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Abstract 

Conflict between grouse moor owners and raptor conservationists is a highly contentious 

and politically charged issue within the UK. Many internationally important species, 

including some raptor species, rely on the upland moor habitat that is managed for red 

grouse (Lagopus lagopus scoticus), with the income of grouse moors relying upon their 

survival. Many studies have focussed on resolving this conflict through monitoring the 

effects of various external factors on red grouse populations, especially that of predation by 

raptors. Despite management efforts red grouse populations are still suffering from a steady 

decline, while many raptor species suffer persecution and risk of extinction in the UK.  

This study aims to assess what factors are affecting red grouse breeding success and inform 

management decisions that can support shooting grouse populations whilst sustaining 

raptor species on upland moor habitats. Red grouse were monitored through the breeding 

season to determine breeding success at a site in south west Scotland, and modelled against 

various environmental factors that can affect survival. Predation was found to be a 

significant factor in deciding red grouse breeding success, but with strong influence from 

the weather and habitat on how vulnerable the grouse are to predation. Annual grouse 

numbers were found to be influenced by weather and vole cycles, with lower predation in 

low vole years, when raptors are hunting elsewhere. Increased cover of mature heather and 

fewer grassland areas could lower vole numbers and decrease predation on moors, and 

raptor deterrent strategies such as supplementary feeding would be most beneficial in high 

vole years when more predators are hunting on moors. 
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Introduction 

1.1 Problem Statement 

Red grouse (Lagopus lagopus scoticus) are a nationally important species, bringing income 

to heather moorland and consequently conservation to the avifauna that rely on the habitat 

(Thompson et al. 1995; Tharme et al. 2001). There has been a steady decline in red grouse 

numbers since the 1940’s, associated with the widespread loss and degradation of habitat 

(Thirgood et al. 2000c; Robertson et al. 2001). With spring densities falling below 60 red 

grouse/km² in some areas, the necessary density of red grouse for a driven shoot (Redpath 

et al. 2004), and the substantial potential income that can be generated from a grouse 

shoot is subsequently lost. This income is responsible in most cases for the upkeep of 

moorland habitats, and consequently the conservation of moorland species. 

One of the most contentious issues in UK conservation is the conflict between raptor 

conservation values and grouse moor owners. Red grouse have been extensively studied, 

and their diet, breeding behaviour, habitat, and morphology are well understood, many of 

these studies have placed particular emphasis on interactions between predator and prey, 

and other potential factors affecting the survival of game species (Amar et al. 2004; Baines 

et al. 2008; Fletcher et al. 2010, 2013; Hudson et al. 1992; Jenkins et al. 1963; Moss et al. 

1990, 1993; Park et al. 2001, 2002; Potts 1987; Redpath et al. 1991, 2004; Reif et al. 2004; 

Robertson et al. 2001; Smith et al. 2001; Steen & Haugvold 2009; Tharme et al. 2001; 

Thirgood et al. 1998, 2000b, 2000c, 2002; Thirgood & Redpath 1997; Tornberg et al. 2012; 

Valkama et al. 2005; Wegge & Kastdalen 2007). These studies have found strong 

interactions between numerous factors influencing red grouse survival, one of the main 

ones being raptor activity, particularly that of the hen harrier (Circus cyaneus), a protected 

species within the European Union. Persecution of protected raptor species is widespread 

and well documented (Etheridge et al. 1997) and studies are now in progress to overcome 

this conflict for the benefit of both game and raptor species.  

The Langholm Moor Demonstration Project (LMDP), founded in 2008, aims to resolve this 

conflict through scientific study based at a study site in the south-west of Scotland. 

Particular emphasis was placed on conflict between hen harriers and red grouse, with 

numbers of hen harriers reaching up to 20 pairs in previous years, leading to a dramatic loss 
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in red grouse numbers and the dissolving management for game on the estate, and a 

subsequent decrease in hen harrier numbers. Despite scientific evidence of significantly 

reduced impact on red grouse from hen harriers since the introduction of supplementary 

feeding (Redpath et al. 2001), grouse numbers have still been in decline until 2008, since 

then numbers have increased but not reached a sufficient density to allow a driven shoot. 

Claims have been made that other avian predators in the area are suppressing grouse 

populations to a low level. This study aims to address the factors that are suppressing the 

red grouse population at Langholm moor, monitoring breeding success from the perspective 

of the prey species as opposed to the predator species, which has been monitored in 

previous studies. This allows an assessment of not only predation, but of associated factors 

that might be causing mortality through other means or through increased vulnerability to 

predation. The focus of this study is on aspects that are most influential in the breeding 

success of red grouse, utilising previous studies in order to narrow the study focus to those 

that are most relevant at Langholm. This study will complement other current and historical 

studies undertaken at the same site, to build a comprehensive picture of ecological 

interactions on upland grouse moors and influence management decisions accordingly. This 

information has the potential to be invaluable to other grouse moors facing similar conflicts. 

Red grouse populations in some areas are not recovering as well as expected considering 

their improved habitat (Baines et al. 2008; Park et al. 2001; Thirgood et al. 2000b), and there 

is speculation as to what factors are most affecting their survival. Grouse mortality happens 

throughout the year, but it is hypothesised that mortality in juvenile birds in the summer 

months is highest (Tornberg et al. 2012). Chicks are at their most vulnerable during the first 

3 – 4 days after hatching (Moss et al. 1975), and there are several factors that may affect 

survival at this age: 1. The health of the female (Jenkins et al. 1963; Moss et al. 1975), 

including parastitic infection with caecal nematode (Trichostrongylus tenuis) (Hudson 1986), 

2. infection with louping ill virus in chicks (Hudson 1986), 3. Predation of chicks or hen by 

mammalian or avian predators (Redpath 1991; Thirgood et al. 2000b), 4. Availability of 

invertebrates during the first 2 weeks of chicks leaving the nest (Wilson et al. 1999; Park et 

al. 2001), 5. Weather during the first 2 weeks of chicks leaving the nest (Jenkins et al. 1963; 

Moss et al. 1975).  
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It is unlikely that any of these factors are singularly responsible for limiting chick survival, 

habitat quality and selection could influence other factors (Erikstad 1985; Baines 1990; 

Evans 2003) and some factors may be intrinsically connected. The highest impact from 

predation is thought to occur in the spring and summer, when both raptors and red grouse 

are breeding, with raptors taking more prey to feed young, and prey species with highly 

vulnerable young that are more susceptible to predation impacts (Moss et al. 1975; 

Tornberg et al. 2012). The study will therefore focus on survival of red grouse during the 

breeding period, taking into consideration the aforementioned factors that are most 

relevant at Langholm moor. 

1.2 Aims and Objectives 

The aim of this study is to scientifically asses the factors that are affecting red grouse 

nesting success and chick survival at Langholm moor. Using empirical data to inform 

management decisions that ensure the survival of both game and raptor species, promoting 

both conservation and economic land use practises in an internationally important habitat 

type.  

Objectives 

1. To monitor red grouse nesting success and identify factors influencing nesting 

failures 

2. To monitor red grouse broods to assess brood survival rate and indentify causal 

factors related to low brood success 

3. To monitor radio tagged red grouse chicks to identify factors affecting chick survival 

during the first 20 days after hatching 

4. To assess patterns in breeding success over a five year period and indentify factors 

affecting nesting success and brood survival 

5. To assess claims that raptors are causing low red grouse breeding success and 

recommend management procedures that serve the interest of both game and 

raptor species 
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Background 

2.1 Managed Moorlands 

Heather (Calluna vulgairs) dominated landscapes are considered to be of high international 

importance (Thompson et al. 1995; Thirgood et al. 2000a), in terms of their conservation 

and economic value, with their distribution mainly restricted to Britain and Ireland 

(Thirgood et al. 2000a). These managed landscapes are typically maintained through 

muirburn, and predator control and parasite treatment to maintain healthy game 

populations (Thirgood et al. 2000a). There has been significant decline in heather moorland 

over the last 60 years, with a reduction of around 20% between 1940s and 1980s, and 

further degradation of remaining moorlands (Thompson et al. 1995; S. J. Thirgood et al. 

2000c). Much of this degradation was attributed to grazing and afforestation, with reduced 

landscape maintenance (Thompson et al. 1995). It has also been speculated that the 

increases in some predator species, including red fox (Vulpes vulpes), mustelids (Mustelidae 

spp.) and corvids (Corvus spp.), have led to the decline of some moorland bird species (Park 

et al. 2008; Baines et al. 2008). 

The economic importance of heather moorlands is widely appreciated, since driven grouse 

shoots are the largest source of income for grouse moor owners (Redpath et al. 2004; 

Baines et al. 2008). In 2000 around 4500 people were employed in this industry, 

contributing £17 million in GDP (Park et al. 2008), with up to 50 000 people involved in 

driven grouse shoots (Redpath et al. 2004). The income that grouse shooting generates is 

essential to pay for the maintenance of moorland habitat, including the employment of 

gamekeepers, which has wider conservation benefits for moorland habitat (Robertson et al. 

2001; Tharme et al. 2001; Amar et al. 2004). Upland bird species dependent on this habitat 

type include lapwing (Vanellus vanellus), curlew (Numenius arquata), golden plover 

(Pluvialis apricaria), peregrine falcon (Falco peregrinus), merlin (Falco columbarius), hen 

harrier, and short-eared owl (Asio flammeus), many of which have high international 

importance (Thompson et al. 1995; Robertson et al. 2001; Tharme et al. 2001; Baines et al. 

2008). These habitats are ranked highly by moor owners and conservationists alike (Redpath 

et al. 2004), it has been found that many of these species are declining significantly with the 

reduction in moorland management (Tharme et al. 2001).  
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2.2 Red Grouse 

The red grouse (Lagopus lagopus scoticus) is a British subspecies of the willow ptarmigan 

(Lagopus lagopus), in the family Tetraonidae. They require habitat dominated by common 

heather (Calluna vulgaris), which is a major food source for adults and provides the cover 

and camouflage required to shelter from predators (Campbell et al. 2002). Nests are built on 

the ground in mature heather, with clutches of 6 – 12 eggs in April - May and a typical 

incubation period of 21 days, during which they rely on camouflage and low odour emission 

due to limited movement to protect them from predation. Broods are precocial, leaving the 

nest within 24 hours of hatching under the protection of the hen, who broods the chicks in 

bad weather, the male usually stays with the brood during the chick’s growth period. Chicks 

develop adult feathers early and are able to fly within two weeks of hatching. 

2.3 Habitat and Survival 

Most moorland habitats consist of a mosaic of differing vegetation type, with grassland 

areas consisting mainly of purple moor grass (Molinia caerulea) and cotton grass 

(Eriophorum vaginatum). Red grouse abundance correlates positively with heather cover 

(Amar et al. 2004), with higher rates of survival in areas that have more heather (Thirgood 

et al. 2002), and they will choose sites that have longer, mature heather (approximately 

39cm) to nest in (Campbell et al. 2002), avoiding the more exposed grassy areas. Despite the 

apparent importance of heather in red grouse habitat, damp grassy areas also have high 

importance in providing a source of invertebrates for chicks. Chicks rely on the invertebrates 

as part of their diet during the first few weeks after hatching, since the protein provided by 

invertebrates has been shown to influence survival and chick condition during the early 

stages of a chicks life in red grouse and in other game birds and waders (Park et al. 2001; Hill 

1985; Rands 1985). 

There have been studies linking home ranges and food availability factors, showing that 

broods in poorer habitats have to travel further in order to obtain sufficient food for the 

chicks (Erikstad 1985). Chick mortalities in these situations are most likely due to poor 

nutrition in chicks, this could in turn lead to predation. Invertebrate availability may be 

influenced by habitat quality or weather, studies have found that broods enduring lower 

temperatures or adverse weather conditions during the first few days of leaving the nest 



 14 

have lower survival rates (Erikstad 1985). Chicks have poor thermo-regulation during the 

first few days of leaving the nest so are more susceptible to mortality, either from increased 

vulnerability to predation or from the direct effects of low body temperatures (Erikstad 

1985; Wegge & Kastdalen 2007). Warm weather can influence invertebrate phenology, and 

long spells of bad weather limit the amount of time available for feeding, inhibiting growth 

rates or increasing vulnerability to predation (Erikstad 1985; Steen & Haugvold 2009). Poor 

hen condition can have negative effects on breeding success and adult survival. Low body 

condition could lead to undersized clutches or low quality eggs (Steen & Haugvold 2009), 

and studies have shown that parasitism in adults can lead to higher predation rates since 

they are more easily detected by mammalian predators (Moss et al. 1990; Hudson et al. 

1992). 

2.4 Predation 

Species living in open habitats such as heather moorlands are thought to be more 

susceptible to predation, and can as a result suffer declines (Martin 1993; Suarez et al. 1993; 

Dowding & Murphy 2001). Ground nesting birds may be more at risk from nest predators 

than boreal species (Martin 1995), with a wide range of mammalian and avian predators, 

and it is recorded in unmanaged landscapes that highest mortality during the breeding 

season is to predation during the incubation period (Wiebe & Martin 1998). Generalist 

predators are often responsible for mortality in ground nesting birds, with potential 

exacerbation from human food sources (Boarman 2003; Newton 2004; Evans 2003), from 

which predators can reach unnaturally high population levels (Courchamp et al. 2000). Part 

of the maintenance of a moorland habitat is the lethal control of generalist predators such 

as red foxes (Vulpes vulpes), carrion crows (Corvus corone), stoats (Mustela erminea), and 

weasels (Mustela nivalis).  

On top of mammalian and corvid predators, raptor predation has a big impact on moorland 

prey species. Raptors received legal protection from persecution in the UK in 1954, which 

was reinforced in 1979 in the EU and in 2000 in the UK. Despite this legislation there has 

been evidence of extensive persecution of raptors throughout the UK on managed 

moorlands, resulting in the dramatic decline of many UK raptor populations, including 

peregrine falcons (Falco peregrinus), hen harriers (Circus cyaneus), and golden eagles 
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(Aquila chrysaetos) (Etheridge et al. 1997), and with other species such as ravens (Corvus 

corax). Since there is an intrinsic link between raptor and red grouse populations, 

persecution continues in many parts of the UK in order to enable red grouse populations to 

sustain a sufficiently high level for driven shoots. 

Although predation is not likely to be the only factor involved in a species decline (Bodey et 

al. 2011), there have been numerous studies suggesting that it is a strong contributing factor 

(Valkama et al. 2005; Linden & Wikman 1983; Wegge & Kastdalen 2007; Thirgood et al. 

2000b; Tornberg 2001). Recent studies have suggested that raptors could suppress prey 

densities at a low level if the population is already low (Hanski et al. 1991; Hanski & 

Korpimaki 1995; Turchin & Hanski 1997; Park et al. 2008), with density dependent predation 

suppressing the cycles in prey populations (Thirgood et al. 2000b; Thirgood et al. 2000c).  

2.5 Vole Cycles  

Red grouse are known to undergo population cycles over approximately 6 years (Park et al. 

2002; Thirgood et al. 2000b), and are therefore susceptible to raptors that specialise in 

cyclic prey ( Mindell et al. 1987; Korpimaki & Norrdahl 1991; Salamolard et al. 2000). Cycles 

in prey species are well researched and the subject of much debate regarding causal factors 

(Oli 2003), this is particularly true with field voles (Microtus agrestis), that are known to 

undergo 3 – 4 year cycles in some parts of northern Europe. Field voles are the main prey 

source of many avian predators, and breeding densities of some birds are thought to be 

closely correlated with field vole cycles (Hanski et al. 1991; Korpimaki & Norrdahl 1991; 

Batzli 1996; Hanski et al. 2001). While specialist raptors such as kestrels (Falco tinnunculus), 

short-eared owls (Asio flammeus), and barn owls (Tyto alba) may suffer declines at times 

when their main prey are at low density (Petty 1999; Redpath et al. 2002), the more 

generalist raptors such as buzzards (Buteo buteo), peregrine falcons (Falco peregrinus), and 

hen harriers (Circus cyaneus), are subject to the alternative prey hypothesis (APH). APH 

predicts that generalist predators are able to shift their diet to alternative prey species 

when one food source is in decline (Reif et al. 2001), in the case of generalist raptors this 

can typically be directed at small game birds, contributing to and exacerbating the natural 

cycles in red grouse (Angelstam et al. 1984; Reif et al. 2001; Redpath & Thirgood 1999). For 

this reason generalist raptors do not fluctuate with fluctuating field vole densities as is the 
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case with specialist raptors (Thirgood et al. 2003), although it is not yet clear to which 

alternative prey species generalist predators are likely to switch, for example Buzzards have 

also shown response to cycles in rabbit (Oryctolagus cuniculus) populations (Thirgood et al. 

2003). 

2.6 Study Site 

The study took place on a heather dominated moorland near Langholm, in the south-west 

of Scotland (55° 10’N, 02° 55’S), with an area of around 4000ha. The site includes SSSI and 

SPA status, with legal predator control of generalist species and rotational burning 

undertaken by 5 game keepers. The habitat underwent significant degradation in 1950s, 

with extensive conversion to grassland caused by overgrazing (S J Thirgood et al. 2000c), and 

a consequent decrease in red grouse numbers from 1950s onwards. During the 1980s 

raptors were kept at a low level, sustaining driven grouse shoots with bags of approximately 

2000 per year (Baines et al. 2008). From 1992 raptors were given full protection, hen 

harriers quickly rose from 2 to 20 individuals and peregrine falcons rose from 3 to 6 pairs 

(Redpath & Thirgood 1999). Management of moorland habitat ceased in 2000, leading to 

further declines in red grouse numbers.  

2.7 The Langholm Moor Demonstration Project 

Management of the moor was reinstated in 2008 with the founding of the Langholm Moor 

Demonstration Project (LMDP), the project aims to establish Langholm Moor as a driven 

grouse moor which meets the nature conservation objectives for the SPA and SSSI. Red 

grouse numbers on the moor remain at a consistently low density, with insufficient numbers 

to sustain a yearly shoot, the project aims to increase grouse numbers to a sufficient level 

for shooting, whilst supporting an un-persecuted breeding population of hen harriers and 

other raptors, and extending and improving heather moorland habitat. 

Current habitat quality at Langholm is thought to be capable of sustaining higher numbers 

of red grouse than it currently does, given habitat similarities with other UK moors (Smith et 

al. 2010). The site was hit by a severe outbreak of heather beetle (Lochmaea suturalis), 

which led to fragmentation of habitat (Campbell et al. 2002), leaving a lot of area 

surrounding the moorland habitat as rough grassland consisting mainly of purple moor 
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grass. These habitat types hold large numbers of alternative prey sources for raptors, such 

as meadow pipits (Anthus pratensis) and field voles (Microtus agrestis), and could influence 

raptor densities on the moor (Park et al. 2008). 

2.8 Joint Raptor Study 

The joint raptor study (JRS) was a comprehensive study on the impacts of raptors on red 

grouse populations, conducted on six sites in and around The Langholm estate (Redpath & 

Thirgood 1999; Thirgood et al. 2000b; Thirgood et al. 2000c). The study aimed to assess the 

limitations raptors could place on red grouse population and population growth, and to 

make comparisons to populations that have no or limited impacts from raptors (Park et al. 

2008). Although long term declines of red grouse cannot be attributed to raptors, due to the 

relatively low levels of raptors before 1990 (Thirgood et al. 2000c), the subsequent failures 

of red grouse to increase their populations has been shown to have some influence from 

raptor activity, with raptors estimated to be responsible for 30% of adult red grouse and 

37% of grouse chick predation during the summer months (Thirgood et al. 2000b), and a 

50% reduction in birds available for shooting in a year (Thirgood et al. 2000b). 

Matched pair comparisons between moors showed that there was strong evidence for a 

causal relationship between hen harrier abundance and red grouse populations, with 17% 

more red grouse on moors without hen harriers (Redpath 1991). This conflict between hen 

harriers and red grouse is a highly contentious and political conflict in conservation in the 

UK (Potts 1987), with severe limitations put upon hen harrier numbers due to illegal 

persecution on UK moors (Etheridge et al. 1997; Sim et al. 2001). A temporary solution to 

this at Langholm was to supplementary feed hen harriers during the nesting period, this was 

found to significantly reduce the number of red grouse chicks brought back to hen harrier 

nests to feed young and did not increase hen harrier density as a consequence (Redpath et 

al. 2001). Supplementary feeding did not then lead to an increase in red grouse densities as 

expected, and predation of adult red grouse did not differ when subjected to different hen 

harrier densities (Redpath et al. 2001). It is therefore likely that red grouse density 

limitations were caused by a cumulative effect of raptor predation, including buzzards 

(Buteo buteo), hen harriers (Circus cyaneus) and goshawks (Accipiter gentilis) 
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Studies at Langholm have covered extensive ground on raptor activity and foraging 

behaviour, the material presented by JRS and LMDP reveals a lot of important relationships 

between raptor and game species, which could effect management decisions on UK grouse 

moors. This study, and any future studies, that focus on the implications from the 

perspective of the prey species could shed light on many wider environmental factors that 

are affecting red grouse survival, which could in turn provide further insight into the 

behaviour and interactions between raptor and game species on UK grouse moors. 
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Methods 

Adult red grouse were captured at night with hand held nets after being dazzled with a 

strong light outside of the breeding season, and used as a representative sample of the red 

grouse population on the Langholm Moor project area. Previous studies have indicated that 

radio tags have no deleterious effects on red grouse survival or breeding success (Thirgood 

et al. 1995). Red grouse were radio tagged in two different parts of the moor, named 

hereafter as the northern and southern areas, these two areas are known to have slightly 

different altitude and weather conditions, the southern area at 250m – 360m and the 

northern area at 450m – 500m. The northern area has noticeably lower temperatures, 

higher wind strength and more precipitation (pers. Observation), although there is no 

meteorological data for individual sites so this cannot be compared numerically. 

3.1 Nesting Success 

Nests were located by either tracking a radio-tagged female to her nest or by searching for 

the females of radio-tagged males. Every nest was installed with a thermo-logger and a 

dummy egg, the clutch size recorded and a sample of egg measurements (length and width) 

taken. The thermo-loggers measured 17.35mm in diameter and were coloured black so that 

they did not reflect light and attract attention of potential predators. They were glued to a 

nail so that they could be pushed into the ground beneath the eggs at the centre of the 

nest. The thermo-loggers were set to record changes in nesting temperature throughout the 

incubation period in 15 minute intervals, which revealed the time and frequency hens spent 

off the nest, and the time and date that a brood left the nest, an example of data obtained 

from a thermo-logger is shown in figure 1.1.  
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Dummy eggs were made of plasticine in colours similar to the natural colouring of red 

grouse eggs and were designed to identify nest predators using the form of tooth or beak 

marks in the eggs. They were coated in plastic as advised by Haskell (1999) to eliminate any 

unusual smell they might exude that could attract or deter predators. A subsample of the 

monitored nests were installed with RSPB nest cameras that consisted of a small lens 

mounted on a pole that can be camouflaged in heather, set up between 20 and 50cm from 

the nest, and a 20m cable that can be buried under heather and moss with the camera unit 

a suitable distance away to minimise disturbance to the nest during the incubation period. 

12 nests were monitored with cameras in total, 4 in the northern part of the project area 

and 8 in the southern part.  

Nests were monitored every 3 to 5 days during the incubation period by locating the hen 

using radio telemetry and ascertaining whether the signal is still coming from the known 

nest location. A visual check was required for nests with untagged females to find out 

whether they were still on the nest, this was done with caution in order to reduce risk of 

disturbing the hen from the nest. Once the nests had hatched the number of unhatched 

eggs left in the nests were counted and from the thermo-loggers the exact day that the 

brood left the nest was ascertained. Footage from nest cameras revealed that broods 

usually hatched 1 day before leaving the nest, since this can only be confirmed on nests that 

Figure 1.1. Example of thermo-logger data showing typical incubation patterns and the 

temperature drop when the brood left the nest. 

Point at which 

the brood 

leaves the nest 

Incubation period 
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had cameras, all calculations involving hatch day use the day the brood left the nest as day 

0. Cameras and thermo-loggers showed that most hens that were flushed off their nests 

returned within half an hour of the observer leaving the nest site, and all hens returned to 

the nest within an hour. Since this is not an unusually long time for a hen to spend away 

from incubation it is assumed that there were minimal effects on the hens incubation 

patterns due to disturbance from researchers. 

3.2 Chick Survival 

A subsample of the chicks had radio tags fitted. The Holohil LB-2X tags weigh 0.31g and are 

8x5.3x2.8mm in size, less than 2% of a red grouse chicks body weight after hatching, and 

have a range of 0.5-1km. The radio tags were glued to the back of the chicks below the neck 

using veterinary glue, most chicks shed the radio tag in approximately 11 days when the 

down feathers are shed and adult feathers begin to grow. If the radio tags were found, the 

tags were re-applied to a new chick. Radio tagged chicks were monitored by tracking the 

radio tagged hen to within 50m and then checking the frequencies of the radio tagged 

chicks at close range in order to determine whether the chick signal came from the same 

direction as the hen signal. If the signal could not be detected close to the hen the tag was 

tracked and retrieved if it had fallen off or the chick, or remains located if it had been 

predated. Tag life was known to be approximately 20 days, if the tag had been active for 20 

days the chick was therefore assumed to have survived the duration of the radio tagged 

period until the tag life ran out. 

3.3 Brood Survival 

Once a brood was known to have left the nest, the female (or the accompanying male) was 

tracked and flushed, and the chicks caught by searching the surrounding area using a 

pointer dog to locate the chicks, this was repeated when the chicks were 10 and 20 days old. 

1 and 10 day old broods did not give a guaranteed accurate brood count since chicks were 

very difficult to find at this age. In the 20 day old counts the chicks were able to fly and were 

more likely to flush, allowing the whole brood to be counted. For each count the biometrics 

(weight and wing length) of all caught chicks were taken and a six figure grid reference was 

taken at the location of the brood.  
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3.4 Weather 

Weather data were provided by the UK met office from Eskdalemuir weather station, 

located approximately 16km from the project site. Data covers daily data for rainfall, total 

sunshine hours, mean temperature, and mean windspeed, for April to July of 2009 to 2013. 

3.5 Habitat 

Habitat measurements were taken following a protocol suggested by GWCT, as used 

previously on this site and in studies on other UK grouse moors. They were taken at each 

site that broods were located when they were 1 day old and 10 days old, to determine 

habitat variability during the first 10 days of chicks leaving the nest. At each site 40 samples 

were taken in a circle of 100m diameter around the brood location. Ten samples in 30x30cm 

quadrats were taken at each compass point, with each sample 5m apart. This gave a good 

estimation of vegetation cover for the whole area that chicks were feeding in. For each 

sample, plant species present were noted using categories heather (Calluna vulgaris, Erica 

cinerea), burnt heather, grass (grouping all grass species excepting cotton grass 

(Eriophorum) and deer grass (Muhlenbergia)), moss and sphagnum, vaccinium species, 

heath bedstraw (Galium saxatile), tormentil (Potentilla erecta), bracken, rushes, and bare 

soil, and the dominant species and it’s height were recorded. Visibility was recorded using a 

marked bamboo cane, noting whether a mark at 2cm and 22cm (average red grouse adult 

height) was visible from a height of 50cm at a distance of 1m. Distance from the point at 

which the brood were found to the nearest mature heather (heather at a height of >30cm) 

was also recorded. 

3.6 Avian Predator Activity and Nests 

Avian predator information was provided by Richard Francksen and collected by RSPB and 

GWCT researchers and field assistants. Raptor and corvid activity was recorded at each 

monitored red grouse site using vantage point counts that recorded each species of raptor 

or corvid (buzzard (Buteo buteo), hen harrier (Circus cyaneus), peregrine falcon (Falco 

peregrunis), kestrel (Falco tinnunculus), merlin (Falco columbarius), short-eared owl (Asio 

flammeus), raven (Corvus corax), carrion crow (Corvus corone), or rook (Corvus frugilegus)) 

that was sighted at each location over six 2-3 hour counts at each location. The data was 
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summarised using the number of times each species was sighted per 100 scans of the moor 

from the vantage point at each location. Monitored red grouse brood sites in the north and 

the south were plotted in squares (figure 1.2), vantage points within these squares were 

recorded, those outside radio tagged grouse areas were disregarded.  

Avian predator nests were closely monitored by project staff, with locations marked and 

failures recorded. Nests locations for 6 different species (buzzard, hen harrier, peregrine 

falcon, merlin, raven, and short-eared owl) were plotted on an OS map of the project area 

using GIS. Avian predator nests were categorised ‘north’ or ‘south’ with regards to which 

radio tagged grouse areas they were in (figure 1.3), nests within these areas would be within 

hunting range of the monitored grouse sites. Although avian predators outside of the ‘north’ 

or ‘south’ areas could be hunting within the radio tagged grouse areas, it was not possible 

to determine which area they would preferentially use, so they were disregarded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Map of project area. Arrows show vantage 

points for avian predator counts. Black boxes show 

radio tagged grouse areas. Blue lines show the border 

of the project area with two 1.5km buffer zones 

around the outside in which raptor nests were also 

monitored. 

Figure 1.3. Map of project area. Coloured dots 

show avian predator nests in 2013. Black boxes 

show radio tagged grouse areas. The red line 

shows the border of the project area. 



 24 

3.7 Vole abundance  

Vole abundance data were provided by the Langholm Moor Demonstration Project. Vole 

abundance was determined using consistent vole trapping lines spread evenly throughout 

the project site and calculated as the number of voles trapped per 100 trap nights and the 

yearly vole abundance calculated as mean number of voles per 100 trap nights within one 

year. This data was available from 2009 to 2013.  

3.8 Analysis 

All data was analysed using R 2.13.1. 

For survival of radio tagged chicks a Kaplan-Meier estimator was used, to account for 

censored data (i.e. chicks that survive) and a Cox proportional hazard model to detect 

significance in the difference in survival between the two study areas within the project 

area. The Mayfield method (Mayfield 1975) was used to calculate nesting success, 

accounting for number of exposure days. Generalised linear models with quasi binomial 

error (to account for overdispertion) were used for analysing the probability of nesting 

success, hatching success and brood survival (table 1.1).  

Weather variables were first sorted into monthly data for nesting success (May) and for 

each brood the mean for each weather variable over the first 10 days after leaving the nest 

was calculated. All weather variables were tested for correlation using a Pearson 

correlation, and only those that were uncorrelated with one another used in subsequent 

models. Welch two sample t tests were used on all habitat variables, for habitat data 

collected at the locations for 1 day old chicks and the locations for 10 day old chicks. 

Visibility at 2cm and 22cm, distance to nearest mature heather, and the ratio of heather to 

grass from 40 plots for each site was averaged and applied as a single figure for each brood 

for use in subsequent models. T tests were used to test the difference between avian 

predator activity, and ANCOVA linear regression models were used to test differences in 

habitat variables between study areas (table1.1). 

Breeding success information from 2009 – 2012 was compiled from radio tagged adults that 

were studied in previous years, including clutch size, brood size on hatch day, and brood size 

at final count. Chi squared tests were used to test the difference between hatching and 
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nesting success in different years. Weather variables for the first 10 days after hatching for 

each brood, and the distance a brood travelled were compared to brood survival in 

generalised linear models with quasi binomial error (table 1.1). Habitat variables, and raptor 

nests and activity were excluded from analyses comparing different years as this data was 

unavailable before 2013. 

 
Table 1.1. Response and explanatory variables used in models for analyses. 

Response 
Variables → 

Nesting Success  Chick Survival Brood Survival 
2013 

Brood survival 
2009-2013 

Explanatory 
Variables ↓ 

Landscape  Location 
(North/South) 

Location 
(North/South) 

 

Cover   Visibility at 22cm  

   Distance to 
nearest mature 
heather 

 

    Distance 
travelled 

Predators   Raptor nest 
abundance 

 

   Raptor activity  

 Vole density   Vole density 

Weather Sunshine hours, 
May 

   

 Windspeed, May    

   Temperature 
days 1-10 

 

   Sunshine hours 
days 1-10 

Sunshine hours 
days 1-10 

    Windspeed days 
1-10 

    Rainfall days 1-10 
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Results 

4.1 Breeding Success 2013 

A total of 35 adult red grouse had radio tags at the beginning of the breeding season at the 

end of April, including 19 females and 16 males, divided into 12 females and 11 males in the 

south (23 total) and 7 females and 5 males in the north (12 total). Before starting incubation 

6 birds were predated or had lost signal, 4 from the north and 2 from the south, lost signal 

could be due to being predated and carried away or due to the tag life running out. 18 nests 

of females, and 2 nests of partnered males were monitored, with 14 in the south and 6 in 

the north. 16 broods of females (one female having failed, and one having lost her tag 

before leaving the nest) and 3 broods of partnered males were monitored, with 6 in the 

north and 13 in the south. It is not certain whether the remaining radio tagged males nested 

and failed or did not nest, it is likely that the remaining males did not have broods or lost 

broods very early since males usually remain with the brood throughout the breeding 

season (Jenkins et al. 1963; Moss et al. 1975). 

4.2 Nesting Success 2013 

Nesting success in 2013 was calculated using the Mayfield (1975) method, so that the 

number of exposure days are factored into the equation, with a total of 20 nests with 2 

failures: 

Daily survival probability = exposure days – No. failed nests/exposure days 

Survival probability = Daily survival probability ^ Nesting period 

(428-2) / 428 = 0.99533 

0.99533 ^ 21 = 0.90632 

2/20 nests failed in 2013, one was due to predation by a fox, the radio tag having been 

found in a fox den and non-plucked feathers found >3 metres from the nest where the bird 

was taken, eggs were consumed by corvids likely after the nest was already exposed. The 

other nest that failed was due to infertile eggs, with the female incubating eggs for >42 

days, twice the normal incubation period for this species. 
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4.3.1 Nesting Success 2009 - 2013 

In previous years nesting success was calculated without the Mayfield method since vital 

data for the calculation was unavailable, therefore percentage of successful nests was used 

as nesting success. There will therefore be some bias in the calculations, but since most 

nests were found using radio tagged hens at Langholm it is likely that the nests were 

detected within the first few days of incubation, meaning that bias caused by a higher 

probability of finding successful nests was mitigated.  

Mean clutch size remained comparatively high throughout the study period, with between 

8.9 and 10 eggs per clutch each year (table 3.1). Hatching success was calculated with the 

exclusion of nests that failed in order to determine the percentage of eggs that hatched per 

nest for successful broods. Average hatching success was high in most years, with only a 

comparatively low hatching success in 2012.  

Nesting success was calculated including all nests to estimate the probability of a nest 

hatching one or more chicks (i.e. whether a nest is successful or fails). For analytical 

purposes nests that were confirmed predated, and nests that failed for unknown reasons 

(figure 3.1) were pooled, leaving two catagories: successful and failed (figure 3.2). The 

lowest nesting success was in 2012. 

 

Table 3.1. Mean annual clutch sizes, hatching success, and nesting success, 2009 – 2013. 

Year Clutch Size Hatching Success (number 
of eggs hatched per clutch) 

Nesting Success 
(probability of hatching 
one or more chicks) 

Mean Standard 
Error 

Probability Standard 
Error 

Probability Standard 
Error 

2009 9.5 0.307 0.86 0.039 0.69 0.097 

2010 8.9 0.382 0.93 0.022 0.71 0.114 

2011 9.1 0.291 0.94 0.025 0.69 0.112 

2012 9.3 0.325 0.71 0.076 0.48 0.092 

2013 10.0 0.253 0.87 0.045 0.91 0.092 
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Chi squared tests show a significant difference between years in whether a nest hatches, 

fails or is predated (X²=19.521 , DF=8, P=0.012), with significantly higher levels of failure in 

2012 (figure 3.1). When failed nests and predated nests are pooled there is no significant 

difference between years in whether a nest hatches or fails (X²=6.609, DF=4, P=0.158) 

(figure 3.2). A generalised linear model with quasi binomial error of hatching success 

(percentage of eggs that hatch for successful broods) in different years shows that hatching 

success is significantly lower in 2012 (SE=0.520, T= -1.954, P=0.055) (figure 3.3). A 

generalised linear model with quasi binomial error of nesting success (number of nests that 

Figure 3.1. Number of nests that were 

successful, were predated, or failed for 

unknown reasons per year. 

Figure 3.2. Number of nests which were 

successful or failed due to predation or 

unknown reasons per year. 

Figure 3.4. Nesting success per year. Figure 3.3. Hatching success per year. 
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hatch one or more chicks) in different years shows that nesting success is also significantly 

lower in 2012 (SE=0.605, T= -1.787, P=0.078) (figure 3.4). 

4.3.2 Weather Variability 

Weather variables that were used to represent the nesting period were taken as mean 

measures throughout the month of May, with most incubation periods falling within this 

month. Within the four weather variables, mean daily rainfall (mm), mean daily sunshine 

hours (hrs), mean daily temperature (°C), and mean daily windspeed (knots), high 

correlations were found between rainfall and temperature, and sunshine hours and 

temperature (rainfall : temperature: T=4.6549, DF=90, P=<0.001. sunshine hours : 

temperature: T=7.6353, DF=90, P=<0.001) using a Pearson correlation, so temperature was 

excluded from all subsequent models. 

Generalised linear models with quasi binomial error for hatching probability and the 

probability of nesting success with different weather variables (table 3.2) show no 

significant correlation with daily mean rainfall or daily mean windspeed. However, hatching 

and overall nesting success were both significantly negatively correlated with sunshine 

hours. 

Table 3.2. GLM results for hatching and nesting success with weather variables. Parameters on the 
logit scale. ‘***’ P=<0.001, ‘**’ P=<0.01, ‘*’ P=<0.05, ‘.’P=<0.1  

 Parameter 
Estimate 

Standard 
Error 

T value  P value 

Hatching 
Success 
(percentage 
eggs that 
hatch for 
successful 
broods) 

Rainfall (mm) 0.330 0.202 1.635 0.107 

Sunshine 
hours (hrs) 

-0.895 0.308 -2.905 0.005 ‘**’ 

Windspeed 
(knots) 

-0.713 0.446 -1.597 0.115 

Nesting 
Success 
(number of 
nests that 
hatch one or 
more chick) 

Rainfall (mm) -0.026 0.192 -0.137 0.891 

Sunshine 
hours (hrs) 

-0.622 0.302 -2.058 0.042 ‘*’ 

Windspeed 
(knots) 

0.012 0.435 0.027 0.979 
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4.4 Chick Survival 2013 

Radio tagged chicks survival was calculated using Kaplan Meier survival analysis, which takes 

into account age at which the chicks were tagged, age at which they lost the tag, and 

whether the chick survived up to this point or not. In total 26 chicks were tagged out of 13 

broods, with 1 to 3 chicks tagged per brood, 11 chicks out of 5 broods were tagged in the 

north, and 15 chicks out of 8 broods were tagged in the south. All chicks had the tags on 

between the ages of 0 and 21 days old. Chicks that lost signal with no traceable cause were 

assumed to be predated. 

Assumed predation accounted for 8/26 (0.31) of chick fates, 4/11 (0.36) in the north and 

4/15 (0.27) in the south, the mean number of days for a tag to remain on a chick was 11 

days (+ 0.86 SE). Survival probability at 10 days was 0.91, survival probability drops to 0.55  

at 20 days (table 4.1, figure 4.1). Survival of radio tagged chicks did not differ from overall 

brood survival at 20 days, at 0.52 (+ 0.07 SE). Out of the chicks that were lost, 5 were of 

unknown fate (assumed predated for analytical purposes) and 3 were confirmed predated, 

two by raptors and one by mustelid.  

In the north survival probability was 0.88 at 10 days and 0.49 and 20 days (table 4.2) In the 

south survival probability was 0.92 and 10 days and 0.59 and 20 days (table 4.3). A Cox 

proportional hazards test showed that the difference between survival in the north and 

south was not significant (SE=0.712, T= -0.534, P= 0.594) (figure 4.2). Overall brood survival 

at 20 days showed a similar pattern to radio-tagged chick survival, but with slightly greater 

contrast between north and south, with overall brood survival at 0.2 (+ 0.15 SE) in the north 

and 0.67 (+ 0.08 SE) in the south. 
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Table 4.1. Kaplan Meier survival analysis for radio tagged chicks. 

Time No. at 
risk 

No. of 
events 

Entered Censored Survival Std. 
Error 

Lower 
95% CI 

Upper 
95% CI 

7 21 1 0 0 0.952 0.047 0.866 1.000 

10 20 1 1 4 0.905 0.064 0.788 1.000 

11 16 1 3 0 0.848 0.081 0.703 1.000 

13 18 3 0 0 0.707 0.101 0.535 0.934 

17 10 1 0 1 0.636 0.113 0.450 0.900 

19 7 1 0 0 0.545 0.128 0.344 0.864 

 

Table 4.2. Kaplan Meier survival analysis for radio tagged chicks in the north. 

Time n.risk n.event Entered Censored Survival Std.Error Lower 
95% CI 

Upper 
95% CI 

10 8 1 1 1 0.875 0.117 0.673 1 

11 7 1 2 0 0.750 0.153 0.503 1 

13 8 1 0 0 0.656 0.160 0.407 1 

17 4 1 0 1 0.492 0.186 0.235 1 

 

Table 4.3. Kaplan Meier survival analysis for radio tagged chicks in the south. 

Time n.risk n.event Entered Censored Survival Std.Error Lower 
95% CI 

Upper 
95% CI 

7 13 1 0 0 0.923 0.074 0.789 1 

13 10 2 0 0 0.738 0.131 0.552 1 

19 5 1 0 0 0.591 0.169 0.338 1 
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Figure 4.1. Kaplan Meier Survival of 

radio tagged chicks, with confidence 

intervals (dashed lines). 

Figure 4.2. Kaplan Meier Survival analysis 

of radio tagged chicks in the north (N) and 

the south (S).  

 

 

 

 

 

 

 

 

 

 

 

 

4.5 Brood Survival 2013 

All brood survival analyses used 20 day brood counts due to increased perceived accuracy 

on this count. Broods that had more chicks at 20 days than at day 0, potentially due to 

mixing broods or adoption, were assumed to have 100% survival.  

Brood size changes significantly after 20 days (table 5.1) when tested in a Welch two sample  

test (T=4.212, DF=31.911, P=<0.001). When split into the northern and southern areas the 

difference in brood size between day 0 and day 20 is more significant in the north (T=4.775, 

DF=6.668, P=0.002) than in the south (T=2.332, DF=24.487, P=0.028). Brood survival at 20 

days differed significantly between the northern the southern areas (T=2.595, P=0.019) 

(table 5.1). Brood survival is tested against 3 different factors: weather, cover, and avian 

predator activity. 
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Table 5.1. Mean brood sizes at day 0 and day 20, and brood survival, in the northern and southern 
areas.  

 Initial Brood size Brood Size at 20 days Brood Survival 

Mean Standard 
Error 

Mean Standard 
Error 

Probability Standard 
Error 

Overall 8.70 0.548 4.58 0.810 0.52 0.089 

North 9.67 0.569 2.00 0.183 0.20 0.148 

South 8.29 0.675 5.77 0.802 0.67 0.084 

 

4.5.1 Weather Variability 

Mean daily rainfall (mm), mean daily temperature (°C), mean daily windspeed (knots), and 

mean daily sunshine hours (hrs) were recorded for the first 10 days of each brood leaving 

the nest, when they are most vulnerable to adverse weather conditions (Wegge & Kastdalen 

2007; Erikstad 1985; Steen & Haugvold 2009). A Pearson correlation indicated that rainfall, 

temperature and windspeed were highly correlated (rain : temperature: T=-4.936, DF=18, 

P=<0.001. Wind : temp: T=-13.620, DF=18, P=<0.001. Wind : rain: T=3.747, DF=18, P=0.001), 

but that sunshine hours showed no significant correlation with any other variables, for this 

reason only sunshine hours and temperature were tested against brood survival. A 

generalised linear model with quasi binomial error showed that there was no significant 

relationship between brood survival and temperature or sunshine hours (table 5.2). 

4.5.2 Cover 

Cover variables included distance to nearest mature heather(m), visibility at 2cm, visibility at 

22cm, and the ratio of heather to grass, all measurements were taken at the locations that 

the chicks were found when they were 1 day old and 10 days old. Welch two sample T tests 

reveal that there is no significant difference between measurements taken at 1 and 10 days 

old for either distance to mature heather (T=0.268, DF=30.242, P=0.790), visibility at 2cm 

(T=0.135, DF=27.783, P=0.893), or visibility at 22cm (T=0.749, DF=29.878, P=0.460), so the 

data from 1 day and 10 days old were pooled. A Spearman’s rank test showed that visibility 

at 2cm and visibility at 22cm were significantly correlated (S=451.292, P=0.022), so only 

visibility at 22cm was used in the model. A generalised linear model with quasi binomial 
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error showed that brood survival had negative tendency towards distance to nearest 

mature heather, visibility at 22cm, and ratio of heather to grass (table 5.2). 

 
Table 5.2 GLM results of brood survival and weather variables, and brood survival and cover 
variables. Parameters on the logit scale. ‘***’ P=<0.001, ‘**’ P=<0.01, ‘*’ P=<0.05, ‘.’P=<0.1 

 Parameter 
Estimate 

Standard Error T value  P value 

Weather Temperature (°C) 0.449 0.3934 1.141 0.273 

Sunshine Hours (hrs) -0.460 0.4598 -0.959 0.354 

Cover Mature Heather (m) -0.010 0.0052 1.895 0.079 ‘.’ 

Visibility 22cm -0.074 0.0381 1.953 0.071 ‘.’ 

Heather : Grass -0.340 0.1911 -1.778 0.097 ‘.’ 

 
4.5.3 Avian Predators 

Predator activity was divided into the northern and southern part of the project area. 

Avian predator nest abundance is known to be higher in the south (19 nests) than in the 

north (6 nests) (figure 5.1), despite this, overall avian predator activity attends to be higher 

in the north, although this difference is insignificant (table 5.3). Raptor activity attends to be 

higher in the south (figure 5.3), but when tested on an individual species level hen harriers 

are the only species that differ significantly. Corvid activity is significantly higher in the north 

(figure 5.4), which can be attributed to a higher activity of ravens (table 5.3).  

The distance to nearest mature heather, ratio of heather to grass and visibility at 22cm has a 

potential effect on the broods vulnerability to predation and was tested with ANCOVA linear 

regression models (table 5.4). Heather to grass ratio and visibility at 22cm were higher in the 

south but the differences were insignificant. Distance to nearest mature heather was 

significantly higher in the north (figure 5.5).  
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Table 5.3 Welch two sample t tests of avian predator activity (sightings per 100 scans), and mean 
avian predator activity in the north and south of the project area. ‘***’ P=<0.001, ‘**’ P=<0.01, ‘*’ 
P=<0.05, ‘.’P=<0.1  

 T Value Degrees 
of 
Freedom 

P value North South 

Mean Standard 
Error 

Mean Standard 
Error 

Avian Predator 
Activity 

1.172 6.888 0.298 20.56 1.742 15.69 2.834 

Raptor 

Activity 

All 
Raptors 

-2.031 7.639 0.078 ‘.’ 4.64 1.277 9.63 2.101 

Buzzard -0.625 6.594 0.553 2.73 1.069 3.59 0.875 

Hen 
Harrier 

-2.842 5 0.036 ‘*’ 0.00 0.00 4.17 1.466 

Peregrine 1 3 0.391 0.05 0.053 0.00 0.00 

Kestrel -0.236 7.333 0.820 1.46 0.504 1.30 0.484 

Merlin -0.391 7.464 0.707 0.20 0.200 0.31 0.198 

Short-
eared Owl 

-0.325 7.789 0.754 0.19 0.130 0.27 0.200 

Corvid 

Activity 

All 
Corvids 

3.072 7.295 0.017 ‘*’ 15.92 2.327 6.06 2.211 

Raven 2.847 4.557 0.040 ‘*’ 13.43 2.933 4.07 1.485 

Crow 2.054 3.972 0.110  1.89 0.615 0.53 0.245 

Rook -0.624 7.017 0.552 0.60 0.603 1.46 1.229 

 

Table 5.4. ANCOVA of cover availability in the north and south of the project area. Parameters on 
the logit scale. ‘***’ P=<0.001, ‘**’ P=<0.01, ‘*’ P=<0.05, ‘.’P=<0.1  

 Parameter 
Estimate 

Standard 
Error 

T Value P Value 

Cover Visibility 22cm 4.969 8.173 0.608 0.552 

Distance to 
Mature Heather 

-195.95 68.69 -2.853 0.012 ‘*’ 

Heather : Grass 
Ratio 

0.428 1.008 0.425 0.677 
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Figure 5.1 Avian predator Buzzard (BZ), Hen 

Harrier (HH), Peregrine falcon (PE), Merlin 

(ML) Raven (RN) and Short-eared Owl (SE) 

nests in the northern and southern areas. 

Figure 5.2 Avian predator activity in the northern 

and southern areas. 

Figure 5.3 Raptor activity in the northern 

and southern areas. 

Figure 5.4 Corvid activity in the northern 

and southern areas. 

Figure 5.5 Distance to the nearest mature heather 

from chick locations at 1 and 10 days old in the 

northern and southern areas. 
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4.6 Brood Survival 2009 – 2013 

Brood size differs significantly after 20 days when tested with a Welch two sample t test 

(T=29.422, DF=69, P=<0.001). Survival probability varies a large amount from year to year, 

with survival probability at the lowest in 2011 (Figure 6.1). A generalised linear model with 

quasi binomial error shows that the difference in survival probability between years, when 

tested in an ANOVA the difference is highly significant (deviance=65.795, DF=4, P=<0.001). 

Lowest survival probability for broods does not correspond to lowest nesting success, with 

significantly lower nesting success in 2012 (figure 3.4) and significantly lower brood survival 

in 2011 (table 6.1). 

Table 6.1. Mean annual chicks per hen and brood survival, 2009 – 2013. 

Year Chicks per hen at day 0 Chicks per hen at final 
count 

Brood Sruvival 

Mean Standard 
Error 

Mean Standard 
Error 

Probability Standard 
Error 

2009 8.33 0.449 4.17 0.694 0.49 0.075 

2010 7.73 0.604 4.25 0.698 0.56 0.086 

2011 8.82 0.272 0.78 0.387 0.09 0.047 

2012 6.13 0.557 1.78 0.468 0.27 0.065 

2013 8.70 0.548 4.58 0.810 0.52 0.089 

 

 

 

 

 

 

 

 

 

 

 Figure 6.1 Brood survival per year. 
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4.6.1 Distance Travelled 

Distances travelled were recorded from 2009 – 2011. Distances recorded vary from 11.7m 

to 657.4m. A generalised linear model with quasi binomial error shows that there is no 

significant correlation between these distances and a broods survival probability (T=0.208, 

P=0.838). 

4.6.2 Weather Variability 

Weather variables that were used to represent brood survival were recorded for the first 10 

days of each brood leaving the nest, using mean daily rainfall (mm), mean daily sunshine 

hours (hrs), mean daily temperature (°C), and mean daily windspeed (knots). A Pearson 

correlation showed that rainfall, windspeed and temperature showed significant correlation 

(rainfall : temperature: T=-6.963, DF=63, P=<0.001; windspeed : rainfall: T=10.314, DF=63, 

P=<0.001; temperature : windspeed: T=-6.711, DF=63, P=<0.001), with low temperatures, 

high rainfall and high windspeed. Therefore only windspeed was used in subsequent models 

to represent all three variables. 

Generalised linear models with quasi binomial error for survival probability with different 

weather variables (table 6.2) show that sunshine hours do not effect brood survival 

probability but that the other correlated weather variables (high windspeed, high rainfall 

and low temperature) have a significant negative effect on brood survival during the first 10 

days of a brood leaving the nest, when chicks vulnerability to adverse weather conditions is 

highest (Erikstad 1985; Wegge & Kastdalen 2007; Steen & Haugvold 2009). 

 

Table 6.2. GLM results for hatching and nesting success with weather variables. Parameters on the 
logit scale. ‘***’ P=<0.001, ‘**’ P=<0.01, ‘*’ P=<0.05, ‘.’P=<0.1  

 Parameter 
Estimate 

Standard Error T value  P value 

Brood Survival 
Probability 

Sunshine 
hours (hrs) 

-0.007 0.040 -0.185 0.854 

Windspeed 
(knots) 

-0.217 0.096 -2.259 0.028 ‘*’ 
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4.7 Vole Cycles 

Vole density for each year was calculated as voles per 100 trap nights, this was compared by 

year in a generalised linear model with quasi binomial error to nesting success and to brood 

survival per year (table 7.1). Nesting success was not influenced by vole abundance, but 

brood survival showed significant negative correlation with vole abundance (figure 7.1).   

Table 7.1 GLMs with quasi binomial error of nesting success and brood survival with vole abundance 
per 100 trap nights. Parameters on the logit scale.  ‘***’ P=<0.001, ‘**’ P=<0.01, ‘*’ P=<0.05, 
‘.’P=<0.1  

 Parameter 
Estimate 

Standard 
Error 

T Value  P Value 

Vole 
abundance 
per 100 trap 
nights 

Nesting 
success  

-0.095 0.088 -1.076 0.285 

Brood 
survival  

-0.379 0.103 -3.671 <0.001 ‘***’ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.1. Vole abundance, nesting success, and brood 

survival per year. 



 40 

Discussion 

5.1 Nesting Success  

Mean clutch size at Langholm is above average when compared to English and Scottish 

moors in most years, with English moors averaging 9.2 (+ 0.3 SE) and Scottish moors 

averaging 8.7 (+ 0.1 SE) (Park et al. 2008). A large mean clutch size is an indication that hen 

condition was good before laying (Moss et al. 1984), this allows us to rule out 

malnourishment and excessive parasitism in the hen as a significant factor affecting survival, 

since the caecal nematode parasite (Trichostrongylus tenuis) is thought to be connected 

with low clutch size (Hudson 1986).  

In 2013 there were four nests that left more than 2 eggs un-hatched, these nests were all 

hatched on 24th, 25th or 26th May on the southern part of the moor. It is likely that 

something temporal was affecting these nests at a crucial stage of the incubation period for 

these broods, such as weather. Sunshine hours and temperature had a negative impact on 

hatching and nesting success between 2009 and 2013, conversely to what might be 

expected. It is possible that this may be caused by higher visibility for raptors when there is 

more sun, allowing raptors to sight and predate nests more easily, or because hunting 

activity by predators is higher on clear days. Red grouse hens may also spend more time off 

the nest on brighter days, influencing their incubation and vulnerability to predation. 

Nesting success at Langholm ranks lower than other UK moors in most years with 0.88 (+ 

0.06 SE) from English moors and 0.85 (+ 0.02 SE) from Scottish moors (Park et al. 2008), with 

a drop in 2012, followed by a drastically higher nesting success in 2013. It is not apparent 

what factors were affecting nesting success between 2009 and 2012, some nests had 

obviously been predated but it is not clear whether the nest was abandoned before the eggs 

were predated. In 2012 hatching and nesting success were particularly low, with many nests 

abandoned or cleared with no signs, conversely in 2013 only two nests failed, with only one 

caused by predation (mammalian). There has been a small decrease in predator abundance 

between 2012 and 2013 so predation may play a part in this change in hatching and nesting 

success, but it is unlikely that this is the sole factor driving such a significant change in 

nesting success. The large difference in nesting success may be a cumulative combination of 

predator abundance and weather conditions.  
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5.2 Brood Survival 

5.2.1 Weather 

A dramatic increase in brood survival in 2013 when compared to the previous 2 years 

suggests that brood survival is heavily influenced by annually changing variables. Weather 

variables were tested against brood survival for chicks of 1-10 days old, showing, conversely 

to nesting success, that sunshine hours have no affect, but that correlated temperature, 

windspeed and rainfall have a significant effect on brood survival, with lower survival in 

cold, wet and windy years. It is likely that this was caused by a combination of poor thermo-

regulation in young chicks (Erikstad 1985) and reduced available feeding time in poor 

weather (especially in rain and wind) when chicks must be brooded by the hen (Steen & 

Haugvold 2009). It is thought that hens with larger broods loose a larger number of chicks in 

poor weather due to inability to brood all chicks sufficiently (Erikstad 1985), this could then 

lead to increased vulnerability to predation through malnourishment. 

The difference in brood survival between the northern and southern parts of the study site 

indicates that there are likely to be some factors that are having a significant effect on chick 

survival that differ in these two areas. Weather cannot be tested individually for each site 

since there are no weather stations on the moor, although weather can be noticeably 

different between the two areas; the northern area is higher in elevation with a northern 

aspect, and suffers lower temperatures, lower clouds, higher precipitation and higher 

windspeeds (pers. Observations). In early spring 2013 the north was covered in snow for a 

longer period and hens responded to this by starting incubation on average a week later 

than hens in the south. The only year that nesting success was recorded previously in the 

north was 2012, and it can be noted that none of these nests were successful in 2012. This 

suggests that a spatial factor at Langholm may exacerbate nesting failure in years where 

nesting success is already low. 

5.2.2 Cover 

Cover availability (including visibility and distance to mature heather) had a negative trend 

with brood survival, indicating the possibility that broods are reliant on good cover for 

survival, and that there is some variation in cover availability at Langholm. Mature heather 
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provides cover for red grouse for nesting and to shelter from predators and less mature 

heather could leave red grouse more vulnerable to predation (Campbell et al. 2002), or 

could lead to vulnerability to adverse weather conditions with less available shelter. Broods 

had larger distances to mature heather in the northern areas of the site, this is an indication 

that mature heather was much less abundant in the northern areas.  High heather to grass 

ratio, i.e. the more grass there is in relation to heather, trended towards lower survival 

probability. Grass could have a negative affect on survival due to increased abundance of 

alternative prey for raptors in grassy areas, that may increase predator activity (Smith et al. 

2001; Thirgood et al. 2002).  

5.2.3 Distance Travelled 

Brood survival did not correlate with distances a brood travelled, which suggests that 

invertebrate supply is similar in all parts of the moor. A hen that takes her chicks a large 

distance is likely to be searching for more food sources for young, indicating that an area 

may be comparatively low in invertebrates, this could lower the physical condition of the 

chicks and make them more vulnerable to predation. Although distances travelled differ 

from 12m to 657m, there was no evidence for reduced survival in broods that travelled 

further, suggesting that food limitation is not an issue.  

5.2.4 Predation 

Monitoring of radio tagged chicks did not reveal any significant factors that were causing 

mortalities of individual chicks. The mortalities that we were able to assign a cause to were 

due to raptor and mustelid predation, but the specific predator species were not usually 

possible to identify from the remains, and it was not always certain whether the chick had 

died from predation or been foraged after they died. The chicks that lost signal could not be 

assigned to any cause of death, although predation is likely since the cause of lost signal is 

liable to be due to being carried away to feed young, destruction of the tag by the predator, 

or the prey being taken underground where the signal may be too weak to receive. It is not 

certain whether these events are likely to be related to raptor or red fox predation, since 

both will remove prey from an area to feed young.  
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The northern and southern areas differed regarding the abundance of avian predators and 

cover availability. With 6 nests there are fewer avian predator nests in the north compared 

to 19 nests in the south. However, we can assume that proximity to raptor nests is not a 

deciding factor in brood survival, since brood survival was higher in the south, where raptor 

nests were more abundant. Although it is understood that some raptors prefer to hunt 

within the vicinity of their nests (Thirgood et al. 2003), this is not true for all raptors and 

nest proximity may not be a good description of foraging areas for nesting parents, 

especially considering the potential distance that can be covered by foraging raptors 

(Thirgood et al. 2003). 

Raptor activity was higher in the south, correlating with the higher number of raptor nests 

in the south, but the difference was insignificant for all species excepting hen harriers. Hen 

harriers in the south may have had little or no effect on brood survival because both known 

nests were provided with supplementary feeding during the chick rearing period. Studies 

have indicated that although this does not eliminate the threat of predation on red grouse 

chicks, it reduces the number of grouse chicks brought back to hen harrier nests significantly 

(Redpath et al. 2001). Intensive surveying effort means that it is unlikely that hen harrier 

nests were missed. Buzzards are known to hunt red grouse chicks (Tornberg et al. 2012; 

Park et al. 2008) and are thought to be a strong contributing factor to low red grouse 

survival. Although there is very little difference in buzzard activity between the two study 

areas, there may be an effect of buzzard predation on grouse chick survival over the entire 

moor, since buzzards are generalist predators and are more abundant than other raptor 

species at Langholm. 

In contrast to raptor activity there was a significantly higher activity of corvids in the 

northern area, when broken down into individual species it becomes apparent that ravens 

are the main contributor to this difference. Other corvid species are controlled effectively 

with moorland management but ravens are protected in the UK and are considered a 

species of international importance (Thompson et al. 1995) and so are not controlled. There 

is no evidence from the radio-tagged chicks to suggest a causal link between raven 

abundance and red grouse chick survival, and the relatively low number of ravens present at 

Langholm suggests that they are unlikely to be the sole influence on overall population size. 

It is however likely that there is some hunting pressure exerted on young broods as ravens 
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are known to predate young game birds and to hunt on open moorland, which may exert 

accumulative pressure on populations on top of other predators.  

5.2.5 Voles 

Vole cycles on Langholm correlate negatively with brood survival, which opposes 

expectations that suggest that APH will cause a reduction in red grouse numbers in low vole 

years (Angelstam et al. 1984; Reif et al. 2001; Redpath & Thirgood 1999; Tornberg et al. 

2012). This suggests that when generalist predators such as buzzards switch to alternative 

prey during years of low vole abundance, they do not switch to small game birds. It is likely 

that more sufficient prey sources can be found away from the red grouse habitats (e.g. 

rabbits), so raptors are spending less time foraging in red grouse areas in low vole years. 

This implies that red grouse are not the main food source of generalist predators, but may 

be taken opportunistically when raptors are hunting in red grouse habitat. 

5.3 Assumptions and Limitations 

Interactions with observers could affect the outcome of a bird’s breeding success. Camera 

footage indicates that hens return to the nest after 30 – 45 minutes, no more than average 

time for a bird to be off the nest, so it is unlikely that there were negative effects from 

disturbing incubation. When locating broods care was taken not to influence a chick’s 

survival, searches were only undertaken in good weather conditions, in most cases the 

adults could be seen for the duration of the brood count, so it is likely that they returned 

shortly after observers had left. Three chicks died from accidents with observers or the 

pointer dog, these individuals were excluded for the purposes of analyses. 

Some brood counts revealed that brood size had grown in size between brood counts. This 

is likely in most cases due to underestimations of brood sizes in the early counts, since it 

might not be possible to locate all chicks when they are very young. It is also possible that 

when broods cross paths chicks may follow different adults, or that chicks may join another 

brood when their parents are killed (Erikstad 1985). This is evident in a minority of cases, 

where brood size increases to a higher number than had originally hatched, but it is not 

possible to know how frequently this happened and how much it influenced brood sizes. 

Evidence from radio tagged chicks suggests that it is not common as this behaviour was not 
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recorded with any radio tagged chicks. Brood counts were assumed to be most accurate 

when chicks were better able to fly (at 20 days), ensuring that all birds would flush when 

disturbed to enable a count, there is however always the possibility that one or two chicks 

remain un-flushed.  

The same data collection method was used with radio tagged adults for each year but it is 

evident that monitoring hours varied from year to year. Red grouse breeding behaviour is 

widely known and well published, despite this there may be some difference in 

interpretation of signs of predation or behaviour between different observers in different 

years. Observer bias cannot be mitigated in this instance and assumptions have been made 

in the analysis about the quality of the data in previous years. Some variables that were 

measured in 2013 were not measured in previous years, and so cannot be compared with a 

long term data set. There are therefore some variables that can only be compared spatially 

and some that can only be compared temporally, when ideally each variable should be 

assessed both spatially and temporally. 

Some variables that may have negative affects on breeding success of red grouse were not 

measured. Invertebrate surveys would have indicated whether chicks were supplied with 

adequate food during their crucial first week, when they rely on invertebrates (Wilson et al. 

1999; Park et al. 2001). Monitored growth rates of red grouse chicks over a five year period 

indicate that chicks do not suffer from lack of protein in their diet, and louping ill is not 

common in young chicks (Erikstad 1985), so these are not considered in this study. Habitat 

variables are not measured at random, only at sites selected by grouse broods, analyses will 

therefore only provide an indication of habitat differences between broods and not an 

overall assessment of habitat and Langholm. 

Analyses were inevitably affected by the relatively small sample size, with grouse only 

available for monitoring if they can be caught and tracked. There may be reduced power in 

the data where there are smaller sample sizes, particularly in study areas that have lower 

red grouse survival, leaving fewer broods to be radio-tagged and monitored.  

These comparisons are only made within the confines of one moorland site and likely to 

have limited relevance to other moors in the UK. It would be beneficial to carry out similar 
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studies on moors with differing grouse densities, to test hypotheses more robustly and 

increase the wider validity of results. 

5.4 Implications for Management 

Management of moorland habitats is well established and structured specifically for the 

benefit of red grouse, but historically it is implied that management will benefit red grouse 

survival on moors that have low numbers of avian and mammalian predators (Thompson et 

al. 1995). The purpose of LMDP is to develop new management techniques that do not 

assume the absence of avian predators, an example of which involves the supplementary 

feeding of hen harriers. 

With respect to data from 2013 it is not clear what factors have the most negative impact 

on red grouse breeding success, since nesting success and brood survival were both 

unusually high, although there was a significant spatial difference within the project area. 

The differing survival in the northern and southern areas of the site implies that there are 

some factors that are influencing vulnerability to predation, since raptor density is 

distributed evenly over the moor and raven numbers are relatively low. It is not clear 

however whether this is related to the difference in habitat (heather maturity) or in weather 

conditions, a more detailed assessment of habitat differences and weather variation is 

needed to assess this. Comparison to previous years shows a dramatic increase in breeding 

success, suggesting a population increase in red grouse over the coming year. Overwinter 

survival is not taken into account in this study, and this may have further negative effects on 

red grouse populations as it is not certain whether the unusually high red grouse numbers 

will remain throughout the winter. Further study into overwinter survival would piece 

together a larger picture of annual red grouse populations and give further insight into 

temporal factors affecting their survival. 

Red grouse brood survival from 2009 to 2013 showed variation in populations that appears 

to correlate negatively with vole cycles, implying that breeding success is likely to decline 

again when vole abundance increases. If, as suggested by Thirgood et al. (2000b) raptors are 

responsible for suppressing grouse to low populations, it would be most beneficial to focus 

management efforts (such as supplementary feeding) in high vole years, in order to mitigate 

against the extra raptor activity in these years. There may be potential for supplementary 
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feeding of buzzards or other generalist predators during high vole years when they are more 

likely to be foraging in red grouse habitats. It has also been suggested that voles and 

meadow pipits (another common prey for generalist predators) occur in areas with a mosaic 

of heather and grass, and are less abundant in areas with mature heather (Smith et al. 2001; 

Thirgood et al. 2002), therefore the encouragement of mature heather and reduced 

grassland would discourage predators that rely on voles and meadow pipits, potentially 

maintaining red grouse at a higher density. This supports the theory that the reduced 

amount of mature heather in the northern area in 2013 may have an effect on grouse 

populations, with potentially higher numbers of voles in this area, although the ratio of 

heather to grass is not significantly different from the southern part. It is not clear whether 

vole density differs between these sites and a further assessment of vole density in different 

habitat types would give light to this theory. 

Weather variability has shown a significant effect on the breeding success of red grouse and 

although there are no direct management techniques that can mitigate against this, grouse 

in areas that suffer high levels of adverse weather conditions may benefit from high levels of 

mature heather to provide cover. 

This study has shown that managing a shooting grouse moor that accommodates both game 

and raptor species is a plausible scenario, with red grouse numbers beginning to see an 

increase at Langholm despite the steady number of breeding avian predators on the moor. 

There will always be some loss of red grouse over the breeding season to avian predators, 

but with management strategies that monitor the relationship between game and predator 

species carefully, and adjust accordingly, this may become only small a compromise and not 

a dissolution of managed moorland.  
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