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SUMMARY 
 
In Ireland mountain, hill and peat lands above 150 m (OD) account for 1.5 
m ha and sheep farming is a very important enterprise in these regions.  
Successive National Farm Survey reports show that flock productivity is 
low at about 0.75 lambs reared per ewe joined with rams. For the individual 
sheep farm, ewe flock productivity, lamb growth rate, market price and low 
input costs are the main factors affecting competitiveness and income.  The 
options to improve the physical performance of the sheep enterprise on hill 
farms are limited by the proportion of lowland available.  Sustainability 
must also be assured.  Thus the objective of this project was to exploit the 
integrated use of hill and lowland in a sustainable manner.  
 
The project was carried out during 4 years (1998/99 to 2001/02) at the 
Teagasc Hill Sheep Farm at Leenane, Co. Mayo.  The farm consists of 250 
ha of hill land and 20 ha of reclaimed lowland and varies in altitude from 15 
to 275 m above sea level.  It is possible to cut silage on about 10 ha of the 
lowland.  Average annual rainfall at the farm was 2124 mm for the 10 years 
1993 to 2002 and 2188 mm for the four years of the project.  Annual 
fertiliser application (kg/ha) of nitrogen, phosphorus and potassium to 
lowland was about 130, 18 and 45. 
 
The project involved two integrated systems aimed at maximising the use of 
hill (Hill) and lowland (Lowland) grazing respectively.  The Hill and 
Lowland systems consisted of 200 Blackface ewes mated to Blackface rams 
and 150 Blackface ewes crossed with Belclare rams respectively.   Hill 
ewes spend their first three breeding seasons on the hill and are then 
transferred to the Lowland system. The flock performance targets were, a) 
0.9 (Hill) and 1.2 (Lowland) lambs reared per ewe joined, b) male Hill and 
Lowland lambs finished to carcass weights of 12 and 18 kg, respectively, 
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and c) Hill and Lowland female lambs to weigh 40 kg at first mating (18 
months) and 36 kg at about 6 months old, respectively.  
 
Reproductive performance for the Hill flock (0.90 to 0.95 lambs reared per 
ewe joined) was superior to that recorded for National Farm Survey hill 
farms.  Ewes in the Lowland system reared 1.24 lambs per ewe joined.  
Average ewe mortality over the four years for the Hill and Lowland flocks 
was 6.7% in both cases with 1.9% and 3.1% of this due to sheep pulmonary 
adenomatosis in the Hill and Lowland flocks, respectively.  
 
The target carcass weights for male lambs were generally achieved.  For 
both systems the weaning weight of male lamb was too low to achieve the 
targeted carcass weights by October without concentrate supplementation.  
The liveweight targets for Hill and Lowland female lambs were also 
achieved.  
 
Although supplementary lamb creep was introduced pre-weaning in the 
final 3 years compared with post-weaning in 1999, no obvious improvement 
in average weaning weight was recorded.  However supplementary creep 
did help to ensure that the lighter male lambs reached the slaughter weight 
targets, especially in 2000 and 2001 but appeared to be less effective in 
2002 when lambs remaining in October had to be housed and finished on 
concentrates to reach slaughter weight before the end of the year.  
 
During April and May pasture supply, with heights of 3 to 4 cm, may have 
limited ewe intake and therefore milk supply and lamb growth rate during 
early lactation.  Heights of about 5.5 cm in June and 6 to 6.5 cm thereafter 
also need to be improved.  Changes in the Lowland autumn resting date, 
nitrogen application times and timing of closing for silage are suggested 
management options to improve ewe and lamb performance. 
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Measurement of roundworm parasitic burdens in ewes and lambs in 2001 
and 2002 showed that levels were sufficiently low as not to affect sheep 
performance. 
 
The inclusion of the Lowland system greatly improved the overall financial 
performance of the farm with average gross margins per ewe for Hill (€40) 
little over half that for Lowland (€71).  This effect can be generalised to 
areas where there are varying proportions of lowland to hill with the Hill 
and Lowland systems representing the extremes.  
 
 



 

 1 

INTRODUCTION 
 
 
Mountain, hill and high level peat lands above 150 m (OD) account for 1.5 
m ha (Lee, 1985) in Ireland.  Sheep farming is the main livestock enterprise 
in this area and is an important segment of the national sheep industry.  
Successive National Farm Survey reports show that average stocking rates 
are less than 2 ewes/ha and flock productivity, at about 0.75 lambs reared 
per ewe joined with rams, is low.  This is mainly due to high mortality of 
ewes and lambs. Changes in CAP, modification of policies to meet new 
World Trade Organisation initiatives, environment protection and concerns 
for food quality and animal welfare will drive hill sheep farming patterns 
for the foreseeable future.  For the individual sheep farm, ewe flock 
productivity, lamb growth rate, market price and input costs remain the 
main factors affecting competitiveness and income.  Individual Blackface 
hill flock size of 148 ewes (National Farm Survey, 2002) is insufficient to 
exploit the economies of scale which are available to competitors.  The 
options to improve the physical performance are largely limited by the 
proportion of lowland available and the market options are limited by the 
type of lamb which can be produced, and the timing of this production.  The 
overall challenge was to investigate improved methods to combine 
productive and protective use of hill land resources in a way that improves 
farm income in a sustainable manner.  
 
The project was carried out during the 4 sheep years, 1998/99 to 2001/02.  It 
was one of two integrated projects at the Teagasc Hill Sheep Research 
Station at Leenane, Co. Mayo.  The other ongoing project involves on-going 
assessment of the vegetation resources.  The objective was to develop two 
integrated systems, a) Hill system and, b) lowland cross-breeding 
(Lowland) system, which would optimise the use of hill and lowland 
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vegetation and facilitate broader applicability of the results, relative to 
varying proportions of low to hill land encountered in the hill farming areas.  
The Hill and Lowland systems, respectively, consisted of 200 Blackface 
ewes mated to Blackface rams and 150 Blackface ewes crossed with 
Belclare rams.  
 
Survey results in the 1960s (Daly, Teagasc, unpublished) showed that the 
proportion of all land (including commonage; used by 50% of farmers) 
which was mowable, averaged 6% in Maam and Twelve Bens, 15% in 
Newport, 25% in Louisburg and 41% in Tourmakeady.  It is about 4% at the 
Leenane Farm.  
 
The production targets were to finish Hill and Lowland male lambs to 
carcass weights of 12 and 18 kg respectively, that the Hill flock would 
produce its own replacements and that the Lowland females would be 
suitable as replacements in lowland meat lamb systems.  This would 
overcome the problem of traditional unsteady trading markets to lowland 
farmers and give improved producer independence and control.  It was 
decided that changes would be continually introduced as weaknesses were 
identified or new information became available.  Earlier and ongoing 
studies at Leenane are reported in Hanrahan and O’Malley (1999), Walsh et 
al. (2000), Guinan et al. (2002) and Walsh and Feinstein (2003). 
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MATERIALS AND METHODS 
 
 
Location and layout:  The Teagasc Hill Sheep Farm is about 20 km inland 
from the western seaboard and about 8 km northeast of the village of 
Leenane (lat. 53˚37’ to 53˚38’, long. 9˚41’).  It is within the eastern part of 
the Sheeffry Hills and has a general southerly aspect.  The Erriff river is 
immediately south and east, forestry joins it to the west and a ridge marks 
its boundary to the north. It is enclosed by a livestock-proof fence and in 
this feature differs from the surrounding hills and mountains which are 
grazed as commonage.  The physical and physiographic characteristics of 
the hill have been described in detail in Egan (1995), Little (1995) and 
Walsh et al. (2000).  The farm area consists of 250 ha of hill land and 20 ha 
of reclaimed lowland and varies in altitude from 15 to 275 m above sea 
level. It is possible to cut silage on about 10 ha of lowland.  The general 
layout of the hill area, its six main physiographic elements and other details 
are described in Walsh et al. (2000).  
 
The hill area is bisected, into areas of approximate equal grazing potential, 
by a ‘grass fence’ consisting of two parallel lines of electrified wire at 0.75 
m apart and 0.3 m above ground level running from the foot-slope to the 
summit.  The lowland is sub-divided into 10 paddocks, which vary in size 
from 0.8 to 4 ha (Table 1 and Figure 1).   
 
Table 1: Lowland field numbers, local names, areas and uses 
Field no Local name Area (ha) Use 

1 Coynes* 1.82 Grazing/silage 
2 Nees* 2.23 Grazing/silage 
3 Small hill 0.61 Grazing 
4 Below shed 2.43 Grazing 
5 Hill 4.0 Grazing 
6 Sheep house 0.8 Grazing 
7 Reilly’s shrah* 2.83 Grazing 
8 Reseed 92 1.8 Grazing 
9 Reseed 93 1.8 Grazing 

10 Bridge field 2.0 Grazing 
* = Liable to flooding  
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Climate:  Climatic conditions fall within the general mild damp and equable 
pattern in Ireland.  Records were taken each Monday morning for the 10 
years 1993 to 2002 at 30 m OD and the monthly averages are in Figure 2.  
Average annual rainfall was 2124 mm (range 1,782 in 1993 to 2,610 in 
1998).  It averaged 2128 mm over the four years of the project.  
 
 

Farm facilities:  The farm facilities include a four-bay back-to-back slatted 
sheep house with capacity for 240 ewes, an uncovered concrete apron for 
silage storage, a sheep handling unit with a footbathing and weighing race, 
dipping tub and sorting pens and a general purpose 2-bay hayshed for 
storage and sheep shearing.  Machinery consisted of one tractor, tractor and 
car trailers, fertiliser spreader, pasture topper, silage block cutter and a 
transport box. Silage harvesting and shearing were contracted.  The entrance 
road (Figure 1), which divides the hill and lowland, extends from east to 
west beyond the sheep house and was adequate for internal farm transport.  
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Sheep systems:  The land areas and numbers of ewes in the Hill and 
Lowland systems are in Table 2.  It was intended that, in terms of ewe 
grazing days, about 80% of grazing by the Hill and Lowland flocks would 
be obtained from the hill and lowland vegetation respectively, as described 
below.  
 
Table 2: Layout for Hill and Lowland flock areas at Leenane 

 No of ewes Lowland (ha) Lowland fields* 
Hill flock 200 5.6 8, 9, 10 
Lowland flock 150 14.4 1 to 7 

* Field numbers are those in Table 1 
 
The integration between the two sheep systems is outlined in Figure 3.  
Ewes in the Hill system were given the opportunity to produce 3 lamb crops 
on the hill and were then transferred to the Lowland system where they 
were crossed.  Here it was expected that about 80% of them would produce 
2 lamb crops and the remainder 3 crops.  They were culled when considered 
unfit for further production, mainly based on examination of mouths and 
udders.  Locally sourced Blackface rams were used on the Hill flock and 
Belclare rams on the Lowland flock.  Flock replacements were home bred 
and all sheep were permanently identified at birth by means of duplicate ear 
tags.  
 

 Hill flock - 200 ewes  
↓   ↓  

90 male lambs  90 female lambs 
↓   ↓  

12 kg carcass 60 post 3rd crop transfer 
not later than Sept 

80 replacements 
8 sold 

   
 Lowland flock - 150 

ewes 
 

↓   ↓  
90 male lambs  90 female lambs 

↓   ↓  
18 kg carcass 51 cast ewes To lowland farms 

 
Figure 3: Integration between the Hill and Lowland flocks 
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The primary aim in these systems was to produce, a) ewe replacements of 
40 kg at first mating within the Hill system and cross-bred females of 36 kg 
in September of their first grazing season for sale as replacements for 
lowland flocks, and b) Hill and Lowland male lambs of 12 and 18 kg 
carcass weights respectively.  Ewe reproductive performance targets for the 
Hill and Lowland systems were 0.9 and 1.2 lambs reared per ewe joined, 
respectively.  Also it was intended that the inclusion of the two systems, 
each using different amounts of lowland, would provide a framework for 
the transfer of information relative to the proportion of lowland in different 
locations.  
 
Management details 
 
Mating to lambing: In September 1998 the 389 Blackface ewes which had 
been run as one flock (Hanrahan and O’Malley, 1999) were divided so as to 
transfer all 4th crop and older ewes into the Lowland flock (n= 143) and 
retain all younger ewes in the Hill flock (n=200).  About 80 Hill flock 
replacements were reared each year.  Ewes grazed on their respective 
lowland areas during mating, which commenced in late October for the 
Lowland flock and mid-November for the Hill flock.  All ewes were mated, 
in groups of 40 to 45, with individual rams, to generate pedigree 
information.  All matings were recorded through the use of crayon markers 
and this information was subsequently used to facilitate management 
through segregation into groups according to expected lambing date.  After 
a 5-week mating period rams were withdrawn and all ewes were put to 
graze on the hill.  
 
The Lowland flock was pregnancy scanned at housing in the third week of 
January.  They were offered silage ad libitum supplemented over the final 6 
weeks of pregnancy with concentrates (g/head/day) at 200 increasing to 700 
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at lambing for the twin-bearing ewes and 225 increasing to 450 for single-
bearing ewes.  The Hill flock continued to graze on the hill until pregnancy 
scanning in mid-February.  Then the twin-bearing ewes were retained on 
about 4 ha of fenced hill and offered hay ad libitum with concentrate 
supplementation increasing from 200 to 700 g/day at lambing.  The 
remainder were returned to the hill.  The body condition score of those on 
the hill was checked at 2/3-week intervals and any ewes with a score of 2 or 
less were drafted into the enclosed hill area for supplementary feeding.  By 
late March this procedure resulted in about half of the Hill flock being 
removed from the hill.  The other half were moved to their lowland area for 
lambing.  
 
All housed Lowland ewes were moved outdoor into the appropriate lowland 
area for lambing in cohorts according to mating date.  During this period 
they were offered concentrate supplement at 450 g/head/day.  The stated 
composition of the concentrate supplement offered to pregnant ewes is in 
Table 3.  
 
Lambing to weaning: In the Hill flock, ewes rearing single female lambs 
were allocated a separate part of their lowland grazing at lambing to 
facilitate an early return to the hill, where they remained until weaning.  All 
twin and single male lambs were retained on lowland in two groups.  The 
twins and male singles of 10 kg or less were offered supplementary creep as 
described below and male singles over 10 kg liveweight grass only.  These 
remained on the lowland until weaning, except for 1 or 2 periods of 7 to 10 
days on the hill to reduce lowland grazing pressure and allow grass 
recovery.  All ewes and lambs in the Lowland flock were grazed on lowland 
until weaning when lambs were 14 weeks old.  They were divided into two 
groups - twins which were offered supplementary creep and singles on grass 
only.  Shearing was carried out in the first week of July. 
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Supplementary creep for lambs: In 1999, the first year of the project, 
concentrate creep (Table 3) was introduced as a remedial measure to get 
over the problem of Hill (average 20 kg) and Lowland (average 30 kg) male 
lambs being too light at weaning to reach the target carcass weights by mid-
October.  On 3 August, 62 Hill lambs of 23 kg or less liveweight and 41 
Lowland lambs of 27 kg or less liveweight were offered creep.  Following a 
1-week introductory period indoor they were returned to their respective  
 
Table 3: Composition of concentrate supplements used  
 Pregnant 

ewes 
Lamb 
creep 

Replacements Lamb 
finish 

Crude protein (%) 18.0 18.0 16.0 18.0 
Oil (%) 5.5 2.5 3.7 7.0 
Fibre (%) 7.5 10.0 7.5 5.5 
Ash (%) 7.0 7.5 7.0 8.2 
Vit A (i.u./kg) 10000 10000 10000 12000 
Vit D (i.u./kg) 2000 2000 2000 3000 
Vit E1 (mg/kg) 15.0 50.0 15.0 30.0 
Se2  (mg/kg) 0.5 0.3 0.5 0.7 
1ơ - tocopherol; 2 Sodium selenite 
lowland areas at approximately 15 per ha until 16 October.  Then the 83 
lambs not yet drafted for slaughter were housed and offered concentrates ad 
libitum until final drafting on 18 November.  Consumption was 300 
g/lamb/day from10 August to the 3 September and thereafter 340 g per day 
until drafting on 18 November.  
    
In subsequent years, creep was introduced in the normal grazing situation to 
all twin lambs and male lambs of 10 kg or less in the Hill flock and all twin-
born male lambs in the Lowland flock from early May in 2000 and 2001 
and late April in 2002.  At weaning all male Hill and Lowland lambs of 23 
and 27 kg or less respectively, were offered supplementary creep until 
slaughtered at the ages given in Tables 13 and 14.  The total quantities of 
creep consumed per lamb on creep are in Table 4, which also shows the 
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amounts used per male lamb in the whole flock.  Generally the Hill and 
Lowland lambs consumed about 3 kg and 12 kg pre-weaning, respectively.  
 
Rearing hill lamb replacements: In the Hill system about 80 females were 
retained as replacements each year.  The objective was to ensure that they 
would be 40 kg at first mating at 19 months of age.  Single female lambs 
were put to the hill at about 3 weeks of age and remained there until mid 
September, except when brought down with their mothers for shearing and 
weaning.  Twin ewe lambs were retained on lowland and offered creep from 
about 3 weeks old.  
 
All Hill replacements grazed on the lowland for 2 to 3 weeks in September.  
Then they were returned to the hill until housing (early January in 1999, 
early December in 2000 and mid-November in 2001 and 2002).  At housing 
they were divided into heavier and lighter groups and offered silage ad 
libitum + concentrates (g/head/day) at 182 to the heavy group and 272 to the  
 
Table 4:  Quantities (kg/head) consumed by male lambs offered 
supplementary creep in 1999, 2000, 2001 and 2002 and in () quantities 
consumed per male lamb in the whole flock  

 Hill lambs Lowland lambs 
1999 36 36 
2000 10 (6) 24 (11) 
2001 15 (7) 36 (24) 
2002 33 (17) 60 (46) 

   
light group until mid April.  Each lamb in the heavy and light groups, 
respectively, consumed 27 and 41 kg concentrates during their first winter 
(average 34 kg overall).  The creep consumed by female twin lambs which 
were retained on lowland up to weaning would amount to less than 1 
kg/lamb across all replacements.  The second grazing season commenced 
about 20 April and with the exception of the lighter 10% being taken to 
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lowland from early September to mid-October, the whole of this grazing 
season was spent on the hill.  
 
Disease prevention and control: Ewes and ewe replacements received an 8-
in-1 vaccine according to recommendations, which included protection 
against pneumonia in the pre-lambing vaccination.  They were dosed for 
roundworms about 5 weeks after lambing, using a 3-year rotation of 
Benzimidazole, Avermectin/milbemycin and Levamisole.  Dosing for liver 
fluke was carried out in October, mid-December, February and April, 
alternating closantel/nitroxynil with triclabendazole between years.  Lambs 
were dosed for roundworms at around 5 weeks old and at about 4-week 
intervals thereafter for these that remained on the lowland.  Flock 
replacements were treated as lambs until September with regard to 
treatment for roundworms and thereafter as ewes for all disease prevention 
and control interventions.  Cobalt was given separately (except mixed with 
Levamisole) to ewes at each time of dosing for roundworms and to lambs at 
each time of dosing for roundworms post weaning.  No generalised foot-
pairing and bathing were carried out.  Only ewes or lambs which were 
noticed lame at handling times were individually treated by pairing and 
application of an antibiotic aerosol.  
 
In mid-October ewes with even numbered ear tags were dipped for control 
of scab while those with odd numbered ear tags were injected with 
moxydectin in 1998/99 and 1999/00 and with doramectin in 2000/01 and 
2001/02.  Results in Table 5 show that these scab control methods did not 
affect ewe reproductive performance but the injected ewes had a small 
advantage in bodyweight around mating.  
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Table 5: Effect of scab control methods on ewe bodyweight and 
reproduction 
Trait Scab control method 
 Dipped Injected 
Pre-flushing 45.0 45.3 
Pre-mating 45.3 45.8 
Post-mating 43.7 44.5 
End January 42.5 42.8 
Percent ewes lambing 89 89 
Lambs born / ewe to ram 1.15 1.14 
 
Ewe and ram culling:  Ewe culling was mainly based on mouth and udder 
condition.  Ewes for culling, when identified at weaning and were retained 
on their respective lowland areas until ready for slaughter in September 
while all those retained for breeding were returned to the hill until mating.  
Ram replacements consisted of local purchases of 2 to 3 Blackface rams for 
the Hill flock; 5 Belclare rams were transferred each year from the breeding 
programme at Athenry Research Centre.  The latter were part of a ram 
evaluation programme at Athenry.  
 
Fertiliser use:  The Hill area received no artificial fertiliser.  Particular 
attention was given to weather forecast in planning fertiliser application to 
avoid problems in some lowland areas which were liable to flash flooding 
following periods of high rainfall (Table 1).  Fertiliser application for the 
years 1994 to 2002 are in Figure 4 showing a large reduction in the use of N 
and K over time.  Lowland areas designated for grazing received (kg/ha) 67 
N, 22 P and 44 K in late February/early March, followed by two further 
applications of 34 N in May and June.  The area for early grazing followed 
by silage received (kg/ha) 69 N, 18 P and 75 K in late February/early March 
and 85 N 18 P and 75 K at closing for silage.    



 

Winter forage:  Each year, silage was obtained from fields 1 
and 2 (Table 1) which were closed in the 3rd week of May and 
harvested in the 2nd week of July.  Formic acid was added at 
harvesting and it was stored in a clamp on a concrete base.  In 
addition 1 t of hay was purchased each year and offered to 
selected thin Hill ewes pre-lambing as indicated earlier. 
  
Measurements   
Sheep:  Lambs were weighed and tagged within 24 h of birth.  Hill lambs 
were weighed again at about 3 weeks of age when female singles were 
moved to hill grazing.  Lowland lambs were weighed at 5 weeks of age.  
Further weighing was carried out for all Hill and Lowland lambs at 
weaning, for all females in September and for all males before slaughter. 
Carcass weight was recorded for all lambs slaughtered.  The Hill female 
lambs were subsequently weighed periodically as set out in Table 16.  Ewe 
liveweight and body condition score (CS), on the scale 1 = very thin to 5 = 
very fat, were recorded, pre-flushing, pre-mating, mid-pregnancy, at 

 13 
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lambing and 5 weeks post-lambing.  Mortality in ewes due to general causes 
and sheep pulmonary adenomatosis (SPA) were separately recorded.  The 
notifiable but not-scheduled SPA disease was first diagnosed at Leenane in 
1997 and its appearance was attributed to bought-in sheep.  The retrovirus 
involved causes the development of a lung tumour which leads to a 
progressive accumulation of fluid within the respiratory passages.  Sheep 
detected with this disease were put down and did not enter the food chain.  
Lamb mortality was separated into those dead born or died prior to tagging 
and those which died subsequently.  
 
Faecal egg counts:  The number eggs per gram of faeces (EPG) was 
determined weekly for ewes and lambs on the lowland areas of both 
systems from April to October during the 2001 and 2002 grazing seasons 
using the FECPAK® method (www.fecpak.com).  Eggs from Nematodirus 
and other Trichostrongyles were enumerated separately. 
 
Soil:  Analysis of lowland soil for each of the 10 fields was carried out in 
February 1998 and in March 2002, when pH, and levels of phosphorus and 
potassium were estimated.  
 
Vegetation:  Pasture height measurements in the lowland fields were carried 
out weekly during the 2001 and 2002 grazing seasons to determine the 
adequacy of pasture supply for sheep grazing and to identify if and where 
deficiencies existed.  The height of the undisturbed herbage was measured 
at 50 random locations within each field using the Grasstec Rising 
Platemeter and expressed as mean height (cm) per field.  
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RESULTS AND DISCUSSION 
 
Ewe performance 
 
Results for ewe liveweight and CS at selected periods of the reproductive 
cycle are in Tables 6 and 7.  In general the liveweight and CS declined from 
mid-pregnancy to lambing and increased during the 5 weeks after lambing.  
Liveweight and CS at this time were maintained up to flushing and only 
about 1 kg was gained during the flushing period.  However conception and 
lambing performance were good as described below.  It is interesting to 
note that the older ewes in the Lowland flock were on average 5 kg heavier 
at mating compared with those in the Hill flock and reared an average of 
0.29 lambs more per ewe.  
 
Table 6: Ewe liveweight (kg) for Hill and Lowland flocks during 4 years 
(1998/99 to 2001/02) 
 Hill Lowland 
 1999 2000 2001 2002 1999 2000 2001 2002 
Pre-flushing  42.5 42.2 42.8 41.1 44.6 46.6 48.1 48.1 
Pre-mating  43.4 42.7 42.0 41.9 45.3 47.2 47.8 49.6 
Post mating  40.1 40.8 40.4 39.9 45.9 45.6 46.9 49.9 
Mid- pregnancy  40.0 40.3 40.5 38.4 45.6 43.9 45.2 45.3 
Lambing  37.4 38.9 34.0 34.2 44.1 44.2 42.2 42.6 
5 weeks post- lambing  40.7 41.4 40.4 40.1 45.3 45.7 45.3 49.6 
Weaning  42.5 43.3 42.7 43.9 46.5 45.2 45.7 49.6 
 
 
Table 7: Ewe body condition score for Hill and Lowland flocks during 4 
years (1998/99 to 2001/02) 
 Hill Lowland 
 1999 2000 2001 2002 1999 2000 2001 2002 
Pre-flushing  3.3 3.2 3.1 3.1 3.2 3.2 3.3 3.3 
Pre-mating  3.3 3.1 2.9 3.1 3.3 3.3 3.2 3.2 
Post mating  3.1 2.9 2.8 2.7 3.3 3.3 3.2 3.3 
Mid- pregnancy  3.0 2.6 2.6 2.6 3.1 2.9 3.0 3.0 
Lambing  2.4 2.4 2.2 2.3 3.0 3.1 2.9 2.8 
5 weeks post- lambing  2.5 2.8 2.7 2.8 3.1 2.9 2.9 3.2 
Weaning  3.1 3.1 3.1 3.2 3.2 3.2 3.1 3.2 
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Ewe fertility:  The percentage of ewes that lambed, relative to those alive at 
the end of mating was lower in the Hill (89%) than in the Lowland (93%) 
flock.  The difference, in part, is due to the fact that 2-tooth ewes had a 
significantly reduced fertility in the Hill flock and also reflects the greater 
mortality over the winter period in the Hill flock.  Year was not a significant 
source of variation for fertility in either flock.  
 
Spread of lambing:  This provides a profile of the duration of the lambing 
season.  Lambing date was expressed as a deviation from the mean date of 
each flock each year to allow for the fact that joining date varied slightly 
among years.  Results in Figure 5 show that 90% of all ewes lambing in the 
Hill flock did so within an 18-day period.  The corresponding number of 
days was 24 for the Lowland flock.  The greater spread in the Lowland 
flock is most likely due to the fact that most of the lowland rams used were 
ram lambs and that conception rate over the first cycle of joining was 
probably below normal.  This is supported by the indication of a secondary 
peak at 10 to 12 days after the mean lambing date.  It is also possible that, 
due to the earlier joining date for the Lowland flock, some ewes were not 
cyclic at joining.  There was no evidence that age of ewe (1½, 2½ or 3½ 
years) affected lambing date in the Hill flock. 
 
Lambing performance:  Results for the Hill flock are in Table 8 and in more 
detail in Appendix Table A1.  Overall, average litter size (lambs born alive 
and dead per ewe lambing) of 1.12 was good.  The average number of 
lambs born (1.0) and reared (0.94) per ewe joined were superior to the 
corresponding levels of 0.87 and 0.72 for Scottish Blackface hill flocks in 
the National Farm Survey (Hanrahan, 1997), especially considering that the 
Hill flock was younger.  There was no evidence of improvement over time, 
possibly indicating a need to improve bodyweight and CS from weaning to 
mating.  On average 96% of lambs in utero at scanning were born and of 



 

these 4.3% were born dead or died before tagging.  Subsequent lamb 
mortality to 5 weeks old was low at 2.6%, a fraction of that (17.5%) 
reported by Hanrahan (1997) for the NFS flocks.  On average 8.4% of ewes 
were barren at pregnancy scanning, which varied very little over the four 
years and compares favourably with total barrenness of 10.5% in NFS.  
Lamb mortality was only a fraction of that (17%) recorded for the NFS 
Scottish Blackface hill flocks. 
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Figure 5: Spread of lambing in Hill and Lowland flocks 

In the Lowland flock the number of lambs reared per ewe joined averaged 
1.24 and improved steadily over the four years (Table 9).  This reflected the 
increase in liveweight at mating over the four years from 45.3 to 49.6 kg.  
On average 99% of lambs in utero at scanning were born and of these 4.5% 
were born dead or died before tagging.  Subsequent lamb mortality to 5 
weeks old was very low at 1.8%.  About 5% of ewes were barren at 
pregnancy scanning, which is slightly higher than the 4% recorded by Nolan 
and McNamara (2000) in a high output lowland system.  
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It is suggested that for both flocks, earlier drafting of lambs would facilitate 
improved ewe flushing through earlier transfer to their lowland areas for a 
longer flushing period.  In this scenario an improved ewe reproductive 
performance could offset the cost of increased lamb supplementation to 
secure the earlier drafting.  Another option would be to delay closing for 
silage as indicated below. 
 
Table 8: Ewe lambing performance for the Hill flock during the 4 
lambing seasons 1999 to 2002 
 1999 2000 2001 2002 
No ewes joined 200 197 205 207 
% barren 6.9 9.1 9.8 7.7 
No ewe deaths  - General 9 13 9 7 
   - SPA* 5 3 5 1 
Lambs born alive 193 181 192 203 
Lambs born dead 15 6 4 10 
Litter size 1.17 1.09 1.10 1.13 
Lambs reared / ewe joined 0.94 0.89 0.93 0.95 
*Sheep pulmonary adenomatosis 
 
Table 9: Ewe lambing performance for the Lowland flock during the 4 
lambing seasons 1999 to 2002 
 1999 2000 2001 2002 
No ewes joined 143 168 160 149 
% barren 5.5 4.8 3.8 4.7 
No ewe deaths  - General 5 5 4 14 
   - SPA* 3 7 5 1 
Lambs born alive 169 202 211 201 
Lambs born dead 12 10 5 9 
Litter size 1.27 1.26 1.42 1.54 
Lambs reared / ewe joined 1.27 1.26 1.42 1.54 
*Sheep pulmonary adenomatosis 
 
Ewe wastage:  Results are in Table 10.  Overall Hill ewe mortality (7%), 
was lower than that (8.7%) for NFS flocks (Hanrahan, 1997).  Sheep 
pulmonary adenomatosis was a significant contributor to this total as it 
accounted for over one third of all mortality.  In the Lowland flock overall 
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ewe mortality was 7%, with SPA responsible for 2.6%.  The main reasons 
for culling were mastitis (64%) for the Hill flock and teeth (67%), mastitis 
(16%) and age (14%) for the Lowland flock.  The much higher incidence of 
culling for defective teeth in the Lowland flock was expected due to their 
older age.  
 
Table 10: Ewe numbers and causes of ewe wastage rates (%) for Hill 
and Lowland flocks for the four years 1998/99 to 2001/02 - (%) 
Cause Hill Lowland Overall (%) 
Death 52 (6.4) 44 (7.1) 6.7 
Culling Teeth 3 (0.4) 153 (24.7) 10.9 
 Mastitis 18 (2.2) 26 (4.2) 3.1 
 Age 0 (0.0) 25 (4.0) 1.7 
 Other 6 (0.7) 7 (1.1) 0.9 
Total ewes No joined 809 620 1429 
 Wastage (%) 9.7 41.1 19.3 
 
 
Lamb growth rate 
 
All values for pre-weaning growth were corrected for sex and age of dam. 
 
Pre-weaning:   Results for Hill lambs are in Table 11.  Overall average 
daily liveweight gain (ADG; g) of Hill single and twin lambs from birth to 5 
weeks were 315 and 285 respectively.  These ADGs were relatively 
satisfactory but tended to be lower in successive years.  Between 5 and 14 
weeks (weaning) average ADG was much lower than during the 0.5 week 
period for both male singles (174 g), which continued to graze on lowland, 
and for female singles (144 g) which grazed on the hill.  Given that 
supplementary creep was offered to some single male lambs a better 
performance might be expected. Pre-weaning daily creep consumption was 
very low for the Hill lambs, averaging about 60g, possibly because they 
were predominantly single lambs with adequacy of milk to satisfy their 
needs despite the marginally adequate supply of pasture as described below.  
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With average birth weights of 3.8 and 3.4 kg for singles and twins, these 
ADGs would result in average weaning liveweights of about 23 and 20 kg 
for singles and twins, indicating a need for concentrate supplementation to 
achieve the target carcass weight of 12 kg by mid-October, given that the 
birth date was about 21 April.   
 
Table 11:  Summary of pre-weaning average daily liveweight gain 
(ADG; g) for Hill lambs for the periods birth to 5 weeks (0-5) and 5 
weeks to 14 weeks (5-14)  
Year ADG 0-5  ADG 5-14 

 Single Twin  Male singles Female singles 
1999 336 260  164 138 
2000 339 299  178 147 
2001 291 258  180 138 
2002 295 222  172 154 
 
 
Results for lambs in the Lowland flock (Table 12) show that overall ADG 
of single and twin lambs from birth to 5 weeks were 325 g and 265 g 
respectively.  Between 5 and 14 weeks the ADGs for single and twin lambs 
averaged 228 g and 205 g and were below target.  Although pasture height 
in 2001 and 2002, at about 4.5 cm, had not reached a satisfactory level at 
this time, the area available for grazing was reduced by almost 30% from 
late May when the silage area was closed.  It is suggested that delaying the 
closing date for 3 weeks could considerably improve lamb weaning weight 
without detriment to the provision of winter forage.  With average single 
and twin lamb birth weights of about 5 and 4 kg these ADGs give 
corresponding weaning liveweights of about 27 and 22 kg.  This indicates 
the need for post-weaning concentrate supplementation of lighter lambs (27 
kg or less) to secure the target carcass weight of 18 kg by mid-October 
given the average birth dates of about 5 April.  
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Table 12: Summary of pre-weaning average daily liveweight gain 
(ADG; g) for Lowland lambs during the periods birth to 5 weeks (0-5) 
and 5 weeks to 14 weeks (5-14)  

Year ADG 0-5  ADG 5-14 
 Single Twin  Singles Twins 
1999 316 248  236 215 
2000 336 285  228 200 
2001 316 266  232 199 
2002 331 260  216 204 

 
Post-weaning/slaughter:  Results for mainly male Hill and all Lowland 
lambs are in Tables 13 and 14.  The main result is that lambs in both flocks 
were taken to the target carcass weights in all years, except for the Lowland 
lambs on grass + concentrates in 1999, 2001 and 2002 when they were 
about 1 kg too light.  
 
 
Table 13: Post-weaning performance of male Hill lambs on grass only 
(G) and grass + concentrate (C) diets  

Year Diet No. of 
lambs 

Weaning 
wt (kg) 

Sale wt 
(kg) 

Growth rate 
(g/day) 

Carcass wt 
(kg) 

Age at sale 
(days) 

1999 G 40 24.9 29.8 77 12.0 163 
 G + C 63 19.7 28.0 100 11.7 183 
2000 G 41 26.2 30.8 173 12.6 137 
 G + C 44 23.7 30.5 208 12.5 151 
2001 G 51 24.9 30.1 108 12.1 145 
 G + C 44 22.1 29.4 152 11.7 145 
2002 G 46 24.4 30.9 102 12.0 154 
 G 45 22.7 29.9 106 12.1 169 

 
During the post-weaning period lambs offered creep achieved a higher 
ADG (142 g/day) than the heavier lambs without access to creep (115 
g/day).  This represents an apparent response to creep of about 1 kg ADG 
per 9 kg of creep.  While this estimate must be viewed with some caution, 
given the procedures involved, it is considered to be a reasonable 
interpretation of the evidence since grass height was essentially equivalent 
for both groups.  The use of supplements was critical to achieving the target 
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carcass weight for the lighter (23 kg or less) lambs at weaning. Table 13 
results show that the supplemented lambs were on average 3 kg (22 vs 
25kg) lighter at weaning.  If they had the same post-weaning ADG to that of 
the heavier un-supplemented lambs (110g) the lighter group would have 
been 28 days older at slaughter instead of the 8 days difference recorded.  
There was no difference in carcass weight between the groups in any year.  
 
Table 14: Post-weaning performance of Lowland lambs on grass only 
(G) and grass + concentrate (C) diets  

Year Diets No. of 
lambs 

Weaning 
wt (kg) 

Sale wt 
(kg) 

Growth rate 
(g/day) 

Carcass wt 
(kg) 

Age at sale 
(days) 

1999 G 58 31.8 40.5 118 18.6 (58) a 170 
 G + C 38 23.8 36.8 127 16.6 (38) 199 
2000 G 88 32.3 40.1 165 18.0 (53) 156 
 G + C 113 26.5 37.1 147 18.0 (53) 174 
2001 G 95 30.9 38.7 126 18.6 (38) 160 
 G + C 113 25.4 36.8 148 17.4 (74) 177 
2002 G 98 29.9 38.0 113 17.9 (29) 169 
 G + C 95 24.1 35.2 125 17.1 (80) 179 

a() = no. of predominantly male lambs for which carcass weight data were 
available  
 
Overall, supplementary creep, offered at about 300 g/day from weaning to 
drafting, was associated with improved ADG of Lowland lambs (130 vs 137 
g).  This suggests that there was a very poor liveweight gain response to the 
concentrate supplementation but the same caveat applies as pointed out for 
the hill lambs.  The supplemented lambs were about 6 kg (31 vs 25 kg) 
lighter at weaning.  If all lambs had the same post-weaning ADG as the un-
supplemented lambs (130 g) the lighter group would have been about 32 
days older at slaughter compared with the 18 days recorded, after allowing 
for the fact that lambs were generally drafted at 1 kg lower carcass weight.   
 
Table 15 presents an evaluation of how the crossbred lambs compare with 
reasonable lowland targets.  The ratios suggest that lamb performance up to 
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5 weeks falls within general experience in lowland systems.  However, the 
indications are that lamb ADG in the period 5 weeks to weaning fell 
significantly short of the norm for lowland mid-season systems.  This 
indicates that pasture supply was inadequate for lambs over the period. 
 
Table 15: Comparative average daily liveweight gain (ADG) from birth 
to 5 weeks (0-5) and 5 to 14 weeks (5-14) of the Lowland flock single 
and twin lambs  with experience in a lowland sheep breeding system 

Item Ratio Leenane Blindwell 
ADG 0-5 Twin : Single 81% 80% 
ADG 5-14 Twin : Single 89% 90% 
Singles ADG 5-14 : ADG 0-5 70% 75% 
Twins ADG 5-14 : ADG 0-5 78% 85% 

 
Rearing Hill ewe replacements:  This is a critical component of hill sheep 
farming.  Results in Table 16 show that the target liveweight of 40 kg at 18 
months was achieved, except in 2000 (37.8kg).  Indoor wintering at 
increasingly earlier dates over the final three years and the supplementation 
of the silage diet improved liveweight at 13 months of age by about 5kg.  
However this was not reflected in any improvement at mating at 19 months 
and further investigation is required to understand the nature of the 
difference recorded (for example, changes in gut fill) and to identify the 
management required to sustain the advantage throughout the second 
grazing season.  Total creep consumption (including that consumed by 
females of mixed sex twins during their first grazing season) was 34 kg per 
replacement ewe.  
 
Table 16: Liveweight (kg) of Hill replacements at selected ages for the 
four years 1998/99 to 2001/02 
Age 1998/99 2000/01 2001/02 2002/03 
6 months 25.9 22.6 25.8 25.9 
8 Months 22.8 22.5 25.3 25.2 
10 Months 24.7 24.5 28.2 28.3 
13 Months 27.3 25.9 31.0 30.9 
18 Months 39.1 37.8 38.9 40.6 



 

Lowland ewe lambs:   These cross-bred ewe lambs averaged 36 kg weight 
in mid-September and were therefore suitable for transfer to lowland farms 
as flock replacements.  On average for each of the four years total 
supplementary creep consumption was 15 kg for each of 18 twin lambs 
(females of mixed sexed twins) on creep or 2.9 kg over all 93 ewe lambs in 
the flock.  
 
Pasture height   
 
Average pasture heights from early April to early October for the 7 lowland 
fields of the Lowland system and the three lowland fields of the Hill system 
for 2001 and 2002 are presented in Figures 6 and 7.  During April and May 
pasture supply (height 3 to 4 cm) may have limited ewe intake and therefore 
reduced milk supply and lamb growth rate during early lactation.  Heights 
of about 5.5 cm in June and 6 to 6.5 cm thereafter were low and this 
probably restricted lamb ADG.  There were no marked consistent 
differences between individual fields which might be expected to influence 
the response to creep supplementation. 
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Grazing stocking rate on the hill 
 
The stocking rate on the hill, expressed as the average number of ewe 
grazing days/ha for each month of the four project years, is in Figure 8. 
These generally followed the same pattern for the different grazing season 
months and between years as those recorded in Hanrahan and O’Malley 
(1999).  The monthly patterns were consistent over the four years.  Walsh 
(2002) reported that, during the project period, vegetation cover increased 
from 64 to 84% and that grasses (particularly Purple Moor-grass) had the 
largest increase.  
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Faecal egg counts 
 
The overall patterns for roundworm eggs in faeces (EPG) for ewes and 
lambs on the lowland areas of the Hill and Lowland systems during the 
2001 and 2002 grazing seasons are presented in Figure 9.  Counts for ewes 
in both flocks were very low (<100) throughout and considered of no 
significance.  Over the two years the only relatively high counts were for 
Other Trichostrongyles in July 2001 (750 EPG) and June 2002 (500 EPG) 
for Hill lambs and of Nematodirus in lowland lambs (550 EPG) in July 
2002.  In all three instances the counts reduced following dosing.  
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Soil analysis  
 
Results of soil analyses carried out in February 1998 and March 2002 are in 
Table 17.  With the exceptions of fields 5, 8 and 9, where the pH was low 
(5.9) in 1998, all others were satisfactory.  Phosphorus levels were generally 
low to very low ranging from 1.5 to 6.5 ppm in 1997 and 2.3 to 11.7 ppm in 
2002.  At both dates the potassium levels were low to medium, ranging 
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from 58 to 101 ppm.  The results indicate that herbage P should be 
measured for fields with low soil-P values to determine if phosphorus might 
be limiting lamb growth rate after 5 to 6 weeks of age. 
 
Table 17: Soil analyses for pH and levels (ppm) of Phosphorus (P) and 
Potassium (K) for lowland fields of the Lowland (fields 1 to 7) and Hill 
(fields 8, 9 and 10) systems – February 1998 and March 2002 
Field 
no. 

pH  P  K 

 1998 2002  1998 2002  1998 2002 
1 6.7 6.8  3.91 4.91  761 751 
2 6.3 6.8  1.51 9.22  761 611 
3 6.5 6.5  5.61 8.62  681 851 
4 6.4 6.7  6.52 7.92  991 581 
5 5.8 6.6  1.71 11.73  521 801 
6 6.4 6.1  4.31 8.72  701 871 
7 na 6.2  na 2.31  na 851 
8 5.9 6.2  3.31 5.81  1011 941 
9 5.9 6.6  6.11 6.21  841 631 
10 na 6.5  na 3.71  na 761 
1= Low; 2 = Medium; 3= High 
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FINANCIAL PERFORMANCE 
 
 
Records of all purchases and sales were examined for the Hill and Lowland 
systems to estimate the financial performance.  Results in Table 18 are 
based on direct sales or estimates in the case of crossbred ewe lambs in the 
Lowland, which were transferred to the Teagasc Research Centre at 
Athenry, and older ewes transferred from the Hill to the Lowland flock.  In 
an average year context an adjustment would be required to correct for 
purchase of rams for the Hill flock in 1999/00 and ewes for the Lowland 
flock in 1998/99 (first year of this system).  The inclusion of the Lowland 
cross-breeding system greatly improved the overall financial performance.  
This effect can be generalised to areas where there are varying proportions 
of lowland to hill with the Hill and Lowland systems representing the 
extremes.  The reduction in direct payments from €7779 in 2000 to €6031 in 
2001 for the Hill flock more than cancelled the increased lamb price 
resulting from the Foot and Mouth emergency to give a reduced gross 
margin per ewe.  It should be noted note that an annual payment of  €11, 
360 under the Rural Environment Protection Scheme (REPS) could be 
obtained if the farm was under private management.  Overall this would add 
a further €32 gross margin per ewe.   
 
Table 18: Overall financial performance - 1999, 2000, 2001 and 2002 
(nearest  €) 
 Hill Lowland 
 1999 2000 2001 2002 1999 2000 2001 2002 
Total Sales 4437 4716 6870 6852 7349 11618 17366 14061 
Less purchases 1582  762 1180  2747 1492 2153 
Sales - purchases  2854 4715 6108 5672 7349 8871 15874 11908 
Direct payments 8840 7779 6031 10655 6320 6071 4707 7700 
Wool sales 99 178 146 122 50 152 111 87 
Other      216 127   
Gross output 11793 12673 12285 16327 13934 15221 20692 19578 
Variable costs 4389 4811 5493 6496 5109 5852 7396 7769 
Gross margin 7404 7863 7726 9832 8825 9369 13295 11809 
Gross margin per ewe 37 40 33 48 61 59 83 79 
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Table 19: Variable costs per ewe for Hill and Lowland systems 
 Hill Lowland 
 1999 2000 2001 2002 1999 2000 2001 2002 
Concs. / hay 7.49 9.56 8.85 13.74 6.43 6.24 11.67 14.61 
Fertiliser 3.96 3.84 4.50 4.80 8.97 8.89 11.08 11.23 
Vet/medicine 5.56 6.41 7.24 7.82 5.26 5.97 6.29 7.82 
Machinery 1.91 1.47 1.64 1.96 4.64 4.43 5.50 6.98 
Seeds/sprays 0.22 0.20 0.23 0.34 0.85 0.61 0.73 1.25 
Miscellaneous 2.81 2.03 3.34 2.72 9.50 8.89 10.25 10.24 
Total 21.95 23.51 25.80 31.38 35.72 35.03 45.52 52.13 
 
The variable costs per ewe are in Table 19.  Total variable costs per ewe 
increased by about 50% for both flocks over the four years.  This was 
mainly due to increases in the costs of purchased feed, fertilisers, veterinary 
and medicines. 
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CONCLUSIONS 
 
The results show that a mixture of Hill and Lowland systems can be 
effectively exploited with proportions of ewes in each reflecting the 
proportion of low to hill land available.  The target sheep performances 
were achieved under a grazing management which led to improved hill 
vegetation cover and in this context are sustainable. 
 
Success requires planning and discipline in relation to moving Hill ewes of 
the selected age to the Lowland system and managing them separately in 
relation to lambing date and grazing practice.  With an estimated 90% of 
food requirements for this flock originating from their Lowland area it 
appears that the Lowland area is capable of carrying about 9 to 10 ewes per 
hectare in an all-year context.  This information allows partitioning of 
relative Hill and Lowland grazing intensities where both land categories are 
farmed, in the context of protecting the hill land vegetation resource.  
 
Ewe reproductive performance in the Hill flock was generally far superior 
to that in the NFS hill flocks, despite the younger-than-normal age structure.  
About 20% more lambs were reared per ewe joined, lamb mortality was 
80% lower and ewe wastage levels were very much lower especially if 
allowance is made for the influence of SPA on ewe mortality.  However the 
number of lambs reared per ewe joined remained static over the four years, 
and it is concluded that improvement can be obtained through better 
flushing.  In a whole system context, higher lamb growth rate and earlier 
drafting to relieve pressure on lowland grazing in late season appears 
necessary so that ewes can be taken to lowland for a longer flushing period.  
The trade off between extra supplementary lamb creep input to achieve this 
aim and that of potential higher lamb rearing rate per ewe requires 
evaluation.  



 

 32 

The improved reproductive performance of the Lowland ewe flock over 
time is attributed to the increase in liveweight at mating over the four years.  
At the end of the project, with 1.24 lambs reared per ewe joined, it is close 
to the performance of the lowland flocks in the NFS.  Lamb mortality was 
much lower, ewe barrenness about the same and ewe mortality higher 
(mainly due to SPA) than those recorded for a high output lowland flock 
(Nolan and McNamara, 2000).  Improved management is suggested below 
which should enhance these performance variables. 
 
For the Hill system it is concluded that the decision to offer supplementary 
creep to male lambs of 23 kg or less after weaning was essential to achieve 
the target carcass weight by mid-October. Further research is required to 
gain further insights into the most suitable supplement.  Offering 
supplementary creep to lighter Hill male lambs before weaning did not 
improve their growth rate as their intake did not exceed 60 g per day, but it 
may have facilitated a rapid increase in intake post-weaning.  
 
The growth rate of the Lowland male lambs from birth to 5 weeks fell 
within the levels experienced in lowland flocks but was below target during 
the period 5 weeks to weaning, even though the twins consumed about 12 
kg of creep during this period.  The daily growth rates recorded would result 
in single and twin lamb weaning weights of 27 and 22 kg respectively, 
which are too low for males to finish to an 18 kg carcass weight by mid-
October.  Nolan and McNamara (2000) concluded that lowland lambs of 
less than 36 kg at weaning in early July would not reach an 18 kg carcass 
weight by mid-September without concentrate creep supplementation.  
However, the supplementation of the lighter males lambs post-weaning did 
result in the achievement of the target carcass weights, albeit within periods 
of different duration in different years.  Further research is required to 
determine more precisely the type of supplementary creep required and to 
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identify strategies in relation to the most appropriate date or lamb age to 
introduce creep and improved feeding methods.  
 
The finishing of male lambs from both systems to the target carcass weight 
confers independence from the traditional unreliable market and 
unpredictable price levels.  It also allows planning to meet emerging market 
requirements of quality and traceability. 
 
It is concluded that in-wintering of the hill flock replacements from Mid-
November on silage and concentrates,  which improved their liveweight at 
13 months of age by 5 kg, is necessary. There is a need to identify 
appropriate management to sustain and augment this advantage throughout 
the second grazing season.  The management employed was adequate to 
achieve the target 6-month weight for the cross-bred females.  This is an 
important result as these lambs are the most important economic output 
from the two systems. 
 
Pasture supply (height) on the lowland was below conventional targets for 
both systems pre-weaning and may have influenced ewe lactation and lamb 
growth rate, despite the relatively good growth rate in the Lowland lambs 
from birth to 5 weeks.  It is suggested that the individual ram mating groups 
militated against earlier resting in autumn, due to all fields being occupied 
by sheep precluding the closing of areas for spring grazing.  
Retrospectively, the closing for silage on the Lowland system area could 
have been delayed by 3 weeks to augment pasture supply from late May 
without detriment to the supply of winter forage or its quality and the 
nitrogen applications in May and June could be advanced by about 3 weeks.  
 
It is evident that the inclusion of cross-breeding improved the overall 
financial performance of the farm.  Its overall productive efficiency 
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matched most lowland  systems, in relation to the number of lambs reared 
per ewe joined.  The cross-bred females were suitable for transfer into 
lowland meat lamb systems.  Integration of cross-breeding in a planned 
manner facilitates the stratification of sheep production which benefits the 
national sheep enterprise.  This is associated with increased income from 
the hill system, as shown in the results, and the production of prolific 
replacements for lowland meat lamb systems, which obviates the need to 
devote portion of the lowland flock and farm area to the breeding of 
replacements together with the increased management and possibly other 
inputs requirement required where two flocks with different objectives are 
run on the same farm.  
 
Overall, it is clear that the breeding, grazing management and 
supplementary food input requirements should form the basis for planning.  
High lamb output and growth rate are critical to achieve their earlier sale 
with associated effects on the provision of improved grazing for flushing 
ewes.  It is concluded from the experience of the project that a number of 
inter-related grassland management changes are required for the Leenane 
farm to improve Hill ewe flock reproductive performance.  As lambs are 
drafted for slaughter, 30% of the lowland area should be closed from early 
September with any remaining lambs restricted to the other 70%.  At this 
time, lambs identified as too light to finish by mid-October should be 
moved off grass and finished on concentrates.  Ewe flushing should start in 
late October on the 30% of rested lowland and, after about 2 weeks grazing, 
this area should be rested until the following spring and the ewes moved 
into the remaining 70% of the lowland area, where they are joined with 
rams about mid-November.  The aim is to improve ewe body condition 
during flushing by allowing a longer time span for grass growth recovery 
between drafting the male lambs for slaughter and ewe flushing.  The area, 
rested from late September, should provide sufficient grazing for the 5 
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weeks of mating, especially where ewes not repeating to first mating are 
identified and moved to hill grazing.  These grazing management changes 
should result in much improved lamb growth rate and their earlier drafting 
and fit smoothly with the changes suggested above to grassland 
management in the autumn.  Where individual ram group matings are 
planned, mobile fencing may be required to separate groups.  The use of 
fields liable to flooding must be planned to minimise risk.  The May and 
June nitrogen applications should be advanced by about 3 weeks.  These 
suggestions also apply to  the Lowland flock with respect to the 
apportioning of grazing areas.  In addition, in this instance, the closing for 
silage should be delayed by about 3 weeks, without detriment to either 
quantity or quality of silage, to further improve grass availability in the 
period 5 to 14 weeks i.e. to achieve pasture heights of 6 to 7 cm. 
 
The results facilitate generalisation to situations with varying proportions of 
hill and lowland encountered in the hill farming areas.  As the proportion of 
lowland increases, retention of the crossbred ewe lambs to the 2-tooth stage 
should first be considered.  Eventually, where the proportion of lowland is 
so high that it becomes impossible to have sufficient older Hill ewes to meet 
the replacement requirements for cross breeding, the introduction of a 
lowland-type terminal cross meat lamb system should be considered using 
the crossbred females as replacements.  Hanrahan and O’Malley (1997) 
have shown that the proportion of ewes, which can be used for crossing in 
the hill areas, is directly related to the number of lambs reared per hill ewe 
joined.  These lowland based sheep systems can be beneficially operated in 
mixed sheep and cattle systems with appropriate modifications (Nolan and 
McNamara,1999).  In all instances it is critical that although the different 
systems are integrated in a production context their grazing and husbandry 
managements should be planned separately as for this project. 
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APPENDIX 
 
 
Table A1: Ewe reproductive performance for 4 years 1998/99 to 
2001/02  
 Blackface hill Cross breeding 
 1999 2000 2001 2002 1999 2000 2001 2002 
No ewes joined 200 197 205 207 143 168 160 149 
No ewes scanned 195 193 204 205 140 163 155 145 
No barren ewes1 8 14 17 15 8 7 5 9 
No single foetus 157 162 165 164 85 98 83 58 
No twin foetus 30 17 22 26 47 58 67 77 

(1)2 
No ewes lambed 177 172 178 188 132 151 152 136 
Total lambs born 208 187 196 213 181 212 216 210 
Lambs born dead 15 6 4 10 12 10 5 9 
Lambs reared 187 176 190 196 164 200 206 196 
% lamb mortality 3.1 2.7 1.0 3.4 3.0 1.0 2.4 2.5 
Litter size 1.17 1.09 1.1 1.13 1.27 1.26 1.42 1.54 
Reared/ewe 
joined 

0.94 0.89 0.93 0.95 1.15 1.19 1.29 1.32 

Birth weight. 3.5 3.8 3.7 3.9 4.6 4.4 4.4 4.2 
% Barren 6.9 9.1 9.8 7.7 5.5 4.8 3.8 4.7 
% ewe mortality 7.0 8.1 6.8 3.9 5.6 7.1 5.6 10.1 
No ewes died 9 13 9 7 5 5 4 14 
No died of SPA3 5 3 5 1 3 7 5 1 
1 Barren at scanning; 2triplet; 3Sheep pulmonary adenomatosi 
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