and species change across the sites 

Spatial grazing patterns and the effects of feed blocks on the grazing intensity on key species

Across the whole moors, the grazing pattern and grazing intensity on each species before and after each feed block treatment were similar on both sites.  Bilberry and other species (which mainly consisted of fine-leaved grasses) were grazed most heavily on each sampling occasion while grazing on the other three key species was generally low.  However, when grazing was expressed as a fraction of the number of cells in which the species was present, distinct temporal patterns can be observed (Fig. 1).  Purple moor-grass was grazed mainly in the spring and heather mainly in the autumn.

The pattern of grazing intensity across the whole moors was similar at both sites before the spring feed block treatments, with the majority of grazing concentrated in a few areas where the highest density of bilberry was found.  Between the feed block treatments the grazing was more evenly spread across the moors. Detailed maps of grazing intensity on key species and full details of the results are presented in Appendix 5.

Fig. 1.   The temporal variation in grazing intensities for each of the key species (heather, bilberry, purple moor-grass and mat grass) expressed as a percentage of the cells in which each key species was present.
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The intensity of heather grazing differed between the three vegetation types (p<0.001) with the highest levels occurring at the interface.  This pattern was exaggerated when the grazing data were expressed as a percentage of heather frequency.  This revealed an even greater difference between the vegetation types, with the interface being preferred.  There was also a decline in heather grazing intensity on the feed block sites during the year 2000 (the year following feed block treatment).  However, this was not reflected in heather grazing intensity when expressed as a proportion of the frequency of occurrence.

Significant differences were observed for the intensity of grazing on bilberry (p<0.001) between the three vegetation types with the bilberry/mat grass dominated type having a higher grazing intensity.  There was also variation between sites with significant differences being observed between site 1 and sites 3 and 4 (p<0.001 and p=0.002, respectively).  The intensity of bilberry grazing also changed over time (p<0.001), although year*feed block interaction (p=0.02) and year*site interaction (p=0.02) were also significant.  The year*feed block interaction was explained by a reduction in grazing intensity on site 4 (control site) rather than an observed effect on the feed block sites.  The grazing intensity of mat grass was very similar to bilberry in that it had a higher grazing intensity within the bilberry/mat grass dominated vegetation type and varied with time, even when corrected for abundance. Again changes at site 4 account for most of the variation.

Distribution of total grazing intensity and dropping densities and the effect of blocks 

Total grazing intensity and dropping densities were combined in 20-metre distance classes from the feed block locations at the experimental site (site 3).  There was no difference in grazing intensity with distance from the feed block location (Fig 2) before the feed blocks were placed out in the spring, indicating there was no grazing preference being exhibited by the sheep for the areas which later would contain feed blocks.  After the application of feed blocks in spring there was a significant increase in grazing from the feed block to 30 m.  Before the placement of feed blocks in autumn (Fig. 2c) there was considerable variability in grazing intensity close to the feed block locations.  A sharp rise occurred in the region of 30–90 m, from low levels observed close to the feed block location.  This indicated that the area close to the feed block was neglected but there was preferential use of the intermediate area by the sheep that decreased with distance.

Analysis of moorland management scale assessments showed that the pattern of dropping density was similar to the pattern observed for grazing intensity, with increased dropping densities at locations within a short distance of the feed blocks (20-40m) after the spring feed block treatment.

Total grazing intensity for the three vegetation types differed significantly (p<0.001) with greater grazing intensities being observed for the bilberry/mat grass vegetation type and at the interface than the heather-dominated vegetation type.  However, the spatial pattern changes observed with distance from the feed block were not observed in changes in pattern of total grazing intensity for these vegetation types.  There was a significant decline in the grazing with time on site 4 (Garn) at the interface between vegetation types (p<0.001).

Dropping densities were similar to total grazing intensity in that the highest density was recorded for the bilberry/mat grass vegetation type.  However, there was a significant increase (p<0.001) in the dropping densities on the sites with feed blocks compared to sites without feed blocks in 2000 and 2001 i.e. post feed block treatment application.  This increase was mainly associated with the bilberry mat grass-dominated vegetation type (Fig. 3).

Distribution of species and the effects of feed blocks on species change

The frequencies of occurrence of the four key species across the whole moors are shown in Figure 4 and Figure 5.  Bilberry was the most widespread (Fig. 4) and abundant at both sites. Heather occurred in approximately 35% of quadrats at both sites (Fig. 4) and where present was normally abundant (Fig. 5).  Mat grass differed markedly in its distribution across the two sites being widespread at site 1 (Aberhosan) but not at site 3 (Llanddewi).  On both sites it was moderately abundant when present (Fig. 5).  Purple moor-grass was not widespread at either site but was more abundant at site 3.

The spatial distribution of the key species varied, with bilberry present across the moors.  Heather was generally restricted to discrete areas as was mat grass at site 3.  However, mat grass was more widespread at site 1.  Detailed maps of species distribution and full details of the results are presented in Appendix 5.

The presence of bilberry differed significantly (p<0.001) between vegetation types with the highest frequency being observed in the bilberry/mat grass vegetation type (overall mean 68.1% compared with 7.2% and 38.9% for the heather dominated and the interface vegetation types, respectively).  There was also a significant difference between the sites with site 1 (Aberhosan) having significantly lower frequencies of bilberry in all three vegetation types (p=0.022).  Bilberry dominance counts showed a similar pattern in respect of vegetation type, with the highest counts recorded for bilberry/mat grass vegetation type.

The presence of mat grass varied between sites, treatment and vegetation types.  Sites 1 and 4 (Aberhosan and Garn) had higher levels of mat grass compared with sites 2 and 3 (p<0.001).  This confounded with the treatment, as site 1 and 4 had no feed blocks placed strategically whereas sites 2 and 3 had feed blocks.  Mat grass was significantly lower in the heather dominated vegetation type compared with the interface between communities and the bilberry/mat grass-dominated vegetation types (p<0.001).  Mat grass presence increased significantly (p=0.001) within the mat grass/bilberry vegetation type between 1999 and 2001 whereas there was no change in the heather-dominated vegetation type or at the interface (significant year*vegetation type interaction p<0.001).  However, mat grass dominance counts increased significantly (p<0.001) for both the mat grass/bilberry and the interface between vegetation types.

Dominance counts for fescues, bent grass and wavy hair grass significantly differed between vegetation type with higher frequencies being observed in the bilberry/mat grass vegetation type compared with both the heather-dominated vegetation type and at the interface.  Both fescues and wavy hair grass decreased over the sampling period.  Bent grasses showed no overall change with year but there was a significant interaction between year and vegetation type (p<0.001) with bent grasses in the bilberry/mat grass dominated vegetation type increasing significantly during 2000 in comparison to 1999 and 2001.  In addition, all three species showed significant differences between sites (p<0.001 for bent-grasses and wavy hair grass, p=0.039 for fescues) with sites 1 and 3 (Aberhosan and Graig) having greater dominance counts than the other two sites.

Fig. 2. The relationship of distance from the feed block with total grazing intensity for pre and post feed block placement in spring and autumn (y = total grazing intensity)

A)   Pre spring feed block placement
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B)   Post spring feed block placement


[image: image3.wmf]25

44

36

38

40

31

26

26

20

9

N =

Distance from feed block (m)

190.00

170.00

150.00

130.00

110.00

90.00

70.00

50.00

30.00

10.00

140

120

100

80

60

40

20

0


C)   Pre autumn feed block placement
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D)   Post autumn feed block placement
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Fig. 3.   The distribution of sheep droppings in relation to vegetation type and feed block treatments.
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Fig. 4.   Frequency of each of the key species heather, bilberry, mat grass and purple moor-grass present on two moorland management units in mid Wales, UK in 1999
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Fig. 5.   Mean abundance of each of the key moorland species Heather, bilberry, mat grass and purple moor grass present on two moorland management units in mid Wales, UK in 1999.

Purple moor-grass was found at very low levels within the heather-dominated community only (p=0.009).  

There was no difference in species replacement within the three vegetation communities that can be attributed to the presence or absence of feed blocks on the sites.  However, there were significant differences between the vegetation types (p<0.001) with a greater number of species replacements occurring in the mat grass/bilberry dominated vegetation type (a total of 367 compared with 63 for heather dominated and 251 for the interface).  Most of these can be ascribed to changes between the dominance of each of the grass species and the other grasses and with bilberry.  For most species its replacement by another and vice versa were very similar in magnitude.  However, fescues and wavy hair grass changed significantly and were replaced in dominance by all species excluding heather.  This occurred mainly in the bilberry/mat grass and interface vegetation types.
There were no significant differences in the presence of bare ground, between vegetation types, sites, feed block treatment or years as the vegetation canopies were very closed with hardly any presence of bare ground being recorded.

Localised effects of feed blocks on specific vegetation communities

Distribution of key species within bilberry/mat grass vegetation

The frequency and abundance of heather and purple moor-grass within the bilberry/mat grass community was extremely low and therefore was not analysed.

Bilberry frequency was similar across all sites in spring, but during the autumn this varied with a reduction in bilberry at site 4 (p<0.001).  The frequency of mat grass was significantly different between sites (p<0.001), with site 3 having very low levels of this species.  A similar pattern to bilberry was observed for mat grass in that it decreased during the autumn but on all sites.

Localised effects of feed blocks at the time of application

Analysis of all areas of the four sites where feed blocks were absent, showed that there was no significant difference in the grazing intensity of bilberry between the baseline year and the following years.   However, site differences (p<0.001) were observed at the end of the 1999, the year feed block treatments were applied.  There were also differences between these and other areas in the experimental site which did not contain feed block.  Both the experimental sites had higher levels of grazing in the areas of the site that did not contain feed blocks, compared to the sites which did not have feed block treatments applied.

The grazing intensity on mat grass was more variable than that observed for bilberry.  There was significant decrease between the baseline year and the following years for site 4 (p<0.001), but this pattern was not observed for the other sites.  At the end of the year when the treatments were applied (1999), there was no change in the pattern of grazing intensity on mat grass for the four sites.

Higher overall grazing intensities were observed for the sites that had feed block treatments but this was not significant. In 2000 (post treatment year) grazing at site 1 (no feed block treatment) was significantly higher than the proceeding year (1999, p=0.005) and higher than the subsequent year (2001, p<0.001).

Analysis of the two feed block sites demonstrated that the applications of feed blocks in spring to bilberry/mat grass vegetation types had a significant effect on the grazing intensities (p<0.01).  Compared to areas of the sites which did not contain feed block, the overall grazing intensity and of that of the key species bilberry and mat grass increased (Fig. 6).  In the base line dataset there was no significant difference between the grazing intensity of areas which later contained feed in comparison to those which feed was absent.  In addition, the grazing intensity of mat grass varied between sites; this could be explained in terms of the frequency of this species at site 3.

The dropping density also significantly increased in areas which had blocks in the spring (62.6±11.6 compared with 11.4±2.6).

During the autumn block treatment there was a significant increase in the grazing intensity of bilberry (p=0.03).  However this was not associated with the areas of the sites that contained feed blocks, but rather with the areas of the site which did not receive a spring feed block treatment.  Similarly a general increase in the grazing intensity of mat grass was observed during the autumn feed block treatment (p<0.001). However, this was not associated with the presence or absence of feed blocks.  In contrast, the overall intensity of grazing did not change over the autumn treatment period (p=0.559).

Longer term effects of feed blocks

There was no significant difference in grazing intensity on bilberry in subsequent years (2000 and 2001) on manipulated sites when areas which had block treatments were compared to areas which had no feed block treatments. This pattern was also observed for the intensities of grazing overall of mat grass as well as dropping density.  

Fig. 6  The mean grazing intensity overall and in relation to the key moorland species bilberry and mat grass in areas with feed (+F) and without feed (-F) at Sites 2 and 3 during the spring feed block treatment.
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The change in dominants index for the sampling points that had been fenced showed no significant difference relating to whether they were fenced pre or post the placement of feed blocks.  Species replacement data showed a similar pattern with no significant differences being attributable to when the fencing was erected (pre or post the placement of feed blocks). 

Where grazing was not removed from the quadrats there were no significant changes in dominant counts or species replacement which could be attributed to the effects of feed blocks being placed in 1999, for all of the six species of interest (no significant feed block effects or year* feed block interactions).

In areas where feed blocks were present during the spring, the average height of mat grass in the sward showed a significant relationship with distance from where the feed block was placed, even after a summer of unmanipulated grazing (Table 4).  However, in areas where feed blocks were absent there was no relationship between mat grass height and distance from the feed block position.

Relationship between grazing level, Vegetation height and species change

A linear relationship was observed between the species replacement counts and the presence of bilberry in the bilberry/mat grass vegetation type at site 1 (p=0.02).  However, at site 4 there was no relationship of species replacement counts with any variable.  At site 1 there was no relationship between height of bent grasses and fescues with any of the variables used in the analysis.  At site 4 this was very different and the height of both mat grass and bilberry were [positively?] related to the heather grazing (p=0.007 and p=0.04, respectively). For fescues height the relationship was between mat grass and bilberry grazing intensities (p=0.03 and p=0.008, respectively).

Table 4.  Summary statistics for the relationships between the distance from the centre in areas and the height of mat grass in areas with and without feed blocks at their centre.


With feed blocks
Without feed blocks

r2
0.591
0.002

p
0.043
0.900

Discussion

Spatial and temporal changes in distribution and grazing on key moorland species

The semi-natural vegetation communities in the uplands are important in terms of conservation and their role in providing grazing for domestic livestock.  The introduction of lower stocking rates and decreases in overall grazing pressure as part of agri-environment policies to increase the condition and extent of heather has led to changes in vegetation communities (ADAS 1998a) and has allowed the grazing animals to display more selective grazing patterns (Armstrong et. al.  1995).  These uneven patterns of grazing have been well documented in ESA monitoring and moorland research studies (e.g. ADAS 1998b).  

There was a marked seasonal variation in grazing pressure on the key species of heather, bilberry, mat grass, purple-moor grass and on other species present at each site.  The results confirm those of Grant et al. (1987) that the dietary composition of sheep is greatly influenced by time of year with purple moor-grass being grazed in spring and summer, and avoided late summer and autumn (Job & Taylor 1978).  Heather and other ericoids are grazed in autumn and winter and mat grass in late autumn when other food is scarce (Welch 1984; Grant et al., 1985).  

Few studies have examined the utilisation of bilberry by sheep, but Welch (1998) indicated that bilberry swards were grazed much more heavily during August - October.  However, the level and extent of bilberry grazing observed in this study throughout the year, almost to the exclusion of everything else, is surprising and the sheer magnitude suggests that many studies may have under-estimated the level of bilberry grazing within upland moorlands.  The occurrence of other species, mainly fine-leaved grasses, appears to be important in reducing grazing pressure on bilberry and heather during July-October when these species are most productive (Grant et al. 1987).  

In this study it was found that heather was more heavily grazed when at the interface with grass communities than in areas where it dominated.  Clarke, Welch & Gordon (1995a) reported similar results with greater grazing of heather when it was present in small mosaics with grassland communities.

The effects of feed blocks on grazing patterns and species change at the local and moorland management unit scale 

The principal aim of the feed block treatments was to manipulate sheep grazing patterns, to concentrate grazing in areas of moorland, and to move animals away from plant communities such as heather which they prefer to graze (Clarke et al. 1995a).  Mapping of the grazed vegetation in relation to distance from feed blocks and results from local grazing assessments indicated that feed blocks were effective in manipulating sheep grazing behaviour and suggest that they may be used to enhance short-term grazing on selected vegetation communities (Davies & Griffiths, 2000).  Results from the moor scale assessments suggest that the effect of the feed block is dependent on the time of year.  In spring/summer the placement of feed blocks may lead to an overall reduction in grazing across the moor, and a concentration of grazing around the feed blocks.  In winter there was no apparent effect.  The results at the local scale in the areas immediate to the feed block have determined that sheep are attracted to the feed blocks especially in spring, and that the presence of feed blocks can lead to an increase in the intensity of grazing and in the grazing intensity of bilberry and less palatable grass such as mat grass.  These changes in grazing pattern have also lead to an increase in the deposition of dung within the proximity of the feed blocks.  This dung may alter soil nutrient availability (Bargett, Keiller, Cook & Gilburn 1998), which could potentially lead to increased grazing in the future as a result of sheep being able to discriminate forage quality (Duncan, Hartley & Iason 1994).  However within this study, the grazing levels observed post feed block application have not significantly increased in subsequent years.

Some changes in grazing status were apparent on the experimental site which may be due to the feed block treatments.  During the summer period, 43.4% of heather quadrats on the site 1 without feed blocks changed from ungrazed to grazed status, compared to 10.5% of quadrats on the site 3 with feed blocks (Appendix 5).  Sheep normally switch to grasses in May or June when the new flush of growth appears although Grant et al. (1987) reported a high proportion of heather and bilberry shoots in the diet of sheep grazing on heather moor in April-May.  It is possible that the presence of feed blocks may have delayed the switch to heather from other species such as grasses. However this effect does not last into winter.  Utilisation of heather by sheep in autumn and winter is well known (Welch, 1984; Grant et al. 1985) and it appears that the presence of the feed block early in the year may again have reduced the switch onto these species later in the year.  This was also reflected in grazing intensities of heather in the 2000 (year post feed block treatment).

An assessment of the local effects of the feed block treatments demonstrated a significant increase in overall grazing within 30 m of the block, and a significant increase in the grazing intensity of mat grass and bilberry.  Nevertheless a wider variety of species, such as fine leaved grasses, were being grazed later during the year on the site 3 with feed blocks (26.5%) than on the site where no feed blocks were present (Appendix 5).  There is a possible indication of an ‘after-effect’ of the placement of feed blocks in the intermediate area surrounding them (30-90). However, this could be related to the distribution of the plant species.  If this is true, then it means that the feed block is able to draw sheep away from other areas for a prolonged time, especially if these areas are further away from the block positions.  

When the feed blocks are ‘in use’ or ‘effective’, they appear to cause a concentration of grazing and general activity (i.e. droppings) within a radius of about 30 m around the feed block in spring.  The overall grazing intensity and that of key species did not decrease on surrounding vegetation types with the presence of feed block at the site.  However, the year after feed block application, there was an observed reduction in the grazing intensity of heather but this was not associated with the interface between heather and bilberry/mat grass communities where heather is vulnerable.

The autumn feed block treatment was observed to be less effective than the spring treatment.  However, this could be related to the fact that the previous spring grazing on bilberry and mat grass had been so great that only changes in grazing intensities could be detected on areas which did not have feed blocks.  

The analysis of vegetation change was limited to key upland plant species but these did not seem to respond to the changes in grazing related to feed block treatments, nor was species replacement related to overall grazing intensities at control sites.  However, in the immediate area (5 m) of the position of feed blocks where there was increased poaching, the introduction of opportunistic species such as nettle (Urtica dioica), willow herb (Epilobium spp.) and Rumex spp. was observed in the field.  The limited vegetation changes observed could be related to (a) the short term nature of this study or (b) the restriction of vegetation change to a very localised area around the feed blocks.  Grazing and dropping density were shown to be related to the distance from the feed block (Hetherington 2000).  Therefore, additional analyses to examine the importance of distance from feed blocks are included in Appendix 7. 

The practical and economic considerations surrounding the use of feed blocks for manipulating grazing levels

Feed blocks are effective at manipulating the grazing pattern of sheep, however consideration has to be given to the practical and economic aspects of the actual application if this procedure is to be adopted on wider scales for environmental gain.  This study detected that feed blocks can be used to manipulate grazing patterns, but have very limited effect on short-term vegetation change.  Therefore, they are of limited use for changing plant communities following one year only of manipulation.  The method may have some potential over the longer term as repeated manipulations of grazing intensities will effect vegetation change.  However, in the immediate area (<5 m) of the positioning of feed blocks, there was short term detrimental effects of increased poaching (i.e. the introduction of opportunistic plant species).

Feed blocks are unlikely to be offered to non-lamb rearing sheep during the spring and autumn periods that were used within this study.  However, it is generally expected that the sheep, which are present on moorland at this time of year, are likely to fall into this category.  These types of sheep are also likely to have very minimal labour input at these times of year.  Therefore, the cost of feed blocks would be additional to the farm business (approximately £250-£320 per tonnes in 2002) and time to place them would be greater than on sites where breeding stock were present.  However, if breeding stock were present on the moorland at this time of year, the decision to feed would be weather dependent. 

Feed blocks are more expensive than other types of feed which are routinely given to sheep (Table 5).  However, the dry matter intake of these feed types is variable and dependent on the quality of the feed and the combinations fed, which means dry matter intakes are difficult to determine.  For example, if feed blocks are fed in combination with concentrates the overall intake of dry matter is less compared to concentrates alone (McLean, Frost and Evans 2002a).
The additional labour costs associated with the placement of feed blocks are very difficult to determine.  They depend on (a) the current level of stock inspection (in spring and autumn) if placement is conducted by the stockman, (b) the distances travelled in actually placing the feed block when on the field site, and, (c) the number of times feed blocks have to be replenished (dependent on the size of the site and the numbers of stock).  In spring, it is likely that higher levels of stock inspection are likely to occur as a result of the breeding stock having lambs and therefore the additional time for feed block placement is likely to be less.  If placement were to be conducted by additional staff, then the costs of travelling to sites would need to be added to the above costs and included in the calculation.

Table 5.  The approximate cost of feed types (per tonne dry matter) that are usually given to sheep (from Nix 2000 and direct quotes from suppliers).

Feed type
Cost if bought
Cost if home produced

Silage
£25.00*$
£22.50

Concentrates
£100-£120
-

Hay
£65.00 - £80.00*$
£80.00

Feed blocks
£250
-

Sugar beet pulp
£80
-

*  Value of hay and silage dependent on quality, time of year, supply and demand.  $Transport cost not included.

Studies have shown that there has been an increase in lambing percentage associated with ewes fed with feed blocks in the autumn in comparison with ewes fed with hay (McLean, Frost & Evans 2002b).  This has implications for higher summer grazing pressures in the following summer and for ewe welfare as a higher proportion would be rearing twins rather than singles which is preferable in upland areas.  In addition, there would be higher labour costs associated with the placement of the feed blocks at strategic locations than using feed at a point that is convenient for the stockman.

The practicality of using feed blocks to manipulate grazing is only achievable if there is readily available vehicle access (very unlikely on upland moorlands) or if there is access to an all terrain vehicle (ATV).  The use of an ATV in itself may have detrimental affects on the vegetation.  In addition, for this technique to be economically viable it must be incorporated into the management of the sheep flock rather than involving an additional person to undertake the work.  If there is an extra cost or the management needs to be altered, this could be encouraged by agri-environment schemes.  Farmers/stockman could be trained within the agri-environment scheme to determine the correct location in which to place the feed block on the sites so that vulnerable vegetation is not present in the zone of influence.  Again training would be required so they could determine the appropriate time to change the position of feed block placement in order to avoid localised weather-dependent detrimental effects (with more severe effects being observed in shorter time scales). 

Implications for the management of moorlands (semi-natural rough grazings with heather) under reduced stocking rates

Gardner & Lobo (submitted) have shown that small-scale changes in species competition can have a significant impact on the rate and direction of vegetation change across a whole moor.  Thus where localised manipulation of grazing interacts with the competitive dynamics between species, the effects may persist into the long-term larger-scale community dynamics.  

The local vegetation distribution has implications for the grazing pressure exerted by sheep, with large areas of grass within heather mosaics attracting sheep resulting in concentrated grazing on heather at the interface (Clarke, Welch & Gordon 1995a).  In certain cases the grass was used as a path, from which the taller heather vegetation at the sides was grazed, which otherwise would be inaccessible (Oom & Hester 1999).

It would be advantageous to use feed blocks to manipulate grazing pressure away from areas of naturally occurring heather/grass mosaic interfaces at those times of year when sheep grazing preferences might result in levels of grazing that could change the competitive balance between species.  However, this study did not detect any changes in the extent of grazing at the interface relating to the strategic positioning of feed blocks.  

Conclusions and Relevance to Policy

It is possible to conclude from this project that:

· The use of feed blocks can result in a localised increase in overall grazing intensities in spring, with increased grazing of unpalatable grasses such as mat grass being of particular importance.  However, it has been impossible to conclude whether autumn feeding treatments have a significant effect.  The question arises whether this is due to the difficulties associated with measuring repeated grazing on grass species rather than the in effectiveness of feed blocks in autumn.

· There appeared to be an increase in nutrient supply to areas around feed blocks associated with the increase in dropping densities that could potentially affect future vegetation composition and grazing levels.  However, in this study we have been unable to detect increased grazing levels in subsequent years.  Vegetation processes proceed relatively slowly in the upland environment, and might only be detectable over longer time scales.

· There have been very limited vegetation changes associated with the use of feed blocks.  Further analysis was undertaken to determine if localised vegetation changes have occurred (these are presented in Appendix 7).  However, a cautionary note is required; in this study, feed blocks were placed for two six-week periods in one year, and then in the subsequent years no feed blocks were used.  If feed blocks were used yearly in the same position then detrimental vegetation changes could occur.  
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