Evaluation of Red Grouse (Lagopus lagopus scoticus) habitat in the Connemara National Park
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The Red Grouse is a red listed species and as such is of conservation concern in Ireland. These species are typically breeding birds which have been in rapid decline over the last 25 years or whose populations have been severely reduced over the last 100 years (Newton et al. 1999).  This study investigated the habitats that were utilised by grouse in the Connemara National Park from mid June to August 2005. Three sites were surveyed within the Park, each covering an area of 250m x 250m. Two of these sites contained evidence of grouse utilising the area (such as feathers and droppings) and a control site containing no evidence of utilisation by grouse. Each of the sites was surveyed for heather percentage cover, maximum heather height and growth form as well as its invertebrate fauna. Grouse diet was also studied by analysis of droppings. The percentage cover of heather and the maximum heather height on the sites with grouse was found to be higher than that of the control site. The total numerical abundances of ground beetles (Order Coleoptera, Family Carabidae), per site were not significantly different but differences were apparent among other invertebrate groups between the control and the sites with grouse. Analysis of the pellets showed that their diet consisted mostly of ling heather which made up 84% of all fragments in the pellets. Bell heather and cross leaved heath were the next most abundant items with 4.4% and 2.2% respectively. Material other than heather constituted 1.4% of the diet with the remaining 8.2% of the fragments remaining unidentified.

Introduction

The Willow Grouse Lagopus lagopus is a bird with circumpolar distribution that inhabits sub-arctic habitats ranging from North America to Eurasia (Sharrock 1980). The British Red Grouse is now considered to be a sub-species of the Willow Grouse and is known as Lagopus lagopus scoticus, authorities consider the Irish and British birds to be the same race (Cramp & Simmons 1979). However, Irish birds are paler than British birds (Hutchinson 1989). Grouse are sedentary animals, with males rarely moving more than 1km from their natal areas while females tend to move further (Hudson 1992). Grouse also have a short lifespan, studies in Scotland show an average life expectancy of less than three years (Hudson 1992). However, there is no information on the life expectancy of grouse in Ireland. The Red Grouse is characteristic of open, treeless peatland. Studies suggest that grouse feed almost entirely on fibrous heather, so their distribution depends on heather availability and quality (Hudson & Newborn 1995). Grouse also need heather of varying ages, they prefer to eat the younger more nutritious shoots and nest and hide in the older stands of heather (Hudson & Newborn 1995). 

Grouse are regarded by many to be one of the most challenging quarry species to hunt due to their explosive speed. In Scotland, hunters come from all over the world to take part in grouse shoots and contribute greatly to the rural economy. Little work has been carried out on grouse in the Republic of Ireland although in recent years there has been a resurgence in interest in the species. This is mainly due to its dramatic decline over the last century and a recent European court case in which Ireland was found to be in breach of the Habitats Directive and the Birds Directive in respect to Red Grouse on the Owenduff-Nephin Beg Complex, Irelands largest SPA. The most comprehensive work carried out on Lagopus l. scoticus in Ireland was undertaken at Glenamoy, County Mayo in the 1960’s and 1970’s and included population surveying, habitat treatment and dietary analysis. (Watson & O’Hare 1973, 1979, Lance & Mahon 1974). The National Association of Regional Game Councils (N.A.R.G.C) carried out a national grouse census between 1999 and 2000 (Henderson & Tierney 2000). A population survey of grouse was carried out in the Owenduff-Nephin Special Protection Area, County Mayo in 2002 (Murray & O’Halloran 2003). In Northern Ireland an extensive population survey was carried out by Allen and Mellon Environmental Ltd. on behalf of the Environment and Heritage Service (Allen et al. 2005). In Ireland grouse populations have dramatically declined since the 1920’s (Gibbons et al. 1993). Gibbons et al. (1993) estimated that there were between 1,000 – 5,000 grouse in Ireland in 1993. Breeding Bird Atlas figures between 1968/72 and 1988/91 show a decline of 66% in Ireland and 13% in Britain (Sharrock 1980, Gibbons et al. 1993). During the Red Grouse project at Glenamoy up to 5 birds per km2 were recorded (Watson & O’Hare 1979). The N.A.R.G.C survey derived a conservative estimate of 1,100 birds (Henderson & Tierney 2000). Work in the Owenduff-Nephin SPA showed densities between 1.41 and 1.66 birds per km2 (Murray & O’Halloran 2003). The population of grouse in Northern Ireland is estimated to be between 202 and 221 pairs (Allen et al. 2005). It has been suggested that the reason for the apparent decline of grouse in Ireland is a combination of factors including habitat loss and fragmentation, over-grazing, afforestation, predation and climate change.

Adult grouse feed primarily on ling heather (Calluna vulgaris) (Hudson & Newborn 1995). Grouse chicks are known to supplement their diet with invertebrates in order to obtain sufficient protein during their first few weeks of life (Hudson & Newborn 1995). Lance & Mahon (1974) studied the diet of grouse at Glenamoy. From their analysis of faeces from grouse, heather was found to be the most abundant item identified. Heather comprised 87.6% of all fragments in incubating hens, 92.4% in other adults and between 70.4% and 90% of the chick diet. Of the 12.3% of material identified other than heather in the incubating hens diet, 9.6% was from grass like-plants, 2.6% from Eriophorum sp. and 0.1% from invertebrates. Of the 6.5% of material identified other than heather in the other adult grouse, 5.2% was from grass-like plants, Eriophorum sp. comprised 0.1%, Potentilla erecta and invertebrate material comprised 0.1% of total faecal matter. During the month of June droppings from chicks contained 70.4% heather, 15% from grass-like plants and 3.3% from insects. However, 10.4% of the chicks diet was unidentifiable. By August the total amount of heather in the chicks diet rose to 90%. Chicks were essentially taking an adult diet a month after hatching (Lance & Mahon 1974).

This study set out to determine heather structure and invertebrate abundances in habitat used by Red Grouse in the Connemara National Park. It also set out to establish possible reasons for the frequency of use of particular sites by grouse within the Park and to determine the dietary habits of these birds. 

Methods

Study Area

Connemara National Park is located beside the village of Letterfrack (Grid Ref. L697591) on the west coast of County Galway. It was established in 1980 and comprises an area of 2,957 ha. The park encompasses a wide range of habitats including blanket bog, heath, woodlands, grasslands and also includes part of the Twelve Bens mountain range. After a preliminary investigation of the Park to determine habitat use by grouse, three sites were chosen for the study, two with evidence of grouse, the Bog Road (L723564) and Upper Diamond (L722572) sites and one control site with no evidence of grouse, Gleann Mór (L735555). 

Field Methods

On each of the three sites, a 250m x 250m area was marked out with the use of a Trimble GeoXT Global Positioning System (Fig. 1). Wooden stakes were placed on each of the four corners. In each square, transects were marked every 10m. This resulted in a total of 26 transects (250m long) being surveyed per site. On walking the transects, any encounters with grouse droppings were recorded onto the G.P.S, numbered and marked with a stake. 
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Figure 1. Aerial view of sites

On both the Upper Diamond and Bog Road sites, 20 locations on which grouse droppings were found were selected using a random number generator. For the Gleann Mór (control) site, each of the 26 transects were marked every 10m (forming a grid pattern) with the use of the Trimble G.P.S, 20 points on the grid were selected using a random number generator. The percentage cover of the heather in each of the 60 locations was recorded using 1m x 1m quadrats placed centrally around the grouse droppings. The structure of ling heather (Calluna vulgaris) was investigated by recording its maximum height in each quadrat and the presence and percentage cover of each of its various growth phases i.e. pioneer, building and mature (or degenerate). The pioneer phase is the establishment of small pyramid shaped heather plants from seed. The building phase is when the heather forms a dense canopy and the mature phase is when the heather canopy begins to open up and the plant becomes woody and leggy (Gimingham 1972). 

Polypropylene pitfall traps, measuring 10cm in diameter x 12cm in depth were placed in each of the 60 locations. Each trap contained approximately 200ml of a 25% solution of Ethylene Glycol. The traps were protected from grazing by deer and sheep by corri-board covers supported with four nails at 2cm above ground level. Trapping began on the 1st of July 2005 and traps were emptied after two weeks. The contents were poured into a bag with a 100% solution of Ethylene Glycol and preserved in a freezer.

Laboratory Methods

Pitfall catches were removed from the freezer and ground beetles were identified to species level using Forsythe (1987). The remaining invertebrates were identified to family level or as far as Quigley & Madge (1988) would allow. Kruskal-Wallis and Mann-Whitney U tests were carried out to determine if there were significant differences in the abundance of invertebrates between sites. These non-parametric tests were used as the data was not normally distributed. Statistical analyses were performed using the package software SPSS version 11.0 (SPSS for Windows).

One grouse dropping was selected from each of the piles collected from the field, amounting to 20 in all. They were then analysed following the methods of Lance & Mahon (1975) although different sieve sizes were used (950 mesh/cm2 and 100 mesh/cm2). Each fragment indicated a particular food item and percentages were calculated from the total number of fragments recorded. 

Results

Heather measurements

The mean (± SD) maximum heather heights for each of the 20 quadrats per site were calculated to be 24cm (±7cm), 21cm (±8.7cm) and 20cm (±6.2cm) for the Bog Road, Upper Diamond and Gleann Mór respectively. There was only slight variation in the percentage of the various heather growth phases (Figure 2) between sites. The Gleann Mór site had the highest percentage (± SD) of the pioneer phase of heather growth with 15% (±22), the Bog Road site had 12% (±17) and the Upper Diamond had the lowest with 9% (±9). Again the Gleann Mór site had the highest percentage when it came to the building growth phase with 44% (±35), this was followed by the Bog Road site with 42% (±24) and the Upper Diamond site had 39% (±22). The Gleann Mór site had the lowest percentage of the mature/degenerate growth phase with 41% (±35), the Bog Road site had the next lowest with 45% (±22) and the Upper Diamond had the highest with 48% (±24). The mean percentage (± SD) cover of heather for each site was calculated from the data recorded from each quadrat. The Bog Road site had an average percentage cover of 34% (±11), the Upper Diamond site was 29% (±13) and the Gleann Mór site only had 13% (±4).
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 Figure 2. Percentage cover of heather growth forms per site

Invertebrates

Carabids

The highest mean total abundance of ground beetles (Carabidae) was recorded at the Bog Road site. From a total of 277 ground beetles collected from this site a mean (± SD) of 14 (±9) per pitfall trap was recorded. The Upper Diamond and Gleann Mór sites each had a mean (± SD) total abundance of 3 (±3) ground beetles per pitfall trap with a total of 67 and 56 ground beetles caught respectively.

A Kruskal – Wallis test, performed on the number of ground beetles from all three sites, showed that there were significant differences (P < 0.001) between the study areas. An additional Kruskal – Wallis test comparing the two sites with grouse (Upper Diamond and Bog Road) and the site without grouse (Gleann Mór) showed that ground beetles were significantly (P < 0.002) more abundant on the sites with grouse.

Mann – Whitney U tests were carried out to compare the abundance of ground beetles on each of the sites. When the Bog Road site was compared to both the Upper Diamond and Gleann Mór sites, it was determined that ground beetles were significantly more abundant on the Bog Road site in both cases (P < 0.001). The Upper Diamond and the Gleann Mór site when compared to each other showed no significant differences in terms of ground beetle abundance.

The total abundance of ground beetles were summed across the three sites and percentages calculated from the total abundance of each species (Table 1)

Table 1. Total percentage of each ground beetle sp. per site

	
	Bog Road

      %               n
	Upper Diamond

      %                n
	Gleann Mór

      %                n

	Nebria brevicollis
	70
	214
	17
	52
	13
	38

	Carabus glabratus
	68
	60
	16
	14
	16
	14

	Carabus clathratus
	29
	2
	14
	1
	57
	4

	Carabus granulatus
	100
	1
	0
	0
	0
	0


Other Invertebrates

The Upper Diamond and Bog Road sites had similar total catches (N=436 and N=400) and mean (± SD) numerical abundances of invertebrates other than ground beetles, with 22 (±34) and 20 (±9) per pitfall trap respectively. The Gleann Mór site had considerably less, with a mean total abundance of 8 (±5) per pitfall trap and a total of 162 invertebrates caught.

A Kruskal – Wallis test on all three sites showed that they were significantly different (P < 0.001) in terms of invertebrate abundance. Another Kruskal – Wallis test between the two sites with grouse (Upper Diamond and Bog Road) and the site without grouse (Gleann Mór) showed that there were significantly (P < 0.001) more invertebrates on the sites with grouse. 

A Mann – Whitney U test showed that the Bog Road and the Upper Diamond sites had no significant differences in relation to invertebrates other than ground beetles. The Bog Road and Gleann Mór sites showed that there were significantly (P < 0.001) more invertebrates at the Bog Road site. Although the invertebrate collections at the Upper Diamond and Gleann Mór sites were not significantly different from each other, the calculated P value (< 0.053) approached significance.
Faecal Analysis

Ling heather was by far the most abundant item identified in the faeces. Of the 20 pellets analysed it amounted to 83.8% of all fragments in the faeces (Table 3). The remaining 16% consisted of bell heather (4.4%), cross leaved heath (2.2%), purple moor grass (0.75%), black bog rush (0.07%), bog cotton (0.07%), moss capsule (0.2%) and unidentified material (8.2%). One dropping from a young grouse (determined by its small size compared to adult droppings) was analysed and was found to contain 75% ling heather, 2.5% purple moor grass, 12.5% invertebrate remains while 10% was unidentifiable (Table 2).

Table 2. Percentage of total items from grouse faeces

	Type of fragment
	Bog Road

(n = 9)

%


	Upper Diamond

(n = 10)

%
	Upper Diamond

(n = 1)*

%
	Total

(n = 20)

%

	Ling heather (Calluna vulgaris)
	85.2
	83.0
	75
	83.8

	Bell heather (Erica cinerea)
	3.4
	5.4
	-
	4.4

	Cross leaves heath (Erica tetralix)
	1.6
	2.8
	-
	2.2

	Purple moor grass (Molinia caerula)
	-
	1.3
	2.5
	0.75

	Black bog rush (Schoenus nigricans)
	-
	0.13
	-
	0.07

	Bog cotton (Eriophorum angustifolium)
	0.15
	-
	-
	0.07

	Moss capsule
	-
	0.4
	-
	0.2

	Insect
	-
	-
	12.5
	0.27

	Unidentified
	9.5
	6.8
	10
	8.2


* = Chick

Discussion

Heather

All of the maximum heather heights would give sufficient cover for grouse and as there are no major differences in this variable between sites it is unlikely that this explains why grouse are not frequenting the Gleann Mór site. When the average percentage heather growth forms for each area (Figure 1) is considered it might appear that the Gleann Mór site may have the ideal heather growth phases for grouse. However, as there is no evidence of grouse in this site, there must be another reason to explain why grouse do not frequent the area. The results from the percentage cover of heather in each of the sites are in agreement with Lance (1976) who states that areas with less than 20% cover of heather were rarely used by grouse. Murray & O’Halloran (2003) found that grouse in the Owenduff-Nephin SPA were absent in sites with heather cover of less than 16%. The low percentage of heather cover in the Gleann Mór site (13%) is not ideal for grouse and is likely the reason for its absence from that area.

Carabids

The results from the Mann – Whitney U tests show that the Bog Road site is significantly different to both the Upper Diamond and the Gleann Mór sites which in turn are not significantly different from each other. As a site with grouse and a site without grouse show no significant difference in respect to the total numerical abundance of ground beetles, it is unlikely that this variable has any relationship with the presence or absence of grouse.

Other invertebrates
Although there was no significant difference between the Upper Diamond and Gleann Mór sites, it is clear that there is a higher mean total numerical abundance of invertebrates other than ground beetles on the sites with grouse than on the site without grouse. It is possible that conditions that give rise to a high numerical abundance of invertebrates may be favourable for grouse. There may not be a direct link between the abundance of invertebrates and the presence of grouse but conditions such as acidity, slope, moisture and structure and height of heather may have an impact on the density of both grouse and invertebrates. Due to the need for chicks (Hudson & Newborn 1995) to supplement their diet with invertebrate material it is possible that grouse frequent sites with a high abundance of invertebrates. 

Analysis of faecal droppings

In order to make direct inferences from the composition of the faeces to the composition of grouse diet, two assumptions must be made 1) that all constituents of the diet are represented in the faeces and 2) that the relative frequencies of different items in the faeces reflect their relative importance in the diet (Lance & Mahon 1974). During studies on captive grouse at Glenamoy it was initially found that their pellets contained a large amount of material which was not recognised as heather. It was found on closer inspection that most of this material was in fact flower parts and tissue from the mid-ribs of heather leaves (Lance & Mahon 1974). It is possible that the 8.2% of fragments unidentified in the present study are in fact heather. Lance & Mahon (1974) determined that heather comprised 87.6% of the diet of incubating hens, 92.4% of the diet of other adults and 70.4% of the chicks diet. They estimated the mean amount of heather in adult faeces from month to month to be 98%. These figures compare well with the present study where 83.8% of the fragments identified (in all of the 20 droppings) were ling heather. Bell heather and cross leaved heath combined to account for 6.6% of the fragments identified. Together with the 8.2% of fragments that remained unidentified, it is possible that all types of heather could account for 98.6% of the total amount of fragments found in the faeces. Direct comparisons with Lance & Mahon (1974) were not possible due to differences in the methodologies used (the sieve sizes in each study were not the same). At Glenamoy, invertebrates amounted to 3.3% of the chicks diet, which is lower than the 12.5% identified in this study but it must be noted that only one chick dropping was analysed. There was no evidence of any invertebrate remains in any of the adult droppings analysed in this study. This contrasts with Butterfield & Coulson (1975), who found that from May to June invertebrate remains occurred in a majority of droppings from a wet moor, forming 8% of all the items in the droppings however they found almost no evidence of invertebrate remains from samples they collected from a dry moor. They determined that the invertebrate remains were primarily from the Crane fly, Tipula subnodicornis. This species is easily captured by grouse because the adults are sub-apterous. They occur only in damp habitats and would not be expected to feature to the same extent in the diet of grouse on drier moorland.
Conclusion

The most important heather characteristic determining the presence of grouse was percentage cover. Sites with grouse having a higher percentage cover of heather than the site without the species. The mean numerical abundance of invertebrates other than ground beetles was found to be significantly higher on the sites with grouse than on the site without and therefore it is possible that conditions that support a high abundance of invertebrates is more likely to support a grouse population. The study found that ling heather constituted 83.8% of all fragments in the grouse droppings. Other major food items included bell heather (4.4%) and cross leaved heath (2.2%). Invertebrate remains were found to be absent from adult droppings and made up 12.5% of the fragments in a chicks dropping.

It is widely accepted that grouse numbers have fallen dramatically in recent times (Sharrock 1980, Gibbons et al. 1993), probably due to a combination of factors. However, steps have been taken (both nationally and internationally) that may be of benefit to the grouse. Over-grazing by sheep is believed to have contributed to the decline of Red Grouse in the past but with the introduction of the single farm payment, sheep numbers should gradually begin to fall and thus improve the condition of heather on the bogs. However, it is important to avoid the effects of under-grazing which can lead to tall, rank heather which is not ideal habitat for grouse. Coillte have now adopted a policy of placing new forestry plantations away from lands of conservation value which were previously regarded as “marginal lands”, although a lot of damage has been done in terms of habitat fragmentation, this is a positive step in helping to curb the loss of Red Grouse from our peatlands. The increased interest in the conservation of this enigmatic species coupled with the aforementioned conservation prescriptions will help to maintain the integrity of grouse habitats and should provide a brighter future for Ireland’s Red Grouse. 
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Appendix.  Percentage of each invertebrate group summed over the 3 sites

	Name
	Common Name
	Bog Road

   %            n
	Upper Diamond

    %             n
	Gleann Mór

    %            n

	Family Arionidae
	Molluscs
	0
	0
	100
	3
	0
	0

	Family Cantharidae
	Soldier beetles
	100
	1
	0
	0
	0
	0

	Family Cercopidae
	Froghoppers
	0
	0
	100
	1
	0
	0

	Family Chrysomelidae
	Leaf beetles
	100
	1
	0
	0
	0
	0

	Family Elateridae
	Click beetles
	0
	0
	100
	1
	0
	0

	Family Entomobryidae
	Springtails
	66
	25
	16
	6
	18
	7

	Family Geotrupidae
	Dung beetles
	100
	4
	0
	0
	0
	0

	Family Lithobiidae
	Centipedes
	50
	3
	33
	2
	17
	1

	Family Lycosidae
	Wolf spiders
	28
	38
	31
	42
	41
	56

	Family Myrmicinae
	Ants
	15
	63
	74
	309
	11
	45

	Family Phalangiidae
	Harvestmen
	73
	178
	20
	50
	7
	17

	Family Salticidae
	Jumping spiders
	100
	1
	0
	0
	0
	0

	Family Scarabidae
	Dung beetle
	0
	0
	100
	5
	0
	0

	Family Silphidae
	Carrion beetles
	93
	28
	0
	0
	7
	2

	Family Staphylinidae
	Rove beetles
	61
	42
	10
	7
	29
	20

	Family Thomisidae
	Crab spiders
	0
	0
	0
	0
	100
	3

	Family Vitrinidae
	Molluscs
	0
	0
	100
	2
	0
	0

	Family Zoridae
	Wandering spiders
	100
	2
	0
	0
	0
	0

	Order Diplura
	Diplurans
	0
	13
	100
	6
	0
	10

	Order Diptera
	Flies
	46
	13
	18
	5
	36
	10

	Order Lepidoptera
	Butterflies
	100
	1
	0
	0
	0
	0

	Suborder Prostigmata
	Mites
	0
	0
	100
	2
	0
	0

	Superfamily Ichneumonoidea
	Ichneuman wasps
	0
	0
	0
	0
	100
	1
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