
 
 

 

        

 

χȢςȢτÁ &ÏÒÁÇÅ ÑÕÁÌÉÔÙ ÏÆ ÓÅÍÉ ÎÁÔÕÒÁÌ 
ÇÒÁÓÓÌÁÎÄÓ ÏÆ ÔÈÅ !ÒÁÎ )ÓÌÁÎÄÓȢ 

 

Louise Duignan, James Moran, John Finn, Daire Ó hUallacháin 

 

 

May 2018 
 



Forage quality of semi-natural grasslands on the Aran Islands  

 

  ii  

Table of Contents 

 
 

List of Figures         iv 

List of Tables          v 

Abstract          vi 

Introduction           1 

Methods          3 

 Site overview         3 

Site management        3 

Forage sampling         6 

Forage production        6 

Forage analysis        7 

Forage botanical composition       7 

Statistical analysis        7 

 

Results          9 

Classification of vegetation types and forage quality and quantity  9 

Summer-grazed pasture      9 

Winter-grazed pasture       9 

Forage quality during the grazing season.      11 

Crude protein          11 

Acid detergent fibre        12 

The mineral concentrations in Aran forages     14 

 

Discussion          18 

Vegetation types, forage quality and seasonal variation   18 

Forage quality and the nutritional requirements of suckler cows  19 

Mineral imbalances and deficiencies in Aran pasture types   25 

Phosphorus         25 

Calcium and Magnesium      25 

Calcium Phosphorus ratio      26  

Potassium, Calcium and Magnesium ratio    26  

Iodine         27 

Sodium        27 

Zinc, Molybdenum and Copper     27  

Zn:Cu ratio        27  



Forage quality of semi-natural grasslands on the Aran Islands  

 

  iii  

Copper and Molybdenum ratio     28 

Iron and Zinc ratio       29 

Conclusions          33 

References          35 

Appendices          37 

 



Forage quality of semi-natural grasslands on the Aran Islands  

 

  iv 

List of Figures 

Figure 1. Location of study plots on the Aran Islands.     4 

Figure 2. Sample farm on Inis Meain.      4 

Figure 3. Aerial view of winter grazed pasture on Inis Meain   5 

Figure 4. Aerial view of summer grazed pasture on Inis Meain   5 

Figure 5. Sampling for forage yield and quality on the Aran Islands.  6 

Figure 6. Botanical survey using 2m x 2m quadrats     8 

Figure 7. Mean (± standard error) levels of crude protein measured in  

summer-grazed and winter-grazed pastures on the Aran Islands on a  

seasonal basis        11 

Figure 8. Mean (± standard error) Acid detergent fibre in summer-grazed  

and winter-grazed pastures on the Aran Islands on a seasonal basis 12 

Figure 9. Seasonal (January versus May) comparison of mineral concentrations  

in SGP and WGP forages.        15 

Figure 10. NMS ordination of relevés overlaid with forage quality parameters 16 

Figure 11. Graph of monthly energy needs of suckler cow for maintenance,  

pregnancy and lactation       21 

Figure 12. Examples of forages and their use within a selection of  

winter-grazed pasures (WGP) and summer-grazed pastures (SGP)  

sampled throughout the year      32 

  



Forage quality of semi-natural grasslands on the Aran Islands  

 

  v 

List of Tables 

Table 1: Mean (± standard error) of species richness per 4m2, annual  

dry matter yields, and forage quality variables for SGP and WGP  

on the Aran Islands.        10 

Table 2. Spearmanôs rank (rho) correlation coefficients for forage quality  

variables. DM, dry matter , CP, crude protein; ADF, acid detergent  

fibre and; NDF, neutral detergent fibre.      13 

Table 3. Mean ± (s.e.m) of dietary mineral concentrations for Aran vegetation  

types.          14 

Table 4. Nutrient requirement of beef cow (545 kg) and nutrient surpluses and  

deficits to requirement in Aran forages when grazed.    24 

Table 5. Distribution of forage sample results across different Ca:P ratios in  

each of May and January, and for both summer- (SGP) and  

winter-grazed (WGP) pastures.      26 

Table 6. Distribution of forage sample results across different K/(Ca+Mg)  

ratios in each of May and January, and for both summer- (SGP) and  

winter-grazed (WGP) pastures.      26 

Table 7. Distribution of forage sample results across different Zn:Cu ratios  

in each of May and January, and for both summer- (SGP) and  

winter-grazed (WGP) pastures.      27 

Table 8. Distribution of forage sample results across different Cu:Mo ratios  

in each of May and January, and for both summer- (SGP) and  

winter-grazed (WGP) pastures.      28 

Table 9. Distribution of forage sample results across different Fe:Zn ratios  

in each of May and January, and for both summer- (SGP) and  

winter-grazed (WGP) pastures.      29 

Table 10. Mineral requirements and maximum tolerable concentrations  31 

  



Forage quality of semi-natural grasslands on the Aran Islands  

 

  vi 

Abstract 

The Aran Islands are an important site for a number of priority terrestrial habitats under 

the Habitats Directive. Traditional grazing regimes have helped shape these landscapes 

are likely to be the most effective and sustainable way to maintain the rich biodiversity of 

semi-natural grasslands within priority farmland habitat on the Aran Islands. However, a 

key question for the sustainable management of Aran pasturelands is whether the grazing 

potential alone is sufficient to meet the nutritional requirements of livestock. 

We investigated the seasonal variability of forage nutritional quality, annual aboveground 

net primary production, grassland utilization and botanical composition on representative 

grasslands on 25 farms across the three Aran Islands over 2 years. This report  

(1) identifies the principal grassland communities within a representative sample 

of semi-natural farmland habitats,  

(2) gives an overview of forage supply, seasonal quality and utilization, i.e. the 

production potential, of different vegetation types, and  

(3) highlights dietary and grazing management factors that may limit animal 

performance.  

Forage quality parameters exhibited community-dependent seasonal variation (e.g. crude 

protein ranged from 5 to 23% DM), and were seasonally deficient in Phosphorus, Copper, 

Zinc, Selenium and Cobalt. Yields ranged from 926 to 6704 kg DM ha
-1
 year

-1
. Species-

richness within pastures ranged from 11 to 43 plants per 4m
2
.  

This knowledge will be used to help develop an optimal-grazing management model that 

promotes biodiversity and enhances livestock production on semi-natural grasslands. 
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Introduction  

The Aran Islands are an extremely important site for a number of priority terrestrial 

habitats under the Habitats Directive (Annex 1) resulting in over 75% of the total land 

area of the Aran Islands (4,500 ha) being designated as Natura 2000 sites.  

The agricultural landscape of the Aran Islands is largely a mosaic of rare Annex I 

European farmland habitat types of high conservation value ï limestone pavement, 

orchid-rich calcareous grassland and machair. Typical farm holdings are highly 

fragmented and relatively small-scale with lower than average stocking rates (<0.5 

LU/ha), with most herds numbering less than ten animals. Poor economic return from 

such small holdings is leading to a reduction of farming on the islands. The Dept of 

Agriculture Food and the Marine estimates that the number of farms on the islands has 

decreased by more than 30% in the last 15 years.  

Traditional grazing regimes are likely to be the most effective and sustainable way to 

maintain, and in some instances restore, the biodiversity of semi-natural grasslands within 

priority farmland habitat on the Aran Islands (Smith et al. 2010). However, it is not 

known if the forages of these semi-natural calcareous grasslands meet the nutritional 

requirements of livestock.  

This study is part of the larger EU LIFE-funded AranLIFE project (2014-2018). 

AranLIFE is working with farmers to demonstrate best management practices for the 

conservation of priority EU-protected habitats that are dependent on a continued farming 

system. Central to this aim is the development of optimal grazing and supplementary 

feeding regimes that ensure both nature conservation and animal nutrition objectives are 

met. However, there is a lack of data that adequately characterizes the forage quality of 

semi-natural grasslands of high nature value. This shortcoming makes it difficult to 

devise optimal grazing regimes that meet the nutritional requirements of grazers.  

The aims of this ongoing study were to:  

(1) Identify the principal grassland communities within a representative sample of 

semi-natural farmland habitats across AranLIFE monitor farms,  

(2) Determine the nutritional status of the forage resource within these vegetation 

types across sampling dates, and  
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(3) Relate the observed nutritional status of the forage resource to livestock 

requirements. 

 

The objective of this study was thus to determine the production potential within these 

grazing systems, and ascertain whether the forages meet livestock nutritional 

requirements. Information will be used to develop optimal grazing (for biodiversity) and 

supplementary feeding management guidelines that ensure habitats are managed for both 

biodiversity and production outputs.  
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Methods 

Site overview 

The study was carried out on the three Aran Islands in the west of Ireland (Fig. 1). The 

Aran Islands are situated approximately 10 km off the west coast of Co. Clare (Latitude 

53° 05'N, Longitude 09° 35'W, 0-90m above sea level). The islands are a geological 

extension of the karstic Carboniferous region of the Burren (Co. Clare). Upper 

Carboniferous limestone strata, interleaved with layers of shale and clay, form these 

exposed islands. The soil cover is thin, with pockets of rendzina between the bare 

limestone. The three main islands extend to approximately 46km
2
. 

The islands have a temperate, mild climate. Average air temperatures  range from 7 °C 

(44.6 °F) in January to 16°C (60.8 °F) in July.Rainfall is high, the yearly average (1995-

2017) being 1208 mm (www.met.ie). The wettest months are between October and 

January with approximately 134 mm of rainfall per month during these months. The 

driest months are April and May with mean rainfall levels of approximately 70 mm per 

month (1995-2017). 

 

Site management 

The main management activity within the semi-natural grassland habitats is grazing, with 

spring-calving suckler cow/drystock herd being the prevalent farm enterprise. Grazing 

systems on the Aran Islands are fragmented (Fig. 2) and can be decribed as óreverse 

transhumanceô agriculture; livestock graze the relatively more exposed pastures on the 

south side of islands from late-October to March/April (Fig. 2), and once spring-calving 

commenses, herds are moved to sheltered fields to the north from mid-March to October.  
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Figure 1: Location of study plots on the Aran Islands.  

 

 

 

 

 

 

           

 

 

 

Figure 2: Sample farm on Inis Meain. Land parcels coloured solid black = summer-grazed 

pasture and hatched land parcels = winter-grazed pasture. 
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Figure 3: Aerial view of winter grazed pasture on Inis Meain 

 

Figure 4: Aerial view of summer grazed pasture on Inis Meain  



Forage quality of semi-natural grasslands on the Aran Islands  

 

  6 

Forage sampling  

Sampling for forage quality was performed on 50 randomly selected sites, i.e. two land 

parcels from 25 randomly selected AranLIFE monitor farms across the three Aran Islands 

(Inis Mór, Inis Meáin, and Inis Oírr) (Fig. 1, 3 and 4). 

Forages were collected from homogeneous stands of vegetation over 10 sampling dates 

between March 2015 and January 2017. Sample locations were located using a GPS and 

approximately 500 g of forage were cut using grass clippers to ground level (Fig. 5).  

 

Forage production 

Annual above-ground net primary production (ANPP) was quantified using the moveable 

cage (1m x 1m x 0.4m) method (Mc Naughton et al. 1996), across eight representative 

sites. Forages were cut to ground level within a 0.5m x 0.5m quadrat and oven-dried to 

constant weight (60°C for 48 hours) to determine percentage dry matter.  

 

 

 

Figure 5: Sampling for forage yield and quality on the Aran Islands. Red arrows indicate 

the associated sampling (lower panel) of the vegetation in the exclusion cage (upper 

panel).   
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Forage analysis 

A total of 369 forage samples were collected over 10 sampling occasions between March 

2015 and January 2017. Samples were analysed for oven dry matter (DM), N (Dumas 

method), crude protein (CP) (N x 6.25), ash, acid detergent fibre (ADF), and neutral 

detergent fibre (NDF) (Van Soest analysis) at the Agri-Food and Biosciences Institute, 

Northern Ireland.  

In addition, 76 forage samples were analysed for dietary minerals, i.e. P, Mn, Ca, Na, K, 

Cl, Mg, Cu, Zn, Se, Co, I (Inductively Coupled Plasma ï Mass Spectrometry), during 

May 2015 and January 2016.  

 

Forage botanical composition  

Botanical surveys were carried out between June and July 2016 using national 

methodologies (OôNeill et al. 2013). The vascular plant species in 2m x 2 m quadrats at 

each sampling site (Fig. 6) were recorded and their cover estimated using the Domin 

scale (Mueller-Dombois and Ellenberg 1974). These data were used to accurately assign 

each sampling location to a vegetation type using two way hierarchical cluster analysis 

(PC-ORD vers. 5: Sørensen distance measure and Flexible-beta (ɓ = ī0.25)), with 

indicator species analysis used to provide a quantitative and objective point to prune the 

cluster analysis dendrogram (McCune and Grace 2002). 

 

Statistical analysis 

The general linear model univariate procedure in SPSS version 14 was used to perform a 

two factor analysis of variance (GLM Anova) to test significant differences in forage 

quality variables between date and plant community.  

Non-metric multidimensional scaling ordination and hierarchical, agglomerative, 

polythetic cluster analysis was used to identify vegetation community types (PCORD, 

McCune & Mefford, 2011).  

The Mann Whitney U test was used to test for a significant difference in measured 

variables between grassland types.  
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Figure 6: Botanical survey using 2m x 2m quadrats  






















