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Summary 

Populations of many species worldwide are decreasing, but the underlying causes 

are often poorly understood, impeding effective conservation action.  One 

approach to understanding such population dynamics is to determine which 

demographic rates drive variation in population growth rate ( ), and identify 

ecological and environmental causes of this demographic variation.  I quantified 

key demographic rates driving the decrease in population size in Ring Ouzels 

(Turdus torquatus), a species of high conservation concern in the UK, and 

explored underlying ecological and environmental causes. 

The number of breeding pairs decreased by 44-100% during 1979-2009 

across 13 study areas throughout the UK.  The population in my study area in 

Glen Clunie, Aberdeenshire, Scotland decreased by 67%, from 39 to 13 breeding 

pairs, during 1998-2009.  Mean  calculated from annual censuses of the number 

of breeding pairs was 0.91.  I recorded reproductive success, and used resightings 

of marked individuals to estimate survival rates in each year, thereby measuring 

the mean, variance and covariance among key demographic rates.  Prospective 

elasticity analysis indicated that  was most sensitive to adult survival.  However, 

integrated elasticity analysis, accounting for estimated demographic covariance, 

indicated that  was most sensitive to first-year survival.  Retrospective 

decomposition of variance indicated that first-year survival contributed most to 

observed variation in .  However, adult survival was low compared with species 

with similar life histories. 

Sixty-one out of 108 (56.5%) individually marked females made two 

successful breeding attempts in one or more years during 1999-2011, but only two 

(1.8%) made three successful breeding attempts in one year.  These triple 
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brooded females began breeding earlier in the season, and had shorter inter-

brood intervals, than other females.  However, the impact of triple brooding on  in 

my study population was low. 

Juveniles fledged from early-season broods had higher survival probability 

during each four-day period over 116 days post fledging (0.952 ± 0.011) than 

juveniles fledged from late-season broods (0.837 ± 0.021).  Predation was the 

main apparent cause of mortality.  Juveniles foraged on invertebrates in grass-rich 

areas during June to mid-July, but then switched to feed mainly on moorland 

berries in higher-altitude, heather-rich, areas during mid-July to early-September.  

Thus, a variety of habitats providing different food types is required during the late 

summer. 

The number of years that breeding territories were occupied during 2006-

2011 was positively related to the proportion of heather within a 100m radius of the 

territory centre.  In addition, nest sites were located in areas with higher 

topographical variability at intermediate altitudes, and with higher proportions of 

burnt heather and grass, than unoccupied randomly located areas within the study 

area.  These results suggest that Ring Ouzel breeding areas are associated with a 

mix of heather, burnt heather and grass within a 100m radius of nest sites. 

My analysis highlighted first-year and adult survival as two of the most 

likely demographic rates associated with the observed decrease in Ring Ouzel 

breeding numbers.  In addition, I provide evidence of the main factors limiting 

juvenile survival, and of key foraging habitats for post-fledging young during the 

late summer.  Thus, this thesis illustrates the value of integrating demographic and 

ecological studies to understand population change in species of conservation 

concern. 
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1.1. Why is conservation important? 

Life has existed on Earth for around four billion years, constantly evolving to form 

the spectacular richness of our current living world (Pullin 2002).  We humans 

(Homo sapiens) are ourselves products of this evolutionary process, and have 

benefitted greatly from this natural richness (Ehrlich & Wilson 1991; Pullin 2002).  

Yet, although we are dependent on the resources provided by the natural world, 

we have presided over large-scale human-induced habitat destruction and the 

mass extinction of species (Wackernagel & Rees 1996; Fahrig 1997; Boyce 2001; 

Brook et al. 2003; Pounds et al. 2006).  We must therefore realise that we are part 

of the natural environment and that our future depends not on controlling it, but 

coexisting with it (Giddings et al. 2002; de Groot et al. 2002; Goudie 2006).  The 

conservation of Earthôs natural resources, habitats and the species that live within 

these habitats, is therefore of paramount importance to our future as a species. 

 

1.2. Determining the species of highest conservation concern 

The number of species threatened with extinction far outstrips conservation 

monetary resources, and this situation is forecast to become rapidly worse (Pimm 

et al. 1995; Myers 1996).  Therefore, a key question for conservationists is how to 

conserve the most species for the minimum amount of money spent.  Several 

approaches to prioritisation have been proposed.  For example, identifying 

óbiodiversity hotspotsô, based upon richness of rare (Prendergast et al. 1993; 

Williams et al. 1996) or taxonomically unusual species (Vane-Wright et al. 1991; 

Williams et al. 1991) or in terms of eco-regions, defined as relatively large units of 

land containing a distinct assemblage of natural communities and species, with 

boundaries that approximate the original extent of natural communities prior to 
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major land-use change (Olson et al. 2001).  An alternative approach is to identify 

areas containing exceptional concentrations of endemic species and experiencing 

exceptional loss of habitat (Myers 1988; Myers 1990; Ginsberg 1999; Myers et al. 

2000a).  This approach involves focussing on species, rather than on populations 

or other taxa, as the most prominent and readily recognisable form of biodiversity 

(Myers et al. 2000a). 

At the global level, International Union for Conservation of Nature (IUCN) 

Red Lists, which list the perceived threat to persistence of animal and plant 

species, are well established as a conservation tool (IUCN 2001).  The first Red 

List assessments relied upon the experience and ócommon senseô of experts 

(Burton 2003).  Although the idea of having experts assessing the conservation 

status of a species was revolutionary at the time, the subjectivity of these 

assessments was soon realised (e.g. Mace & Lande 1991; Master 1991; 

Possingham et al. 2002).  Subsequently, however, these assessments have 

changed dramatically, with the implementation of data-driven and objective criteria 

for estimating extinction risk.  Although the opinions of species experts are no 

longer used to categorise the threatened status of species subjectively, experts 

retain important roles through the compilation and review of the primary data 

required to allocate each species, within each taxon, into one of the following 

categories (IUCN 2001): 

 

 Extinct - a taxon is extinct when there is no reasonable doubt that the last 

individual has died. 
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 Extinct in the wild - a taxon is extinct in the wild when it is known only to 

survive in cultivation, in captivity or as a naturalized population (or 

populations) well outside the past range. 

 Critically endangered - a taxon is critically endangered when the best 

available evidence indicates that it is considered to be facing an extremely 

high risk of extinction in the wild. 

 Endangered - a taxon is endangered when the best available evidence 

indicates that it is considered to be facing a very high risk of extinction in 

the wild. 

 Vulnerable - a taxon is vulnerable when the best available evidence 

indicates that it is considered to be facing a high risk of extinction in the 

wild. 

 Near threatened - a taxon is near threatened when it does not qualify for 

Critically Endangered, Endangered or Vulnerable now, but is close to 

qualifying for or is likely to qualify for a threatened category in the near 

future. 

 Least concern - a taxon is least concern when it does not qualify for 

Critically Endangered, Endangered, Vulnerable or Near Threatened. 

 Data deficient - a taxon is data deficient when there is inadequate 

information to make a direct, or indirect, assessment of its risk of extinction 

based on its distribution and/or population status. 
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The listing criteria are thus clear and comprehensive, but flexible enough to handle 

uncertainty (Akçakaya et al. 2000). 

In recent years, IUCN Red List categories and criteria have increasingly 

been used at national levels, and this has been encouraged by the IUCN with the 

publication of guidelines for national or regional red lists (Gärdenfors 2001; World 

Conservation Union 2003).  National red lists based on IUCN criteria, however, 

may differ substantially from other red lists.  In many countries, red lists have been 

established to reflect the need for conservation action; the criteria used to define a 

species as threatened are usually based on the rate of decline but also consider 

other factors, such as whether a species has always been rare in the country (e.g. 

Zbinden et al. 1994; Gibbons et al. 1996; Bauer et al. 2002).  Thus, most national 

red lists are considered an appropriate basis for setting conservation priorities, and 

in some countries red lists also have legal status (Zamin et al. 2010).  Most 

approaches to producing red lists are alike, in that they consider bio-geographical 

information in addition to national threat status, and thus put the national view into 

a broader perspective. 

In Europe, BirdLife International has used a similar approach to identify 

bird species of European conservation concern (Tucker & Heath 1994), and within 

the UK, leading bird conservation organisations have recently reviewed the status 

of the birds that occur there regularly (Eaton et al. 2011).  A total of 246 UK 

species was assessed against a set of objective criteria to place each on one of 

three lists ï Green, Amber and Red ï indicating an increasing level of 

conservation concern.  The criteria used in assessments are intended to ensure 

that the listings reflect each speciesô global and European status as well as that 

within the UK, and additionally measure the importance of the UK population in 
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international terms.  One of the species on the UK red list is the Ring Ouzel 

(Turdus torquatus), the focal species of this thesis, which qualifies under the 

criterion of severe decline (>50%) in the UK breeding population size over 25 

years.  In fact, the UK breeding population was estimated to have declined by 

approximately 58% between 1988-91 and 1999 alone (Gregory et al. 2002; Wotton 

et al. 2002), making it one of the most rapidly declining species in the UK (Eaton et 

al. 2011).  Hence, the Ring Ouzel is the focus of major conservation concern and 

is a priority for conservation action in the UK. 

 

1.3. The importance of conservation biology 

Conservation biology can be defined as the scientific study of the nature and 

status of Earthôs biodiversity with the aim of protecting species, their habitats, and 

ecosystems from excessive rates of extinction (Wilcox & Soulé 1980; Soulé 1986; 

Sahney & Benton 2008).  Threats to species may come about through, for 

example: invasion by non-native species which out-compete native species; 

excessive predation on native species by other species that may reach high 

densities due to human activity; accidental or deliberate introduction of disease; 

and excessive rates of habitat fragmentation and loss.  The role of conservation 

biologists is to identify the causal factor(s) implicated in the species decline, and to 

recommend ways in which the level of threat from each potential cause of decline 

may be reduced or removed. 

That invasive, non-native, species are a global conservation problem is 

well-established and publicised in both the scientific and the popular literatures 

(e.g. Devine 1999; Low 1999; Mooney & Hobbs 2000; Blackburn et al. 2009).  

However, there have been many successes in completely eradicating introduced 
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species from ecosystems where man, directly or indirectly, had released them 

(Myers et al. 2000b; Simberloff 2002a; Veitch & Clout 2002), or in reducing them 

to acceptably low densities (Simberloff 2002b).  An example of successful 

containment, and eventual eradication, of an invasive species is that of the marine 

alga (Caulerpa taxifolia), which occurs naturally in tropical waters worldwide.  The 

history and spread of this alga, considered a major ecological threat to native 

marine biodiversity in the Mediterranean Sea, is well described (Meinesz 1999, 

2002).  In 2000 it was discovered in California, USA, the first time C. taxifolia had 

been documented in the western hemisphere (Anderson 2005).  Soon after the 

species was identified, representatives from several Californian state agencies, 

federal agencies, phycology experts and local stakeholders met to assess the 

threat.  At this stage, formal options for various actions were discussed, and the 

group arrived at a consensus to eradicate C. taxifolia (Anderson 2005).  

Eradication was carried out using black polyvinyl chloride (PVC) sheeting placed 

over the alga, underneath which several toxic chlorine-releasing tablets were 

placed.  Subsequent analysis of sediment samples taken nearby indicated that 

treatments were successful in killing C. taxifolia and that, at least within the 

samples taken, other organisms survived the treatments, including seed of native 

eelgrass (Zostera spp.; Anderson 2002, 2003).  In July 2006, the alga was 

declared eradicated from California, and the project was thus considered 

successful (Simberloff 2008). 

The threat posed by introduced, non-native, predators to native species is 

a major conservation issue, especially on islands where native species have 

evolved in the absence of such predators (e.g. Vitousek et al. 1997; Zavaleta et al. 

2001).  An example of introduced predators having a negative impact upon a 

native species comes from New Zealand.  The Kokako (Callaeas cinerea wilsoni) 
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is an endangered forest bird species endemic to New Zealand (Collar et al. 1994).  

Although it was still common at the time of European settlement, it declined rapidly 

due mainly to its inability to coexist with introduced mammalian predators (e.g. 

Buller 1882; Oliver 1955; Hooson 2000).  Population recovery on the North Island 

of New Zealand depends primarily on control of key introduced mammal pests, 

especially Black Rats (Rattus rattus) and Brushtail Possums (Trichosurus 

vulpecula; Basse et al. 2003), which prey on eggs and chicks (Innes et al. 1999).  

Mathematical modelling supported empirical evidence that pests need not be 

controlled every year in order to maintain or increase Kokako populations (Basse 

et al. 2003).  Instead, it predicted that the total number of years during which there 

is pest control is the main factor determining Kokako population size (Basse et al. 

2003).  Such ópulsedô pest control was predicted to succeed for Kokako because 

fledged juveniles and adults survive periods without predator control well, although 

eggs and chicks do not (Basse et al. 2003).  The introduction of pulsed predator 

control has proved successful, with a rapid increase in Kokako numbers at several 

sites on the North Island and on various offshore islands (BirdLife International 

2012). 

Disease can also be a major conservation problem, particularly when it 

has large-scale economic effects (e.g. Gilbert & Hubbell 1996; Garrett et al. 2006).  

An example comes from the south-eastern United States, where Fusiform rust, a 

disease caused by the fungus Cronartium quercuum fusiforme, had increased to 

epidemic proportions in Slash (Pinus elliottii) and Loblolly (Pinus taeda) Pine 

plantations by the mid-1990ôs (Schmidt 2003).  The fungus is uncommon in old 

growth natural stands but favours young, rapidly growing pine plantations, 

especially those established in high rust hazard areas, where 90% or more of rust 

susceptible trees can be infected by five years of age (Griggs & Schmidt 1977).  
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Losses occur mostly as mortality to young pines, and at huge economic cost, with 

losses estimated at £22 million annually in 1986 (Anderson et al. 1986).  In the 

mid-1950s forest scientists recognised that the progeny of some open pollinated 

pine selections remained rust-free when planted in field tests (Barber et al. 1957).  

This began the successful research and development programmes on genetic 

resistance of southern pine to Fusiform rust, and research pathologists, 

geneticists, and silviculturalists combined resources to develop rust resisting 

planting stock (e.g. Powers et al. 1976; Schmidt et al. 1981; Hodge et al. 1990).  

As a result, rust incidence and mortality have been significantly reduced, 

especially in high rust hazard areas.  Indeed, a cost/benefit analysis estimated that 

research on Fusiform rust returned between £3 and £13 for each £1 invested, 

depending on management objectives and strategies (Pye et al. 1997).  However, 

continued vigilance is required to ensure that further outbreaks of the fungus do 

not recur, and recent research has focussed on questions of the stability of 

resistance in pine and virulence in the pathogen (Schmidt 2003). 

The effects of habitat fragmentation and loss on the persistence of species 

have been a major issue in conservation biology since the discipline began (e.g. 

Harrison & Bruna 1999; Brooks et al. 2002).  For example, during recent decades 

amphibian population declines in diverse geographic regions have generated 

concern among scientists (Barinaga 1990; Blaustein et al. 1994; Houlahan et al. 

2000).  Although factors such as disease and pathogens, global climate change, 

invasive species, chemical contamination, and commercial trade are potential 

threats, most biologists agree that local habitat degradation or alteration is the 

major cause of amphibian declines (e.g. Blaustein et al. 1994; Carey et al. 1999; 

Semlitsch 2000).  The Natterjack Toad (Epidalea calamita) suffered a major 

population decline during the first half of the twentieth century, mainly due to 
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habitat destruction and successional changes in its specialised biotopes, and 

through anthropogenic acidification of breeding sites (Beebee & Griffin 1977; 

Beebee 1977, 1983; Beebee et al. 1990; Denton & Beebee 1994).  Extensive 

research provided the foundations for an intensive species recovery programme, 

based on habitat management and reintroductions to restored sites (Denton et al. 

1997).  By 1995, proactive conservation work had been carried out at 29 of the 39 

(69%) sites with extant native populations, including eight during the recovery 

programme (Denton et al. 1997).  Twenty reintroductions had also been 

attempted, including nine during the programme (Denton et al. 1997).  At least six 

reintroductions resulted in the foundation of expanding new populations, and an 

additional eight have shown initial signs of success (Denton et al. 1997).  

Currently, there are less than 50 breeding populations in Britain, but the species 

has been introduced to an additional 13 sites, giving hope that conservation efforts 

based on sound science will result in an increase in both range and population 

size (Website 1.1). 

Thus, a thorough understanding of the threats caused by invasive species, 

predators, diseases and habitat fragmentation, to species of conservation concern 

is usually required before conservation action can be taken on the ground.  

Conservation biologists thus have a crucial role to play in understanding 

demographic constraints on population growth rate ( ), and the ecological and 

environmental causes of these constraints.  However, even when conservation 

biologists have identified the scientific source of the problem, other factors may 

intervene to prevent successful conservation action being taken. 

For example, the potential causes of the decline in farmland bird 

populations in the UK have been extensively researched during recent years (e.g. 
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Newton 2004; Evans 2004; Vickery et al. 2004).  Newton (2004) reviewed the 

main aspects of agricultural intensification that have led to population declines in 

farmland birds over the past 50 years.  For each of 30 declining species, he 

focused on the external causes of population declines, the demographic 

mechanisms and experimental tests of proposed external causal factors, together 

with the outcome of specific conservation measures and agri-environment 

schemes (Newton 2004).  Evans (2004) reviewed the mechanisms through which 

habitat change and predation could interact, and provided examples of how these 

may have contributed to population declines of European farmland birds.  

Meanwhile, Vickery et al. (2004) produced models suggesting that the area of 

sympathetically managed land required to reverse farmland bird population 

declines was likely to be considerable and, as bird requirements are often specific, 

better scientific knowledge or tighter management may be required to deliver 

them.  It was concluded that a new widespread entry-level Agri-Environment 

Scheme (AES), with low cost, low maintenance options, should address the 

quantity issue (Vickery et al. 2004).  However, specialist prescriptions, particularly 

for rare sedentary species, should form higher tier agreements, targeted at 

existing populations (Vickery et al. 2004). 

This research identified that a major factor associated with farmland bird 

declines is increasing agricultural intensification, leading to loss of food sources 

and safe nest sites (e.g. Vickery et al. 2004; Newton 2004; Gillings et al. 2005).  

Although the underlying biological causes of these declines are largely 

understood, and potential solutions to halt or reverse them (e.g. the introduction of 

AES schemes) have been proposed, many farmland bird populations continue to 

decline.  The failure to implement AES schemes at a sufficiently large scale is 

largely due to the high monetary cost, although lack of political will and reluctance 
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of some farmers to set aside a proportion of their land for conservation purposes 

are also factors (e.g. Donald et al. 2001; Aebischer et al. 2003; Vickery et al. 

2004). 

Another example where conservation biologists have identified the source 

of the problem, but social factors have intervened to prevent successful 

conservation action being taken comes from the Indian subcontinent.  Here, the 

populations of three species of Gyps vultures (Oriental White-backed Vulture Gyps 

bengalensis, Long-billed Vulture G. indicus and Slender-billed Vulture G. 

tenuirostris) have declined by more than 97% since 1992 (Prakash et al. 2003; 

Green et al. 2004).  All three species are at high risk of global extinction and listed 

as Critically Endangered by the IUCN.  Conservation biologists discovered that 

this catastrophic decline was caused by the anti-inflammatory drug diclofenac, 

which is widely used to treat pain, fever and inflammation in livestock across the 

Indian subcontinent (Green et al. 2004; Oaks et al. 2004; Shultz et al. 2004).  

Vultures ingest diclofenac when scavenging on the carcasses of domestic animals 

that have been treated with the drug, and die as a result of visceral gout (Oaks et 

al. 2004; Swan et al. 2006).  In 2006, all licences to manufacture diclofenac 

formulations for veterinary use were withdrawn across India, and the marketing of 

such formulations was ordered to be phased out within a period of 3 months 

(Kumar 2006).  However, diclofenac is one of the most commonly administered 

anti-inflammatory drugs in India, and it will take substantial time and effort to 

remove all existing stocks of the drug from veterinary use.  In the meantime, 

vultures are currently being bred in captivity in anticipation of release into a safer 

environment and alternative, non-toxic, drugs are being promoted (Website 1.2). 
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Both of these examples show that, even when conservation biologists 

have provided potential solutions to a conservation problem, there may still be 

impediments to the implementation of appropriate conservation action.  However, 

there are also occasions where the application of poor-quality science has had 

catastrophic consequences for native species.  An example of such a situation is 

the introduction of the Cane Toad (Bufo marinus) to Australia in 1957.  Native to 

Central and South America, Cane Toads were introduced to Australia from Hawaii 

in an attempt to control the native Cane Beetle (Dermolepida albohirtum) 

(Covacevich & Archer 1975).  Cane Beetles are detrimental to the (non-native) 

Sugar Cane (Saccharum spp.) crops, which are a major source of income in 

Australia (Mungomery 1936).  Conventional methods of pest control, such as 

pesticide use, were considered inappropriate since this would eradicate harmless 

species of insects as well (Mungomery 1936).  Unfortunately, there is no evidence 

that Cane Toads have had an impact on the Cane Beetles they were introduced to 

predate (Sutherst et al. 1996).  In contrast, since their release Cane Toads have 

rapidly increased their population size and range, spreading diseases affecting 

local biodiversity (Laurance et al. 1996; Letnic et al. 2008), depleting native 

species by preying on them (Greenlees et al. 2006) or that die eating them 

(Phillips & Shine 2004), and have poisoned domestic pets (Reeves 2004).  Most 

attempts to curtail the invasion of Cane Toads have been unsuccessful, with many 

of these strategies involving the physical trapping of toads (Urban et al. 2007).  

However, since the largest selective pressure on Cane Toads is intra-species 

competition, these physical removals often only improve the conditions for 

untrapped toads.  In addition, since migration is high, any area purged of toads 

would most likely be reinvaded quickly, and trapping methods may also capture 

unintended native species (Urban et al. 2007). 
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As the Cane Toad example clearly demonstrates, conservation biologists 

must ensure that the advice they provide to conservation practitioners is based on 

sound science.  Indeed, in an ideal world, all conservation practice would be 

based upon sound scientific evidence.  However, because of the sheer scale, 

growth and complexity of conservation problems this is rarely possible and, as a 

result, most conservation decisions are not based upon evidence, but upon 

anecdotal sources (Sutherland et al. 2004).  For example, a very effective way of 

restoring reed beds is by burning them, but this practice is usually not allowed 

because of a supposed effect on soil invertebrates.  However, through a 

randomized, replicated and controlled experiment, it was discovered that burning 

had absolutely no effects on soil invertebrates.  By contrast, flooding, which was 

widely encouraged, had devastating impacts on the invertebrates (Cowie et al. 

1992; Ditlhogo et al. 1992).  Further, since very little evidence is collected on the 

consequences of current conservation practice, future decisions cannot be based 

upon the experience of what does or does not work (Sutherland et al. 2004).  One 

suggestion to overcome these problems is the setting up of a central database of 

the information on conservation practice (Sutherland et al. 2004).  This would 

involve both qualitative (e.g. the response of a single uncontrolled intervention) 

and quantitative (e.g. a randomised, replicated and controlled experiment) 

information, and would thus allow individuals to examine all the cases in which 

others had dealt with a similar problem.  If this database was widely used, and its 

findings taken into account in conservation decisions, it would have the potential to 

aid in the successful application of conservation science to practical conservation. 
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1.4. Population dynamics 

An early principle in conservation biology was the ó50/500 ruleô, which stated that a 

minimum population size of 50 effective individuals is necessary for securing 

short-term population persistence, and that a population size of 500 will prevent a 

reduction in the amount of heritable genetic variation in the population (Franklin 

1980).  This principle was subsequently included in several management plans, 

since it was easily grasped by conservation managers (Simberloff 1988).  

However, the principle was later greatly revised, with Lande (1995) arguing that 

the effective population size should be 5,000 rather than 500 individuals, in order 

to maintain the adaptive potential in quantitative characters in balance between 

mutation and random genetic drift. 

Following the 50/500 rule, Caughley (1994) introduced two contrasting 

approaches in conservation biology: the small-population and the declining-

population paradigms.  The small-population paradigm considered the 

consequences for small populations that contain few individuals (Soulé & Wilcox 

1980, Frankel & Soulé 1981, Shaffer 1981).  Factors likely to influence the 

chances of extinction of a small population (e.g. inbreeding depression, 

demographic stochasticity) were considered in theoretical analyses (Soulé 1987).   

However, a lot of these early theoretical models were based on unrealistic 

assumptions, and parameters which were almost impossible to estimate from 

empirical data (Caughley 1994).  In contrast, the declining-population paradigm, 

which focuses on why populations are declining and how to reverse this trend, has 

a strong empirical basis, but lacks a theoretical framework (Caughley 1994).  It is, 

however, more relevant to most of the problems faced in conservation, as it seeks 

to investigate the causes of decline and provide a solution. 
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Sæther et al. (1996) sought to integrate and unify these two research 

traditions in conservation biology, through the development of overall conservation 

strategies for vertebrates in relation to their life-history characteristics.  It was 

argued that knowledge of differences in basic population processes, for instance in 

relation to species-specific life-history characteristics, may provide a foundation for 

a more general theory in conservation biology (Sæther et al. 1996).  More recently, 

ecologists have focussed on understanding which demographic rates (e.g. 

reproductive success, age-specific survival) drive variation in  (Caswell 2000; 

Sæther & Bakke 2000; Wisdom et al. 2000).  Indeed, such an understanding is 

seen as key to predicting population dynamics, and is therefore central to both 

fundamental and applied population ecology (Siriwardena et al. 2000; Sibly & 

Hone 2002; Coulson et al. 2005).  In short, if  = 1 a population is stable, if  > 1 a 

population is increasing in size, and if  < 1 a population is decreasing in size. 

Conservation biologists are particularly interested in these latter two 

cases.  Invasive species that become established in a new area often show  > 1, 

and can have deleterious effects on native ecosystems and species.  Examples 

include: Oyster Drills (Ocinebrellus inornatus), direct-developing marine snails that 

cause economic harm by preying on small oysters (Buhle et al. 2005); populations 

of Spotted Knapweed (Centaurea maculosa), an invasive forb that has been 

known to form monocultures in previously grass-dominated rangeland, leading to 

altered nutrient cycling and desertification problems, as well as loss of 

economically important grazing areas (Emery & Gross 2005); and the Brown Tree 

Snake (Boiga irregularis), whose population increased rapidly when accidently 

introduced to Guam, and has virtually exterminated the islandôs native forest birds 

(Lowe et al. 2000).  Declining populations are also of interest to conservation 

biologists, who wish to understand the underlying demographic processes.  For 
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example, such an approach has been used to identify that variation in  of Red-

billed Choughs (Pyrrhocorax pyrrhocorax) was caused primarily by variation in 

pre-breeding survival rather than breeding success, suggesting that conservation 

effort could usefully focus on enhancing survival of pre-breeding birds (Reid et al. 

2004).  In contrast, adult survival and fertility contributed more to the variance 

observed in the projected  of Collared Pikas (Ochotona collaris) than did juvenile 

survival, indicating that conservation effort would be best aimed at improving adult 

survival and fertility (Morrison & Hik 2007). 

A common starting point in demographic analyses is to carry out 

prospective perturbation analysis.  Basic elasticity analysis, for example, can be 

used to identify the demographic rates to which  is most sensitive, and requires 

knowledge of the mean of all major demographic rates comprising a populationôs 

life history (Benton & Grant 1999a; Sæther & Bakke 2000; Caswell 2001; Morrison 

& Hik 2007).  Typically, this involves quantifying the expected proportional change 

in , given a proportional change in a given demographic rate.  Elasticity analysis 

has been widely used in demographic studies on birds (e.g. Sæther & Bakke 

2000; Ezard et al. 2006), mammals (e.g. Gaillard et al. 2000; Coulson et al. 2005) 

and reptiles (e.g. Heppel et al. 2000), because of the perceived ease of 

interpretation and analytical interpretation (Benton & Grant 1999a).  However, 

considerable care is needed in the interpretation of elasticity analysis, since an 

uncritical acceptance of the highest elasticity to indicate the focus of conservation 

effort is likely to lead to conservation strategies that do not fulfil their aims (Benton 

& Grant 1999a).  Previous studies have shown that  was most sensitive to 

variation in adult survival in large herbivores (Gaillard et al. 1998; 2000), birds 

(Sæther & Bakke 2000; Reid et al. 2004; Ezard et al. 2006) and Collared Pikas 

(Morrison & Hik 2007). 
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Basic elasticity analysis is an example of prospective analysis, and is 

therefore used to determine what would be the expected impact on , of a small 

hypothetical change in a given demographic rate.  However, it would be wrong to 

conclude that if a demographic rate has a high elasticity, then an observed change 

in  has been caused by a change in that rate.  To determine what happens to  

when a demographic rate has changed by a specific amount, requires 

retrospective analysis (Caswell 2001).  Retrospective analysis has been widely 

used to identify which demographic rates actually caused observed variation in , 

and to reflect the magnitude of demographic variation as well as the sensitivity of  

to this variation.  Retrospective analysis has previously been used in demographic 

studies of birds (Reid et al. 2004; Robinson et al. 2004; Ezard et al. 2006; Schaub 

et al. 2006) and large herbivores (Gaillard et al. 1998, 2000; Coulson et al. 2005), 

where first-year, or sub-adult, survival contributed most to variation in .  This 

suggests that variation in pre-breeding survival may be a common demographic 

cause of variation in , at least in these taxa. 

However, both basic elasticity and retrospective analyses assume that all 

demographic rates vary independently (Benton & Grant 1999b; de Kroon et al. 

2000), which is unlikely to be the case (van Noordwijk & de Jong 1986; Stearns 

1992; Tavecchia et al. 2005).  Therefore, the degree to which different rates co-

vary is important when considering demographic effects on  (van Tienderen 

1995; Benton & Grant 1999a; Reid et al. 2004; Coulson et al. 2005; Ezard et al. 

2006).  Such co-variation may occur, for example, when survival and reproductive 

rates increase without detectable costs in an environmentally favourable year 

(Tavecchia et al. 2005).  Integrated elasticities, which incorporate covariation, are 

generally estimated across short time-series from empirical studies, and hence 
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with substantial uncertainty over magnitude and causation (Reid et al. 2004; Ezard 

et al. 2006).  Nonetheless, integrated elasticities are still valuable in indicating 

whether conclusions based on basic elasticities are likely to be robust, yet few 

studies have taken demographic covariation into account.  Of those that did, a 

significant proportion of total variation in  was the result of covariation between 

demographic rates in a variety of plants, mammals and birds (van Tienderen 1995; 

Reid et al. 2004; Coulson et al. 2005; Ezard et al. 2006).  Thus, a greater 

understanding of the covariation between demographic rates is critical if 

misleading conclusions are not to be drawn from analyses. 

However, change in population size does not require immediate directional 

change in any underlying demographic rate, or indeed in , if the existing 

combination of constant and/or variable rates means that  differs consistently 

from one.  In such cases, comparative analyses may help to diagnose the most 

likely demographic, and ecological, cause of current population change.  Three 

different forms of such comparative analyses are commonly undertaken.  First, a 

temporal comparison of demography before and after population decline began 

may be used. This was employed to show that a reduction in first-year survival 

was the most likely cause of UK Song Thrush (Turdus philomelos) declines during 

1962-93 (Thomson et al. 1997).  Second, comparison of variation in population 

trends in a suite of species of similar ecology can be carried out to identify factors 

underlying declines.  For example, Siriwardena et al. (2000) compared several 

populations of UK farmland birds showing different population trajectories, to 

determine the most likely demographic causes underlying their different population 

trends.  A similar approach was taken by Burfield (2002), who compared breeding 

biology and reproductive success in stable and declining Ring Ouzel populations 

in Scotland.  Third, a broader inter-specific comparison between the life-history 
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traits of closely related species can be employed to highlight similarities and 

differences between species that may aid in understanding species' declines.  This 

method was used to improve the understanding of the demography of Sabineôs 

Gull (Xemas abini) in the high Arctic, by comparing the life history of this species 

with other small- to medium-sized gulls and terns with similar life histories 

(Stenhouse & Robertson 2005). 

The comprehensive data needed to identify the demographic causes of 

variation in  and population size requires long-term studies of reproductive 

success and survival of marked individuals (Lebreton et al. 1992).  However, given 

the difficulties involved in collecting such data, such comprehensive empirical 

studies are rare, especially for small and/or declining populations where a clear 

understanding of population dynamics is important to both fundamental and 

applied ecologists (Heppell et al. 2000; Wisdom et al. 2000).  Some demographic 

rates are particularly difficult to measure in field studies.  For example, 

measurement of total season-long reproductive success requires measurement of 

the frequency of multiple breeding and season length rather than just the success 

of a monitored sample of breeding attempts (Martin 1995; Siriwardena et al. 2000; 

Anders & Marshall 2005; Cornulier et al. 2009).  Such data are, however, rarely 

gathered by ecologists (e.g. Peach et al. 1999; Siriwardena et al. 2000).  In fact, 

there was a decrease in the proportion of studies on birds in which multiple 

breeding rates were incorporated into estimates of total reproductive success 

during 1987-1997 (Thompson et al. 2001).  One way of minimising such problems 

is to study only species that breed once per year (e.g. Reid et al. 2004; Schaub et 

al. 2006).  However, taking this approach would limit analyses to a biased subset 

of species.  Comprehensive demographic studies of populations with ónon-

standardô life histories are therefore particularly valuable if we are to gain a deeper 
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understanding of demographic contributions to  across the full life history and 

ecological spectra. 

 

1.5. Understanding the ecological and environmental causes of variation in 

critical life-history stages 

Avian conservation has traditionally focussed on science and management related 

to breeding ecology, although more recently winter ecology has received 

increasing attention (e.g. Robinson et al. 1995; Johnson et al. 2006; Faaborg et al. 

2010).  Our understanding of other stages of the avian life cycle remains 

surprisingly incomplete, and this knowledge gap may be most acute for the post-

fledging period (e.g. Anders et al. 1997; Yackel-Adams et al. 2006; Rush & 

Stutchbury 2008).  During this period, juvenile passerines have limited mobility, 

are vulnerable to predation and are largely dependent on their parents for food 

and protection (Slagsvold et al. 1986; Badyaev & Ghalambor 2001; King et al. 

2006; Ausprey & Rodewald 2011; Hovick et al. 2011).  After fledglings reach 

independence, mortality levels can remain high because of inexperience in 

foraging and evading predators (Sullivan 1989; Anders et al. 1997).  Indeed, 

recent studies have documented high rates of mortality for fledging songbirds, 

suggesting that variation in juvenile survival may be particularly important in 

driving avian population dynamics (Anders et al. 1997; Naef-Daenzer et al. 2001; 

Yackel-Adams et al. 2006; Rush & Stutchbury 2008).  Despite this, however, 

empirical data on juvenile survival rates are lacking for most songbird species. 

Traditionally, use of breeding habitat by adults and post-fledging habitat by 

juveniles was assumed to be similar, but empirical studies show that this is not 

necessarily the case (Anders et al. 1998; Vega Rivera et al. 1998; Vitz & 
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Rodewald 2011).  This is unsurprising, since breeding adults must select habitat 

providing nest sites, mates, courtship opportunities and nestling provisioning, 

whereas juveniles should be focussed primarily on locating habitats providing 

abundant food and that promote survival.  The quality of habitats available to 

inexperienced juveniles, particularly of migrant species, is expected to be critical to 

their survival because they must obtain enough food to accumulate fat reserves for 

migration, while avoiding predation (Anders et al. 1998; Rush & Stutchbury 2008; 

Fisher & Davis 2011).  Indeed, there is strong evidence from North America that 

juvenile Wood Thrushes (Hylocichla mustelina), Ovenbirds (Seiurus aurocapilla) 

and Worm-eating Warblers (Helmitheros vermivorum) move from breeding areas 

in mature forest into habitats providing dense cover during the post-fledging 

period, and that such habitats promote survival (Anders et al. 1998; Vega Rivera 

et al. 1998; Vitz & Rodewald 2011).  Thus, species conservation strategies which 

focus on conserving only breeding habitat may be too limited in scope (King et al. 

2006; Fisher & Davis 2011; Vitz & Rodewald 2011). 

The lack of studies on juvenile survival and habitat selection may reflect 

the fact that juveniles are cryptic in plumage and behaviour and dispersive, making 

repeated observations in defined study areas difficult.  Indeed, until relatively 

recently, studies of juvenile survival and movements had to rely on inference 

drawn from basic field observations of birds ringed as nestlings.  However, recent 

technological advances have permitted the miniaturisation of radio transmitters, 

thereby enabling researchers to track juvenile survival, movements and habitat 

use (e.g. Fisher & Davis 2011; Hovick et al. 2011; Vitz & Rodewald 2011).  An 

improved understanding of the extent and timing of juvenile mortality and 

movements, and of habitat use during the post-fledging period, may therefore be 
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of benefit to conservation biologists wishing to understand the reasons underlying 

population declines in bird species of conservation concern. 

 

1.6. Environmental correlates of breeding territory occupancy rates and nest 

site selection 

In birds, breeding territory quality has been shown to have a major impact upon 

fitness (i.e. the number of offspring surviving to reproductive age; Darwin 1859) in 

a variety of species (Newton 1989; Laaksonen et al. 2004; Sergio et al. 2009), and 

is often measured by the extent of habitats providing safe nesting sites and/or 

productive foraging areas (Ferrer & Bisson 2003; Sergio & Newton 2003; Wilkin et 

al. 2007).  Spatial variation in habitat quality means that individuals will benefit 

from recognising and selecting those habitats that maximise their fitness, and 

settle accordingly (Orians & Wittenberger 1991). 

However, detailed knowledge of how environmental characteristics (e.g. 

altitude, topographical variability and habitat composition) may influence breeding 

territory selection is rarely available for species of conservation concern, which 

tend to have low population size, show rapid population declines, or inhabit areas 

remote from researchers (IUCN 2001).  Therefore, an improved understanding of 

how environmental characteristics influence breeding territory selection is likely to 

be particularly valuable for such species.  In particular, knowledge of whether 

breeding territory occupancy rates could be increased, or re-occupation of former 

breeding areas could be encouraged, by manipulating habitat composition would 

be beneficial for land managers wishing to conserve these species. 
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1.7. Thesis aims and structure 

The overall aim of this thesis is to improve our understanding of the factors 

associated with Ring Ouzel declines across the UK, following the declining-

population paradigm outlined by Caughley (1994). 

In Chapter 2, I provide a review of the speciesô status and ecology, and 

collate data on Ring Ouzel numbers from across the UK to assess whether 

regional population trends show consistent patterns (Sim et al. 2010).  The 

following chapters then focus in on one particular declining population in Glen 

Clunie, near Braemar, Aberdeenshire, Scotland.  In Chapter 3, I describe the 

geology, land use and land management in this study area. 

In Chapter 4, I use data on reproductive success and survival gathered 

from marked individuals to carry out a detailed analysis of demographic variation 

and contributions to  in this declining population during 1998-2009 (Sim et al. 

2011).  Ring Ouzels regularly make two, and occasionally three, breeding attempts 

in a year (Burfield 2002), and one of the lower-level demographic rates considered 

in Chapter 4 was the rate of multiple breeding within a year.  In Chapter 5, I 

therefore document the number of individual females that made first, second and 

third breeding attempts during 1999-2011 (Sim et al. 2012).  The demographic 

analysis presented in Chapter 4 highlights first-year survival as one key rate 

causing variation in  in Ring Ouzels, with a high proportion of estimated first-year 

mortality occurring during the post-fledging period.  In addition, a recent study 

demonstrated that long-term Ring Ouzel declines in southern Scotland were 

associated with high late summer (June-August) UK temperatures and 

intermediate rainfall levels (Beale et al. 2006).  Such weather-related effects could 

impact upon key food sources for Ring Ouzels, thereby explaining the observed 
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associations between population changes and weather variations (Beale et al. 

2006). 

These combined findings stimulated further research into the survival, 

movements and foraging ecology of 110 radio-tagged juvenile Ring Ouzels during 

this potentially critical life-history period (Chapters 6 & 7; Sim et al. 2013a; 2013b).  

In Chapter 6, I test hypotheses regarding the timing and causes of post-fledging 

mortality, and quantified the timing and magnitude of local movements and 

dispersal (Sim et al. 2012b).  In addition, the quality of habitats available to 

inexperienced juveniles, particularly of migrant species, during this life-history 

period is critical to their survival because they must obtain enough food to 

accumulate fat reserves for migration, while avoiding predation (e.g. Anders et al. 

1998; Rush & Stutchbury 2008; Fisher & Davis 2011).  Therefore, in Chapter 7, I 

describe the seasonal pattern in key attributes of foraging habitats selected by 

juvenile Ring Ouzels, examine seasonal changes in food abundance across 

habitat types, and hypothesise that juveniles would change their foraging habitat 

selection in accordance with changes in food availability (Sim et al. 2013a). 

The results of the demographic analysis presented in Chapter 4 indicated 

that, while Ring Ouzel  was most sensitive to variation in first-year survival, it was 

also relatively sensitive to the proportion of females making late breeding attempts 

and early-nest reproductive success.  These latter two parameters are, in turn, 

likely to be influenced by the quality of environmental conditions (i.e. habitat 

composition, altitude and topographical characteristics) selected for nesting by 

Ring Ouzels.  In Chapter 8, therefore, I examine the ability of environmental 

characteristics to predict territory occupancy rates, and to distinguish between 

areas selected for nesting and unoccupied random sites within the study area. 
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The results and conclusions of these investigations are synthesised in 

Chapter 9, where they are discussed and interpreted in relation to their wider 

ecological, and Ring Ouzel-specific, implications.  Therefore, I provide a 

comprehensive picture of the current conservation and population status of Ring 

Ouzels in the UK, detailed consideration of the demographic rates that could and 

do cause population change, the ecological mechanisms associated with variation 

in post-fledging survival, movements and habitat and food selection, and an initial 

examination of the ability of environmental characteristics to predict territory 

occupancy rates and to distinguish between areas selected for nesting and 

unoccupied random sites.  Finally, I discuss the implications of this rigorous 

scientific approach for conservation strategy. 
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Chapter 2 - The decline of the Ring Ouzel in Britain 

 

Chapter published as: Sim, I.M.W., Rollie, C., Arthur, D., Benn, S., Booker, H., 

Fairbrother, V., Green, M., Hutchinson, K., Ludwig, S., Nicoll, M., Poxton, I., 

Rebecca, G., Smith, L., Stanbury, A. & Wilson, P. 2010. The decline of the Ring 

Ouzel in Britain. British Birds 103: 229-239. 

 

  

Ring Ouzel watercolour (Ben Green) 



 
 Ring Ouzel declines 

41 
 

2.1. Abstract 

The Ring Ouzel is a Red-listed, UK Biodiversity Action Plan priority species in 

Britain because of steep declines in breeding numbers over the past 25 years. 

Data from several monitoring projects, from across much of the speciesô British 

range, show that widespread declines continue. Recent studies aimed at 

understanding these declines are reviewed, and suggest that low first-year, and 

possibly adult, survival may be the main demographic mechanism driving the 

decline. The research priorities are now to identify the factors affecting survival, 

determine where these factors are operating, and find management solutions. 

 

2.2. Introduction 

The Ring Ouzel breeds in mountainous regions throughout Europe, and in 

southwest Asia. Three races are recognised: nominate torquatus breeds in Britain 

and Ireland and Fennoscandia, and winters in southern Spain and northwest 

Africa, especially in the Atlas Mountains of Morocco and Algeria; the central and 

southern European race (T. t. alpestris) breeds in central and southern Europe 

and winters in the south of the breeding range or in northwest Africa, thus largely 

overlapping with the winter range of nominate torquatus; and the eastern race (T. 

t. amicorum) breeds in the mountains of southwest Asia, east to northern Iran, and 

is thought to winter in Iran and southern Turkmenistan (Cramp 1988; Janiga & 

Poxton 1997). 

In Britain the Ring Ouzel is primarily a bird of the uplands, breeding mainly 

in steep-sided valleys, on crags and in gullies, from near sea level in the far north 

of Scotland up to 1,200 m in the Cairngorms (Cramp 1988; Gibbons et al. 1993; 
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Rollie 2007). The breeding season stretches from mid April to mid July; pairs 

commonly rear two broods, and nests are located on or close to the ground, in 

vegetation (typically Heather Calluna vulgaris), in a crevice or, rarely, in a tree. 

Mean clutch size is 3.9ï4.2 and mean fledged brood size is 3.5ï3.8. Young are 

fed an invertebrate diet consisting mainly of earthworms (Lumbricidae), 

leatherjacket (Tipulidae) larvae and beetles (both adults and larvae) (Flegg & Glue 

1975; Durman 1977; Poxton 1986; Appleyard 1994; Tyler & Green 1994; Arthur & 

White 2001; Burfield 2002a; Sim et al. 2008). 

Between July and September, when adults undergo a complete post-

breeding moult, and juveniles a partial moult, before they migrate, the diet is 

dominated by berries such as Bilberry (Vaccinium myrtillus), Crowberry 

(Empetrum nigrum) and Rowan (Sorbus aucuparia; Cramp 1988). Most British 

breeders have departed by late September, and reach the wintering grounds from 

mid October onwards. Winter diet is apparently dominated by Juniper berries, 

especially those of Prickly Juniper (Juniperus oxycedrus) and Phoenician Juniper 

(J. phoenicea; Arthur et al. 2000; Ellis 2003; Ryall & Briggs 2006), although 

Zamora (1990) confirmed that arthropods supplement the diet in Spain. The birds 

return north from late February (Cramp 1988). 

Breeding populations in Fennoscandia and central and southern Europe 

are generally considered to be stable, but comprehensive monitoring data are 

lacking in many areas (Tucker & Heath 1994; Janiga & Poxton 1997; BirdLife 

International 2004). However, in parts of Switzerland, recent range contraction to 

higher altitudes has been recorded and this has been linked to warmer summers 

(Schmid et al. 1998; Mattes et al. 2005). This trend is predicted to continue, with a 



 
 Ring Ouzel declines 

43 
 

climate-induced decrease in suitable habitat shifting the predicted range of the 

Ring Ouzel by up to 440 m higher by 2070 (von dem Bussche et al. 2008). 

The British breeding population of Ring Ouzels has been in long-term 

decline, however. In the nineteenth century the species was widespread, with 

breeding records as far north as Orkney and perhaps as far south as Surrey, Kent 

and Essex (Holloway 1996). The decline appears to have begun in the twentieth 

century, and Baxter and Rintoul (1953) reported large decreases in parts of 

Scotland between 1900 and 1950. A 27% reduction in the British breeding range 

was apparent between the 1968ï72 and 1988ï91 national atlases (Sharrock 

1976; Gibbons et al. 1993), and these more recent losses of range were 

particularly marked in Scotland and Wales. The first national survey, in 1999, 

estimated the UK population at 6,157ï7,549 pairs, with further range contraction 

and a probable 58% decline in population size since 1988ï91 (Wotton et al. 2002). 

This led to the Ring Ouzel being Red-listed (owing to a decline of more than 50% 

over 25 years), and made a priority Biodiversity Action Plan species, in the UK 

(Gregory et al. 2002; Website 2.1). 

In this paper we first examine population trend data from a number of 

monitoring projects from across the speciesô British breeding range (Fig. 2.1) to 

determine its current regional status, and whether there is evidence of any broad 

geographical variation in the observed trends. Second, we review the evidence for 

the causes of regional declines in Britain and identify priorities for future research 

to enable effective conservation measures to be implemented. 
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2.3. Recent population trends 

Surveys in the different study areas (Fig. 2.1) were carried out mainly by members 

of the Ring Ouzel Study Group (Website 2.2), which promotes co-ordinated 

research and monitoring of Ring Ouzels in Britain. 

 

  

 

Figure 2.1. Location of Ring Ouzel study areas in Britain.  
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This helped to ensure consistency in the survey methods used, with only minor 

variations among the different study areas. Thus, in each year of coverage, each 

area was surveyed at least twice between mid April and the end of June. This 

involved walking slowly through the study area, usually on transects about 200 m 

apart, recording the number of territorial pairs (based upon nest-building activity, 

nests located, recently fledged young, pairs seen or territorial behaviour observed 

on more than one visit, and/or agitated behaviour consistent with an occupied 

nest). Surveys were not carried out during heavy rain or in strong winds. 

In Glen Clunie, Glen Effock, Glen Esk, the North York Moors and the 

Forest of Bowland, surveys were carried out approximately every two weeks, as 

part of more intensive studies of breeding biology. Ring Ouzel song was played 

regularly (to elicit a response from territorial males) in Wales and the Northwest 

Highlands, to ensure comparability with the 1999 national survey (Wotton et al. 

2002), which provided the baseline data in these areas. The different studies 

varied in the frequency of coverage during the respective study periods, ranging 

from some with annual (or near annual) coverage to those providing two 

ósnapshotsô only. The period covered by different studies also varied, extending 

across 27 years in Dartmoor but only six years in Glen Effock. 

The survey results show that declines were widespread and serious, with 

13 of the 14 study areas showing a reduction in numbers (Figs. 2.2 & 2.3). This 

included 11 areas in which the decline exceeded 50% (over periods of 7ï27 

years), and two in which the populations declined to extinction. 
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Figure 2.2. Trends in Ring Ouzel numbers in Britain from periodic repeat surveys. 

See Figure 2.1 for study area locations. 

Figure 2.3. Trends in Ring Ouzel numbers from study areas in Britain surveyed 

regularly in recent years (see Figure 2.1 for details). Broken lines indicate missing 

data from some years. 
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Ring Ouzel numbers in ten tetrads (2 km x 2 km squares) in the Northwest 

Highlands declined by 70% during 1999ï2007, and by 83% in Glen Callater during 

1998ï2007. Three hill ranges (Lammermuirs, Moorfoots and Pentlands) in 

southeast Scotland showed declines of around 50% during 1985ï2006, and 

numbers in 26 tetrads in Wales declined by 69% during 1999ï2006. The Exmoor 

population declined from 13 pairs in 1993 to extinction in 2003ï05, and numbers 

on Dartmoor fell by 63% during 1979ï2006 (Fig. 2.2). 

The Glen Clunie population declined by 67% during 1999ï2009.  In Glen 

Esk numbers fell by 41% during 1992ï2009, but in the neighbouring Glen Effock 

they increased by 88% during 2002ï08. There was a population decline of 44% in 

Rosedale, North York Moors, during 2002ï09, and the Long Mynd population 

declined from 16 pairs in 1995 to extinction in 2004ï09. Finally, in the Forest of 

Bowland, numbers declined by 68% during 1995ï2009 (Fig. 2.3). 

We compared the proportional decline between the Scottish Highlands 

(Northwest Highlands, Glen Clunie, Glen Callater, Glen Esk and Glen Effock), 

southeast Scotland and northern England combined (Lammermuirs, Moorfoots, 

Pentlands, Forest of Bowland and North York Moors) and more southwest 

locations (Dartmoor, Exmoor, Long Mynd and Wales). However, there was no 

evidence for any significant geographical variation (F2,9 = 0.39, P = 0.68). 

The reasons for the population increase in Glen Effock are unknown, but 

may be linked to a recent rise in sheep grazing, which has increased the area of 

short grass (M. Nicoll pers. obs.), the favoured foraging habitat for Ring Ouzels 

during the nestling period (Burfield 2002a). Continued monitoring to determine 

future trends at Glen Effock, together with studies to identify the respective roles of 

survival, breeding success and immigration of breeding birds, is vital. Site-specific 
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factors may also influence trends at some of the other study areas. For example, 

decreases in sheep grazing have been noted in Glen Esk (with an expected 

reduction in areas of short grass), while the decline to extinction of the small and 

isolated Long Mynd population was associated with increased nest predation 

(Smith 2006). However, the widespread and near-consistent steep declines that 

have been recorded in most areas strongly suggest that large scale factors are 

affecting the British Ring Ouzel population and driving the observed national 

population decline. 

 

2.4. Research into causes of declines 

A number of possible causes have been suggested to explain the decline of the 

British Ring Ouzel population but, until recently, little evidence has been available 

to assess which of these may be relevant, and at which stage of the life-cycle they 

may be operating. However, over the last decade a number of detailed studies 

have added considerably to our knowledge of Ring Ouzel ecology, habitat 

requirements and population dynamics. 

Two studies have examined factors associated with declines in breeding 

abundance, or the desertion of historically occupied breeding sites. First, analyses 

of data from across Scotland found that Ring Ouzels had contracted to steeper 

areas within an altitudinal range of 350ï750 m, and away from coniferous forests 

and any associated potential impacts on adjacent moorlands (e.g. decreased 

grazing pressure on adjacent open ground, increased numbers of potential 

predators using the forests as cover and population fragmentation; Buchanan et 

al. 2003). Second, long-term data on the occupation of breeding sites in the 

Moorfoot Hills, between 1952ï85 and 1998ï2000, found that site desertion was 
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more likely at lower altitudes and where there was now lower Heather cover within 

both 200 m and 450 m of former nesting sites (Sim et al. 2007). In addition, the 

currently occupied nesting sites in the Moorfoots were more likely to have Heather 

or a Heather/grass mosaic within 100 m than were topographically suitable, but 

unoccupied, potential nesting sites. 

Together, these studies show that Ring Ouzel breeding distribution has 

contracted to sites at higher altitudes, with greater Heather cover and away from 

conifer plantations. They do not demonstrate whether such relationships are 

causal (for example, whether lower Heather cover around nests affects breeding 

success, or climate change is causing low altitude sites to become unsuitable), or 

whether they simply reflect a contraction to preferred areas as the population 

declines because of other, unrelated, causes (such as reduced overwinter 

survival). However, declines have also been recorded in areas where Heather 

cover remains extensive around nesting sites and where there has been little or no 

afforestation (e.g. Glen Clunie, Glen Esk and Glen Callater). Furthermore, detailed 

studies have found that nest survival rates and overall breeding success in the 

Moorfoot Hills (an area with afforestation and historical declines in Heather cover) 

were similar to those in other areas where there has been little change in these 

aspects of the habitat (e.g. Glen Esk and Glen Clunie; Burfield 2002a; Chapter 4, 

Sim et al. 2011). Therefore, while such land-use changes have undoubtedly 

contributed to declines in some areas, they seem unlikely to be the major factor 

driving the overall declines. 

Another study investigated climate correlates of Ring Ouzel breeding 

success and population trends in northern Britain, to assess possible relationships 

between population decline and climate change (Beale et al. 2006). Population 
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declines in the Moorfoot Hills followed years when British summer (JuneïAugust) 

weather was warm and moderately wet, and when spring rainfall in Morocco 24 

months previously was high (suppressing Juniper flowering, and thus reducing 

berry production, with possible adverse consequences for subsequent overwinter 

survival of Ring Ouzels). Based upon the recent trends in these three weather 

variables, these relationships suggested that increases in British summer 

temperatures may be driving Ring Ouzel population declines, possibly through 

causing drier soil conditions, hence reducing earthworm availability, at the end of 

the breeding season and during the post-fledging period (Beale et al. 2006). 

However, findings from studies in 2007ï08 on the foraging behaviour and survival 

of radio-tagged Ring Ouzel fledglings at Glen Clunie (Chapters 4, 6 & 7; Sim et al. 

2011; 2013a; 2013b) provide little evidence for unusually low survival during the 

post-fledging period. Indeed, Ring Ouzel survival rates there appear to compare 

favourably with those of similar sized passerines in Britain and the USA (Anders et 

al. 1997; Robinson et al. 2004; White et al. 2005; King et al. 2006; Schmidt et al. 

2008). In addition, there was no evidence for any seasonal decline in either 

earthworm abundance or soil moisture levels, although 2007 was a very wet year 

and 2008 a fairly dry one (Chapter 7; Sim et al. 2013a). However, this study 

covered only two summers, and a longer run of data would be required to assess 

how local, national and global climatic variables may influence local Ring Ouzel 

productivity and survival. 

Long-term studies of breeding success and survival rates in declining 

populations can provide valuable insights into, and understanding of, the causes of 

decline. Such work has been undertaken in a joint Grampian Ringing Group/RSPB 

project on Ring Ouzels in Glen Clunie during 1998ï2009. This glen was known to 

hold a relatively high-density population that was stable between 1991 and 1998 
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(Rebecca 2001), but which subsequently declined markedly during 1998ï2009 

(Fig. 2.3). Over this period, changes in some aspects of breeding success have 

been detected (e.g. reduced mean brood size of first nests at fledging, from 3.8 to 

3.4, owing to decreased nestling survival). However, this effect has been offset by 

a small increase in nest survival rate, so that there has been no decline in overall 

reproductive success (Chapter 4; Sim et al. 2011). 

Analyses of adult survival of Ring Ouzels in Glen Clunie (Chapter 4; Sim 

et al. 2011) suggest that it was low compared with similar species in Britain and 

North America (Savidge & Davis 1974; Nichols et al. 1981; Roth & Johnson 1993; 

Siriwardena et al. 1998; Porneluzi & Faaborg 1999; Bayne & Hobson 2002; 

Gardali et al. 2003). Although adult Ring Ouzel survival did not decline during the 

course of the study, return rates of first-year birds did decline, although whether 

this reflected higher mortality, higher dispersal away from the natal areas, or both, 

is unknown. Since adult survival appears to be low compared with similar species, 

and given that population modelling (elasticity analysis) indicates that population 

growth rate is particularly sensitive to variation in first-year survival, this suggests 

that low survival may be a key driver of Ring Ouzel declines (Chapter 4; Sim et al. 

2011). Therefore it is important to identify the causes of poor survival. 

As a migrant, the Ring Ouzel is affected by factors acting on the breeding 

grounds, in overwintering areas and during migration, and this adds to the 

difficulties of identifying the causes of low survival (Fig. 2.4). 
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Figure 2.4. Foreign locations of Ring Ouzels ringed (purple dots) or recovered 

(orange dot) in Britain & Ireland. 

 

An analysis of the number of Ring Ouzel bird-days at British and Irish bird 

observatories in spring during 1970ï98 found that numbers passing through 

western observatories (assumed to be mainly British breeding birds) declined 

significantly, whereas numbers passing through east-coast observatories 

(assumed to be mainly Fennoscandian breeders) did not (Burfield & Brooke 2005). 

If these assumptions are correct, this suggests that the causes of low survival 

could occur on the breeding grounds or on migration, because British and 

Fennoscandian birds have overlapping wintering ranges (Burfield 2002b); 

individuals of both subspecies have been trapped at the same time and in the 

same nets in Morocco (Ellis 2003). 
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The expected difference in migration route and timings of the two 

populations could expose them to different risks. In particular, although hunting of 

other thrush species is permitted under the Birds Directive in certain EU countries, 

particularly in the Mediterranean, the Ring Ouzel is not a legal quarry in any 

member state (OJEU 2010). However, there is a risk that Ring Ouzels may be 

confused with other thrush species by hunters and shot in error. In general, the 

hunting season in France ends on 10th February but a number of species 

(including thrushes) may be legally hunted in some southern departments until 

20th February (JORF 2009). Consequently, British-breeding Ring Ouzels passing 

through France earlier than Fennoscandian breeders in spring may be exposed to 

greater mortality risks from hunting. Furthermore, in autumn, British breeders 

probably migrate through France on a more westerly route than Fennoscandian 

breeders and are more likely to pass through southwest France, where ringing 

recoveries show that hunting pressure is particularly intense (Burfield 2001; 

Fig.2.4). 

Few studies of Ring Ouzels have been undertaken in their wintering areas, 

but in southern Spain the berries of Common (J. communis) and Phoenician 

Juniper were the most frequent food items (Zamora 1990; Jordano 1993). 

However, in Moroccoôs Atlas Mountains, Phoenician (and to a lesser extent 

Prickly) Juniper berries were considered the most frequent food items (Arthur et al. 

2000; Ellis 2003). Ryall and Briggs (2006) confirmed this preference for 

Phoenician Juniper, and noted that the Juniper woodlands used by Ring Ouzels 

were in a degraded and ageing state. Damage to trees from cutting, indicative of 

general levels of disturbance, appeared to be a stronger determinant of Ring 

Ouzel presence than did the number of berries (Ryall & Briggs 2006). In addition, 

Beale et al. (2006) provided some evidence that food availability in the wintering 
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areas may affect survival, linking population declines in the Moorfoot Hills to levels 

of rainfall in the wintering areas (and hence Juniper berry abundance ï see 

above). 

 

2.5. Future research priorities 

Research to date has identified a number of factors that may be involved in 

causing the decline of the British Ring Ouzel population, but suggests that low 

first-year, and possibly adult, survival may be the critical demographic parameter 

driving this decline (Chapter 4; Sim et al. 2011). The causes of low survival and 

whether these are operating on the breeding or wintering grounds, or on migration 

routes, remain unknown. Research that examines the factors affecting survival at 

all of these stages of the life-cycle is now urgently required. Designing and 

undertaking studies that measure survival during each of these stages, and which 

identify the main causes of mortality, represent a major challenge. However, 

recent advances in the miniaturisation of tracking devices, most notably 

geolocators (Fiedler 2009), mean that it is now possible to track birds the size of a 

Ring Ouzel through the full annual cycle, and this increases the feasibility of 

identifying the timing of migration and the location of the main stopover and 

wintering sites. 

Further work should also be encouraged on the British breeding grounds, 

to test experimentally the effect of habitat and management manipulations on 

breeding success and survival. Effective monitoring of the British breeding 

population remains challenging, with coverage by the Breeding Bird Survey (BBS) 

being inadequate to detect national trends. Recent increases in BBS coverage 

within the English uplands will help to improve this situation considerably, but the 
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majority of the British population will remain poorly covered. However, the second 

national Ring Ouzel survey, which took place in 2012, should provide information 

on national and regional population trends, and the results of the 2007ï11 BTO 

Bird Atlas will shed light on changes in distribution. 

Outside Britain, further studies of Ring Ouzel ecology in the wintering 

areas would be valuable. Studies to establish the full wintering range of the British 

breeding population, and the extent and drivers (e.g. agriculture, development, 

drought, demand for firewood) of change in Juniper woodlands within this area will 

help to determine whether winter food supplies may be a critical issue. 

Determining whether large numbers of British birds are being killed on migration 

through France and Spain would similarly provide initial indications as to the role 

of hunting mortality. Finally, there is a need to improve our knowledge of trends 

and, where relevant, the causes of declines in other European breeding 

populations. Many of these are very poorly studied and the trend data available 

are qualitative or semi-quantitative at best (Tucker & Heath 1994; Janiga & Poxton 

1997; BirdLife International 2004). Priority countries for improved monitoring 

should include those with the largest populations (e.g. Romania, Austria, Norway 

and Russia) and those at the southern limit of the range and thus most vulnerable 

to climate change (e.g. Spain, Italy and Turkey). 

 

2.6. Acknowledgements 

We thank the members of the Ring Ouzel Study Group who contributed to the 

regional studies and landowners and tenants for co-operation with access. The 

Glen Clunie study was funded by RSPB, the Scottish Ornithologistsô Club, Scottish 

Natural Heritage and the Cairngorms National Park Authority. Surveys on 



 
 Ring Ouzel declines 

56 
 

Dartmoor and Exmoor were funded by Dartmoor and Exmoor National Park 

Authorities, Natural England and Defence Estates. Ian Burfield, Murray Grant and 

Jeremy Wilson provided valuable comments on earlier drafts of the paper. 

 

2.7. Summary 

In this Chapter I provide evidence that Ring Ouzel breeding numbers have shown 

widespread declines in several study areas within Britain during recent decades.  

Recent studies aimed at understanding these declines were reviewed, and future 

research priorities were identified.  Chapter 3 describes the location, topography, 

geology and land use in one of these study areas, in Glen Clunie, Aberdeenshire, 

Scotland, which was the focus for intensive study of Ring Ouzels in Chapters 4 to 

8 in this thesis. 
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Chapter 3 - Study species and study area 

  
Looking north from Glenshee ski area, down Glen Clunie and towards the snow-capped Cairngorms (Innes Sim) 
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An overview of Ring Ouzel status, population trends in Britain and Europe, and 

ecology during the breeding and non-breeding seasons is provided in Chapter 2 

(Sim et al. 2010).  All of the data presented in Chapters 4 to 8 of this thesis were 

gathered in approximately 18 km2 (9 x 2 km) of the southern part of Glen Clunie 

(56056ôN 3025ôW), near Braemar in north-east Scotland (Fig. 3.1). 

 

 

Figure 3.1. Map showing location of the Glen Clunie study area, Aberdeenshire, 

Scotland, used in analyses presented in Chapters 2 and 4-8 of this thesis. 

Reproduced from the digital Ordnance Survey 

map by permission of Ordnance Survey on 

behalf of The Controller of Her Majesty's 

Stationery Office. ©Crown Copyright.  All 

rights reserved. RSPB licence 100021787. 
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Glen Clunie lies towards the southern boundary of the Cairngorms National Park, 

the UKôs largest National Park, covering an area of 4,528 km2 (Website 3.1).  This 

study area was chosen for three main reasons.  First, a re-survey of Glen Clunie in 

1998 found that Ring Ouzels were present at high densities and that numbers had 

remained stable, or had possibly even increased, during the period 1991-98 

(Brown & Shepherd 1991; Rebecca 2001).  Second, the logistics of the glen made 

it suitable for a detailed Ring Ouzel study, since the species breeds on both sides 

of the glen, and relatively close to a main road running along the valley bottom.  

Third, Ring Ouzels are a high-priority species of conservation concern in the UK, 

have been poorly studied in the UK and abroad, and conservation organisations 

therefore need more information on all aspects of their ecology (Burfield 2002). 

Glen Clunie is a typical U-shaped glaciated valley, with a wide floor and 

steep sides.  The geology of the glen is dominated by crystalline schists belonging 

to the metamorphic rocks of the Eastern Highlands, but limestone intrusions occur 

throughout the glen (Nethersole-Thompson & Watson 1981).  Indeed, Glen Clunie 

has been described as being lime-rich (Nethersole-Thompson & Watson 1981), 

and the soils on the valley floor are sufficiently rich to produce arable crops and 

permanent pasture (Walker et al. 1982).  Land use on the valley floor is mainly 

semi-improved pasture for sheep and cattle, with two small conifer plantations.  

Vegetation cover on the valley sides is a mosaic of heathers (Calluna vulgaris, 

Erica cinerea, E. tetralix), Bilberry, Crowberry and rough grassland, with numerous 

crags, scree slopes and gullies (Rebecca 2001).  The glen is managed for Red 

Grouse (Lagopus lagopus scoticus) and Red Deer (Cervus elaphus) sport 

shooting.  Gamekeepers effectively reduce the numbers of predators such as Red 

Fox (Vulpes vulpes) and Carrion Crow (Corvus corone) from the glen (Red Foxes 

were never seen during 1998-2011, and Carrion Crows only rarely), but Stoats 
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(Mustela erminea) and Weasels (Mustela nivalis) are harder to cull and were 

regularly seen.  Gamekeepers also undertake rotational burning of the shrub layer 

to encourage fresh growth feed for the target sport species (Hester & Sydes 

1992). 

This combination of variable topography, relatively rich soils and land 

management practices is likely to be beneficial to Ring Ouzels.  The steep valley 

sides, with their numerous crags, scree slopes and gullies are relatively 

inaccessible to grazing animals (Red Deer, sheep, Mountain Hares Lepus timidus 

and Rabbits Oryctolagus cuniculus), and thus provide deep vegetation (usually 

heather) in which Ring Ouzels may hide their nests.  Such areas also provide 

important pre-migration late summer food in the form of Crowberries, and in 

particular Bilberries, which tend to suffer under high grazing pressure (Welch 

1998; Tybirk et al. 2000; Melis et al. 2006).  The areas with less-acidic soils, 

associated with limestone intrusions, tend to produce areas of short grass and 

grass-heather mosaic, which are a favoured foraging habitat of Ring Ouzels during 

much of the breeding season (Burfield 2002).  Higher levels of grazing pressure on 

the lower slopes may also help to maintain such favoured foraging areas, since 

grazed pastures support 3-15 times more earthworms (an important food source; 

Burfield 2002) due to greater organic input from faeces (Evans & Guild 1948; 

Keiller et al. 1995).  In addition, burning of the dwarf shrub layer may also provide 

short grass foraging habitat (in at least the first few years post-burn) by breaking 

up continuous areas of deep, impenetrable, heather.  Finally, the culling of 

potential nest predators Red Fox, Stoat, Weasel and Carrion Crow by 

gamekeepers is likely to increase breeding productivity for this ground-nesting 

species. 
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3.1. Summary 

In this Chapter I provide an overview of the location, topography, geology and land 

use in Glen Clunie, in which we carried out an intensive ecological study of Ring 

Ouzels during 1998-2009.  In common with most other study areas within Britain, 

Ring Ouzel breeding numbers in Glen Clunie have declined markedly in recent 

years (Chapter 2).  Therefore, Chapter 4 investigates the potential demographic 

mechanisims underlying the observed decrease in breeding numbers in Glen 

Clunie.  



 
 Species & study area 

66 
 

 

 

 

Photograph 3.1. Looking north towards Braemar, and the Cairngorms beyond.  Note extensive strip burning of heather, used to provide 

ideal breeding habitat for Red Grouse (Innes Sim). 

Photograph 3.2. Looking east from Newbigging, showing a large Rabbit warren on the left, used extensively for invertebrate foraging by 

Ring Ouzels (Innes Sim). 
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Photograph 3.3. Looking south towards the Baddoch plantation, and the Baddoch glen beyond.  Note the steep sides of the glen, used as 

nesting sites by Ring Ouzels (Innes Sim). 

 

Photograph 3.4. The extensive Rabbit warren in the Baddoch.  Ring Ouzels use the short grass on the lower slopes for foraging and 

nest on the heathery crags higher up (Innes Sim). 
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Photograph 3.5. The steep slopes of the Baddoch crags protect them from grazing animals.  As a result, they contain abundant Bilberry 

and Crowberry, important late summer food for Ring Ouzels (Innes Sim) 

 

Photograph 3.6. Male Ring Ouzel with food for nestlings (Andrew Hay, RSPB Images). 
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Photograph 3.7. Female Ring Ouzel with food for nestlings (Andrew Hay, RSPB Images). 

 

Photograph 3.8. Typical nest site in heathery bank beside stream (Innes Sim). 
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Photograph 3.9. Ring Ouzel nest containing a typical clutch of 4 eggs (Innes Sim). 

 

Photograph 3.10. Ring Ouzel nest containing 7 day old nestlings (Innes Sim). 
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Chapter 4 - Characterising demographic variation and 

contributions to population growth rate in a declining 

population 

 

Chapter published as: Sim, I.M.W., Rebecca, G.W., Ludwig, S.C., Grant, M.C. & 

Reid, J.M. 2011. Characterising demographic variation and contributions to 

population growth rate in a declining population. Journal of Animal Ecology 80: 

159-170. 

 

óRecommendedô by Faculty of 1000. 

 

  
The individual colour ringing of Ring Ouzels enabled the accurate estimation of survival rates (Andrew Hay, RSPB Images) 
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4.1. Abstract 

Understanding how demographic variation translates into variation in population 

growth rate ( ) is central to understanding population dynamics.  Such 

understanding ideally requires knowledge of the mean, variance and covariance 

among all demographic rates, allowing the potential and realised contribution of 

each rate to  to be estimated.  Such studies require integrated monitoring of all 

demographic rates across multiple years and are consequently rare, particularly in 

declining populations and for species with less tractable life-histories.  We used 

12-years of comprehensive demographic data from a declining Ring Ouzel 

population to estimate the mean, variance and covariance in all major 

demographic rates and estimate potential and realised demographic contributions 

to .  Population size decreased from 39 to 13 breeding pairs (-67%) and mean  

was 0.91 during 1998-2009.  This decrease did not reflect a substantial concurrent 

decrease in any single key demographic rate, but reflected varying combinations 

of demographic rates that consistently produced  < 1.  Basic prospective elasticity 

analysis indicated that  was most sensitive to adult survival, closely followed by 

early-season reproductive success and early-brood first-year survival.  In contrast, 

integrated elasticity analysis, accounting for estimated demographic covariance, 

indicated that  was most sensitive to early-brood first-year survival, closely 

followed by re-nesting rate, early-season reproductive success, late-brood first-

year survival and adult survival.  Retrospective decomposition of variance 

suggested that first-year survival contributed most to observed variation in .  

However, demographic comparison with other related species suggested that 

adult survival, but not reproductive success or post-fledging survival, averaged 

lower than expected throughout the 12-year study.  These data demonstrate that 
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multiple approaches, including comprehensive demographic and comparative 

analyses and due consideration of conflicting answers, may be necessary to 

accurately diagnose the demographic basis of population change. 

 

4.2. Introduction 

Understanding which demographic rates drive variation in population growth rate 

( ) is key to understanding and predicting population dynamics, and is therefore 

central to both fundamental and applied population ecology (Siriwardena et al. 

2000; Sibly & Hone 2002; Coulson et al. 2005).  Two complementary approaches 

towards achieving such understanding can be taken.  First, prospective 

perturbation analysis (e.g. elasticity analysis) can be used to identify the 

demographic rates to which  is most sensitive (i.e. where a relatively small 

change would cause a relatively large change in ).  Such analyses require 

knowledge of the mean of all major demographic rates comprising a species or 

populationôs life-history (Benton & Grant 1999a; Sæther & Bakke 2000; Caswell 

2001; Morrison & Hik 2007).  Second, a retrospective decomposition of variance 

can be used to identify which demographic rates actually caused observed 

variation in , reflecting the magnitude of demographic variation as well as the 

sensitivity of  to this variation.  Such analyses additionally require knowledge of 

temporal variation in all major demographic rates (Benton & Grant 1999a; Wisdom 

et al. 2000; Reid et al. 2004; Coulson et al. 2005; Ezard et al. 2006; Schaub et al. 

2006).  Rigorous prospective and retrospective investigation of demographic 

effects on  should also consider covariances among demographic rates, and 

hence the degree to which variation in one rate is concomitant with variation in 

another (van Tienderen 1995; Benton & Grant 1999a; Reid et al. 2004; Coulson et 
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al. 2005; Ezard et al. 2006).  Both genetic and physiological constraints and 

environmental variation can generate demographic covariation, reflecting intrinsic 

life-history trade-offs and common environmental effects on multiple life-history 

components (van Noordwijk & de Jong 1986; Stearns 1992; Tavecchia et al. 

2005).  Any such positive or negative covariation acting within or across years 

could magnify or ameliorate the impact of variation in any single demographic rate 

on , thereby altering demographic effects on  from those suggested by basic 

prospective and retrospective analyses that ignore covariation (van Tienderen 

1995).  Furthermore, knowledge of the mean and variance of lower-level 

demographic rates (e.g. reproductive rates, fecundity, short-term survival) that 

underlie higher-level demographic rates (e.g. total reproductive success, annual 

survival) is potentially key to understanding the exact demographic and ecological 

mechanisms driving population dynamics.  Comprehensive population studies that 

estimate the mean, variance and covariance among all demographic rates, and 

corresponding potential and realised contributions to , are therefore required to 

identify general constraints on  and understand the dynamics of specific focal 

populations. 

Ecologists sometimes make the simplistic assumption that observed 

increases or decreases in population size will necessarily reflect concurrent 

directional changes in specific demographic rates, such as reproductive success 

or survival, which can then be identified and mitigated (Peach et al. 1999; 

Robinson et al. 2004).  However, increasing or decreasing population size does 

not require immediate directional change in any underlying rate, or indeed in , if 

the existing combination of constant and/or variable rates means that  differs 

consistently from one.  In this circumstance, comparative analyses can help 

diagnose the most likely demographic and hence ecological cause of current 
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population change.  These might ideally include comparisons of demography 

before and after population change began, or with other populations of the same 

species showing different trajectories (Siriwardena et al. 2000; Peery et al. 2004; 

although see Green 1999).  In the absence of conspecific data, broader 

comparison with other species with similar life-histories may prove insightful in 

identifying demographic rates that are consistently lower than might be expected 

(Green 1999; Stenhouse & Robertson 2005).  Effective diagnoses of the 

demographic causes of population change therefore need to be nested within, as 

well as contribute to, both species-specific and wider comparative frameworks.    

These data requirements mean that the comprehensive studies required 

to identify the demographic causes of variation in  and population size are 

extremely challenging, particularly for small and/or declining populations where a 

clear understanding of population dynamics is of immediate applied as well as 

fundamental value (Heppell et al. 2000; Wisdom et al. 2000).  Long-term studies of 

reproductive success and survival of marked individuals will be necessary to 

robustly estimate mean rates and ensure that temporal variance and covariance 

are also adequately estimated (Gaillard et al. 1998; Gaillard et al. 2000; Sæther & 

Bakke 2000; Reid et al. 2004; Coulson et al. 2005).  Some demographic rates are 

particularly difficult to measure, forcing analysts to make simplifying assumptions 

that are themselves difficult to validate, or to focus on species with relatively 

tractable life-histories (Anders et al. 1997; Sæther & Bakke 2000; Siriwardena et 

al. 2000; Cornulier et al. 2009).  Specifically, while reproductive success per 

attempt can often be measured relatively accurately, measuring total season-long 

reproductive success is much more challenging for species that can breed multiple 

times per year, requiring accurate measurement of the frequency of multiple 

breeding and season length rather than just the success of a monitored sample of 
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attempts (Martin 1995; Siriwardena et al. 2000; Anders & Marshall 2005; Cornulier 

et al. 2009).  Despite the obvious importance of quantifying total reproductive 

success, this is far from always achieved (e.g. Peach et al. 1999; Siriwardena et 

al. 2000).  Indeed, the proportion of studies on birds in which multiple breeding 

rates were incorporated into estimates of total reproductive success actually 

decreased during 1987-1997 (Thompson et al. 2001).  Additionally, dispersal 

between an individualôs natal area and area of first reproduction means that 

individuals marked on natal areas often cannot be located the next year even if 

they survive.  Local first-year survival probabilities estimated using local encounter 

data will therefore underestimate the true first-year survival probability across the 

wider population (Greenwood & Harvey 1982; Payne 1991; Paradis et al. 1998). 

Such problems can be minimised through a priori study design; for 

example, by studying resident or isolated populations of species that breed once 

per year (e.g. Reid et al. 2004; Coulson et al. 2005; Schaub et al. 2006).  

However, this tactic would limit analyses to a biased subset of species and 

populations, precluding comparative analyses of demographic contributions to  

across the full life-history and ecological spectra.  Comprehensive demographic 

studies of populations with ónon-standardô life-histories are therefore particularly 

valuable.  Intensive season-long monitoring of the reproductive success of marked 

individuals is then required.  Estimating first-year survival often proves the most 

intractable problem in such systems (Paradis et al. 1998; Schaub et al. 2006).  

However, substantial pre-breeding mortality can occur between fledging and 

dispersal from the natal area (Anders et al. 1997; Thomson & Cotton 2000; Naef-

Daenzer et al. 2001; Rush & Stutchbury 2008).  Focussed estimation of survival 

through this period may therefore help identify key mortality periods constraining .  

Furthermore, if variation in population size and all other demographic rates are 
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adequately estimated, an approximate estimate of true first-year survival across 

the wider population can be calculated by subtraction, thereby allowing complete 

parameterisation of prospective and retrospective analyses of broad-scale . 

Accordingly, we undertook a comprehensive 12-year study of a declining 

Ring Ouzel population to quantify the mean, variance and covariance among all 

major demographic rates and hence determine the potential and realised 

demographic drivers of .  We quantified the change in population size across 

years, measured all components of season-long reproductive success and used 

resightings of marked individuals to quantify first-year and adult annual apparent 

survival rates, and hence estimated true population-wide first-year survival by 

subtraction.  To further inform estimates of the magnitude and timing of first-year 

mortality, we used intensive radio-tracking to measure post-fledging survival.  We 

used prospective elasticity analysis to identify which demographic rates have the 

greatest potential influence on  accounting for estimated covariance, and a 

retrospective analysis to decompose observed variation in  into contributions 

from individual rates.  We place estimated demographic rates in a cross-species 

comparative context, and thereby present and apply a rigorous framework for 

diagnosing the demographic causes of current population change. 

 

4.3. Methods 

4.3.1. Study system and population size 

We studied a population of Ring Ouzels, a migratory multi-brooding thrush, 

inhabiting ca. 18 km2 (9 x 2 km) of southern Glen Clunie (56056ôN 3025ôW), 

Braemar, Scotland, during 1998-2009.  Ring Ouzels also inhabit adjacent glens, 
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meaning that the Glen Clunie population is not isolated and estimated 

demographic rates can be interpreted in the context of the wider population.  

Demographic decomposition for such a species provides a valuable addition to 

existing comparative data.  Furthermore, since Ring Ouzel is a red-listed 

Biodiversity Action Plan priority species in the UK (Chapter 2; Sim et al. 2010), 

understanding demographic causes of variation in  is also of direct applied value. 

To estimate population size we systematically walked through the entire 

study area, covering all ground to 200 m, every 1-2 weeks between mid-April and 

mid-July each year, and recorded the location of all Ring Ouzels seen.  British 

Ring Ouzels occupy distinct breeding sites, typically separated by Ó240 m, with 

conspicuous territorial behaviour that allowed individuals to be detected at long 

range using binoculars.  Individuals regularly make two, rarely three, breeding 

attempts per season (Burfield 2002).  Each breeding attempt takes on average 29 

days from first egg laying (three days laying, 13 days incubation and 13 days to 

fledging; Burfield 2002).  The number of óearlyô pairs was defined as those present 

within 30 days of the first laying date in each year.  Late pairs were defined as 

pairs present on or after day 31 in each year (Fig. 4.1). 
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Figure 4.1. Frequency distribution of laying dates, in 5-day periods since first-egg 

date, during 1998-2009.  Open, solid and shaded bars indicate all data, known 

second clutches and known third clutches, respectively. 

 

Initial sightings of pairs were substantiated by stronger evidence of breeding (e.g. 

nest-building, active nest, recently fledged young) in about 90% of cases.  Where 

no further evidence of breeding was obtained, pairs were assumed to have failed 

early in the breeding attempt.  Population size in each year (Nt) was estimated with 

high confidence as the maximum number of early pairs observed in that year.  

Resightings of marked individuals suggested that the detection rate was effectively 

one (see Results).  Although any pairs that failed early in a breeding attempt and 

immediately dispersed may have gone unrecorded, any such cases were probably 

very rare.  Estimates of Nt are therefore likely to be accurate, and population 

growth rate ( ) for each year during 1998-2009 was calculated as Nt+1/Nt. 
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To quantify links between demographic variation and , assuming an 

equal primary sex ratio, we used the following equation: 

Nt+1 = Nt((CeRSe 1eTrue0.5)+(ClRSl 1lTrue0.5)+ ad) Eqn 4.1 

All demographic parameters are defined in Table 4.1. 

 

Table 4.1.  Definitions of demographic parameters. 

 

Parameter  Definition 

 

Nt   The number of early pairs present in year t 

Nt+1   The number of early pairs present in year t+1 

   Population growth rate (Nt+1/Nt) 

DNSR   Daily nest survival rate: the probability of a nest surviving one day 

ONSR Overall nest survival rate: the product of the proportion of nests 
estimated to have survived the egg and chick stages 

Ce   Proportion of females making an early breeding attempt 

Cl   Proportion of females making a late breeding attempt 

Y   Mean brood size at fledging in successful nests 

RSe Early-nest reproductive success 

RSl   Late-nest reproductive success 

Overall RS  Number of young fledged/female/year (RSe + (RSlCl) 

ad   Apparent probability of adult survival 

f   Apparent probability of survival to five weeks post-fledging 

1eApp   Apparent probability of first-year survival of early-brood chicks 

1lApp   Apparent probability of first-year survival of late-brood chicks 

1eTrue Probability of true first-year survival, including immigration into Glen 
Clunie, of early-brood chicks 

1lTrue Probability of true first-year survival, including immigration into Glen 
Clunie, of late-brood chicks 
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We then attempted to estimate all demographic rates required to parameterise this 

equation assuming a female-based cycle and that all ouzels first bred age one. 

 

4.3.2. Reproductive success 

Laying dates were recorded directly from nests found during laying or hatching, 

estimated using known relationships between chick age and wing-length and 

weight (Burfield 2002), or by comparison with photographs of known-age 

nestlings.  We assumed that a single egg was laid daily, incubation commenced 

with the penultimate egg laid in the clutch, eggs hatched after 13 days incubation 

and chicks fledged 13 days after hatching (Burfield 2002).  Nests were typically 

visited every 5-7 days until chicks fledged to record clutch and brood size.  These 

regular nest visits enabled calculation of daily nest survival rates (DNSR) using the 

Mayfield (1975) method, which accounts for variation in the times at which nests 

are found, and thus in the length of the period over which they are monitored and 

exposed to risk of failure.  Since DNSR may vary through the season (Mayfield 

1975), we calculated separate estimates for early and late nests, and tested for 

among-year variation and linear change across years in both estimates separately 

and combined.  Overall DNSR was calculated as the product of DNSR (egg stage) 

and DNSR (chick stage).  To calculate the proportion of nests surviving the egg 

and chick stages, we raised the appropriate DNSR to the powers of 16 (three days 

laying plus 13 days incubation) and 13 respectively.  The overall nest survival rate 

(ONSR) was calculated as the product of the proportion of nests surviving the egg 

and chick stages. 

All females were assumed to make an early breeding attempt (Ce=1).  Two 

methods were used to estimate the proportion of females that made more than 
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one breeding attempt (Cl - re-nesting rate) within each year.  First, the annual 

proportion of individually colour-ringed females from early nests that were 

observed making second (or rarely third) breeding attempts was calculated 

directly.  However, sample sizes of individually colour-ringed females were small 

(range 7-19 per year).  Therefore, to substantiate estimates based on colour-

ringed females we calculated the ratio of the number of breeding pairs present 

during the late season to the early season in each year.  This method lacks the 

precision of monitoring individual females, but benefits from including data from 

the whole breeding population. 

Mean RS (the number of young fledged per female, estimated as the 

product of mean brood size at fledging in successful nests (Y) and nest survival 

rate) was estimated for both early (RSe) and late (RSl) nests, and mean overall RS 

was calculated as RSe + (RSlCl).  Standard errors were calculated following 

Hensler (1985): 

 

ã((overall DNSR)2SE(Y2)) + (Y2Һ(N)) + (SE(Y2)Һ(N))  Eqn 4.2 

 

where SE is the standard error of Y2 and ҺN is the variance in ONSR. 

We used generalised linear models and appropriate post-hoc tests to test 

whether each component of RS (excluding DNSR, for which see above) varied 

among years.  Error structures and link functions were Gaussian and identity for 

laying date (measured as day of year; day 1 = 1 April), Poisson and log for clutch 

and fledged brood size and binomial and logit for re-nesting rate.  We tested for 

among-year variation in mean RS using studentôs t-tests with appropriate 
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Bonferroni adjustments, following Bailey (1981).  We then tested for linear 

increase or decrease across years in the annual means of each variable 

(excluding DNSR) using least squares regression.  Means were weighted by 

annual sample size for laying date, clutch size and fledged brood size, and by the 

minimum annual value of DNSR and fledged brood size for RSe, RSl and overall 

RS. 

 

4.3.3. Adult apparent survival 

During 1999-2008, 221 adult Ring Ouzels marked with British Trust for Ornithology 

(BTO) metal rings and individual combinations of 3-4 colour-rings were used to 

estimate ad.  These comprised 22 males and 23 females originally ringed as 

chicks within or outside Glen Clunie, and 81 male and 95 female previously 

unringed individuals that were trapped and ringed as breeding adults in Glen 

Clunie (Sim & Rebecca 2003).  These adults were aged as either first-year 

(hatched the previous year) or adult (hatched two or more years previously) at 

capture (Svensson 1992).  Substantial effort was made to resight all colour-ringed 

adults each year, both at nests during territory visits and in nearby feeding areas.  

Resighting effort was intensive across the whole study area throughout each 

season, resulting in a very high local resighting rate each year (see Results).  Any 

within- or between-year dispersal between consecutive breeding attempts may 

result in underestimation of adult apparent survival (Paradis et al. 1998; Winkler et 

al. 2004).  However, little dispersal was observed during opportunistic visits to 

nearby breeding areas, suggesting that breeding dispersal was relatively rare.  

Furthermore, the high annual resighting probability within Glen Clunie suggests 

little temporary emigration among years.  To estimate űad, we initially fitted a fully 
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sex- and year-dependent Cormack-Jolly-Seber (CJS) model (Lebreton et al. 1992; 

White & Burnham 1999).  This model fitted the data (goodness-of-fit tests from 

program RELEASE, P = 0.93 (male) and P = 0.54 (female)).  Although there was 

some evidence of under-dispersion (×2/×df = Ǘ = 0.86), this was relatively small 

and we therefore set Ǘ = 1.0 (Cooch & White 2008). 

 

4.3.4. Post-fledging survival 

To measure f during 2006-08, chicks were fitted with 1.8 g TW4 single-celled 

radio tags (Website 4.1) just prior to fledging (10-13 days post-hatch).  Tags were 

back mounted using an elastic harness with weak link to allow tag loss after a few 

weeks (Hill et al. 1999).  In 2006, 22 late nest chicks were tagged; this trial showed 

no detrimental behavioural effects of radio transmitters, in common with previous 

studies (Rae et al. 2009, Gow et al. 2011).  A further 23 and 21 early nest chicks 

and 18 and 26 late nest chicks were therefore tagged in 2007 and 2008 

respectively (giving totals of 44 early nest chicks from 25 broods and 66 late nest 

chicks from 29 broods respectively).  Tags had a signal range of up to 10 km with 

direct line of sight, but more typically 2-3 km depending on terrain, and a battery 

life of up to four months.  Tagged fledglings were located once every 2-3 days 

post-fledging, until the bird was found dead, shed the tag or disappeared and was 

assumed to have dispersed from the study area.  We used the combined 2006-08 

data to estimate weekly f for chicks from early and late nests, for five weeks post-

fledging.  The signals from nine of the 110 (8.2%) tagged fledglings were lost 

during the first five weeks post-fledging.  Since these individuals had unknown 

fates (and may have dispersed), they were censored from subsequent known-fate 

survival analyses. 
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4.3.5. First year apparent survival 

During 1998-2002, 805 chicks (464 from early nests and 341 from late nests), 

comprising 85% of those known to have fledged from the study area, were ringed 

with BTO metal rings and a single plastic colour ring to allow year cohort but not 

individual identification.  During 2003-08, 581 chicks (335 from early and 246 from 

late nests), comprising 90% of those known to have fledged from the study area, 

were ringed with three or four colour rings to allow individual identification without 

need for recapture.  It was not possible to calculate resighting probability (p) for 

returning chicks marked with single cohort rings during 1998-2002, since they 

could not be individually identified until trapped and fitted with individual colour-ring 

combinations in later years.  However, p for returning chicks marked with 

individual combinations during 2003-08 was estimated to be 1.00 (see Results).  

Hence, we assumed a constant p of 1.00 for all first-years during 1998-2009, and 

estimated the apparent probability of first-year survival (ű1App) as for űad (see 

above). 

 

4.3.6. True first year survival 

Estimates of ű1App were low (see Results), probably reflecting natal dispersal away 

from the study area.  We therefore used annual estimates of Nt, ad, C and RS to 

estimate ű1True (following eqn 4.1).  The ratio of ű1eTrue to ű1lTrue was assumed to 

equal the ratio of ű1eApp to ű1lApp (see Results).  Estimates of 1eTrue and 1lTrue 

therefore include immigration into Glen Clunie.  Prospective and retrospective 

analyses based on these estimates therefore reflect demographic variation across 
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the wider Ring Ouzel population (from which immigrants must originate), not 

across Glen Clunie specifically. 

 

4.3.7. Basic and integrated elasticities 

To quantify the expected proportional change in  given a proportional change in 

each demographic rate and hence each rateôs elasticity (Benton & Grant 1999a; 

de Kroon et al. 2000), we simulated a 5% increase in each individual rate (űad, Ce, 

Cl, RSe, RSl, 1eTrue and 1lTrue ) while holding the others constant and recorded the 

proportional change in Nt+1/Nt (eqn 4.1). This analysis assumes that all 

demographic rates vary independently (Benton & Grant 1999b; de Kroon et al. 

2000), which may be simplistic (van Noordwijk & de Jong 1986; Stearns 1992; 

Tavecchia et al. 2005).  To assess the possible degree of demographic 

covariation, we calculated pairwise parametric correlations between observed 

annual demographic rates.  Correlations between űad, 1eTrue and 1lTrue were 

calculated for 2000-09, and those between Cl, RSe and RSl were calculated for 

1998-2009.  However, űad, 1eTrue and 1lTrue during 2000-09 were correlated with 

Cl, RSe and RSl during 1999-2008 (i.e. with a one-year lag) due to the expected 

effect of reproductive success in year Nt on survival to year Nt+1.  The only 

correlation we could not estimate directly was that between 1eTrue and 1lTrue.  

Since estimates of 1App probably underestimated 1True (due to likely natal 

dispersal from the study area), the estimated correlation between 1eApp and 1lApp 

(-0.11) was of uncertain interpretation relative to the correlation between 1eTrue 

and 1lTrue.  Indeed, a positive correlation between 1eTrue and 1lTrue might be 

expected since fledglings from early and late broods most likely experience 

correlated over-winter conditions.  We therefore ran analyses assuming 
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correlations of 0.25, 0.50 and 0.75 between 1eTrue and 1lTrue and assessed the 

sensitivity of conclusions to the assumed value. 

To assess effects of demographic covariation on estimated elasticities, we 

calculated integrated elasticities (IEs).  For a demographic rate x, 

 

IEx = ×yrxyeyCVy/CVx  Eqn 4.3 

 

where rxy is the correlation between rates x and y, and ey and CVy are the basic 

elasticity and coefficient of variation of y, respectively (van Tienderen 1995, 

Sæther & Bakke 2000).   

 

4.3.8. Retrospective analysis 

We estimated the realised contribution of each demographic rate to variation in  

as ex
2CVx

2 (assuming no covariance among rates) or IEx
2CVx

2 (assuming 

covariance among rates), thereby giving a variance-standardized elasticity (van 

Tienderen 1995).  The total variance in  can be estimated as the sum of this 

quantity across all demographic rates (x): 

 

Var( ) = ×xex
2CVx

2  Eqn 4.4a, or 

 

Var( ) = ×xIEx
2CVx

2  Eqn 4.4b 
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and hence the proportional contribution of each rate x to total variation in  (Xx; 

Horvitz et al. 1997; Gaillard et al. 2000; Caswell 2001) is: 

 

Xx = ex
2CVx

2/Var( )  Eqn 4.5a, or 

 

Xx = IEx
2CVx

2/Var( )  Eqn 4.5b 

 

4.3.9. Statistical analysis 

We calculated coefficients of variation (CV) to quantify and compare among-year 

variation in demographic rates that were measured on scales without upper limit 

(laying date, clutch size, fledged brood size and RS).  However, CV is not suitable 

for comparing variation in proportions or probabilities since the maximum variance 

is constrained at Ŭ(1-Ŭ) for a proportion Ŭ.  We therefore quantified the variability in 

demographic rates measured as proportions or probabilities (DNSR, Cl, űad, ű1App) 

as the ratio of the observed variance to the maximum possible variance (i.e. 

variance Ŭ(1 ï Ŭ); Gaillard & Yoccoz 2003; Morris & Doak 2004).  However, we 

additionally present CV to facilitate comparison with other studies that have used 

this approach. 

Survival analyses were run in program MARK 5.1 (White & Burnham 

1999) using the nest survival (DNSR), known fate ( f) and recapture ( ad and 

1App) models.  Goodness of fit tests were not necessary for the DNSR and f 

models since the saturated models fitted the data perfectly (Cooch & White 2008).  

For all models Akaikeôs Information Criterion, adjusted for small sample size 

(AICc), was used to identify the best supported model that included the survival 

parameters of interest (Burnham & Anderson 2002).  The model with the lowest 
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AICc is the best supported model, and provides the best description of the data 

given the balance between over-fitting (hence loss of precision) and under-fitting 

(hence bias; Burnham & Anderson 2002). 

We first tested for year effects on p, and then year effects on .  Random 

effects models were used to estimate process variance in ad and generate shrunk 

estimates (Burnham & White 2002; Loison et al. 2002).  All other analyses were 

run in SAS v8 (SAS Institute 2001).  Means are presented ± 1 standard error (SE).  

Summaries of all main results and parameter estimates are presented in the main 

text.  Further details of survival models and annual sample sizes are provided as 

online Supplementary Information.  To provide comparative context, estimated 

mean demographic rates were compared with published data from related species 

(see Discussion). 

 

4.4. Results 

4.4.1. Population size 

The number of breeding pairs (Nt) decreased from 39 in 1998 to 13 in 2009 (-67%, 

Fig. 4.2). 
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Figure 4.2. The estimated number of early-breeding Ring Ouzel pairs in the study 

area during 1998-2009. 

 

There was a particularly large decrease (-37%) from 27 pairs in 2004 to 17 pairs in 

2005 (Fig. 4.2).  Mean population growth rate ( ) was 0.91 (range 0.63-1.00, SE = 

0.03) during 1998-09, and Nt never increased from one year to the next. 

 

4.4.2. Reproductive success 

Estimates of the mean, among-year variation and linear change across years in 

components of RS are described in Table 4.2 and Fig. 4.3.  Sample sizes are 

given in Table 4.S1.

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

N
u

m
b

e
r 

o
f 
b

re
e

d
in

g
 p

a
ir
s
 



 
 Demography & population growth rate 

93 
 

Table 4.2. Mean, variance, coefficient of variation (CV), proportion of the maximum possible variance (Pmax, the ratio of observed 

variance to maximum possible variance), test of among year variation and regression coefficients of estimated linear change across 

years (ɓ) for key demographic rates.  Positive AICc scores indicate reduced support for survival models that included among-year or 

across-year variation.  Rate codes are defined in Table 4.1. 

 

Variable    Mean  Variance CV Pmax  Among-year variation  ɓ 

 

Early laying date   28 April 48.1  0.24 -  F = 3.13 ± 0.40, P = 0.001 +0.045 ± 0.20, P = 0.83 

Late laying date   1 June  79.7  0.14 -  F = 1.74 ± 0.59, P = 0.07 +0.058 ± 0.23, P = 0.80 

Early clutch size   4.0  0.12  0.09 -  2 = 0.14 ± 0.002, P = 0.71 -0.0003 ± 0.002, P = 0.85 

Late clutch size   4.0  0.32  0.14 -  2 = 0.10 ± 0.003, P = 0.75 +0.0006 ± 0.004, P = 0.88 

Early fledged brood size  3.6  0.64  0.22 -  2 = 7.05 ± 0.004, P = 0.008 -0.011 ± 0.006, P = 0.07 

Late fledged brood size  3.7  0.68  0.23 -  2 = 0.32 ± 0.005, P = 0.57 -0.0006 ± 0.008, P = 0.95 

Early DNSR    0.985  0.0001  - 0.004  AICc = 6.2   0.019 ± 0.04, AICc = 2.8 

Late DNSR    0.982  0.0001  - 0.003  AICc = 14.9   0.029 ± 0.02, AICc = 1.5 

Cl     0.63  0.01  - 0.025  2 = 0.37 ± 0.03, P = 0.55 -0.020 ± 0.03, P = 0.54 
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Table 4.2 (continued). 

 

Variable    Mean  Variance CV Pmax  Among-year variation  ɓ 

 

RSe     2.32  0.38  0.27 -  t = 4.19, P < 0.05  + 0.012 ± 0.02, P = 0.62 

RSl     2.10  0.46  0.32 -  t = 3.89, P < 0.05  + 0.041 ± 0.02, P = 0.10 

Overall reproductive success  3.64  0.73  0.20 -  t = 3.81-4.63, P < 0.05 +0.015 ± 0.02, P = 0.49 

Adult male     0.47  0.02  0.26 0.06  AICc = 12.1   -0.050 ± 0.06, AICc = 1.3 

Adult female     0.37  0.02  0.35 0.07  AICc = 8.5   +0.009 ± 0.05, AICc = 2.0 

ad     0.42  0.01  0.21 0.03  AICc = 10.9   -0.019 ± 0.04, AICc = 1.8 

1eApp     0.05  0.0007  0.50 0.01  AICc = 10.2   -0.037 ± 0.05, AICc = 0.1 

1lApp     0.02  0.0003  0.87 0.02  AICc = 15.3   -0.034 ± 0.10, AICc =0.5 
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(g) 

 

 

Figure 4.3. Mean (±1 SE) (a) laying date, (b) clutch size, (c) fledged brood size, (d) 

overall nest survival rate, (e) re-nesting rate (Cl), (f) reproductive success per 

brood and (g) overall reproductive success during 1998-2009.  Shaded and open 

bars indicate early and late nests, respectively. 

 

In summary, early-nest laying date varied significantly among years (being earlier 

in 2005 than in 2007 or 2008), whilst among-year variation in late-nest laying date 

approached significance.  However, there was no significant tendency for either to 

become progressively earlier or later through the study period (Table 4.2, Fig. 

4.3a).  For clutch and fledged brood size, only early-nest fledged brood size varied 

significantly among years (being smaller in 2006 than in 1998), and also showed a 

marginally non-significant tendency to decrease through the study period (Table 

4.2, Figs. 4.3b & 4.3c).  Although there was moderate support for models 

indicating greater early-nest DNSR than late-nest DNSR, and that late-nest DNSR 

increased across years ( AICc = 1.0-1.5), the best supported model included 

constant DNSR across all nests (Table 4.S2).  Mean ONSR was 0.65 ± 0.04 (early 

nests) and 0.57 ± 0.05 (late nests; Fig. 4.3d). 
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The mean proportion of colour-ringed females recorded re-nesting was 

0.64, while the mean ratio of the number of pairs present during the late versus 

early season was 0.63 (Table 4.2, Fig. 4.3e).  These two measures of re-nesting 

frequency were closely correlated across years (Spearman r11 = 0.76, P = 0.007), 

suggesting that the latter provides a good measure of the overall re-nesting rate 

(Cl).  Over 12 years, only five females were observed to make three breeding 

attempts in a season: one reared three broods, two reared two broods, and two 

reared one brood.  Triple brooding therefore contributed little to .  Re-nesting rate 

did not vary significantly among years, or increase or decrease significantly across 

years (Table 4.2, Fig. 4.3e). 

Due to these patterns of variation in the lower level rates, both RSe and 

RSl varied significantly among years (being higher in 1998 than 2000, and in 2009 

than 2000 respectively; Table 4.2, Fig. 4.3f).  Overall RS also varied among years, 

being significantly higher in 1998 than in 2000 and 2008, and significantly higher in 

2005 and 2009 than in 2000.  Neither RSe, RSl nor overall RS increased or 

decreased significantly across years (Table 4.2, Figs. 4.3f & 4.3g).  RSl varied 

more among years than RSe, followed by early laying date, late fledged brood size 

and early fledged brood size (Table 4.2). 

 

4.4.3. Adult apparent survival 

Estimates of the mean, among-year variation and linear change across years in 

survival are described in Table 4.2 and Fig. 4.4. 
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(c) 

 

 

Fig. 4.4. Estimates (± 1 S.E.) of (a) ad of males (shaded bars) and females (open 

bars), (b) f of fledglings from early (shaded bars) and late (open bars) nests 

during 2006-2008 combined and (c) 1App of chicks fledged from early (shaded 

bars) and late (open bars) broods.  X-axis labels indicate the start of each survival 

period. 

 

The annual resighting probability (p) was estimated as 0.98 ± 0.02. The probability 

that a returning adult would remain undetected was therefore low.  The best 

supported model included year-independent but sex-specific űad (Tables 4.2 & 

4.S3, Fig. 4.4a).  However, four further models received moderate support ( AICc 

= 1.3-2.0), including linear decreases in male and/or female űad, or among-year 

variation in female űad (Table 4.S3). 
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4.4.4. Post-fledging survival 

The best supported model included week-independent f that differed between 

fledglings from early (0.88 ± 0.03) and late (0.74 ± 0.03) nests (Table 4.S4, Fig. 

4.4b).  However, two further models received moderate support ( AICc = 0.9-1.3), 

including among-week variation in f of fledglings from early or late nests (Table 

4.S4).  f across the first five weeks post-fledging was 0.57 ± 0.08 and 0.22 ± 0.06 

for early- and late-nest fledglings respectively. 

 

4.4.5. First-year apparent and true survival 

Of 805 chicks ringed with single cohort colour rings during 1998-2002, 35 returned 

as adults, of which 26 were trapped and individually identified.  Of these, 21 (81%) 

and five (19%) were from early and late nests, respectively.  The best supported 

model for 1App included linear decreases in both 1eApp (0.01/year) and 1lApp 

(0.004/year) during 1999-2009 (Table 4.S5, Fig. 4.4c).  However, a model with no 

change across years received almost as much support ( AICc = 0.6, Table 4.S5), 

and suggested that mean 1eApp (0.053 ± 0.008) was higher than mean 1lApp 

(0.022 ± 0.006).  Mean estimated 1True during 2000-09, calculated from Eqn 4.1, 

was 0.36 ± 0.04 (early broods) and 0.15 ± 0.02 (late broods, assuming that 1eTrue 

= 2.4 x 1lTrue, as observed for 1eApp).  However, estimates of 1True will be 

sensitive to error in estimates of other demographic rates and Nt, and process 

variance cannot be estimated (see Discussion). 
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4.4.6. Elasticities 

Basic elasticities indicated that  was most sensitive to ad, followed by RSe and 

1eTrue, and was relatively insensitive to Cl and RSl and 1lTrue (Table 4.3).  

Population stability (  = 1.0) would require increases in either ad to 0.51 (21%), 

RSe to 2.83 (22%), 1eTrue to 0.42 (22%), RSl to 4.20 (100%) or 1lTrue to 0.27 

(100%) over the mean observed rates.  Increasing Cl to the maximum possible 

value of 1.0 would result in  = 0.96. 

There were strong negative correlations between estimated 1eTrue and 

RSe, and ad and estimated 1eTrue, and strong positive correlations between ad 

and RSl, and Cl and RSe (Table 4.3).  Integrated elasticities indicated that  was 

most sensitive to 1eTrue, closely followed by Cl, RSe, 1lTrue and ad.  IE( 1eTrue) 

was qualitatively robust to changing the assumed correlation between 1eTrue and 

1lTrue, but IE( 1lTrue) was less so (Table 4.3).
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Table 4.3.  Basic (e) and integrated elasticities (IE) of each rate, the estimated percentage contribution to variation in  estimated from e 

(Xe) and IE (XIE), and the matrix of pairwise correlation coefficients among demographic rates.  Rate codes are defined in Table 4.1.  

Values for IE, IE2CV2 and XIE, assuming correlations between 1eTrue and 1lTrue (rassumed) of 0.25, 0.50 and 0.75, are presented (see 

section 4.3 for details). 

 

      Correlation matrix 

e CV e2CV2  Xe ad 1eTrue 1lTrue Cl RSe rassumed = 0.50  rassumed = 0.25  rassumed = 0.75 

IE IE2CV2 XIE IE IE2CV2 XIE IE IE2CV2 XIE 

 

ad 0.46 0.21 0.0097  21.2      0.208 0.002 6.0 0.208 0.002 4.8 0.208 0.002 7.4 

1eTrue 0.44 0.32 0.0202  44.0 -0.57     0.404 0.017 51.8 0.428 0.019 46.0 0.380 0.015 56.2 

1lTrue 0.10 0.32 0.0010  2.1 -0.57 0.50    0.232 0.006 17.1 0.343 0.012 29.4 0.122 0.002 5.8 

Cl 0.10 0.12 0.0001  0.3 -0.07 -0.08 -0.08   0.369 0.002 6.3 0.369 0.002 4.9 0.369 0.002 7.7 

RSe 0.44 0.27 0.0139  30.3 0.30 -0.66 -0.66 0.55  0.294 0.006 18.8 0.294 0.006 14.9 0.294 0.006 23.0 

RSl 0.10 0.32 0.0010  2.1 0.64 -0.35 -0.35 0.03 -0.03 0.001 0.000 0.0 0.001 0.000 0.0 0.001 0.000 0.0 
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4.4.7. Retrospective analysis 

Assuming basic elasticities, 1eTrue was estimated to account for most variance in 

, followed by RSe and ad (Table 4.3).  Assuming integrated elasticities, 1eTrue 

accounted for by far the most variance in , regardless of the assumed correlation 

between 1eTrue and 1lTrue.  However, the estimated contribution of 1lTrue was 

sensitive to this assumption (Table 4.3). 

 

4.5. Discussion 

Comprehensive understanding of population dynamics requires a thorough 

understanding of which demographic rates could, and do, cause variation in 

population size (Sæther & Bakke 2000; Caswell 2001; Reid et al. 2004; Coulson et 

al. 2005; Ezard et al. 2006; Schaub et al. 2006; Morrison & Hik 2007).  This in turn 

requires comprehensive knowledge of the mean, variance and covariance among 

these rates, presenting a major empirical challenge, particularly in small and/or 

declining populations of species where such knowledge is of specific as well as 

general value.  The most robust possible inference requires as rigorous estimation 

of demographic parameters as feasible, consideration of the sensitivity of 

conclusions to assumptions regarding parameters that can only be poorly 

estimated, and appropriate comparison with other systems.  Such multi-faceted 

studies, however, remain rare. 

Our study population of Ring Ouzels decreased by 67% during 1998-2009, 

mirroring decreases observed across the UK more widely (Chapter 2; Sim et al. 

2010).  Comprehensive investigation of the demographic causes of this decrease 

showed that it did not simply reflect a substantial concurrent decrease in any single 
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key demographic rate, as often assumed and observed (Gaillard et al. 1998; 

Robinson et al. 2004).  Rather, it reflected varying combinations of demographic 

rates that consistently produced  < 1.  More subtle analysis of the potential and 

realised consequences of demographic variation is therefore required to evaluate 

the causes of population change and potential routes to recovery. 

 

4.5.1. Prospective analysis  

Basic elasticities indicated that  was most sensitive to variation in ad, closely 

followed by RSe and 1eTrue.  These results are broadly consistent with previous 

studies of relatively long-lived vertebrates, which reported that  was most 

sensitive to variation in ad (e.g. Gaillard et al. 1998; 2000; Sæther & Bakke 2000; 

Reid et al. 2004; Ezard et al. 2006; Morrison & Hik 2007).  However, basic 

elasticities do not consider covariation between demographic rates, which can 

account for a significant proportion of total variation in  (Coulson et al. 2005; 

Ezard et al. 2006).  Calculating integrated elasticities, which do incorporate 

covariation, requires data describing the degree to which all demographic rates 

are constrained to covary.  Demographic covariation is generally estimated across 

short time-series from observational studies, and hence with substantial 

uncertainty over magnitude and causation (Reid et al. 2004; Ezard et al. 2006).  

However, integrated elasticities estimated from such data are still valuable in 

indicating whether conclusions based on basic elasticities are likely to be robust; 

yet remarkably few empirical studies have estimated integrated elasticities despite 

the clear need to do so (van Tienderen 1995; Coulson et al. 2005). 
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There were substantial correlations among Ring Ouzel demographic rates, 

albeit across only 10-12 years and reflecting uncertain biological mechanisms.   

ad was strongly positively correlated with RSe and RSl, while 1True was strongly 

negatively correlated with ad, RSe and RSl.  Given all provisos, integrated 

elasticities indicated that  was most sensitive to variation in 1eTrue, closely 

followed by Cl, RSe, 1lTrue, and ad, but insensitive to variation in RSl.  Given the 

inevitably large uncertainty over the covariance structure, the integrated elasticities 

are perhaps best interpreted qualitatively rather than quantitatively.  However, the 

substantial differences between basic and integrated elasticities emphasise the 

potential importance of accounting for demographic covariation, and the integrated 

elasticities suggest increased potential for variation in first-year survival to drive 

variation in  compared to that predicted by basic elasticities. 

Compared to the few other studies that have considered demographic 

covariation, all of which are subject to similar provisos to our study, our results 

contrast with Sæther and Bakke (2000), where  was most elastic to variation in 

ad in seven of eight bird species, and Reid et al. (2004) where  was most elastic 

to variation in ad, followed by pre-breeding  and RS in Red-billed Choughs.  A 

similar pattern has emerged in mammals, with integrated elasticities generally 

remaining highest for ad (van Tienderen 1995; Coulson et al. 2005), although in 

Red Deer (Cervus elephas)  was most elastic to variation in RS (Benton et al. 

1995). 

  



 
 Demography & population growth rate 

106 
 

4.5.2. Retrospective analysis 

The degree to which any demographic rate causes population change depends on 

the rateôs variability as well as the sensitivity of  to this variation (Gaillard et al. 

1998; 2000; Sæther & Bake 2000).  In Ring Ouzels, 1eTrue, 1lTrue and RSl varied 

most (Table 4.2).  Notwithstanding the uncertainty around the estimated variance 

of 1True and the associated covariance structure, 1True apparently contributed 

most to variation in  based on both basic and integrated elasticities.  Previous 

studies of both avian (Reid et al. 2004; Robinson et al. 2004; Ezard et al. 2006; 

Schaub et al. 2006) and mammalian (Gaillard et al. 1998; 2000; Coulson et al. 

2005) demography also concluded that 1 contributes most to variation in , 

suggesting that variation in first-year or sub-adult survival may be a common 

demographic cause of population dynamics. 

 

4.5.3. Comparative demography 

There has been debate about whether the demographic rates to which  is most 

sensitive, or those which account for most recent variation, are the most 

appropriate targets for population management (e.g. Benton & Grant 1999a; 

Wisdom et al. 2000; Sibly & Hone 2002; Coulson et al. 2005).  However, when  < 

1 throughout a demographic study, the demographic changes responsible for 

population decline may pre-date the study period used to directly inform either 

prospective or retrospective analysis.  The most elastic and/or variable rates as 

currently observed may consequently differ from those which have changed since 

previous periods of population stability, or could change again in the future.  In this 

situation, demographic comparisons with other appropriate populations and 
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species can help identify rates that were lower than expected given a populationôs 

current life history (Peery et al. 2004). 

Table 4.S6 compares our estimates of mean Ring Ouzel demography with 

those from other studies of Ring Ouzels and related species.  These species 

comprise two closely related European species (Blackbird Turdus merula and 

Song Thrush Turdus philomelos), and three closely related North American long-

distance migrant species (Wood Thrush Hylocichla mustelina, Ovenbird Seiurus 

aurocapilla and Swainsonôs Thrush Catharus ustulatus).  All data were collected 

using similar methodology to ours, and thus constitute the most relevant 

comparative data. 

Our estimates of mean clutch and fledged brood size, RSe, RSl and ONSR 

lie within the ranges recently observed in other UK Ring Ouzel populations (Table 

4.S6).  These data suggest that these components of reproductive success were 

not unduly low in our study population, although the comparative data are also 

from declining populations.  Blackbird and Song Thrush have similar clutch and 

fledged brood sizes to Ring Ouzels, but substantially lower ONSR and hence 

lower RS per attempt (Table 4.S6).  However, while female Song Thrushes in a 

declining population had overall RS of 2.7, those in a stable population had overall 

RS of 4.0 (Thomson & Cotton 2000).  Thus, our estimate of overall Ring Ouzel RS 

(3.6 young fledged/female/year) compares favourably with this stable Song Thrush 

population.  One challenging component of RS to measure is the re-nesting (or 

multiple breeding) rate.  Although few rigorous comparative data are available, the 

mean observed re-nesting rate (0.63) was similar to that recorded in Wood 

Thrushes (0.61, Friesen et al. 2000).  Overall, therefore, there is little compelling 
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evidence that the overall RS observed in our declining Ring Ouzel population was 

substantially less than might be expected for such a species. 

Our survival probabilities estimated from radio-tracking suggested weekly 

and five-weekly Ring Ouzel f survival were similar to those estimated for all Song 

Thrush broods from British ringing recoveries (Table 4.S6).  In addition, our Ring 

Ouzel f estimates also lie within those obtained from radio-tracking fledgling 

Ovenbird, Swainsonôs Thrush and Wood Thrush (Table 4.S6).  Our results are 

thus consistent with previous studies suggesting that f is often a key component 

of avian 1True (Anders et al. 1997; Naef-Daenzer et al. 2001; Rush & Stutchbury 

2008), but do not suggest that Ring Ouzel f was unusually low.   

Mean estimated ad was considerably lower than for British Blackbirds and 

Song Thrushes (Table 4.S6).  However, British breeding populations of these 

species are largely sedentary and therefore not exposed to the same costs of 

migration as migratory Ring Ouzels (Wernham et al. 2002).  Song Thrushes 

breeding in Russia and Finland and wintering in southern Europe, and migratory 

Wood and Swainsonôs Thrushes and Ovenbirds, also had higher ad than Ring 

Ouzels (Table 4.S6).  Thus, our estimate of ad for Ring Ouzel is substantially 

lower than for migratory species with otherwise relatively similar life-histories. 

 

4.5.4. Conclusions 

Comprehensive prospective and retrospective analyses of 12 years of 

demographic data highlighted first-year survival as one key rate causing variation 

in  in Ring Ouzels.  However, comparison with available demographic data from 

species with similar life-histories suggested that adult survival averaged lower than 
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might be expected across the whole study period, and may therefore be at least 

partly responsible for the observed population decline.  These analyses therefore 

emphasise that multiple approaches, and due consideration of conflicting answers, 

may be necessary to accurately diagnose the demographic causes of population 

change. 
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4.7. Summary 

In this Chapter, we explored the demographic mechanisms underlying the 

decrease in Ring Ouzel population size in Glen Clunie, from 39 to 13 breeding 

pairs (-67%) during 1998-2009.  This decrease did not reflect a substantial 

concurrent decrease in any single key demographic rate, but reflected varying 

combinations of demographic rates that consistently produced  < 1.  One of these 

rates was the re-nesting rate, or multiple brooding rate, and in Chapter 5 we 

examine the rate of multiple brooding in Ring Ouzels in Glen Clunie during 1999-

2011. 
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4.9. Supplementary Information 

Table 4.S1. Sample sizes for the variables shown in Fig. 4.3.  Figures given are for the whole study area, whereas the number of early 

breeding pairs presented in Fig. 4.2 was accurately assessed annually from a core area, comprising approximately 80% of the whole 

study area.  Thus, sample sizes for some years are higher than the number of early breeding pairs monitored in the core area.  Rate 

codes are defined in Table 4.1. 

 

          Year       

    1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 All years

 

Early laying date  23 25 32 31 30 21 23 20 15 22 21 15 278 

Late laying date  16 14 30 24 22 21 16 17 17 11 10 16 214 

Early clutch size  8 22 23 20 17 17 22 18 14 17 18 12 208 

Late clutch size  13 8 19 13 22 17 10 13 13 11 11 11 161 

Early fledged brood size 27 26 23 23 27 16 21 17 11 15 13 12 231 

Late fledged brood size 13 12 21 20 18 17 12 13 12 9 7 14 168 

Early DNSR   8 18 24 18 16 19 21  19 13 15 16 11 198 

Late DNSR   10 6 18 12 20 16 9 10 13 10 12 9 145 
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Table 4.S1. (continued). 

 

Year       

    1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 All years

 

Ce    23 32 43 41 39 38 39 24 26 26 28 21 380 

Cl    17 16 29 27 26 24 21 18 16 14 17 13 238 

RSe    8 18 23 18 16 16 21  17 11 15 13 11 187 

RSl    10 6 18 12 18 16 9 10 12 9 7 9 136 

Overall RS   8 6 18 12 16 16 9 10 11 9 7 9 131   
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Table 4.S2. Models used to estimate daily nest survival rates (DNSR).  ne, nl, and 

y indicate early-nest, late-nest and year dependence in nest survival ( ) probability 

respectively.  ó+trendô and ó*yô indicate a linear change across years, and year-

dependent effects, respectively.  AIC scores corrected for small sample size 

(AICc), the AIC difference between the current and best model ( AICc) and the 

relative weight of each AICc value (AICc weight) are presented.  Analyses used 

nest histories from 198 early and 145 late nests.  The best supported model is 

indicated in bold. 

 

Model   AICc  AICc AICc weight Parameters Deviance 

 

(.)   849.8  0.0 0.398  1  847.8 

(ne, nl)  850.8  1.0 0.238  2  846.8  

(ne, nl+trend)  851.2  1.5 0.193  3  845.2 

(ne+trend, nl)  852.6  2.8 0.098  3  846.6 

(ne+trend, nl+trend) 853.7  4.0 0.055  4  845.7 

(ne*y, nl)  856.0  6.2 0.018  13  830.0 

(ne, nl*y)  864.7  14.9 0.000  13  838.7 

(ne*y, nl*y)  870.0  20.2 0.000  24  821.8 
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Table 4.S3. Capture-mark-recapture models used to estimate adult annual 

apparent survival probabilities ( ad).  m, f, s, and y indicate male, female, sex and 

year dependence in resighting (p) and ad respectively.  ó+trendô, ó*yô and ó*randô 

indicate a linear change across years, year-dependent effects and random effects 

model fitted to year, respectively.  Analyses used encounter histories from 221 

individuals (103 males and 118 females).  The best supported model is indicated 

in bold. 

 

Model   AICc  AICc AICc weight Parameters Deviance 

 

(s)p(.)  511.5  0.0 0.329  3  86.1 

(m+trend, f)p(.) 512.7  1.3 0.175  4  85.3 

(m, f*rand)p(.) 512.8  1.3 0.169  6.9  79.3 

(s+trend)p(.)  513.3  1.8 0.133  4  85.8 

(m, f+trend)p(.) 513.5  2.0 0.120  4  86.0 

(s*trend)p(.)  514.8  3.3 0.063  5  85.3 

(m, f*y)p(.)  520.0  8.5 0.005  12  75.8 

(s)p(y)  520.4  8.9 0.004  12  76.2 

(y)p(.)  522.4  10.9 0.001  11  80.3 

(s*y, f*rand)p(.) 525.3  13.8 0.000  15.9  72.6 

(s*y)p (.)  533.1  21.6 0.000  21  69.0 

(s*y)p(y)  547.4  35.9 0.000  29  64.9 

(s*y)p(s*y)  567.7  56.2 0.000  38  63.3 
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Table 4.S4. Known fate models used to estimate post-fledging weekly survival 

probabilities ( f).  be, bl and w indicate early brood, late brood and weekly 

dependence in f respectively.  ó*wô indicates a week-dependent effect on survival.  

The best supported model is indicated in bold. 

 

Model   AICc  AICc AICc weight Parameters Deviance 

 

(be, bl)  316.6  0.0 0.405  2  14.2 

(be*w, bl)  317.5  0.9 0.253  6  6.9 

(be, bl*w)  317.9  1.3 0.214  6  7.3 

(be*w, bl*w)  319.0  2.4 0.120  10  0.0 

(.)   325.4  8.8 0.005  1  25.0 

(w)   326.9  10.3 0.002  5  18.4 
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Table 4.S5. Capture-mark-recapture models used to estimate first-year annual 

apparent survival probabilities ( 1).  be, bl, ae, al and y indicate early-brood, late-

brood, early-brood adult (1+years), late-brood adult (1+years) and year 

dependence in re-sighting (p) and 1, respectively.  Adult survival in this model 

was included as a nuisance variable only.  ó+trendô and ó*yô indicate a linear 

change across years, and year-dependent effects, respectively.  Analyses used 

encounter histories from 1,386 individuals (799 early and 587 late brood chicks).  

The best supported model is indicated in bold. 

 

Model    AICc AICc AICc weight Parameters Deviance 

 

(b+trend, a)p(.)  599.8 0.0 0.412  4  79.1 

(be, bl, a)p(.)   600.4 0.6 0.305  4  79.7 

(b*trend, a)p(.)  601.9 2.0 0.151  5  79.1 

(be, bl, ae, al)p(.)  602.3 2.5 0.118  5  79.6 

(b, a)p(.)   607.1 7.3 0.011  3  88.3 

(be*y, bl, a)p(.)  610.0 10.2 0.003  14  69.0 

(be, bl*y, ae, al)p(.)  615.1 15.3 0.000  15  72.0 

(be*y, bl*y, a)p(.)  623.0 23.2 0.000  24  61.5 

(be*y, bl*y, ae, al)p(.)  625.0 25.1 0.000  25  61.4 

(be*y, bl*y, ae, al)p(y)  644.8 45.0 0.000  35  60.3 

(be*y, bl*y)p(y)  791.3 191.5 0.000  32  213.2 

(be*y, bl*y)p(b*y)  810.3 210.4 0.000  41  213.2 
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Table 4.S6. Comparison of mean estimates of reproductive success (RS) and survival for Ring Ouzels in Glen Clunie with those from 

other studies on Ring Ouzels and other related species.  Figures separated by ó/ô are for early- and late-nests respectively, while figures 

separated by ó-ó indicate the range in values from various studies. 

 

Species  Clutch size Fledged brood size ONSR  RS  f 1 week f 5 weeks ad  References 

 

Ring Ouzel  4.0/4.0  3.6/3.7   0.65/0.57 2.3/2.1  0.88/0.74 0.57/0.22 0.42  This study 

Ring Ouzel  3.9-4.2  3.4-4.0   0.41-0.68 1.6-2.5  -  -  -  1 

Blackbird  3.9-4.1  3.4-3.5   0.14-0.55 1.9  -  -  0.65  2-5 

Song Thrush  4.2/3.8  3.9/3.2   0.19-0.44 0.8-1.6  0.77  0.30  0.56-0.63 4-9 

Wood Thrush  3.3/2.6  2.0-3.3   0.26-0.65 0.6-1.9  0.71-0.93 0.43  0.58-0.64 10-20 

Ovenbird  2.8-4.9  4.3-4.7   0.26-0.69 1.4-2.9  0.68  0.56  0.52-0.60 21-23 

Swainsonôs Thrush -  -   -  -  -  0.52  0.56-0.57 24-26
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Chapter 5 - Frequency of multiple brooding in Ring 

Ouzels, including first documented cases of triple 

brooding 

 

Chapter published as: Sim, I.M.W., Rebecca, G.W. & Wilkinson, N.I. 2012. 

Frequency of multiple brooding in Ring Ouzels, including first documented cases 

of triple brooding. Bird Study 59: 358-362. 

 

  
Female Ring Ouzel incubating a clutch of eggs in a nest site well concealed from predators and sheltered from adverse weather 

(Innes Sim) 
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5.1. Abstract 

Season-long reproductive success may be more dependent on the number of 

broods than on clutch size or the timing of breeding.  Here we report on the 

frequency of multiple brooding in Ring Ouzels, including the first documented 

cases of triple brooding in this species.  Sixty-one out of 108 (56.5%) individually 

marked females made two successful breeding attempts in one or more years, but 

only two (1.8%) made three successful breeding attempts in one season, during 

1999-2011.  These triple brooded females began breeding earlier in the season, 

and had shorter inter-brood intervals than other females.  The timing of moult in 

preparation for migration may constrain the reproductive window at the end of the 

breeding period for long-distance migrants, meaning that such a reproductive 

strategy is uncommon for most female Ring Ouzels. 

 

5.2. Introduction 

In birds, single brooding is common when breeding conditions remain suitable for 

a short time compared with the potential length of the breeding period (Martin 

1987).  However, if breeding conditions remain suitable for longer periods, species 

may become multi-brooded.  In such cases, annual reproductive success may be 

dependent on the number of broods rather than on clutch size or the timing of 

breeding (e.g. Davies 1992; Holmes et al. 1992; Weggler 2006).  However, direct 

measurement of the number of reproductive attempts that individuals make within 

a season requires continuous monitoring of a sample of marked animals.  

Accurate data on individual breeding frequency are therefore available from only a 

relatively few intensively studied species within restricted study areas (e.g. Browne 

& Aebischer 2004; Weggler 2006; Chapter 4; Sim et al. 2011), although a method 
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to estimate the annual number of reproductive attempts without using data from 

marked individuals has recently been developed (Cornulier et al. 2009).  Thus, 

quantifying the number of breeding attempts made by marked individuals is 

important in understanding how breeding frequency influences annual 

reproductive success. 

Double brooding (i.e. two broods reared in a single year) has been widely 

recorded amongst passerine bird species (e.g. Holmes et al. 1992; Smith & 

Marquiss 1995; Evans Ogden & Stutchbury 1996).  However, triple brooding (i.e. 

three broods reared in a single year) is much less common (e.g. Pogue & Carter 

1995; Friesen et al. 2001; Weggler 2006).  Here we report on the frequency of 

multiple brooding, including two cases of triple-brooding, in Ring Ouzels, a 

medium-sized thrush breeding in upland areas of the UK and wintering in southern 

Spain and Morocco (Gibbons et al. 1993; Wernham et al. 2002).  It is a red-listed 

species of high conservation concern in the UK due to recent population declines 

(Eaton et al. 2011), and recent research has focussed on understanding the 

underlying causes of these declines (Beale et al. 2006; Sim et al. 2007; Chapters 

2 & 4; Sim et al. 2010; 2011). 

 

5.3. Methods 

We studied Ring Ouzel breeding ecology in a population inhabiting approximately 

18 km2 (9 x 2 km) of the southern part of Glen Clunie (56056ôN 3025ôW), in north-

east Scotland, during 1998-2011.  We aimed to locate all breeding pairs and 

nesting attempts annually, by systematically walking through the study area, 

covering all ground to within 200 m, every 1-2 weeks between mid-April and mid-

July, when breeding ceases.  In each year, only one or two broods fledged from 
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nests before we could find them; thus >90% of successful nests were located.  

Nest locations were recorded to the nearest 10 m using a Garmin GPS 12.  British 

Ring Ouzels regularly make two breeding attempts per season, with each attempt 

taking on average 29-30 days from first egg laying (4-5 days egg laying, 13 days 

incubation per egg, beginning with the penultimate egg, and 13 days from hatching 

to fledging; Burfield 2002).  Laying dates were recorded directly from nests found 

during laying or hatching, or back-calculated using known relationships between 

nestling age and wing length (Burfield 2002), or by comparison with photographs 

of known-age nestlings.  We assumed that all breeding attempts in which egg 

laying began before 11 May (the earliest known laying date for a second breeding 

attempt; unpubl.data) were first attempts. 

During 1999-2011, 263 adult Ring Ouzels were marked with BTO metal 

rings and three or four colour-rings to allow individual identification without need 

for recapture.  These comprised 27 males and 27 females originally ringed as 

nestlings within or outside Glen Clunie, and 95 male and 114 female previously 

un-ringed individuals that were caught and ringed as breeding adults in Glen 

Clunie (Sim & Rebecca 2003).  These adults were aged as 2nd year (hatched the 

previous year) or 2+ years (hatched two or more years previously) at capture, 

based on the shape of the tail feathers and contrast in colour of the greater coverts 

(Svensson 1992). 

As part of an experiment to test if poor food supply for nestlings reduces 

body condition at fledging and thus subsequent post-fledging survival, Mealworms 

(Tenebrio molitor) were provided to 11 pairs in 2011, with a further 13 control pairs 

being left unfed. 
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5.4. Results 

During 1999-2011, 108 marked females were recorded making 151 first breeding 

attempts (some females bred in multiple years; Table 5.1).  Considering all 151 

breeding attempts, a mean of 62.8 ± 4.5% of females made second attempts, and 

45.0 ± 4.9% were double-brooded in a single year (Fig. 5.1).  A mean of 3.5 ± 

1.1% of females (all 2+ years old) made third attempts, and two (1.3%) of these 

successfully reared three broods to fledging in the same year (Fig. 5.1).
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Table 5.1. The number of occasions that 108 individually marked females were recorded making first, second and third breeding attempts 

in a season, the percentage of first breeding attempts that successfully reared a brood to fledging (S), failed at the egg (Fe) and nestling 

(Fn) stages, and the outcomes of triple breeding attempts, during 1999-2011.  Only females in 2005 and 2011 successfully reared three 

broods to fledging within a single year. 

 

Number of females recorded making: % of first breeding attempts  

  first  second  third  where outcome was:  Outcomes of triple breeding attempts: 

Year  attempts attempts attempts S Fe Fn  first  second  third 

 

1999  8  3  0  100.0 0.0 0.0  -  -  - 

2000  12  8  1  62.5 12.5 25.0  S  Fe  S 

2001  18  12  1  100.0 0.0 0.0  S  S  Fn 

2002  11  9  0  100.0 0.0 0.0  -  -  - 

2003  8  6  0  100.0 0.0 0.0  -  -  - 

2004  16  9  0  77.8 22.2 0.0  -  -  - 

2005  14  12  1  100.0 0.0 0.0  S  S  S 

2006  12  6  1  66.7 0.0 33.3  S  Fn  Fn 
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Table 5.1 (continued) 

 

Number of females recorded making: % of first breeding attempts  

  first  second  third  where outcome was:  Outcomes of triple breeding attempts: 

Year  attempts attempts attempts S Fe Fn  first  second  third 

 

2007  13  8  1  62.5 12.5 25.0  Fe  S  Fn 

2008  13  4  0  75.0 0.0 25.0  -  -  - 

2009  7  4  0  100.0 0.0 0.0  -  -  - 

2010  8  6  0  100.0 0.0 0.0  -  -  - 

2011  11  8  1  87.5 12.5 0.0  S  S  S 

 

All years 151  95  6 
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Figure 5.1. The percentage (± 1 SE) of 151 first breeding attempts made by 108 

individually marked females that resulted in second (unfilled bars) and third (filled 

bars) breeding attempts, during 1999-2011. 

 

Considering only the 108 marked females, 72 (66.7%) made second attempts and 

61 (56.5%) were double-brooded in one or more years.  Only six (5.5%; all 2+ 

years old), made third attempts, and two (1.8%) of these successfully reared three 

broods to fledging in the same year. 

The first triple-brooded female was marked as a 2+ year old at her second 

breeding attempt in 2004, rearing a brood of four.  In 2005, she fledged broods of 

four, five and four at her first, second and third breeding attempts, respectively, 

within 370 m of the 2004 nest.  Estimated first-egg laying dates were 8th April, 11th 

May and 16th June, respectively.  Distances between successive breeding 

attempts were 75 m and 87 m, and she was mated to the same marked male for 
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all three attempts.  In 2006, she moved 1.2 km to a new breeding site where she 

fledged a brood of four from her first breeding attempt.  However, she was not 

seen again in 2006 or in later years. 

The second triple-brooded female was marked as a 2nd year bird at her 

first breeding attempt in 2008, and fledged first and second broods of three and 

four young, respectively.  In 2009, she fledged first and second broods of four and 

five, respectively, within 250 m of the 2008 nest sites.  In 2010, she moved 3.6 km 

to a new breeding site where she fledged a first brood of four young, but was not 

recorded making a second breeding attempt.  In 2011, she fledged broods of four, 

five and an unknown number of young from her first, second and third breeding 

attempts, respectively, within 230 m of the 2010 nest.  The third nest was not 

found, but the same female was observed feeding at least three recently-fledged 

juveniles within 100 m of the first two nests, and one of these was caught and 

measured (allowing estimated age and hence laying date to be calculated).  

Estimated first-egg laying dates were 18th April, 19th May and 19th June, 

respectively.  The distance between first and second nests was 177 m, and she 

was mated to the same marked male for all three attempts. 

Supplementary feeding did not improve nestling body condition at fledging, 

nor did it increase the percentage of second breeding attempts in fed pairs 

(54.5%) compared with control pairs (69.2%; unpubl. data). 

 

5.5 Discussion 

We believe that these are the first two proven cases of triple-brooding by Ring 

Ouzels.  Elsewhere, female Ring Ouzels have occasionally been reported to make 
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three breeding attempts in one year, although none were individually marked or 

reared three broods (Appleyard 1994; Burfield 2002), and one marked pair made 

five unsuccessful breeding attempts in the same year (Smith 2004; Website 5.1).  

With fewer than 2% of all marked females breeding in Glen Clunie successfully 

rearing three broods in one year, triple brooding is clearly uncommon in Ring 

Ouzels breeding in the UK, as it is elsewhere within the speciesô wider range 

(Cramp 1988). 

In many birds the end of the breeding season is marked strikingly by 

reduced reproductive output and/or high mortality costs of late breeding for 

parents (e.g. Smith & Marquiss 1995; Verboven & Visser 1998), with unfavourable 

environmental conditions ultimately terminating the breeding season.  However, 

for long-distance migrants, the timing of moult in preparation for migration may 

constrain the reproductive window, even if environmental conditions remain 

suitable (Evans Ogden & Stutchbury 1996; Dawson 2004). This appears to be the 

case for Ring Ouzels in Glen Clunie, where productivity was only marginally lower 

for second broods (Chapter 4; Sim et al. 2011) and a suitable food supply was 

available until at least September (Chapter 7; Sim et al. 2013a).  The need to 

complete the post-breeding moult (Svensson 1992) in preparation for migration is 

likely to be a major constraint limiting an extended breeding season in Ring Ouzels 

(Porkert & Hromádko 2012). 

The two triple-brooded females were estimated to have laid the first eggs 

of their first breeding attempts on 8th April (the earliest recorded laying date during 

our study) and 18th April, respectively.  These dates are significantly earlier than 

the mean laying date (27th April ± 0.36 SE, N = 294) of all assumed first breeding 

attempts during 1998-2011.  However, there was no evidence that mean laying 
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dates of first breeding attempts showed a significant linear change across years 

(laying date = -0.09*year, r = 0.15, P = 0.60, N = 13 years).  In addition, the 

percentage of females making second breeding attempts within a year showed no 

significant linear change across years (percentage of females making second 

breeding attempts = 0.16*year, r = 0.04, P = 0.90, N = 13 years).  There was thus 

no apparent advancement of laying dates, or an increase in the percentage of 

females making second breeding attempts, and therefore no evidence that climate 

change was having a significant effect on these aspects of Ring Ouzels breeding 

ecology during our study (Huntley et al. 2007). 

The triple-brooded females had intervals of 33 and 36 days, and 31 and 

31 days, between successive breeding attempts, respectively.  Three of these 

inter-brood intervals are significantly shorter than the mean interval between first-

egg laying date in first and second breeding attempts (36.4 days ± 0.45 SE, N = 

87) for all marked females.  The particularly short inter-brood intervals of the triple 

brooded female in 2011 may have been at least partly due to the supplementary 

food provided to this pair during their first and second breeding attempts, as part of 

a larger supplementary feeding experiment.  However, there was no evidence that 

the provision of supplementary food increased the rate of double brooding in fed 

pairs (see above). 

These results show that triple brooding by Ring Ouzels is possible if 

females begin egg-laying early in the season, and re-nest rapidly.  However, given 

the scarcity of triple brooding in this species, such a reproductive strategy is 

probably selected against.  In particular, breeding three times in a season may 

reduce the probability of surviving to breed in subsequent years, and thus impact 

upon lifetime reproductive success (Newton 1989).  Although the impact of triple 
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brooding on population growth rate ( ) in our study population was low (Chapter 4; 

Sim et al. 2011), the potential impact on  of triple brooding in Ring Ouzels and 

other multi-brooded species are of high priority.  Such studies should examine the 

number of breeding attempts made, and how this impacts upon season-long 

reproductive success and . 
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5.7. Summary 

In this Chapter we report on the frequency of multiple brooding in Ring Ouzels, 

including the first documented cases of triple brooding in this species.  Sixty-one 

out of 108 (56.5%) individually marked females made two successful breeding 

attempts in one or more years, but only two (1.8%) made three successful 

breeding attempts in one season, during 1999-2011.  Since the demographic 

analyses in Chapter 4 highlighted first-year survival as a key demographic rate 

influencing  in Ring Ouzels, we go on to examine factors influencing the survival, 

movements and dispersal of juveniles during this life-history stage in Chapter 6. 
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Chapter 6 - Post-fledging survival, movements and 

dispersal of Ring Ouzels 

 

Chapter published as: Sim, I.M.W., Ludwig, S.C., Grant, M.C., Loughrey, J.L., 

Rebecca, G.W. & Reid, J.M. 2013b. Post-fledging survival, movements and 

dispersal of Ring Ouzels. The Auk 130: 69-77. 

 

  

Recently fledged juvenile Ring Ouzel hiding amongst boulders (Sonja Ludwig) 
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6.1. Abstract 

Recent evidence suggests that avian population growth rate may be constrained 

by low post-fledging survival.  Quantifying post-fledging mortality, and 

understanding the ecological factors that influence it is, therefore, fundamental if 

we are to assess the relative importance of this life-history stage for population 

growth, and to identify ecological drivers of population dynamics.  We radio-

tracked 110 juvenile Ring Ouzels, a species of high conservation concern in the 

United Kingdom, to test hypotheses regarding the timing and causes of post-

fledging mortality and to quantify the timing and magnitude of local movements 

and dispersal.  Juveniles fledged from early season broods had higher survival 

during each four-day period over 116 days post fledging (0.952 ± 0.011 SE) than 

juveniles fledged from late season broods (0.837 ± 0.021 SE).   Most mortality 

occurred within the first three weeks post-fledging, and predation by raptors and 

mammals was the main apparent cause of mortality, accounting for 59% and 27% 

of deaths, respectively.  Juvenile survival decreased at the age of independence 

from parental care.  Juveniles travelled increasing distances from their nests with 

time after fledging, and those fledged early in the season dispersed outside the 

study area at significantly older ages than those fledged late in the season. 

 

6.2. Introduction 

Temporal and spatial variation in pre-breeding survival can have important effects 

on the population dynamics of mammals and birds, yet it is one of the least studied 

components of vertebrate demography (Gaillard et al. 1998).  Many avian studies 

suggest that a substantial proportion of pre-breeding mortality occurs during the 

juvenile period, defined here as the period between fledging and dispersal from 



 
 Post-fledging survival & movements 

141 
 

the natal area some days or weeks later (e.g., Anders et al. 1997; Naef-Daenzer et 

al. 2001; Vitz & Rodewald 2011).  Population growth rate ( ) may therefore be 

constrained by survival during this specific period (King et al. 2006; Yackel Adams 

et al. 2006).  A quantification of the magnitude of, and an understanding of the 

ecological factors that influence, post-fledging mortality is key in assessing the 

relative importance of this life-history stage for population growth, and to 

identifying ecological drivers of population dynamics  and potential mitigating 

measures for populations of conservation concern (e.g. Anders et al. 1997; Yackel 

Adams et al. 2006). 

A juvenileôs survival may depend on its ability to locate suitable habitat for 

foraging and concealment from predators, and hence on its ability to move across 

the landscape (e.g. Anders et al. 1998; Vega Rivera et al. 1998; Vitz & Rodewald 

2011).  Furthermore, accurate estimation of the magnitude and causes of juvenile 

mortality requires measurement of juvenile movements, both within and away from 

the natal area (e.g. Anders et al. 1998; Vitz & Rodewald 2010; Fisher & Davis 

2011).  Identification of the ecological factors constraining the juvenile life-history 

phase therefore requires combined measurement of the timing and causes of 

mortality, factors influencing survival, and the timing and magnitude of local 

movements and dispersal from the natal area. 

Factors hypothesized to influence juvenile survival rates and the timing of 

mortality include predation, cessation of parental care, seasonal timing of fledging, 

body condition at fledging, and brood size, all of which may in turn interact with 

food abundance or availability.  Adult passerines of most species lead juveniles to 

suitable foraging habitat and provide protection from predators for the first few 

weeks post-fledging (Badyaev & Ghalambor 2001).  Nonetheless, juveniles can be 
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particularly vulnerable to predation during this period (e.g. King et al. 2006; 

Ausprey & Rodewald 2011; Hovick et al. 2011).  Mortality is hypothesized to 

further increase when juveniles of some species became fully independent from 

parental care because of a temporary increase in vulnerability to starvation and/or 

predation.  Some empirical studies have supported this hypothesis (Sullivan 1989; 

Anders et al. 1997), but others have not (Kershner et al. 2004), and more data are 

needed to determine the relative effects of predation and cessation of parental 

care on juvenile mortality. 

Juvenile survival is widely hypothesized to be higher for offspring fledging 

early in the season when environmental conditions may be more favourable and 

food more abundant (Krementz et al. 1989; Smith et al. 1989; Spear & Nur 1994; 

Naef-Daenzer et al. 2001; Middleton & Green 2008; Vitz & Rodewald 2011), 

although this is not always the case (Anders et al. 1997; Green 2001; Yackel-

Adams et al. 2006).  Similarly, juveniles in better body condition at fledging are 

hypothesized to have higher post-fledging survival, because they may be better 

able to survive periods of food shortage and, by begging and moving about less, 

avoid predators.  Some empirical studies have supported this hypothesis (Nur 

1984; Krementz et al. 1989; Smith et al. 1989; Naef-Daenzer et al. 2001; Yackel-

Adams et al. 2006; Vitz & Rodewald 2011), but others have not (Sullivan 1989; 

Anders et al. 1997; Kershner et al. 2004).  Finally, juvenile survival has been 

hypothesized to be negatively related to brood size; increased competition for 

limited food resources in larger broods may cause a decrease in mean nestling 

body condition, and thus compromise survival of juveniles from larger broods (Nur 

1984; Smith et al. 1989).  Conversely, however, higher quality parents and/or 

higher quality breeding sites may be better able to support larger broods (Holmes 

et al. 1996), which may in turn lead to a positive relationship between brood size 
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and juvenile survival (Spear & Nur 1994).  In summary, there are multiple 

conflicting predictions regarding relationships between juvenile survival and 

seasonal patterns of fledging, body condition and brood size, and to date, no 

overarching patterns have been established.   

The timing and ecology of juvenile movements, both before independence 

from parental care and during pre-migratory dispersal away from the natal area 

following independence, are even less well quantified than variation in juvenile 

survival itself.  As expected, distance from the natal nest increased with juvenile 

age (Kershner et al. 2004; Berkeley et al. 2007; Vitz & Rodewald 2010; Fisher & 

Davis 2011; Hovick et al. 2011).  However, dispersal may occur immediately after 

fledglings leave the nest (Morton 1991; Lens & Dhont 1994) in some species, 

whereas in others juveniles remain near their natal nest until the start of full 

seasonal migration (Anders et al. 1998; Vega Rivera et al. 1998; Kershner et al. 

2004), presumably using available resources to prepare for the upcoming 

migration or winter.  Data describing the timing of movements is therefore required 

both to understand the ecological causes and consequences of such movements, 

and to inform estimates of the timing and magnitude of dispersal.   

The Ring Ouzel is a red-listed species of high conservation concern in the 

United Kingdom (Eaton et al. 2011).   Ring Ouzel populations are declining, but 

the underlying mechanisms are poorly understood (Chapter 2; Sim et al. 2010).  A 

recent demographic study indicated that population growth rate ( ) was most 

sensitive to apparent first-year survival (fledging to age one year), which also 

contributed most to observed variation in  (Chapter 4; Sim et al. 2011).  

Additionally, most (63-68%) estimated first-year mortality occurred in the first five 

weeks post-fledging, indicating that low juvenile survival through this specific 
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period may substantially affect  (Chapter 4; Sim et al. 2011).  Understanding the 

timing and causes of juvenile mortality may therefore be key to devising effective 

population management for this species. 

We used radio-tracking of a large sample of juvenile Ring Ouzels to 

quantify the timing and causes of post-fledging mortality.  Radio telemetry allows 

the precise location of surviving and dead individuals to be regularly determined 

with little bias, dispersal events to be confirmed and/or inferred with relatively high 

confidence, and specific causes of mortality to be identified.  We then tested the 

hypotheses that juvenile survival would be higher for early than late season 

broods, increase with improved body condition, but then decrease with increasing 

brood size, fledge date, and at the transition to parental independence.  By 

continuing to track throughout the post-fledging period we quantified the timing 

and magnitude of local movements and dispersal from the natal area.  We thus 

integrate factors associated with post-fledging survival with quantification of the 

timing and magnitude of local movements and dispersal. 

 

6.3. Methods 

6.3.1. Study area and species 

The Ring Ouzel is a medium-sized migratory thrush that breeds in north-west and 

central Europe and winters in southern Spain and north Africa (Wernham et al. 

2002). We studied a population that occupies an ~18 km2 (9 x 2 km) area of 

southern Glen Clunie (56056ôN 3025ôW), north-east Scotland from 2006 to 2008.  

Land use on the valley floor is mainly livestock grazing with two small conifer 

plantations, but vegetation cover at higher elevations is a mosaic of heathers, 
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Bilberry, Crowberry and rough grassland, with numerous crags, scree slopes and 

gullies.  The valley is managed for sport shooting of Red Grouse and Red Deer.  

Gamekeepers effectively eliminate predators such as Red Fox and Carrion Crow, 

but Stoats and Weasels were regularly seen.   

In each year we aimed to locate all Ring Ouzel breeding pairs and nesting 

attempts.  The study area was systematically surveyed, by covering all ground to 

within 200 m of observers, every 1-2 weeks between mid-April and mid-July 

(Chapter 4; Sim et al. 2011).  Ring Ouzels vigorously defend the immediate vicinity 

of nests, but disputes outside this area are rare (Burfield 2002).  In Scotland, 

breeding adults forage a mean distance of 197 m from the nest, and 95% of 

foraging locations were within 450 m (Burfield 2002).  A successful breeding cycle 

requires 29-30 days (Burfield 2002), and British Ring Ouzels regularly make two, 

rarely three, breeding attempts per season (Chapter 5; Sim et al. 2012).  The 

number of óearlyô and ólateô pairs were defined as those egg laying within 30 days 

of the first laying date, and on or after day 31, respectively, in each year (Chapter 

4; Sim et al. 2011).  Egg laying was recorded directly in nests found during laying 

or hatching, or estimated using known relationships between chick age and wing-

length and mass (Burfield 2002) or by comparison with photographs of known-age 

nestlings.  During 2006-08, we located 56 early and 42 late nests before nestlings 

fledged, comprising 95% and 93% of known successful early and late nests, 

respectively.  We located 84% of nests with eggs and 16% with nestlings.  To 

allow individual identification, 228 nestlings (127 and 101 from early and late 

nests, respectively), comprising 90% of individuals known to fledge in the study 

area, were ringed with metal and unique combinations of plastic colour rings. 
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6.3.2. Juvenile survival and movements 

To measure juvenile survival and movements during May-September, nestlings 

were fitted with 1.8 g TW4 single-celled radio transmitters (Website 6.1) just prior 

to fledging (10-14 days post-hatch), at which age brood size (the number of 

nestlings alive) was recorded.  Transmitters were back-mounted using an elastic 

harness with a weak cotton link, to allow tag loss prior to migration (Hill et al. 

1999).  In 2006, 22 late brood nestlings were fitted with transmitters and appeared 

to fly as well as colour ringed juveniles without transmitters when flushed, and 

dispersed over similar distances and time periods as colour ringed siblings.  They 

thus showed no detrimental behavioural effects of radio transmitters, in common 

with previous studies (Rae et al. 2009; Gow et al. 2011).  Subsequently, a further 

23 and 21 early brood nestlings and 18 and 26 late brood nestlings were fitted with 

transmitters in 2007 and 2008, respectively (giving totals of 44 early nest nestlings 

from 25 broods and 66 late nest nestlings from 30 broods, respectively).  We 

aimed to fit transmitters to at least one nestling from all successful broods.  All 

nestlings in broods of 1-2 were fitted with transmitters.  In broods of 3-5, nestlings 

were ranked according to maximum chord wing length (the best predictor of 

nestling age; Burfield 2002), and 2-3 nestlings were selected at random according 

to these rankings, and fitted with transmitters.  Thus, transmitters were fitted to 

single nestlings in seven broods, two nestlings in 41 broods and three nestlings in 

seven broods. 

Juveniles with transmitters were tracked and their locations recorded every 

3-4 days post-fledging, until the individual was found dead, shed the transmitter, or 

disappeared and was assumed to have dispersed from the study area.  Tracking 

therefore continued throughout the entire post-fledging, pre-dispersal, period.  
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Survival estimates presented here therefore differ from those in Chapter 4 (Sim et 

al. 2011), where survival was measured on a weekly basis for five weeks post-

fledging only, and where ótrueô first-year survival to recruitment was back-

calculated from population-wide demographic data.  Individuals were tracked at 

different times on different tracking days.  Transmitters had signal ranges of ~ 10 

km with direct line of sight, but more typically 2-3 km depending on terrain, and a 

battery life of  4 months.  We used Advanced Telemetry Systems (ATS) scanning 

receivers attached to car roof-mounted aerials to provide approximate locations.  

Hand-held Telonics TR-4 receivers, attached to three-element Yagi antennas, 

were used to visually locate each individual on foot, and record their location using 

a Garmin Global Positioning System (GPS) 12 Personal Navigator.  Individuals 

less than seven days old post-fledging usually ófrozeô on approach and hid in tall 

vegetation.  However, older individuals flushed on approximately 90% of 

occasions, but generally flew less than 100 m and hid or resumed foraging.  On 

the remaining 10% of occasions, individuals did not fly but hopped away and hid or 

resumed foraging nearby. 

The location from where each juvenile flushed was usually recorded to the 

nearest 10 m (87% of locations).  However, more mobile birds had their initial 

location estimated to the nearest 100 m (13% of locations).  Each located 

individual was observed for approximately 15 minutes to determine if it was 

dependent on its parents, or apparently independent.  Juveniles were defined as 

being dependent when at least one adult was observed within 100 m, carrying 

food, or giving agitated alarm calls.  Juveniles were classed as independent 

midway between the last observation when at least one parent was present, and 

the first observation when neither parent was seen or heard.  On no occasion was 



 
 Post-fledging survival & movements 

148 
 

a juvenile observed to be dependent after having previously been classed as 

independent. 

Each visual location was plotted on to digital 1:25,000 Ordnance Survey 

maps in MapInfo Professional 6 (MapInfo Corporation 2000) and the distance from 

the nest calculated (excluding those apparently depredated, because the predator 

may have moved the dead bird).  To locate juveniles that dispersed from the study 

area, we drove most roads within a 20 km radius once every two weeks during 

early August-early September, using ATS scanning receivers attached to roof-

mounted aerials.  In addition, we made four aerial searches (two each in mid-late 

August 2006 and 2007) within a radius of approximately 40 km, using a fixed-wing 

Cessner aircraft.  Any birds detected on these more extensive searches were 

followed up by searches on foot to confirm their precise location. 

 

6.3.3. Causes and timing of mortality 

Remains of juveniles were examined to determine the most likely cause of death.  

Individuals found in raptor nests, or elsewhere with plucked feathers and bent 

aerials, were assumed to have been killed by raptors, whereas those located 

underground in tunnels, under boulders, or in the open with bitten feathers and 

unbent aerials were assumed to have been killed by mammals (Thirgood et al. 

1998).  Juveniles with no apparent injuries found close to nests, or in rivers, were 

assumed to have died from exposure and drowning, respectively, while cases of 

accidental mortality were assigned to the most likely cause of death (see Results).  

Because juvenile location and status (dead/alive) were checked at 3-4 day 

intervals, the timing of mortality was also accurate to within 3-4 days. 
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6.3.4. Body condition 

To test whether juvenile survival, or movements within or away from the study 

area, varied with nestling body condition we measured body condition index (BCI) 

as the residual of a regression of body mass on wing length3 (body mass = 67.3 + 

0.00001* wing length3; r2
 = 0.06; Genevois & Bretagnolle 1994).  We measured 

wing length (maximum chord to the nearest 1 mm) and body mass (to the nearest 

0.5 g, using a Pesola balance) for all nestlings aged 10-14 (mean = 12) days post-

hatch (Burfield 2002). 

 

6.3.5. Statistical analysis 

6.3.5.1. Survival analysis 

We examined variation in juvenile survival over 116 days post-fledging (29 x four-

day periods, from 21 May to 14 September), after which no individuals fitted with 

radio transmitters remained within the study area, using three different sets of 

known-fate models in MARK 5.1 (White & Burnham 1999).  Known-fate models 

assume (1) that the fate of each individual is known with certainty (although 

ómissingô individuals can be censored during the period they are not found, and re-

enter the dataset when they are relocated) and (2) that the fates of individuals are 

independent.  When individual survival probabilities are not independent, 

estimated effects are unbiased, but variances are biased downward because of 

extra-binomial variation or overdispersion of the data (Tsia et al. 1999).  

Biologically, overdispersion might be expected if the fates of different brood 

members covary.  We tested for significant violation of the assumption of 

independence by estimating overdispersion (Ǘ) as 2/df, where 2 is the 
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summation of partial chi-square values ([observed - expected]2/[expected]) 

calculated for each possible outcome of losses within tagged brood sizes of one, 

two, or three young (nine possible outcomes).  Expected values were calculated 

as: (n/r)pr(1-p)n-r, where n is brood size, r is the number of young surviving to 

independence, and p is the survival rate between fledging and independence 

(Wiens et al. 2006).  There was no evidence of overdispersion ( 2 = 11.17, df = 8, 

P = 0.19). Individual fates were therefore treated as independent.  Five individuals 

were temporarily censored for up to two consecutive four-day periods for which 

they were unobserved before being relocated. 

Candidate models were selected following examination of existing 

literature and were designed to test a priori hypotheses (Table 6.S1).  The first set 

of models tested for effects of fixed factors year (2006, 2007 or 2008) and brood 

season (early or late), and covariates brood size (mean = 3.45 ± 0.07, range 1-5) 

and BCI (mean = 0.00 ± 0.37, range -11.87-8.77), on juvenile survival.  In this set 

of models each juvenile encounter history began on its specific fledging date.  We 

first tested the relative support for models where survival was constant or varied 

across all 29 four-day periods.  We then tested for effects on survival of the above 

covariates/factors on their own, when added to one another and including all 

possible two-way interactions. 

The second and third sets of models tested for effects of juvenile age on 

survival.  Thus, fledging date was classed as day one for each juvenileôs 

encounter history.  The second set of models tested for effects of BCI through the 

first four, eight and 12 days post-fledging, on survival of early, late, and all broods.  

The third set of models tested for effects of independence from parents on survival 

of early, late, and all broods.  Individuals were included in this analysis up until 



 
 Post-fledging survival & movements 

151 
 

their last recorded location within the study area (i.e., they were right-censored 

after apparently dispersing).  The saturated models fitted the data perfectly, and 

there is no goodness of fit test for such data (Website 6.2). 

 

6.3.5.2. Movement analysis 

We wished to test for an effect of distance moved by juveniles by 26 days of age 

(the oldest age at which all juveniles were still dependent on their parents) on 

survival; however, it was not possible to model the effect of the time-varying 

covariate distance moved.  Therefore, we modelled the effects of year, brood 

season, brood size, and BCI on (1) the distance juveniles moved from their nest by 

26 days of age, and (2) age at assumed dispersal out of the study area.  Both 

response variables were log10 transformed to normalize their distributions, and 

breeding site was specified as a random effect to account for potential non-

independence of juveniles fledging from the same site in different years.  We 

tested for effects on these two response variables of the above covariates/factors 

on their own, when added to one another and including all possible two-way 

interactions. 

AIC, adjusted for small sample size (AICc), was used for all the above 

models to identify the best supported model that included the parameters of 

interest (Burnham & Anderson 2002).  The model with the lowest AICc was judged 

the best supported model.  When differences in AICc ( AICc) scores between 

models were less than 2.0, models were considered statistically indistinguishable.  

However, although models with AICc  Ó 2.0 and Ò 7.0 were considered to have 

less support, they may still offer insight into observed patterns (Burnham & 

Anderson 2002). 
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Because some models included two-way interactions, averaging across 

main effects within model sets was inappropriate.  In the first survival model and 

the two movement analysis models brood season and fledging date were highly 

correlated (survival model: r = 0.92, distance from nest model: r = 0.92, age at 

dispersal model: r = 0.90, all P < 0.0001).  Because there was greater support for 

models with brood season, as opposed to fledging date (or fledging date2), as a 

univariate predictor, fledging date and fledging date2 were not considered further.  

Means are presented ± 1 standard error (SE) unless otherwise stated. 

 

6.4. Results 

6.4.1. Variation in juvenile survival 

The best supported model within the first set indicated that juvenile survival of 

early season broods was higher during each four-day period over 116 days post-

fledging (0.952 ± 0.011) than late season broods (0.837 ± 0.021; Tables 6.1 & 

S6.2, Fig. 6.1).  However, early season juveniles were tracked for much longer 

than late season juveniles.  Survival probabilities calculated over equivalent 44 

day periods post-fledging (when  5 individuals from both groups were tracked, 

Fig. 6.1) were (0.942 ± 0.013) and (0.834 ± 0.022) for early and late season 

juveniles, respectively. 

Five other models were moderately well supported ( AICc = 0.4-2.1), 

including positive effects of brood size and BCI, and two-way interactions between 

brood season and year and brood season and brood size (Tables 6.1 & 6.S2).  

Survival was similar for early broods in 2007 and 2008, and for late broods in 2006 

and 2007, but late brood survival in 2008 was considerably lower.  In addition, the 
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relationship between brood season survival and brood size was stronger for early 

than for late broods. 

 

Table 6.1.  Known fate models used to estimate juvenile survival during 116 (29 x 

four-day periods) days post-fledging, in relation to year (yr; 2006, 2007 or 2008), 

brood season (br; early or late), brood size (bs), body condition index (BCI) and 

with full time dependence (time).  For models in this Table, and in other Tables in 

this Chapter, asterisks indicate main effects plus two-way interactions.  For all 

models, only those with a AICc Ò 7 are shown, and the best supported model is 

indicated in bold.  Regression coefficients of estimated linear change (ɓ ± SE) are 

provided for models including covariates. 

 

     AICc 

Model  AICc  AICc weight Parameters Deviance ɓ Ñ SE 

 

 (br)  437.10  0.0 0.253 2  433.08 

 (br + bs) 437.46  0.4 0.211 3  431.42  0.22 ± 0.17 

 (br + BCI) 437.88  0.8 0.171 3  431.84  0.04 ± 0.03 

 (br + yr) 438.59  1.5 0.120 4  430.54 

 (br*yr) 439.10  2.0 0.093 5  429.02 

 (br*bs) 439.15  2.1 0.090 4  431.10 

 (br*BCI) 439.89  2.8 0.063 4  431.83 
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Figure. 6.1. Probability of early (filled symbols) and late (open symbols) season 

juvenile survival (± SE) in four-day periods (e.g. figure presented for age 17 

indicates survival during 14-17 days), during 2006-08.  Data are presented only for 

periods where five or more juveniles were being tracked (i.e. 80 days for early and 

44 days for late season juveniles). 

 

The best supported model within the second set indicated that both early 

and late brood juvenile survival for the first eight days post-fledging was positively 

associated with higher BCI at fledging (Tables 6.2 & 6.S3).  However, five further 

models were moderately well supported ( AICc = 0.2-1.6), including positive 

effects of BCI on survival of early and late broods for 12 days, on late broods only 

for four, eight and 12 days post-fledging, and brood-specific survival without an 

additional effect of BCI (Tables 6.2 & S6.3).  However, in all models where BCI 

was included as a covariate, estimated effects of BCI at fledging on both early and 
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late brood juvenile survival were relatively small, and 95% confidence intervals 

overlapped zero (Tables 6.2 & S6.3).  Indeed, the most parsimonious model in the 

set, that which distinguished simply between early and late broods (Table 6.2, 

model 5), performed as well as models that included BCI.
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Table 6.2.  Known fate models used to test whether juvenile survival during 116 days post-fledging varied in relation to whether an 

individual was from an early (e) or a late (l) season brood, plus additive effects of body condition index (BCI) on survival to four (BCI 14-

17), eight (BCI 14-21) and 12 (BCI 14-25) days post-fledging. 

 

Model     AICc  AICc AICc weight Parameters Deviance e ɓ Ñ SE l ɓ Ñ SE 

 

 (e + BCI 14-21, l + BCI 14-21) 436.15  0.0 0.184  3  430.12  0.10 ± 0.06 0.10 ± 0.06 

 (e., l + BCI 14-21)   436.31  0.2 0.171  3  430.28  -  0.10 ± 0.06 

 (e + BCI 14-25, l + BCI 14-25) 436.52  0.4 0.153  3  430.49  0.08 ± 0.05 0.08 ± 0.05 

 (e., l + BCI 14-25)   436.53  0.4 0.153  3  430.50  -  0.08 ± 0.05 

 (e., l.)    437.10  0.9 0.115  2  433.08  -  - 

 (e., l + BCI 14-17)   437.78  1.6 0.082  3  431.75  -  0.09 ± 0.08 

 (e + BCI 14-17, l + BCI 14-17) 438.38  2.2 0.061  3  432.35  0.07 ± 0.07 0.07 ± 0.07 

 (e + BCI 14-17, l.)   438.81  2.7 0.050  3  432.77  -0.10 ± 0.18 - 

 (e + BCI 14-21, l.)   438.91  2.8 0.047  3  432.87  0.07 ± 0.15 - 

 (e + BCI 14-25, l.)   439.00  2.8 0.045  3  432.96  0.04 ± 0.12 - 
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The best supported model within the third set indicated that late brood 

juvenile survival decreased at independence (26-33 days), from 0.867 ± 0.022 to 

0.731 ± 0.054 (Tables 6.3 & S6.4, Fig. 6.1).  However, a model indicating a 

decrease in both early (from 0.952 ± 0.011 to 0.949 ± 0.029) and late brood 

survival at independence was moderately well supported ( AICc = 2.0; Tables 6.3 

& S6.4, Fig. 6.1).  Early broods became independent at a marginally significantly 

older age (32 ± 1 days) than late broods (30 ± 1 days; 2 = 3.98, P = 0.05); there 

was no significant effect of year ( 2 = 0.53, P = 0.75) or a two-way interaction 

between year and brood season ( 2 < 0.01, P = 0.99). 

 

Table 6.3.  Known fate models used to test whether early (e) or late (l) brood 

juvenile survival during 116 days post-fledging changed markedly at approximate 

age of independence (26-33 days of age).  For example, for early broods: e. and 

e*26-33 = constant survival and marked change in survival at 26-33 days. 

 

Model   AICc  AICc AICc weight Parameters Deviance 

 

 (e., l*26-33)  432.72  0.0 0.659  3  426.68 

 (e*26-33, l*26-33) 434.73  2.0 0.241  4  426.67 

 (e., l.)  437.10  4.4 0.073  2  433.08 

 (e*26-33, l.)  439.10  6.4 0.027  3  433.07 
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6.4.2. Causes and timing of mortality 

Of the 110 juveniles fitted with transmitters, 71 (64.6%) were found dead, 32 

(29.1%) were lost and assumed to have dispersed outside the study area, five 

(4.5%) shed their transmitters within the study area and two (1.8%) transmitters 

stopped working prematurely (juveniles could still be identified by individual colour 

rings).  Of the 71 found dead, 42 (59.2%) and 19 (26.8%) were killed by raptors 

and mammals, respectively.  A further six (8.4%), two (2.8%) and two (2.8%) died 

of exposure, drowning and accidental deaths (one each trampled by a deer and 

strangled by its harness), respectively (Fig. 6.2). 

 

 

Figure. 6.2. Apparent causes of mortality of 71 juvenile Ring Ouzels fledged in 

early or late season broods and fitted with radio transmitters during 2006-08. 
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The majority (30) of deaths by raptors could not be attributed to a specific species.  

However, the remains of 12 juveniles and/or their radio transmitters were found in, 

or within 100 m of, Buzzard (Buteo buteo; N = 8), Kestrel (Falco tinnunculus; N = 

3) and Sparrowhawk (Acccipiter nisus; N = 1) nests, respectively, strongly 

suggesting that these were the predators.  The 19 deaths by mammals could not 

be attributed to a specific species.  However, a minimum of 12 (63%) were likely 

killed by mustelids (Stoats and Weasels), because they were found in situations 

inaccessible to Red Fox, such as small holes or deep in boulder scree. 

A smaller proportion of early brood (18/44, 41%) than late brood (43/66, 

65%) juveniles were depredated ( 2 = 5.34, P = 0.02).  Mammals were the main 

predator of juveniles during the first four days post-fledging (8/11, 73%), with 

raptors the main predator during the following 28 days post-fledging (34/43, 79%; 

Fig. 6.S1).  Mortality apparently from exposure, drowning, and accident occurred 

during the first eight days post-fledging (Fig. 6.2). 

 

6.4.3. Juvenile movements and dispersal 

Within the study area, both early and late brood juveniles travelled increasingly far 

from their nests as they aged (Fig. 6.3).  Early brood juveniles moved median 

distances of 110 m (range 44-463, N = 23) by age 18 days, 321 m (range 81-

1,323, N = 21) by 26 days, and 2,627 m (range 1,547-5,776, N = 5) by 94 days 

(Fig. 6.3).  Late brood juveniles moved median distances of 150 m (range 25-913, 

N = 27) by age 18 days, and 471 m (range 86-1,843, N = 24) by 26 days (Fig. 6.3). 
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Fig. 6.3. Relationship between early (filled symbols) and late (open symbols) 

season juvenile age and median distance (± 1st and 3rd quartiles) found from nest, 

within the study area, in four-day periods during 2006-08.  Data are presented only 

for periods where more than five individuals from early or late season broods were 

monitored. 

 

The best supported model testing for hypothesized effects on distance 

moved by individuals by age 26 days indicated a two-way interaction between year 

and brood size (Tables 6.4 & 6.S5).  There was a positive association between 

distance moved and brood size in 2006 and 2008, but a negative association in 

2007.  However, four further models were moderately well supported ( AICc = 0.6-

2.1), including a two-way interaction between year and brood season, positive 

effects of brood season and negative effects of BCI, and their additive effects 

(Tables 6.4 & S6.5).  Only late broods were fitted with transmitters in 2006 and 

there were positive, and weak negative, associations between distance moved 
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and brood season in 2007 and 2008, respectively.  Clearly, multiple factors are 

associated with the distance from the nest moved by this age, and these 

apparently vary among years.  All juveniles were independent by 38 days of age. 

 

Table 6.4. Models testing for variation in Log10 distance from the nest (m) moved 

by juveniles by age 26 days (the oldest age at which all juveniles were still 

dependent on their parents), in relation to year (yr), brood season (br), brood size 

(bs) and body condition index (BCI). 

 

    AICc 

Model  AICc AICc weight Parameters Deviance ɓ Ñ SE 

 

yr*bs  63.74 0.0 0.269 5  123.34 

yr*br  64.37 0.6 0.196 5  124.60 

br  64.46 0.7 0.187 2  124.38 

br + BCI 65.77 2.0 0.097 3  127.40  -0.03 ± 0.01 

BCI  65.79 2.1 0.096 2  127.44  -0.03 ± 0.01 

br + bs  67.82 4.1 0.035 3  131.50  -0.01 ± 0.07 

bs  68.13 4.4 0.030 2  132.12  -0.04 ± 0.07 

yr + br  68.58 4.8 0.024 4  133.00 

yr  69.19 5.5 0.018 3  134.24 

bs + BCI 69.37 5.6 0.016 3  134.60  -0.02 ± 0.06 (bs) 
         -0.03 ±0.01 (BCI) 

br*bs  69.82 6.1 0.013 4  135.50 

yr + BCI 70.50 6.8 0.009 4  136.86  -0.03 ± 0.01 
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The best supported model testing for effects of various factors on age of 

dispersal outside the study area indicated that early season juveniles dispersed 

outside the study area at a significantly older age than late season juveniles 

(Tables 6.5 & 6.S6). 

 

Table 6.5. Models testing for variation in Log10 age at assumed dispersal outside 

the study area, in relation to year (yr), brood season (br), brood size (bs) and body 

condition index (BCI). 

 

     AICc 

Model  AICc  AICc weight Parameters Deviance ɓ Ñ SE 

 

br  -36.46  0.0 0.788 2  -77.22 

br + bs  -32.40  4.1 0.104 3  -69.10  0.03 ± 0.03 

yr + br  -29.78  6.7 0.028 4  -63.86 

 

In 2006 four late brood juveniles, aged 46-66 days, were located 6.9 ï 15.5 km to 

the north (2) and west (2) of the study area, and in 2007 two late brood juveniles, 

aged 44 and 62 days, were located 6.1 km to the north and 13.6 km to the south of 

the study area, respectively.  No juveniles were found during searches outside the 

study area in 2008. 
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6.5. Discussion 

Our radio-tracking of 110 Ring Ouzel juveniles for up to 116 days post-fledging, 

constitutes one of the largest and longest passerine tracking studies to date.  

Juvenile Ring Ouzels from early broods had higher survival than those from late 

broods, with predation being the main apparent cause of mortality.  Survival of 

juveniles, particularly those from late broods, temporarily decreased at the age of 

independence.  Juveniles travelled increasingly far from their nests with time since 

fledging, and individuals fledging from larger broods later in the season and with 

lower body condition tended to move furthest while dependent on their parents.  

Juveniles fledging early in the season dispersed outside the study area at a 

significantly older age than those fledging later on. 

 

6.5.1. Variation in juvenile survival with brood season and brood size 

Ring Ouzel juveniles fledging from early broods had higher survival probabilities 

than those fledging from late broods, as observed in Starlings (Sturnus vulgaris; 

Krementz et al. 1989; Smith et al. 1989), Western Gulls (Larus occidentalis; Spear 

& Nur 1994), Great Tits (Parus major) and Coal Tits (Periparus ater; Naef-Daenzer 

et al. 2001), American Dippers (Cinclus mexicanus; Middleton & Green 2008) and 

Ovenbirds (Vitz & Rodewald 2011).  However, Anders et al. (1997) found no 

association between juvenile survival and fledging date in Wood Thrushes, and in 

juvenile Brown Thornbills (Acanthiza pusilla; Green 2001), Lark Buntings (Yackel-

Adams et al. 2006) and Worm-eating Warbler (Vitz & Rodewald 2011) survival 

increased as the season progressed. 



 
 Post-fledging survival & movements 

164 
 

Many factors (e.g. food supply, predation rates and environmental 

conditions) likely influence the survival of fledglings (e.g. Naef-Daenzer et al. 2001; 

Green & Cockburn 2001; Yackel-Adams et al. 2006; Vitz & Rodewald 2011).  In 

Ring Ouzels, higher survival of early season juveniles compared to late season 

individuals was apparently associated with reduced predation rates, rather than 

increased food abundance (Chapter 7; Sim et al. 2013a). 

We also found a positive association between brood size and juvenile 

survival.  This contrasts with the negative relationship observed in two studies, 

where increased competition for limited food resources in larger broods caused a 

decrease in mean nestling body condition in Blue (Cyanistes caeruleus) and Great 

Tits, and thus reduced survival of juveniles from broods of larger size (Nur 1984; 

Smith et al. 1989).  However, brood size and subsequent juvenile survival may be 

higher for individuals reared by higher quality parents and/or in higher quality 

breeding sites (Holmes et al. 1996; Green 2001).  Indeed, a positive relationship 

between brood size and juvenile survival was found in Western Gulls, with the 

advantage of hatching into a large brood considered to reflect a direct effect 

(competitive abilities may co-vary positively with brood size due to interaction 

between siblings), and/or an indirect effect (parental quality; Spear & Nur 1994).  

In Ring Ouzels, the higher survival of juveniles from larger broods most likely 

reflects positive effects of parental and/or foraging habitat quality. 

 

6.5.2. Variation with body condition 

Low food availability is one possible cause of low juvenile survival, with effects 

being either direct (through starvation) or indirect.  However, we found no 

compelling evidence that post fledging survival varied with nestling body condition 
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in Ring Ouzels.  While six previous studies found that juvenile survival was 

positively related to nestling body condition (Nur 1984; Krementz et al. 1989; 

Smith et al. 1989; Naef-Daenzer et al. 2001; Yackel-Adams et al. 2006; Vitz & 

Rodewald 2011), three others found no such effect (Sullivan 1989; Anders et al. 

1997; Kershner et al. 2004).  These discrepancies may indicate that nestling 

condition influences survival only during periods of environmental stress 

(Krementz et al. 1989).   

 

6.5.3. Predation 

Predation was the main apparent cause of juvenile mortality in Ring Ouzels, with 

most deaths occurring within five weeks post-fledging.  This concurs with several 

previous studies, where high predation rates occurred in the first few weeks post-

fledging (e.g. Naef-Daenzer et al. 2001; Yackel Adams et al. 2006; Vitz & 

Rodewald 2011).  Because juvenile Ring Ouzels have limited flying ability during 

4-8 days post-fledging (pers. obs.), they are particularly vulnerable to mammalian 

predators at this age.  After this age, juveniles were capable of short flights, and 

raptors were the main predators thereafter.  Gamekeepers legally cull mustelids, 

Red Foxes and Carrion Crows, but all raptor species are protected by law and 

cannot be legally culled (Tucker & Heath 1994).  Because gamekeepers employ 

similar methods of pest control across large parts of upland Britain, and thus 

throughout much of the British Ring Ouzelôs breeding range (Gibbons et al. 1993, 

1995), the number and variety of predators found in Glen Clunie are likely to 

broadly reflect those found elsewhere in upland Britain. 

The switch from mammal dominated predation early in the post-fledging 

period, to raptor dominated predation later on, has previously been shown in 
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Ovenbirds and Worm-eating Warblers (Vitz 2008).  Avian predators were 

considered to be the main cause of mortality in juvenile Wood Thrushes (Anders et 

al. 1997; Schmidt et al. 2008) and Spragueôs Pipits (Anthus spragueii; Fisher & 

Davis 2011), whereas mammals were considered the main predators of Lark 

Buntings (Yackel Adams et al. 2006). 

 

6.5.4. Independence from parental care 

We found a temporary reduction in juvenile survival at the age of parental 

independence (26-33 days), especially in late broods (Fig. 6.1).  At this age 

juveniles were no longer attended by their parents, had to forage for themselves, 

and were thus potentially more vulnerable to predation.  Similar peaks in mortality 

at independence have previously been observed in Yellow-eyed Juncos (Junco 

phaeonotus; Sullivan 1989) and Wood Thrushes (Anders et al. 1997), but not in 

Eastern Meadowlarks (Sturnella magna; Kershner et al. 2004; Table 6.S1).  This 

second peak in juvenile Ring Ouzel mortality occurs mainly in late broods, 

coinciding with the period when predation risk from raptors with recently-fledged 

young is highest.  Naef-Daenzer et al. (2001) also noted higher predation rates 

later in the season, causing reduced survival of fledgling Great and Coal Tits. 

 

6.5.5. Juvenile movements and dispersal 

Ring Ouzel juveniles travelled increasingly far from their nests with increasing time 

since fledging (Fig. 6.2), in common with other passerines (Kershner et al. 2004; 

Berkeley et al. 2007; Vitz & Rodewald 2010; Fisher & Davis 2011).  Clearly, there 

was substantial between-year variation in the distance moved by juveniles by 26 
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days of age, possibly reflecting differences in the availability of invertebrate prey 

(Burfield 2002), the abundance of Bilberries or Crowberries (both important late 

summer food sources; Watson 1972; Chapter 7; Sim et al. 2013a), weather 

conditions or the abundance of predators. 

Of the 32 juveniles that were considered to have dispersed outside the 

study area, 23 had moved unusually long distances (1.3 - 5.0 km) from their nest 

sites during the 10 days preceding their estimated dispersal date (six were 

subsequently located outside the study area).  Of the remaining nine, two were 

also subsequently located outside the study area. This suggests that the majority 

of juveniles that we lost did in fact disperse, rather than experience transmitter 

failure.  Similar movements during three to seven days prior to natal area dispersal 

have been observed in Wood Thrushes (Anders et al. 1997; Vega Rivera et al. 

1998). 

Juvenile Ring Ouzels from late broods dispersed outside the study area at 

an earlier age than those from early broods, concurring with a similar pattern found 

in Wood Thrushes (Vega Rivera et al. 1998).  Six late brood Ring Ouzel juveniles 

were subsequently located outside the study area: three to the north, two to the 

west and one to the south, providing no indication that these dispersal movements 

represented the commencement of their southward migration.  Instead, they 

probably reflected their need to find suitable foraging habitat (Vega Rivera et al. 

1998), most likely berry-rich areas (Chapter 7; Sim et al. 2013a). 

  



 
 Post-fledging survival & movements 

168 
 

6.5.6. Conservation implications 

A recent demographic study indicated that Ring Ouzel population growth rate ( ) 

was most sensitive to variation in apparent first-year survival, with most (63-68%) 

estimated first-year mortality occurring in the first five weeks post-fledging 

(Chapter 4; Sim et al. 2011).  However, this level of mortality is unlikely to be 

sustainable without immigration into the study area (Chapter 4; Sim et al. 2011).  

Nonetheless, our juvenile Ring Ouzel survival rates were not unusually low, being 

similar to those of closely-related Song Thrushes (Turdus philomelos), Wood 

Thrushes, Ovenbirds and Swainsonôs Thrushes (see Chapter 4 and Sim et al. 

2011, for references). 

Predation was the main cause of mortality for juvenile Ring Ouzels, and 

finding ways to reduce predation may thus be appropriate for land managers 

wishing to improve the conservation status of this declining upland thrush species.  

Such measures may include providing more tall, dense, vegetation close to nests, 

which may decrease predation risk through the provision of cover in which 

juveniles may hide from predators. 
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6.7. Summary 

In this Chapter, we found that radio-tagged juvenile Ring Ouzels fledged from 

early season broods had higher survival during each four-day period over 116 

days post fledging than juveniles fledged from late season broods.   Most mortality 

occurred within the first three weeks post-fledging, and predation by raptors and 

mammals was the main apparent cause of mortality.  To further investigate the 

ecology of juvenile Ring Ouzels during this life-history stage, in Chapter 7 we 

describe for the first time the seasonal pattern in key attributes of foraging habitats 

selected by individuals, and examine seasonal changes in food abundance across 

habitat types. 

 

 

6.8. References 

Anders, A.D., Dearborn, D.C., Faaborg, J. & Thompson, F.R. 1997. Juvenile 
survival in a population of neotropical migrant birds. Conservation Biology 11: 
698-707. 

Anders, A.D., Faaborg, J. & Thompson, F.R. 1998. Postfledging dispersal, habitat 
use and home-range size of juvenile Wood Thrushes. The Auk 115: 349-358. 

Ausprey, I.J. & Rodewald, A.D. 2011. Postfledging survivorship and habitat 
selection across a rural-to-urban landscape gradient. The Auk 128: 293-302. 

Badyaev, A.V. & Ghalambor, C.K. 2001. Evolution of life histories along 
elevational gradients: trade-off between parental care and fecundity. Ecology 
82: 2948-2960. 

Berkeley, L.I., McCarty, J.P. & Wolfenbarger, L.L. 2007. Postfledging survival and 
movement in Dickcissels (Spiza americana): implications for habitat 
management and conservation. The Auk 124: 396-409. 

Burfield, I.J. 2002.  The breeding ecology and conservation of the Ring Ouzel 
Turdus torquatus in Britain.  PhD Thesis, University of Cambridge, 
Cambridge, UK. 

Burnham, K.P. & Anderson, D.R. 2002. Model selection and multimodel inference: 
a practical information-theoretic approach.  Springer, New York, NY, USA. 



 
 Post-fledging survival & movements 

170 
 

Eaton, M.A., Balmer, D.E., Cuthbert, R., Grice, P.V., Hall, J.,Hearn, R.D., Holt, 
C.A., Musgrove, A.J., Noble, D.G., Parsons, M., Risley, K., Stroud, D.A. & 
Wotton, S. 2011. The state of the UKôs birds 2011. RSPB, BTO, WWT, CCW, 
JNCC, NE, NIEA, and SNH, Sandy, Bedfordshire, UK. 

Fisher, R.J. & Davis, S.K. 2011. Post-fledging dispersal, habitat use, and survival 
of Spragueôs Pipits: are planted grasslands a good substitute for native?  
Biological Conservation 144: 263-271. 

Gaillard, J.M., Festa-Bianchet, M. & Yoccoz, N.G. 1998. Population dynamics of 
large herbivores: variable recruitment with constant adult survival. Trends in 
Ecology and Evolution 13: 58-63. 

Genevois, F. & Bretagnolle, V. 1994. Male Blue Petrels reveal their body mass 
when calling. Ethology, Ecology and Evolution 6: 377-383. 

Gibbons, D.W., Reid, J.B. & Chapman, R.A. 1993. The New Atlas of Breeding 
Birds in Britain and Ireland: 1988-1991. T. & A.D. Poyser, London, UK. 

Gibbons, D., Gates, S., Green, R.E., Fuller, R.J. & Fuller, R.M. 1995. Buzzards 
(Buteo buteo) and Ravens (Corvus corax) in the uplands of Britain: limits to 
distribution and abundance. Ibis 137: S75ïS84. 

Gow, E. A., Done, T.W. & Stutchbury, B.J.M. 2011. Radio-tags have no behavioral 
or physiological effects on a migratory songbird during breeding and molt. 
Journal of Field Ornithology 82: 193-201. 

Green, D.J. 2001. The influence of age on reproductive performance in the Brown 
Thornbill.  Journal of Avian Biology 32: 6-14. 

Green, D.J. & Cockburn, A. 2001. Post-fledging care, philopatry and recruitment in 
Brown Thornbills. Journal of Animal Ecology 70: 505-514. 

Hill, I.F., Cresswell, B.H. & Kenward, R.E. 1999. Field-testing the suitability of a 

new back-pack harness for radio-tagging passerines. Journal of Avian 

Biology 30: 135-142. 

Holmes, R.T., Marra, P.P. & Sherry, T.W. 1996. Habitat-specific demography of 
breeding Black-Throated Blue Warblers (Dendroica caerulescens): 
implications for population dynamics. Journal of Animal Ecology 65: 183-195. 

Hovick, T.J., Miller, J.R., Koford, R.R., Engle, D.M. & Debinski, D.M. 2011. 
Postfledging survival of Grasshopper Sparrows in grasslands managed with 
fire and grazing. The Condor 113: 429-437. 

Kershner, E.L., Walk, J.W. & Warner, R.E. 2004. Post-fledging movements and 
survival of juvenile Eastern Meadowlarks (Sturnella magna) in Illinois. The 
Auk 121: 1146-1154. 

King, D.I., Degraaf, R.M., Smith, M.-L. & Buonaccorsi, J.P. 2006. Habitat selection 
and habitat-specific survival of fledgling Ovenbirds (Seiurus aurocapilla). 
Journal of Zoology 269: 414-421. 

Kremetz, D.G., Nichols, J.D. & Hines, J.E. 1989. Postfledging survival of European 
Starlings. Ecology 30: 646-655. 



 
 Post-fledging survival & movements 

171 
 

Lens, L. & Dhont, A.A. 1994. Effects of habitat fragmentation on the timing of 
Crested Tit natal dispersal. Ibis 136: 147-152. 

MapInfo Corporation. 2000. MapInfo Professional. MapInfo Corporation, New 
York, NY, USA. 

Middleton, H.A. & Green, D.J. 2008. Correlates of postfledging survival, the timing 
of dispersal, and local recruitment in American Dippers. Canadian Journal of 
Zoology 86: 875-881. 

Morton, M.L. 1991. Post-fledging dispersal of Green-tailed Towhees to a subalpine 
meadow. Condor 93: 466-468. 

Naef-Daenzer, B., Widmer, F. & Nuber, M. 2001. Differential post-fledging survival 
of Great and Coal Tits in relation to their condition and fledging date. Journal 
of Animal Ecology 70: 730-738. 

Nur, N. 1984. The consequences of brood size for breeding Blue Tits II. Nestling 
weight, offspring survival and optimal brood size. Journal of Animal Ecology 
53: 497-517. 

Rae, L.F., Mitchell, G.W., Mauck, R.A., Gugliemo, C.G. & Norris, D.R. 2009. Radio 
transmitters do not affect the body condition of Savannah Sparrows during 
fall premigratory period. Journal of Field Ornithology 80: 419-426. 

Schmidt, K.A., Rush, S.A. & Ostfeld, R.S. 2008. Wood thrush nest success and 
post-fledging survival across a temporal pulse of small mammal abundance 
in an oak forest. Journal of Animal Ecology 77: 803-837. 

Sim, I.M.W., Rollie, C., Arthur, D., Benn, S., Booker, H., Fairbrother, V., Green, M., 
Hutchinson, K., Ludwig, S., Nicoll, M., Poxton, I., Rebecca, G., Smith, L., 
Stanbury, A. & Wilson, P. 2010. The decline of the Ring Ouzel in Britain. 
British Birds 103: 229-239. 

Sim, I.M.W., Rebecca, G.W., Ludwig, S.C., Grant, M.C. & Reid, J.M. 2011. 
Characterising demographic variation and contributions to population growth 
rate in a declining population. Journal of Animal Ecology 80: 159-170. 

Sim, I.M.W., Rebecca, G.W. & Wilkinson, N.I. 2012. Frequency of multiple 
brooding in Ring Ouzels, including first documented cases of triple brooding. 
Bird Study 59: 358-362. 

Sim, I.M.W., Ludwig, S.C., Grant, M.C., Loughrey, J.L., Rebecca, G.W. & 
Redpath, S. 2013a. Seasonal variation in foraging conditions for Ring Ouzels 
Turdus torquatus in upland habitats and their effects on juvenile habitat 
selection. Ibis 155: 42-54. 

Smith, H.G., Källander, H. & Nilsson, J.-Å. 1989. The trade-off between offspring 
number and quality in the Great Tit Parus major. Journal of Animal Ecology 
58: 383-401. 

Spear, L. & Nur, N. 1994. Brood size, hatching order and hatching date: effects on 
four life-history stages from hatching to recruitment in Western Gulls. Journal 
of Animal Ecology 63: 283-298. 



 
 Post-fledging survival & movements 

172 
 

Sullivan, K.A. 1989. Predation and starvation: age-specific mortality in juvenile 
Juncos (Junco phaenotus). Journal of Animal Ecology 58: 275-286. 

Thirgood, S.J., Redpath, S.M., Hudson, P.J. & Donnelly, E. 1998. Estimating the 
cause and rate of mortality in Red Grouse. Wildlife Biology 4: 65-71. 

Tsia, K., Pollock, K.H. & Brownie, C. 1999. Effects of violation of assumptions for 
survival analysis methods in radiotelemetry studies. Journal of Wildlife 
Management 63: 1369ï1375. 

Tucker, G.M. & Heath, M.F. 1994. Birds in Europe: their conservation status. 
Conservation Series no. 3. BirdLife International, Cambridge, UK. 

Vega Rivera, J.H., Rappole, J.H., McShea, W.J. & Has, C.A. 1998. Wood Thrush 
postfledging movements and habitat use in northern Virginia. Condor 100: 
69-78. 

Vitz, A.C. 2008. Survivorship, habitat use, and movements for two species of 
mature forest birds. Unpublished PhD Thesis, Ohio State University, Ohio, 
USA. 

Vitz, A.C. & Rodewald, A.D. 2010. Movements of fledging Ovenbirds (Seiurus 
aurocapilla) and Worm-eating Warblers (Helmitheros vermivorum) within and 
beyond the natal home range. The Auk 127: 364-371. 

Vitz, A.C. & Rodewald, A.D. 2011. Influence of condition and habitat use on 
survival of post-fledging songbirds. The Condor 113: 400-411. 

Watson, D. 1972. Birds of moor and mountain. Scottish Academic Press, 
Edinburgh, UK. 

Wiens, J.D., Noon, B.R. & Reynolds, R.T. 2006. Post-fledging survival of northern 
Goshawks: the importance of prey abundance, weather and dispersal. 
Ecological Applications 16: 406-418. 

Wernham, C.V., Toms, M.P., Marchant, J.H., Clark, J.A., Siriwardena, G.M. & 
Baillie, S.R. (eds.). 2002. The Migration Atlas: movements of the birds of 
Britain & Ireland.  T. & A.D. Poyser, London, UK. 

White, G.C. & Burnham, K.P. 1999. Program MARK: survival estimation from 
populations of marked animals. Bird Study S46: 120-138. 

Yackel-Adams, A.A., Skagen, S.K. & Savidge, J.A. 2006. Modelling post-fledging 
survival of Lark Buntings in response to ecological and biological factors. 
Ecology 87: 178-188. 

 

Webpages consulted 

Website 6.1. http://www.biotrack.co.uk. 

Website 6.2. http://www.phidot.org/software/mark/docs/book/.

http://www.biotrack.co.uk/
http://www.phidot.org/software/mark/docs/book/


 
 Post-fledging survival & movements 

173 
 

6.9. Supplementary Information 

Table 6.S1.  Hypotheses linking potential explanatory variables or factors to variation in juvenile Ring Ouzel survival. 

           

  Hypothesised             Sources Sources not 

Variable relationship             supporting supporting 

or factor with survival Rationale           hypothesis hypothesis 

 

Brood  Negative Early brood juveniles are expected to have a higher survival probability than late  2 

season    brood juveniles, since they fledge at a time when environmental conditions may 

    be more favourable, food more abundant and there is lower predation risk. 

Fledging Negative or As above, with the potential negative effects of increased predation risk partly  3,5,8,11,12 6,7,10 

date  quadratic compensated for by more favourable environmental conditions found later in the 

    season. 

Body  Positive Juveniles fledging with a higher body condition have a higher survival probability  1,2,3,8,10,12 4,6,9 

condition   than those with a lower body condition, since they are better able to withstand 

    periods of food shortage, and are less likely to beg noisily for food and thus 

    make themselves obvious to predators. 
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Table 6.S1 (continued)  

 

Hypothesised             Sources Sources not 

Variable relationship             supporting supporting 

or factor with survival Rationale           hypothesis hypothesis 

 

Brood size Negative Increased competition for limited food resources in larger broods may result in a  1,3  5 

    decrease in mean nestling body condition, and thus reduced survival of juveniles 

    from broods of larger size.   

Independence Negative Juveniles at the transition from being dependent on their parents for food and  4,6  9 

    protection from predators, to being responsible for their own provisioning and 

    protection, may be at increased temporary risk of starvation and predation. 

     

Sources: 1Nur (1984); 2Krementz et al. (1989); 3Smith et al. (1989); 4Sullivan (1989); 5Spear & Nur (1994); 6Anders et al. (1997); 7Green 2001; 8Naef-
Daenzer et al. (2001); 9Kershner et al. (2004); 10Yackel-Adams et al. (2006); 11Middleton & Green 2008; 12Vitz & Rodewald 2011.
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Table 6.S2.  Known fate models used to estimate juvenile survival probability 

during 116 (29 x four-day periods) days post-fledging, in relation to year (yr; 2006, 

2007 or 2008), brood season (br; early or late), brood size (bs), body condition 

(BCI) and with full time dependence (time).  Asterisks indicate main effects plus 

two-way interactions.  The best supported model is indicated in bold. 

 

Model  AICc  AICc  AICc weight Parameters Deviance 

 

 (br)  437.10  0.0  0.253  2  433.08  

 (br + bs) 437.46  0.4  0.211  3  431.42 

 (br + BCI) 437.88  0.8  0.171  3  431.84 

 (br + yr) 438.59  1.5  0.120  4  430.54 

 (br*yr) 439.10  2.0  0.093  5  429.02 

 (br*bs) 439.15  2.1  0.090  4  431.10 

 (br*BCI) 439.89  2.8  0.063  4  431.83 

 (bs + BCI) 457.54  20.4  0.000  3  451.51 

 (bs)  458.21  21.1  0.000  2  454.20 

 (yr + bs) 458.68  21.6  0.000  4  450.63 

 (BCI)  460.64  23.5  0.000  2  456.62 

 (yr)  461.35  24.2  0.000  3  455.31 

 (constant) 461.48  24.4  0.000  1  459.47 

 (yr*bs) 461.92  24.8  0.000  6  449.80 

 (yr + BCI) 462.32  25.2  0.000  4  454.27 

 (yr*BCI) 465.70  28.6  0.000  6  453.58 

 (time) 488.29  51.2  0.000  29  427.77 
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Table 6.S3.  Known fate models used to test whether juvenile survival probability 

during 116 (29 x four-day periods) days post-fledging varied in relation to whether 

an individual was from an early (e) or a late (l) season brood, plus additive effects 

of body condition (BCI) on survival to four (BCI 14-17), eight (BCI 14-21), 12 (BCI 

14-25) and 116 (BCI 14-130; fully time dependent null model) days post-fledging.  

The best supported model is indicated in bold. 

 

        AICc Para- 

Model     AICc  AICc weight meters Deviance 

 

 (e + BCI 14-21, l + BCI 14-21) 436.15  0.0 0.196 3 430.12 

 (e., l + BCI 14-21)   436.31  0.2 0.181 3 430.28 

 (e + BCI 14-25, l + BCI 14-25) 436.52  0.4 0.162 3 430.49 

 (e., l + BCI 14-25)   436.53  0.4 0.162 3 430.50 

 (e., l + BCI 14-17)   437.78  1.6 0.087 3 431.75 

 (e + BCI 14-17, l + BCI 14-17) 438.38  2.2 0.064 3 432.35 

 (e + BCI 14-17, l.)   438.81  2.7 0.052 3 432.77 

 (e + BCI 14-21, l.)   438.91  2.8 0.049 3 432.87 

 (e + BCI 14-25, l.)   439.00  2.8 0.047 3 432.96 

 (e + BCI 14-130, l + BCI 14-130) 464.10  27.9 0.000 41 377.03 
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Table 6.S4.  Known fate models used to test whether early (e) or late (l) brood 

juvenile survival probability during 116 (29 x four-day periods) days post-fledging 

changed markedly at approximate age of independence (26-33 days of age).  For 

example, for early broods: e., e*14-17, e*26-33 and e*14-130 = constant survival, 

and marked change in survival at 14-17, 26-33 and 14-130 days (fully time 

dependent null model), respectively.  The best supported model is indicated in 

bold. 

 

       AICc 

Model    AICc  AICc weight Parameters Deviance 

 

 (e., l*26-33)   432.72  0.0 0.659 3  426.68 

 (e*26-33, l*26-33)  434.73  2.0 0.241 4  426.67 

 (e., l.)   437.10  4.4 0.073 2  433.08 

 (e*26-33, l.)   439.10  6.4 0.027 3  433.07 

 (e*14-17, l*14-17)  441.56  8.8 0.008 4  433.50 

 (e*14-130, l*14-130) 464.10  31.4 0.000 41  377.03 
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Table 6.S5. Models testing for variation in Log10 distance from the nest (m) moved 

by juveniles by age 26 days (the oldest age at which all juveniles were still 

dependent on their parents), in relation to year (yr), brood season (br), brood size 

(bs) and body condition (BCI).  Asterisks indicate main effects plus two-way 

interactions.  The best supported model is indicated in bold. 

 

Model  AICc  AICc  AICc weight Parameters Deviance 

 

yr*bs  63.74  0.0  0.269  5  123.34 

yr*br  64.37  0.6  0.196  5  124.60 

br  64.46  0.7  0.187  2  124.38 

br + BCI 65.77  2.0  0.097  3  127.40 

BCI  65.79  2.1  0.096  2  127.44 

br + bs  67.82  4.1  0.035  3  131.50 

bs  68.13  4.4  0.030  2  132.12 

yr + br  68.58  4.8  0.024  4  133.00 

yr  69.19  5.5  0.018  3  134.24 

bs + BCI 69.37  5.6  0.016  3  134.60 

br*bs  69.82  6.1  0.013  4  135.50 

yr + BCI 70.50  6.8  0.009  4  136.86 

br*BCI  71.25  7.5  0.006  4  138.36 

yr + bs  72.46  8.7  0.003  4  140.78 

yr*BCI  79.45  15.7  0.000  5  154.76 
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Table 6.S6. Models testing for variation in Log10 age at assumed dispersal outside 

the study area, in relation to year (yr), brood season (br), brood size (bs) and body 

condition (BCI).  Asterisks indicate main effects plus two-way interactions.  The 

best supported model is indicated in bold. 

 

Model  AICc  AICc  AICc weight Parameters Deviance 

 

br  -36.46  0.0  0.788  2  -77.22 

br + bs  -32.40  4.1  0.104  3  -69.10 

yr + br  -29.78  6.7  0.028  4  -63.86 

yr*br  -29.39  7.1  0.023  5  -63.10 

br*bs  -28.97  7.5  0.019  4  -62.24 

br + BCI -27.98  8.5  0.011  3  -60.26 

yr  -27.76  8.7  0.010  3  -59.82 

yr + bs  -27.47  9.0  0.009  4  -59.26 

yr*bs  -26.08  10.4  0.004  5  -61.20 

bs  -25.37  11.1  0.003  2  -55.02 

br*BCI  -21.12  15.3  0.000  4  -46.56 

BCI  -20.09  16.4  0.000  2  -44.48 

yr + BCI -19.55  16.9  0.000  4  -43.42 

bs + BCI -17.23  19.2  0.000  3  -38.76 

yr*BCI  -6.71  29.8  0.000  5  -17.76 
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(a) Early individuals 

  

(b) Late individuals 

  

Figure 6.S1.  Proportion of (a) early and (b) late individuals predated by mammals 

(filled bars) and raptors (open bars) in relation to juvenile age, in four-day periods 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

P
ro

p
o

rt
io

n
 o

f 
e

a
rl
y
 j
u

v
e

n
ile

s
 p

re
d
a

te
d

 

Juvenile age (days) 

 44   39   34   31   29   27   26  24   22   22   19  17   17   17   16   14   11 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

P
ro

p
o

rt
io

n
 o

f 
la

te
 j
u

v
e

n
ile

s
 p

re
d
a

te
d

 

Juvenile age (days) 

      66          53          46           38          30          25           20          16  



 
 Post-fledging survival & movements 

181 
 

from fledging during 2006-08.  Data are shown only for periods where greater that 

10 individuals were being tracked, and numbers above bars show the number of 

juveniles being monitored at the beginning of each period.  In addition, one early 

brood juvenile was predated by a raptor aged 86-89 days, and two late brood 

juveniles were predated by raptors, and two by mammals, aged 46-93 days.
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Chapter 7 - Seasonal variation in foraging conditions for 

Ring Ouzels in upland habitats and their effects on 

juvenile habitat selection 

 

Chapter published as: Sim, I.M.W., Ludwig, S.C., Grant, M.C., Loughrey, J.L., 

Rebecca, G.W. & Redpath, S. Seasonal variation in foraging conditions for Ring 

Ouzels (Turdus torquatus) in upland habitats and their effects on juvenile habitat 

selection. Ibis 155: 42-54. 

 

 

  

Radio tagged juvenile Ring Ouzel (Sonja Ludwig) 
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7.1. Abstract 

Recent studies indicate that variation in juvenile survival may be particularly 

important in driving avian population dynamics.  In addition, the quality of habitats 

available to inexperienced juveniles, particularly of migrant species, is critical to 

their survival because they must obtain enough food to accumulate fat reserves for 

migration, while avoiding predation.  We radio-tracked 110 juvenile Ring Ouzels, a 

species of high conservation concern in the UK, to quantify for the first time 

seasonal patterns in foraging habitat and food abundance during this potentially 

key life-history stage.  Key attributes of foraging plots were compared with those 

on control plots (representing the broad habitat types selected by foraging 

juveniles) during 2007-08.  A shift was detected from foraging on invertebrates in 

grass-rich plots during June to mid-July, to foraging mainly on moorland berries in 

higher-altitude, heather-rich, plots during mid-July to early-September.  Juveniles 

selected invertebrate foraging plots with low soil acidity, and increasingly selected 

plots with high earthworm (an important food) biomass and grass cover, but low 

grass and all vegetation height, as the season progressed.  In contrast, earthworm 

biomass and grass cover remained constant, and grass and all vegetation height 

increased on control plots.  Juveniles selected berry foraging plots with higher 

abundance of ripe Bilberries and Crowberries than found on control plots.  Ring 

Ouzels thus appear to require access to short, grass- and invertebrate-rich, habitat 

during early summer, and taller, heather-dominated and berry-rich areas in late 

summer. 
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7.2. Introduction 

There is a growing realisation of the importance of the juvenile period, defined 

here as the time between fledging and dispersal from the natal area, in the life 

history of birds (Reid et al. 2004; Schaub et al. 2006; Chapter 4; Sim et al. 2011).  

Indeed, several studies indicate that the majority of pre-breeding mortality occurs 

during this period, suggesting that variation in juvenile survival may be particularly 

important in driving avian population dynamics (e.g. Naef-Daenzer et al. 2001; 

Rush & Stutchbury 2008; Chapter 4; Sim et al. 2011).  The quality of habitats 

available to inexperienced juveniles, particularly of migrant species, during this 

period is critical to their survival because they must obtain enough food to 

accumulate fat reserves for migration, while avoiding predation (e.g. Anders et al. 

1998; Rush & Stutchbury 2008; Fisher & Davis 2011). 

Most habitat selection studies have been carried out on adult birds during 

spring and summer, providing substantial information on breeding habitat (e.g. 

Hallworth et al. 2008; Gilroy et al. 2009; Whittingham et al. 2009).  Previously, 

these habitats have been assumed to be suitable for juveniles, but recent studies 

have suggested that juvenile habitat requirements may differ substantially from 

those of breeding adults, indicating that species conservation strategies that focus 

on conserving only breeding habitat may be too limited in scope (e.g. King et al. 

2006; Fisher & Davis 2011; Vitz & Rodewald 2011).  The lack of studies on 

juvenile habitat selection may reflect the fact that juveniles are cryptic in plumage 

and behaviour, and dispersive, making repeated observations in defined study 

areas difficult.  However, the development of lightweight radio transmitters in 

recent years has facilitated major advances in collecting accurate, high definition, 
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temporal and spatial data describing juvenile habitat selection (e.g. King et al. 

2006; Fisher & Davis 2011; Vitz & Rodewald 2011). 

The Ring Ouzel, hereafter óouzelô, is a species of high conservation 

concern, is red-listed in the Birds of Conservation Concern, and is a priority 

Biodiversity Action Plan species in the UK (Eaton et al. 2011).  Declines of this 

migrant, typically double-brooded, upland thrush species are widespread 

throughout Britain, but the underlying mechanisms are poorly understood (Chapter 

2; Sim et al. 2010).  During much of the breeding season, adult ouzels forage in 

short grass and grass-heather mosaic, with open vegetation, where the main 

invertebrate prey items (particularly earthworms Lumbricidae, but also 

leatherjacket Tipulidae larvae, and adult and larval ground beetles Carabidae) are 

obtained (Burfield 2002).  However, juvenile foraging habitat preferences in late 

summer have not yet been quantified, although both adults and juveniles 

apparently feed mainly on berries during this period (Watson 1972). 

One recent study has demonstrated that long-term ouzel declines in 

southern Scotland are associated with high late summer (June-August) UK 

temperatures and intermediate rainfall levels (Beale et al. 2006).  Furthermore, 

based upon this association, increases in late summer temperatures during recent 

decades are sufficient to account for the observed declines in southern Scotland 

(Beale et al. 2006). Such weather-related effects on ouzel populations may arise 

via effects on food abundance. Specifically, warmer summers reduce soil moisture 

content, and therefore abundance of key invertebrate prey, particularly 

earthworms (Gerard 1967; Green et al. 2000; Peach et al. 2004).  Additionally, the 

abundance of ripe Bilberries, is lowest when late summer temperatures are high 

and rainfall is low (Selås 2000).  Therefore, weather-related effects could impact 
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upon key food sources for ouzels, thereby explaining the observed associations 

between population changes and weather variations. 

Any such negative effects on summer food supply are likely to particularly 

affect inexperienced juveniles, since they must learn to forage efficiently in an 

unfamiliar environment, while avoiding predators.  In addition, since variation in 

first year-survival may be critical for ouzel population growth rate (Chapter 4; Sim 

et al. 2011), it is important to further explore the potential constraints acting on 

seasonal foraging site selection of juveniles.  In this paper, we therefore describe 

for the first time the seasonal pattern in key attributes of foraging habitats selected 

by juvenile ouzels, by comparing selected foraging areas with a representative 

selection of such habitats found within the study area.  We then examine seasonal 

changes in food abundance across habitat types, and hypothesised that juveniles 

would change their foraging habitat selection in accordance with changes in food 

abundance. 

 

7.3. Methods 

7.3.1. Study area 

The study took place in Glen Clunie (56056ôN 3025ôW), near Braemar, Scotland, 

during 2006-08.  Glen Clunie rises from an altitude of 350 m on the valley floor to 

peaks of up to 850 m.  Land use on the valley floor is mainly rough grazing for 

sheep and cattle with two small conifer plantations, but vegetation at higher 

altitudes is a mosaic of heathers, Bilberry, Crowberry and rough grassland, with 

numerous crags, scree slopes and gullies (Rebecca 2001).  The valley is 

managed for Red Grouse and Red Deer sport shooting.  Gamekeepers cull 
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predators such as Red Fox, Stoat, Weasel and Carrion Crow, and undertake 

rotational burning of the dwarf shrub layer to encourage fresh growth feed for the 

target sport species (Hester & Sydes 1992). 

 

7.3.2. Determining foraging habitats of independent juveniles 

To locate their foraging locations post-fledging, nestlings were fitted with 1.8g TW4 

single-celled radio tags (Website 7.1) just prior to fledging (10-13 days post-hatch).  

Tags were back-mounted using an elastic harness with a weak cotton link to allow 

tag loss after a few weeks (Hill et al. 1999); five shed tags were recovered 6-66 

days after tagging.  In 2006-08, 22 nestlings from 11 broods, 41 nestlings from 23 

broods and 47 nestlings from 21 broods were tagged, in each year, respectively.  

Only nestlings from second broods were tagged in 2006, whereas nestlings from 

both first and second broods were tagged in 2007-08.  Tags had a signal range of 

up to 10 km with direct line of sight, but more typically 2-3 km depending on 

terrain, and a battery life of approximately four months.  We used Advanced 

Telemetry Systems (ATS) scanning receivers attached to car roof-mounted aerials 

to provide an initial approximate location for each individual.  Hand-held Telonics 

TR-4 receivers, attached to three-element Yagi antennas, were then used to 

visually locate each individual by approaching tagged birds cautiously, and 

recording their location using a Garmin Global Positioning System (GPS) 12 

Personal Navigator.  On approximately 90% of occasions, flushed individuals flew 

less than 100 m, but the remaining 10% of individuals simply hopped away and 

resumed foraging nearby.  Juvenile location was usually recorded to the nearest 

10 m (87% of locations), but to the nearest 100 m (13% of locations) when birds 

were highly mobile.  Juvenile locations were recorded every 3-4 days post-
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fledging, until the bird was found dead or had shed the tag.  Those that could not 

be located on two consecutive occasions were considered to have dispersed 

outside the study area. 

Once located, individuals were observed for 10-15 minutes to determine if 

they were independent and foraging.  Juveniles were considered to have become 

independent of their parents midway between the last fix when at least one parent 

was in attendance, and the first fix when neither parent was observed in 

attendance.  On no occasion was a juvenile seen attended by a parent after 

having been classed as independent.  On 199 of 262 (76%) observations, we 

confirmed that juveniles were foraging, whilst on the remaining 63 occasions it was 

uncertain whether the individual was foraging. 

 

7.3.3. Selection of control plots 

To assess how attributes of juvenile foraging areas, and seasonal changes in 

these attributes, compared with those of the broad habitat types selected by 

ouzels for foraging, we selected a random sample of control plots in the two main 

foraging habitats (i.e. grass/grass-heather mosaics and berry-rich moorland). The 

decision to focus on these two habitats was based upon the limited existing 

knowledge of ouzel diet and foraging behaviour (Watson 1972, Burfield 2002), 

plus preliminary data collection in 2006 which revealed that seven juveniles 

foraged on grass/grass-heather mosaics between 5 and 17 July (mean 1.8 

locations/individual, range 1-4), and berry-rich moorland between 18 July and 9 

August (mean 3.9 locations/individual, range 1-9).  We established 15 and 20 

grass-rich (hereafter termed óinvertebrateô to reflect the main food) control plots in 

2007 and 2008, respectively, and 15 óberryô control plots in both years.  Control 
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plots were selected from within the study area, defined using the location of all 

nest sites during 1998-2005 plus a 500 m buffer (500 m being the mean maximum 

distance that adults forage from their nests in Glen Clunie; Prigmore 2003).  

Further details of methods used to select control plots are provided as 

Supplementary Information. 

 

7.3.4. Seasonal variation in habitat and food supply on foraging and control 

plots 

To determine differences between, and seasonal variation within, foraging and 

control plots we measured dominant habitat, vegetation structure, food abundance 

and soil conditions in invertebrate and berry plots within a radius of 15 m, or an 

area of 706.5 m2.  At every juvenile location, whether or not it was confirmed to be 

foraging, we measured dominant habitat and vegetation height at 40 points 

centred on the location of the initial sighting (i.e. at 3, 6, 9, 12 and 15 m from the 

centre of the plot, in each of eight compass directions: north, north-east, east, 

south-east, south, south-west, west and north-west).  This plot size was 

considered sufficiently small to accurately capture key attributes of foraging areas, 

while the arrangement of point measurements meant that sampling was most 

intensive closest to the initial foraging location.  Dominant habitat was classed 

according to the following 10 broad categories: heather, grass (Molinia caerulea, 

Nardus stricta, Deschampsia spp., Agrostis spp., Festuca spp.), sedge (Carex and 

Eriophorum spp.), rush (Juncus spp.), rock, moss, bare soil, water, Bilberry, and 

Crowberry.  Vegetation height was rounded up to the nearest interval using a 

bamboo cane with intervals of 5, 10, 20, 30, 40, 50 and 60 cm marked out with 0.5 

cm high white tape, following Burfield (2002). 
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In cases where foraging was confirmed on invertebrate plots, additional 

measures of earthworm biomass, soil pH, and carbon (C), nitrogen (N) and soil 

moisture content were made.  We sampled earthworm biomass at five points (at 

the centre, and at 6 m to the north, south, east and west) in each plot, by digging a 

sod of 15 cm x 15 cm, to a depth of between 4 cm and 23 cm.  Sods were dug to 

the maximum depth of the spade (23 cm), except in very stony soil where we dug 

to the maximum depth possible.  Sods were hand sorted and all earthworms were 

preserved in antifreeze (ethylene glycol) or 80% ethanol.  Earthworms were 

weighed under laboratory conditions: samples were rinsed in distilled water to 

remove any debris, then dried on blotting paper and weighed to 1 mg using a 

balance accurate to 0.01 mg.  Earthworm biomass was thus measured as wet 

weight, uncorrected for the depth of the soil core.  Soil pH, C and N content were 

measured from 5 cm depth soil samples at the centre of each plot.  Soil pH was 

measured by mixing a small quantity of soil with distilled water to form a paste, 

inserting a Hanna pocket-sized pH meter and waiting for a few minutes for the 

reading to stabilise.  C and N content were measured by oven-drying soil samples 

overnight, then ball-milling them to a fine powder.  Samples weighing 7-8 mg were 

placed into a tin cup, then inserted into an oxygen enriched furnace (1,700-

1,8000C), where separation of the gaseous components by gas chromatography 

allowed the percentage of C and N to be calculated (Pavia et al. 2006).  Soil 

moisture content was measured to 0.001 m3m-3 using a type TK3-Basic Theta Kit, 

at five points (as for earthworm biomass, above) at a depth of 5 cm within each 

plot.  For berry foraging plots, we scored the abundance of ripe Bilberries and 

Crowberries in 17, 0.5 x 0.5 m, quadrats (at the centre, and at 7.5 m and 15 m 

intervals along each of eight compass directions, as above), with each quadrat 

being further divided into 25, 0.1 x 0.1 m, sub-quadrats.  The number of sub-
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quadrats within each foraging and control plot containing ripe berries of each 

species was recorded and summarised, thus giving a maximum potential plot-

specific score of 425 for each species. 

Measurements on invertebrate and berry control plots were made exactly 

as for the equivalent type of foraging plot.  With the exception of habitat cover 

(measured on the first visit only) and altitude (measured on the last visit only), all 

measures were repeated on each control plot at intervals of approximately 13 and 

23 days in 2007 and 2008, respectively.  Berry control plots were the same in both 

years.  However, in 2007, soil pH was lower on 11 of the 15 invertebrate control 

plots than on the foraging plots, indicating that ouzels selected more alkaline soils 

for foraging (Table 7.1).  Therefore, selection of control plots was refined, and 

sample size increased, in 2008 by replacing the 11 most acidic plots with 16 plots 

in which soil pH was within the range of those recorded on the 2007 invertebrate 

foraging plots. Selection was as for 2007, except that soil pH was first measured in 

potential plots and the plot discarded if the pH was lower than that recorded on 

any of the 2007 invertebrate foraging plots.  This allowed a more detailed 

examination of more subtle differences between foraging and control plots in 2008 

that may have been concealed by the marked difference in soil pH.  The location 

of all invertebrate and berry foraging and control plots is shown in Figs. 7.S1a & 

7.S1b. 

 

7.3.5. Statistical analysis 

All statistics were carried out using SAS v9.2 (SAS Institute 2008).  First, we used 

the GLIMMIX (generalised linear mixed model) procedure to compare the 

attributes of plots where juveniles definitely foraged (N = 199) with those where 
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foraging status was uncertain (N = 63).  Grass cover was used instead of heather 

cover, and óall vegetationô height instead of grass height, for analysis due to their 

strong negative (r > 0.74) and positive (r > 0.40) correlations, respectively (Table 

7.S1).  Each plot attribute (grass and rock cover, altitude and all vegetation height) 

was, in turn, made the response variable, with plot type (forage or uncertain) a two 

level fixed factor and seasonal date (day 1 = 1 April) a covariate.  The interaction 

between plot type and date provided the test of whether seasonal variation in the 

attribute differed between foraging plots and those where foraging status was 

uncertain.  Confirmed foraging individuals occupied plots with significantly different 

attributes than individuals whose foraging status was uncertain in both years 

(range of confirmed versus uncertain*date interactions: 2007; F = 0.00-4.83, P = 

0.03-0.97: 2008; F = 1.81-16.25, P = 0.0001-0.18).  Therefore, we used only the 

199 occasions where individuals were confirmed foraging in further analyses. 

Next, we modelled the probability that foraging individuals selected berry, 

as opposed to invertebrate, plots in relation to date during 2006-08.  Plot type 

(invertebrate or berry) was the binary response variable, with date a covariate and 

year a three-level fixed factor.  We then tested whether foraging and control plots 

differed in their measured attributes (Table 7.1), and whether differences in 

attributes relating to the abundance of ouzel foods varied with date.  Using the 

GLIMMIX procedure, the attribute was made the response variable, with plot type 

(forage or control) and year (2007 or 2008) as two-level fixed factors, and 

seasonal date a covariate.  Data collection from control plots started before, and 

ended after, data collection from foraging plots.  Thus, although data from 

throughout the season in 2007 and 2008 are presented (Figs. 7.2 & 7.4), the 

analysis was constrained to cover only the period during which data were collected 

from foraging plots.  The interaction between plot type and date provided the test 
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of whether seasonal variation in the attribute differed between foraging and control 

plots. 

During 2007-08, 20 and 15 individuals were located foraging on 87 and 56 

occasions (mean ± SE = 4.4 ± 0.8 and 3.7 ± 0.7), respectively.  To test for 

potential effects of spatial autocorrelation, the level of support for the global model 

was tested with and without a spatial covariance structure.  We included the 

spatial covariance structure by specifying the eastings and northings from the 

Ordnance Survey National Grid of each point as a random term, using a spherical 

spatial model structure (Littell et al. 1996).  Separate tests were carried out for 

invertebrate and berry foraging plots in 2007 and 2008, since spatial 

autocorrelation may have been plot-type and/or year-specific.  However, since the 

inclusion of the spatial covariance structure did not result in a decrease in AIC 

values (corrected for small sample size: AICc) relative to the non-spatial model, 

we concluded that there was no evidence for spatial autocorrelation.  In all these 

models, individual juvenile identity (with different control plots being given a 

ódummyô identity) was entered as a random effect to reduce the likelihood of non-

independence of multiple sightings of individuals, or repeated measurements from 

control plots. 

Finally, using the GENMOD (generalised linear model) procedure, we 

tested if earthworm biomass (the response variable) was related to the covariate 

soil pH, with plot type a two-level fixed factor.  Mean values of earthworm biomass 

from control plots were taken during the period in which measures were made on 

foraging plots.  To avoid pseudo-replication, the mean values of earthworm 

biomass and soil pH were used from the four control plots measured in both 2007 

and 2008. 
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Normal error distributions were used for analyses where data met the 

required assumptions (as determined by examining residuals), with earthworm 

biomass being square root transformed and grass height being log10 transformed 

to achieve this. However, soil moisture content and grass cover did not meet 

assumptions of normal errors (even after transformation) and so a penalised-quasi 

likelihood approach was used with a binomial error and logit link function 

(Venables & Ripley 2002).  Berry scores were modelled using a Poisson error 

distribution and log link function.  Poisson error was appropriate in these analyses, 

since maximum berry scores did not approach the upper limit of 425 (maximum 

values were 49 for Bilberry in 2008, and 193 for Crowberry in 2007, both in 

foraging plots), and 95% confidence intervals did not overlap the upper limit.  The 

main effects and interactions were fitted, and backwards deletion used to test for 

removal of terms, with removal of interactions tested first, followed by the main 

effects. Thus, the term causing the least significant change in deviance at each 

stage was deleted from the model until all remaining terms were significant at the 

P < 0.05 level, as determined by type 3 tests. Quadratic relationships with 

seasonal date were incorporated if the quadratic term was significant when 

included with the linear term, or if the combined effects of the quadratic and linear 

terms had a higher significance level than the linear effect alone.  Means are 

presented with ± 1 standard error, and grass, heather and rock percentage cover 

were arcsine transformed prior to analysis. 
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7.4. Results 

7.4.1. Seasonal change in habitats selected by foraging juveniles 

During 2006-08, the probability of a bird foraging in a berry plot increased with 

date (F196.5 = 48.23, P < 0.0001; Fig. 7.1).  There was no significant year effect 

(F26.94 = 2.03, P = 0.15), or year*date interaction (F149.2 = 0.08, P = 0.93).  Thus, in 

each year there was a shift from foraging on invertebrate plots, to berry plots, 

which consistently began around 2 July, with the probability of birds foraging on 

berries increasing to 50% and 95% by 14 July and 27 July, respectively (Fig. 7.1). 

 

 

 

Figure 7.1. The estimated probability that a foraging juvenile ouzel was located on 

a berry, as opposed to an invertebrate, foraging plot.  The regression line is 

derived from a model of the probability that a foraging plot was berry in relation to 
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seasonal date, and combines data from 2006-08 (there being no significant 

between-year difference).  The histograms represent the observed data from 

invertebrate (lower x-axis) and the berry (upper x-axis) foraging plots. 
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Table 7.1. Mean ± SE or median of foraging-related attributes made on foraging and control plots in 2007 and 2008, with tests of 

differences between plot-types.  Means are presented (and associated t-tests used) where data conformed to a normal distribution, and 

medians (and associated Mann-Whitney tests) where data did not conform to a normal distribution. Significant differences are shown in 

bold. 

 

   Invertebrate plots       Berry plots 

  Year Foraging  Control   Statistics  Foraging Control   Statistics 

 

Altitude (m) 2007 517 ± 13 (28)  525 ± 27 (15)  t = 0.25, P = 0.81 636 ± 10 (59) 611 ± 19 (15)  t = -1.15, P = 0.26 

  2008 488 ± 10 (23)  503 ± 14 (20)  t = 0.86, P = 0.40 569 ± 9 (32) 611 ± 19 (15)  t = 2.02, P = 0.06 

 

Grass cover 2007 0.50 ± 0.04 (28)  0.53 ± 0.09 (15)  t = 0.30, P = 0.77 0.00 (59) 0.00 (15)  W = 682.5, P = 0.04 

  2008 0.75 ± 0.06 (23)  0.61 ± 0.06 (20)  t = -1.69, P = 0.10 0.00 (32) 0.00 (15)  W = 450.0, P = 0.01 

 

Heather cover 2007 0.23 (28)  0.30 (15)  W = 367.5, P = 0.34 0.44 ± 0.02 (59) 0.61 ± 0.04 (15)  t = 3.65, P = 0.001 

  2008 0.03 (23)  0.29 (20)  W = 524.0, P = 0.04 0.52 ± 0.03 (32) 0.61 ± 0.04 (15)  t = 1.71, P = 0.10 
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Table 7.1 (continued) 

 

Invertebrate plots       Berry plots 

  Year Foraging  Control   Statistics  Foraging Control   Statistics 

 

Soil pH  2007 5.55 ± 0.14 (28)  4.84 ± 0.18 (15)  t = -3.10, P = 0.004 -  -   - 

  2008 5.97 ± 0.14 (23)  5.50 ± 0.15 (20)  t = -2.32, P = 0.03 -  -   - 

 

Soil C content 2007 6.27 (28)  8.76 (13)  W = 231.0, P = 0.04 -  -   - 

  2008 5.71 (23)  7.53 (20)  W = 524.0, P = 0.04 -  -   - 

 

Soil N content 2007 0.45 (28)  0.78 (13)  W = 241.0, P = 0.01 -  -   - 

  2008 0.48 (23)  0.55 (20)  W = 498.0, P = 0.16 -  -   -
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7.4.2. Differences between foraging and control plot attributes 

Within invertebrate plots, median heather cover was marginally lower on foraging 

plots in 2008 only, and median soil C and N contents were significantly lower on 

foraging plots in both years, and in 2007 only, respectively (Table 7.1).  Mean soil 

pH was significantly higher on foraging plots in both years, despite the re-selection 

of control plots in 2008 to ensure that they lay within the pH range of the 2007 

foraging plots (Table 7.1).  On berry plots, median grass and heather cover were 

significantly lower on foraging plots in both years, and in 2007 only, respectively 

(Table 7.1). 

There was a significant quadratic relationship between earthworm biomass 

and soil pH (earthworm biomass = -48.53 + 24.71*soil pH - 1.80*soil pH2: soil pH 

2 = 12.68, P = 0.0004; soil pH2 2 = 10.86, P = 0.001; Fig. 7.S2).  There were 

additional effects of plot type ( 2 = 4.12, P = 0.04), and plot type*soil pH ( 2 = 3.91, 

P = 0.05) and plot type*soil pH2 interactions ( 2 = 4.08, P = 0.04).  Thus, 

earthworm biomass was higher in foraging than in control plots, increased with the 

square root of soil pH asymptotically in foraging plots, and showed a quadratic 

relationship with soil pH (peaking at around 5.7) in control plots. 

 

7.4.3. Seasonal changes in foraging plot attributes in relation to changes on 

control plots 

7.4.3.1. Invertebrate plots 

In both 2007 and 2008 there was a significant plot type*date interaction in 

earthworm biomass; ouzels selected foraging plots with increasingly high 

earthworm biomass as the season progressed, whereas earthworm biomass 
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remained constant on control plots (Table 7.2, Fig. 7.2).  Because our measure of 

earthworm biomass was uncorrected for variation in soil core depth (due to the 

stony soils at some locations; see section 7.3.4), these analyses were potentially 

biased. Therefore, analyses were re-run with earthworm biomass expressed as 

biomass per 1 cm of core depth (in mg/225 cm3), but this had no effect on the 

results. 

Soil moisture content was significantly higher on control than on foraging 

plots in 2007 only.  As expected, the height of all vegetation, and of grass-only, 

increased on the control plots in both years as the season progressed.  In 

contrast, ouzels selected foraging plots with increasingly short vegetation (for all 

vegetation and for grasses only) as the season progressed, as indicated by the 

significant plot type*date interaction in both years (Table 7.2, Fig. 7.2).  Grass 

cover on foraging plots did not differ significantly between years, and juvenile 

ouzels foraged on plots with increasingly greater grass cover as the season 

progressed (Fig. 7.3). 
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Table 7.2. Parameter values (± SE) from analyses of key attributes of invertebrate 

plots in relation to plot-type (foraging or control), seasonal date and the interaction 

between plot-type and date.  Analyses were undertaken separately for each year 

because selection criteria for control plots differed between years.  Significant 

terms in bold (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001).  In 2007, N = 79 

for analyses of earthworm biomass and soil moisture content, and N = 83 for 

analyses of all vegetation height and grass height.  N = 53 for all analyses in 2008. 

 

  Intercept Plot type  Date  Plot type*date 

 

Earthworm    

biomass 2007  -1.74 ± 15.89 27.78 ± 18.22  0.42 ± 0.17 -0.50 ± 0.19* 

Earthworm   

biomass 2008  -5.76 ± 15.76 35.59 ± 19.26  0.34 ± 0.16 -0.39 ± 0.19* 

 

Soil moisture   

content 2007  0.39 ± 0.25 0.97 ± 0.34**  0.01 ± 0.004 0.02 ± 0.01 

Soil moisture   

content 2008  -0.23 ± 0.25 0.16 ± 0.31  -0.003 ± 0.005 0.005 ± 0.01 

 

All vegetation   

height 2007  40.22 ± 5.11 -26.35 ± 5.64**** -0.31 ± 0.05**** 0.35 ± 0.06**** 

All vegetation   

height 2008  23.63 ± 5.60 -15.35 ± 6.62*  -0.13 ± 0.06 0.22 ± 0.06** 

 

Grass height   

2007   1.43 ± 0.18 -0.34 ± 0.19  -0.005 ± 0.002* 0.006 ± 0.002** 

Grass height   

2008   1.57 ± 0.24 -0.72 ± 0.29*  -0.007 ± 0.002 0.009 ± 0.003** 
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Earthworm biomass 2007   Earthworm biomass 2008 

  

Soil moisture content 2007   Soil moisture content 2008 

  

All vegetation height 2007   All vegetation height 2008 
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Grass height 2007    Grass height 2008 

  

 

Figure 7.2. Relationships between a range of key attributes on invertebrate 

foraging (filled symbols) and control (open symbols) plots, and date, in 2007 and 

2008.  All seasonal data are presented here, but the analysis presented in Table 

7.3 used only data collected from both plot types during the foraging plot period.  

The regression line (solid for foraging, dotted for control) is shown when there is a 

significant date*plot type interaction. 

 

7.4.3.2. Berry plots 

In both years, ripe Bilberry abundance on foraging and control plots increased to a 

peak in late July/early-August followed by a decrease, was significantly higher on 

foraging than on control plots, and was significantly lower in 2007 than in 2008 

(Table 7.3, Fig. 7.4). 
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Table 7.3. Parameter values (± SE) from analyses of abundance score of ripe 

Bilberries and Crowberries on berry plots in relation to plot-type (foraging or 

control), seasonal date, seasonal date2, year, two-level interactions between plot 

type and seasonal date and year, seasonal date and year, plot type and seasonal 

date2 and year and seasonal date2, and three-level interaction between plot type, 

seasonal date and year.  Significant terms in bold (*P < 0.05, **P < 0.01, ***P < 

0.001, ****P < 0.0001). N = 197 (134 in 2007 and 63 in 2008). 

 

    Abundance score of  Abundance score of 

  ripe Bilberries   ripe Crowberries 

 

Intercept   -60.71 ± 8.24   -2.05 ± 1.69 

Plot type   -14.42 ± 2.73****  -18.90 ± 2.99**** 

Date    1.05 ± 0.14****  0.04 ± 0.02**** 

Year    45.87 ± 9.54****  -2.63 ± 1.29 

Plot type*date   0.10 ± 0.02****  0.19 ± 0.04*** 

Plot type*year   10.23 ± 3.01***  5.84 ± 1.54*** 

Date*year   -0.79 ± 0.16****  0.03 ± 0.01 

Date*date   -0.004 ± 0.001****  -0.0003 ± 0.0001**** 

Plot type*date*date  -0.001 ± 0.001   -0.0005 ± 0.0002** 

Year*date*date  0.003 ± 0.001****  -0.0001 ± 0.0003 

Plot type*date*year  -0.09 ± 0.02***   -0.06 ± 0.01**** 
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Figure 7.3. Relationship between grass cover and date on invertebrate foraging 

plots in 2007 (open symbols) and 2008 (filled symbols).  Grass cover on foraging 

plots increased significantly with date in 2007 and 2008 combined (grass cover = -

3.25 + 0.04*date; F = 17.69, P = 0.0001).  There was no significant difference in 

grass cover between 2008 and 2007 (F = 2.26, P = 0.15), and no significant 

year*date interaction (F = 0.42, P = 0.52). 

 

Ripe Crowberry abundance increased to a peak in early August on control plots, 

and around 20 July on foraging plots, followed by a decrease in both years.  Ripe 

Crowberry abundance was significantly higher on foraging than on control plots in 

2007, but did not differ between plot type in 2008 (Table 7.3, Fig. 7.4).  These 

findings show that juvenile ouzels selected areas of high Bilberry abundance in 
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both years, but only selected for high Crowberry abundance in 2007, when 

Bilberries were scarce relative to their abundance in 2008. 

 

Bilberry abundance score 2007  Bilberry abundance score 2008 

  

 

Crowberry abundance score 2007  Crowberry abundance score 2008 

  

Figure 7.4. Within-year relationships between abundance score of ripe Bilberries 

and Crowberries, and date, on berry foraging (filled symbols) and control (open 

symbols) plots in 2007 and 2008.  All seasonal data are presented here, but the 

analysis presented in Table 7.4 used only data collected from both plot types 

during the foraging plot period.  The regression line (solid for foraging, dotted for 

control) is shown when there is a significant date*plot type interaction. 
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7.5. Discussion 

Although it is understood that adult ouzels switch from foraging on invertebrates in 

grass-rich areas in early summer, to feed on berries in late summer (Watson 1972, 

Burfield 2002), ours is the first study to quantify the precise timing and apparent 

causes of this switch in food preference in juveniles.  We found no evidence that 

the switch to berry foraging was associated with a reduction in soil moisture 

content, or an associated decrease in earthworm biomass.  Rather, juveniles 

showed a preference for foraging on moorland berries as soon as they became 

available.  However, since our study population declined by 67% between 1998 

and 2009 (Chapter 4; Sim et al. 2011), the foraging habitats selected by juvenile 

ouzels during this study may not have been the optimum ones.  Further studies in 

stable or increasing populations may therefore be required to determine optimum 

foraging habitat selection in this species. 

Our results do not support the hypothesis that warmer late summers are 

leading to drying out of soils, with a corresponding decrease in earthworm 

abundance (Beale et al. 2006).  However, because our data were collected over 

only two summers, one of which (2007) was exceptionally wet, it is perhaps 

unsurprising that we failed to find drying out of the soil.  A study which continued 

long enough to encompass one more very dry summer would assist in testing the 

hypothesis of Beale et al. (2006) more rigorously.  In addition, although 

earthworms form a large proportion of nestling diet (Burfield 2002), other 

invertebrates (e.g. tipulid larvae, and adult and larvae ground beetles) may form 

an important part of the diet of independent juveniles.  Indeed, we occasionally 

observed juveniles foraging on surface-living invertebrates (pers.obs.).  Therefore, 
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more detailed studies into juvenile (and adult) diet through the season may help to 

highlight any potential seasonal shortages in key food sources. 

 

7.5.1. Seasonal changes in foraging plot attributes in relation to changes on 

control plots 

Juvenile ouzels selected invertebrate foraging plots with high soil pH, and 

increasing earthworm biomass as the season progressed.  Grassland habitats in 

lowland areas are known to have a relatively high soil pH and support high 

earthworm densities (Edwards & Lofty 1977; Lee 1985).  In our upland study area, 

we found a positive association between soil pH and earthworm biomass, with 

some evidence that earthworm biomass levelled out, and perhaps fell, in soils with 

a pH greater than 6.0.  Juveniles were therefore apparently efficient at locating 

invertebrate foraging areas containing high earthworm biomass, and improved 

these skills through the season. 

In addition, we found that juveniles selected foraging plots with shorter 

vegetation (and specifically grass) height, and increasing grass cover, as the 

season progressed.  An initial preference for foraging in areas with taller 

vegetation is thought mainly to reflect better concealment from predators (e.g. 

Anders et al. 1998; King et al. 2006; Vitz & Rodewald 2007).  Raptors were the 

main predators of juvenile ouzels in Glen Clunie during 2006-08 (Chapter 6; Sim et 

al. 2013b).  Thus, finding habitat providing both cover from aerial predators, and 

suitable foraging opportunities, may have been important.  Grass-heather mosaics 

provide such a habitat-type, with the grass providing suitable foraging in close 

proximity to heather patches providing concealment from predators.  However, as 

the season progressed we found that juveniles selected increasingly open, grass-
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dominated, areas in which to forage for invertebrates.  Juvenile ouzels may thus 

face a trade-off between selection of open, grass-rich, habitats providing abundant 

invertebrates, and less open habitats that may offer reduced foraging efficiency, 

but provide better concealment from predators. 

Juveniles switched from an invertebrate-based diet to a largely fruit-based 

diet from mid-July, as soon as ripe Bilberries and Crowberries became available.  

The berries of other species, such as Common (Arctostaphylos uva-ursi) and 

Alpine Bearberry (A. alpina), Cowberry (Vaccinium vitis-idaea) and Rowan (Sorbus 

aucuparia) were also available in our study area, but they were apparently little 

used for foraging by ouzels during the study period.  Although invertebrates 

provide a high-protein food source suitable for the growth needs of nestlings 

(OôConnor 1984), berries provide a high-sugar food important in fuelling autumn 

migration in a range of species (Smith et al. 2007; Vitz & Rodewald 2007; Langlois 

& McWilliams 2010).  Since Bilberries have a higher sugar content than 

Crowberries (Viljakainen et al. 2002), they might be expected to be the preferred 

food source for ouzels preparing for migration.  Indeed, we found that juveniles 

foraged in areas providing higher abundance of Bilberries in both years, but 

Crowberries in 2007 only, than was available in the control plots, possibly 

suggesting a preference for Bilberries over Crowberries.  However, although both 

plant species were widespread and common throughout the study area, only a 

relatively small proportion of Bilberry plants produced fruit, whereas the majority of 

Crowberry plants did so.  This difference in berry production was likely due to 

differences in grazing pressure by sheep and Red Deer, which forage extensively 

on the palatable Bilberry but tend to avoid the less palatable Crowberry (e.g. 

Welch 1998; Tybirk et al. 2000; Melis et al. 2006). 

http://en.wikipedia.org/wiki/Arctostaphylos
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7.5.2. Conclusions 

Our study indicates that, during June to early-September, juvenile ouzels require 

access to two quite different foraging habitats.  From June to mid-July, they select 

high pH, short grass swards, mainly within grass-heather mosaics, where they 

forage for invertebrates.  However, from mid-July to early-September they forage 

mainly on moorland berries in heather-dominated habitats at higher altitudes. 

Internationally-agreed controls on emissions of sulphur and nitrogen 

resulted in substantial reductions in acid deposition across the UK and much of 

western Europe during 1986-2001 (Fowler et al. 2005).  As a result, there is 

evidence of soil pH showing recovery from acidification across the UK during 

1993-2007 (Morecroft et al. 2009), which may have benefitted earthworm 

populations and, in turn, ouzels.  In contrast, both Bilberry and Crowberry thrive in 

more acidic soils (Ellenberg 1988); however a substantial rise in soil pH would be 

needed before any detrimental effects on the abundance of these plants would be 

seen. 

The extent of heather-dominated moorland in the UK has declined 

markedly since the 1940ôs, largely due to afforestation with conifer plantations, 

agricultural improvement, Bracken (Pteridium aquilinum) invasion and heavy 

grazing pressure by sheep and deer (Thompson et al. 1995).  Ouzel populations 

have been negatively affected by afforestation and agricultural improvement 

(Buchanan et al. 2003), but there may have been benefits of increasing Bracken 

cover (Haworth & Thompson 1990; Stillman & Brown 1994; Chamberlain et al. 

2000), possibly through the provision of short grass foraging habitat under a layer 

of Bracken, providing cover from aerial predators (Burfield 2002).  The increase in 

sheep and Red Deer numbers throughout the British uplands during 1970-2000 
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(Fuller & Gough 1999; Clutton-Brock et al. 2004) may have benefitted ouzels by 

increasing the amount of short-grazed, grass-rich, habitat favoured when foraging 

on invertebrates (Burfield 2002).  Conversely, however, heavy grazing pressure 

may have reduced the amount of heather-rich habitat used for nesting and 

concealment of recently-fledged young (Burfield 2002; Chapter 6; Sim et al. 

2013b), and may also have negatively impacted upon the abundance of moorland 

berries, particularly Bilberry (Welch 1998; Hegland et al. 2006; Melis et al. 2006).  

Further studies into the potential reduction in the extent of this important late-

summer food source for ouzels through high grazing pressure would be beneficial. 

Land managers wishing to conserve ouzels should aim to provide a 

mosaic of habitats providing foraging and nesting areas.  Where grass-heather 

mosaics are present, these should be maintained through appropriate grazing 

levels.  However, in areas currently lacking such mosaics, the introduction of 

moderate sheep and/or deer grazing may prove beneficial.  In addition, strip 

muirburn (used to provide optimum foraging habitat for Red Grouse) may provide 

additional foraging habitat, by creating short vegetation within areas dominated by 

rank heather.  Other areas, typically on steeper slopes, should be excluded from 

grazing animals and muirburn over a period of several years, to encourage the 

production of moorland berries, and to maintain habitat suitable for nesting and 

concealment of recently-fledged young.  The provision of a habitat mosaic through 

such land management practices may therefore assist in halting, and eventually 

reversing, the rapid population decline of this threatened upland thrush species. 
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7.7. Summary 

In this Chapter, we found that Ring Ouzel juveniles foraged on invertebrates in 

grass-rich plots during June to mid-July, but then switched to forage mainly on 

moorland berries in higher-altitude, heather-rich, plots during mid-July to early-

September.  Juveniles selected invertebrate foraging plots with low soil acidity, 

and increasingly selected plots with high earthworm biomass and grass cover, but 

low grass and all vegetation height, as the season progressed.  Juveniles selected 

berry foraging plots with higher abundance of ripe Bilberries and Crowberries than 

found on control plots.  In Chapter 8, I return to the breeding phase of the life-

cycle, to examine if Ring Ouzel breeding territory quality can be quantified and 

described in terms of environmental characteristics (i.e. habitat composition and 

topography). 
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7.9. Supplementary Information 

7.9.1. Methods 

7.9.1.1. Selection of control plots 

To select the control plots, we used a habitat map derived from a Landsat 7 

satellite image of north-east Scotland (path 206, row 20) from 5 May 2000, with an 

image resolution of 30 m.  Image manipulation was carried out using IDRISI 

Kilimanjaro 14.02 (Clarke Laboratories 2003), following Sim et al. (2007), with a 

supervised classification undertaken using a series of training sites from each 

habitat category.  Between 1 and 17 July 2003 representative plots (at least 30 m 

x 30 m in area) of the main moorland habitats were located across the study area.  

In total, 20 such training plots were used to define Hareôs-tail cotton grass 

(Eriophorum vaginatum)-heather mosaics, 21 for rock/scree, 40 for grass-heather 

mosaics, and 40 each for heather- and grass-dominated habitats, with more 

samples being located in those habitats known to be important for foraging ouzels 

(Watson 1972; Burfield 2002). Berry-rich areas were encompassed within the 

heather-dominated habitats, because Bilberry and Crowberry were associated with 

heather, but were always sub-dominant at the 30 m x 30 m scale.   The two 

mosaic habitat categories were defined as areas comprising between 30 and 70% 

of each vegetation type, and where the two main vegetation components were 

distributed such that no 30 m x 30 m block comprised less than 30% or more than 

70% of either component (Sim et al. 2007).  At each training plot, a 10-figure grid 

reference was taken from each corner of the polygon, using a GPS. 

These training plots were used to develop spectral signatures with the 

digital reflectance values (between 0 and 255) of bands 1-5 and 7, using the 

Makesig command in IDRISI, with the spectral signatures used, in combination 
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with slope, to classify the five moorland habitats, using the Maxlike procedure (Sim 

et al. 2007).  The final predicted habitat map, produced using all the training plots, 

had an accuracy of 95% for grass, 92% for grass-heather mosaic and 94% for 

heather (as determined by building models using a randomly selected sample of 

75% of the training plots and testing predictive ability against the remaining 25% of 

plots).  A list of potential control plots of both types (invertebrate and berry) was 

produced by overlaying a 250 m x 250 m grid on the predicted habitat map, and 

randomly selecting pixels classed as grass/grass-heather mosaic, or heather, 

respectively.  Potential berry control plots were selected from within an altitudinal 

range of 490 -730 m, which corresponded to the altitudinal band within which 

independent juveniles were found foraging on berries during initial studies in 2006.  

Potential control plots of each type were assigned a random number, and each 

was visited in turn in the field to determine if it met the qualifying criteria (i.e. 30% 

grass cover for invertebrate control plots and location within heather-dominated 

habitat for berry control plots).  This was repeated until 15 (or 20 for invertebrate in 

2008) control plots in each category were selected. 
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Table 7.S1. Pearson correlation matrix for independent variables considered in the invertebrate foraging and control plot analysis.  Those 

in bold show variables with a correlation coefficient greater than 0.50.  N = 36 plots in 2007 (07) and 43 in 2008 (08).  Only figures from 

visit 1 on control plots were considered. 

 

        Soil 

      Earthworm moisture Soil Soil Soil Grass Heather Rock Grass 

    Altitude  abundance content         pH N C     cover  cover cover height 

 

Earthworm abundance 07 0.086 

Earthworm abundance 08 -0.023 

 

Soil moisture content 07  0.385  -0.378 

Soil moisture content 08  0.367  -0.217 

 

Soil pH 07   -0.197  0.404  -0.589 

Soil pH 08   0.063  0.279  0.041 
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Table 7.S1 (continued) 

        Soil 

      Earthworm moisture Soil Soil Soil Grass Heather  Rock Grass 

    Altitude  abundance content         pH N C     cover  cover  cover height 

 

 

 

Soil N 07   -0.087  -0.467  0.505  -0.659 

Soil N 08   -0.074  -0.470  0.466  -0.346 

 

Soil C 07   -0.050  -0.342  0.303  -0.558 0.741 

Soil C 08   -0.069  -0.387  0.102  -0.434 0.672 

 

Grass cover 07   0.061  0.319  -0.069  0.422 -0.442 -0.348 

Grass cover 08   -0.198  0.306  0.059  0.588 -0.308 -0.402 

 

Heather cover 07  -0.281  -0.313  0.137  -0.366 0.358 0.292 -0.742 

Heather cover 08  0.289  -0.395  0.060  -0.546 0.304 0.435 -0.865 
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Table 7.S1 (continued) 

 

        Soil 

      Earthworm moisture Soil Soil Soil Grass Heather  Rock Grass 

    Altitude  abundance content         pH N C     cover  cover  cover height 

 

Rock cover 07   -0.135  0.168  -0.382  0.036 -0.092 0.061 -0.297 0.016 

Rock cover 08   -0.284  0.105  -0.132  0.166 0.064 -0.121 0.143 -0.366 

 

Grass height 07   0.635  -0.052  0.371  -0.196 -0.024 -0.073 0.238 -0.095  -0.283 

Grass height 08   -0.027  -0.280  0.361  -0.346 0.499 0.407 -0.217  0.084  0.063 

 

All vegetation height 07  0.126  -0.258  0.380  -0.308 0.240 0.077 -0.238  0.607    -0.187   0.556 

All vegetation height 08  0.381  -0.429  0.322  -0.480 0.467 0.479 -0.728  0.845    -0.281   0.396
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Figure 7.S1a. Location of invertebrate foraging (green circles) and control (green 

squares), and berry foraging (red circles) and control (red squares) plots in 2007.

Reproduced from the digital Ordnance Survey map 

by permission of Ordnance Survey on behalf of The 

Controller of Her Majesty's Stationery Office. 

©Crown Copyright.  All rights reserved. RSPB 

licence 100021787. 


