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Summary
The ring ouzel Turdus torquatus is a summer migrant to Britain, where it is characteristically
associated with upland areas. Populations have declined steadily since early in the 20th century, and
the species’ range contracted by 27% between 1970 and 1990. A national survey in 1999 estimated
that fewer than 7,600 pairs remain, and the species is now of high conservation concern in Britain.
Limited evidence from ringing recoveries suggests that British and continental birds winter in similar
areas of Spain and north-west Africa. Since most continental breeding populations appear stable, this
study focussed on increasing knowledge about the species’ breeding ecology and habitat requirements
in Britain, with the aim of shedding light on whether factors operating on the breeding grounds might
be implicated in causing the decline.
A comparative approach was used to examine potential differences in the breeding biology and
reproductive success of two contrasting populations in Scotland: one stable (Glen Esk, Tayside) and
one declining (Moorfoot Hills, Borders). No significant differences were detected, with both
populations experiencing high levels of nesting success and productivity. Chick growth rates were
similar, and faecal analysis revealed that earthworms dominated nestling diet in both areas. It was not
possible to examine whether there were any differences in annual survival, but observed return rates of
marked adults and juveniles were similar.
The species’ habitat requirements were quantified to assess the impacts of land-use change and
provide information for upland management. Birds in both areas preferred to site their nests in tall
heather on steep slopes, particularly in stream gullies or on crags. Adults in Glen Esk selected short
grass swards and intimate grass/heather mosaics when collecting food for their chicks, but avoided
ungrazed areas and conifer plantations. In relation to habitat availability, the composition of home
ranges in Glen Esk reflected these preferences. Most contained relatively little heather moor and larger
amounts of grass moor. Home ranges also comprised a greater number and richness of habitat patches
than random areas of equivalent size. In the Moorfoots, breeding sites occupied during the 1960s were
more likely to have retained ouzels if there was a high proportion of grass moor within a 500 m radius.
These results suggest that increased grazing intensities in Britain over recent decades may have had
complex effects on ring ouzels, the precise impacts depending on the initial balance between heather
moor and grass moor. In many parts of the Moorfoots, for example, further increases in grazing
pressure would threaten the few remnants of tall heather supplying nest sites. In contrast, the species’
active avoidance of conifer plantations suggests that upland afforestation has probably had negative
consequences for ring ouzels. Thus, while the ultimate cause of the species’ decline remains unclear,
this study has increased knowledge about one of Britain’s most poorly known birds and provided
important information for ouzel conservation.
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Chapter 1
Introduction
“Biodiversity loss is not something that only happens in tropical forests – it also occurs, on a large
scale, in areas of the world with lower levels of biodiversity. Although not as final as the global
extinction of a species, the disappearance of species locally has a large impact on the quality of life
for many people – more than the vanishing of a species on the far side of the globe.”
Christoph Imboden, Birds in Europe, 1994
1.1 The importance of bird conservation in Europe
Biodiversity conservation is one of the greatest challenges facing modern society. As concern mounts
that mass extinctions may be imminent, it is becoming clear that many species will survive only if
measures to conserve them are taken in the next few decades (Wilson 1988). Despite growing
acceptance that biodiversity is at risk on a global scale, the sheer significance of this loss for future
generations continues to be underestimated. While the decline of biodiversity is most striking and of
greatest concern in the tropics (BirdLife International 2000), it is in the countryside of Europe that
many people in the developed world are experiencing it at first hand (Tucker & Heath 1994).
Since 1950, intensification of the two most widespread land-uses in Europe, agriculture and forestry,
has led to the ‘simplification’ of ecosystems across vast areas, markedly reducing the biodiversity and
complexity of these habitats (Heath & Evans 2000). Under these pressures, less intensive means of
natural resource use have been unable to compete economically, and have been widely abandoned
(Pain & Pienkowski 1997). Many other semi-natural habitats have also suffered reductions in their
extent and diversity as a result of man’s activities, with the remaining fragments increasingly isolated
from each other (Tucker & Evans 1997). These changes have had a highly detrimental impact on
Europe’s biodiversity, such that 12% of the continent’s vertebrate species are now threatened with
global extinction (EEA 1998).
Birds are some of the best-researched and most reliable indicators of biodiversity loss in Europe
(Tucker & Evans 1997). Around 38% of Europe’s 515 regularly occurring bird species currently have
an unfavourable conservation status, and 25% have undergone significant reductions in abundance or
range since 1970 (Tucker & Heath 1994). Man’s activities are implicated as the driving factor in most
of these declines, both indirectly (through intensification of land-use) and directly (e.g. by persecution
and over-hunting; Heath & Evans 2000). That this has happened against a backdrop of unprecedented
conservation awareness and action leads to the inevitable conclusion that most of the measures taken
to date have been largely inadequate (Tucker & Heath 1994). The principal reason for this failure is
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man’s overwhelming preference for tackling the symptoms of environmental problems, rather than
dealing with the underlying causes.
The primary objective of all conservation is to avoid species extinctions by reducing the number of
threatened species (IUCN 2000). This is achieved by maintaining or enhancing existing populations
and distributions, thereby preserving overall diversity (Tucker & Heath 1994). In reality, the number
of species threatened with extinction far exceeds the resources available to conserve them (e.g. James
et al. 1999; Myers et al. 2000). To ensure these finite resources are used as efficiently as possible, it is
vital that species are ranked according to their extinction risk, so that those of the highest priority
receive the attention they deserve (BirdLife International 2000; IUCN 2000).
Despite having a favourable conservation status at the continental scale, the ring ouzel Turdus
torquatus is listed as a Category 4 Species of European Conservation Concern (SPEC 4) because more
than 50% of its global population and 75% of its world range are concentrated in Europe (Tucker &
Heath 1994). The British population is not of international importance at the species level, probably
numbering fewer than 7,600 pairs (Wotton et al. in press) and representing less than 3% of the
estimated European population (c. 280,000 pairs; Hagemeijer & Blair 1997). At the subspecies level,
however, these birds are much more important. They belong to the nominate race T. t. torquatus,
which breeds only in Britain, Ireland and Fennoscandia and has a total population of c. 47,000 pairs
(Hagemeijer & Blair 1997). Consequently, recent declines in ring ouzel populations across Britain and
Ireland are of growing conservation concern.
1.2 The decline of the ring ouzel in Britain and Ireland
Historical records suggest that the breeding ring ouzel population of Britain and Ireland was stable
throughout the 19th century. The species was particularly common in upland areas of southwest
England, north and mid-Wales, the Pennines, the Lake District and Scotland, and even bred
occasionally in lowland England up until the 1880s (Holloway 1996). From early in the 20th century,
however, evidence of a long and steady decline began to emerge (Gibbons et al. 1996a). In Scotland,
Baxter and Rintoul (1953) reported serious decreases in many areas between the 1920s and the 1950s,
and Thom (1986) provided further evidence of declines into the 1980s. At the end of the 19th century,
the ring ouzel bred in all but five of the 32 counties in Ireland (Ussher & Warren 1900), but declined
massively during the 20th century (Hutchinson 1989) and is probably now extinct in Northern Ireland
(Wotton et al. in press).
In the period between the two national breeding bird atlases of 1968-72 (Sharrock 1976) and 1988-91
(Gibbons et al. 1993), the ring ouzel’s breeding range in Britain decreased by 27%, and the population
estimate was revised accordingly from 8,000-16,000 pairs to 5,500-11,000 pairs (Figure 1.1). Losses
occurred throughout the species’ range, most notably in south-west England, the northern Pennines,
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Wales and south-west Scotland, but overall the decline was characterised by an apparent contraction
away from peripheral areas towards the core range. This pattern was largely consistent with Channell
and Lomolino’s (2000) ‘demographic hypothesis’, reflecting a greater likelihood of local extinction in
areas where the species was initially less widespread (Donald & Greenwood 2001). Thus, the 1988-91
atlas indicated that ring ouzels remained most abundant in some of their traditional strongholds, such
as the southern Pennines, Lake District, Southern Uplands, southern Grampians and western Scottish
Highlands (Figure 1.2).

Figure 1.1 Changes in the distribution of ring ouzels in Britain and Ireland between 1968-72 and 1988-91. Solid
circles represent 10-km squares occupied in 1988-91 but not in 1968-72; open circles represent 10-km squares
occupied in 1968-72 but not in 1988-91. [Reprinted from Gibbons et al. (1993), by permission of the publisher,
Academic Press.]
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Figure 1.2 The distribution of ring ouzels in Britain and Ireland in 1988-91. Solid circles represent 10-km
squares occupied. [Reprinted from Gibbons et al. (1993), by permission of the publisher, Academic Press.]

On the basis of its moderate inter-atlas range decline (i.e. 25-49%), the species qualified for Amberlisting in Birds of Conservation Concern (BoCC) and was therefore accorded medium priority for
conservation and research in Britain (Gibbons et al. 1996b; see below). In 1999, the first national
census of breeding ring ouzels across Britain produced a population estimate of 6,157-7,549 pairs
(Wotton et al. in press). Given that this survey used more intensive, species-specific techniques (e.g.
tape playback), this estimate is not directly comparable to those from the two atlases. However, a
comparison of the counts in 229 tetrads surveyed in both 1988-91 and 1999, corrected for differences
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in survey effort, implied that the British ring ouzel population had declined by at least 58-61% in just
ten years, thus meeting the criteria for Red-listing (>50% decline) in BoCC II (Gregory et al. in prep.).
Declines of this magnitude have been recorded within similar time frames in numerous local studies
across Britain (Appendix 1). Moreover, Donald and Fuller (1998) showed that range declines
exceeding 20% frequently indicate population declines of at least 60%. Although no equivalent survey
has been undertaken, the ring ouzel has also recently been Red-listed as one of Ireland’s 18 most
endangered birds (Newton et al. 1999).
1.3 The importance of research on threatened species
By adopting EC Directive 79/409 in 1979, Britain accepted an international responsibility to conserve
its wild birds. As with many other taxa, ‘Red lists’ of rare, threatened and important birds have been
compiled to help set conservation priorities (Batten et al. 1990; Gibbons et al. 1996b; Gregory et al. in
prep). Such lists are divided into three sections (Red, Amber and Green) to reflect the threat category
and conservation priority of the species concerned. Thus, the Red list comprises those species of
greatest concern, the Amber list those of moderate concern, and the Green list those not considered
threatened but in need of routine population monitoring. Such lists are invaluable tools, but they
achieve nothing in terms of conservation action. To prevent extinctions, steps must be taken to stem or
reverse population declines by enhancing recruitment or survival (Green 1994).
The success of such efforts frequently depends on the extent to which a species’ natural history,
ecological requirements and behaviour are understood (e.g. Ulfstrand 1996; Sutherland 1998; Caro
1999). In Britain, for example, numbers of corncrakes Crex crex, stone curlews Burhinus oedicnemus
and cirl buntings Emberiza cirlus all declined massively during the 20th century (Aebischer et al.
2000). In each case, applied ecological studies established that their declines were associated with
agricultural intensification, allowing management solutions to be proposed and actions taken to initiate
population recovery (e.g. Evans & Smith 1994; Green et al. 1997; Green et al. 2000). Such actions
have proven successful in all three cases (Aebischer et al. 2000). Elsewhere, research revealed that the
introduction of certain pesticides in the 1940s and 1950s caused eggshell thinning and increased egg
breakage in raptors, resulting in massive population declines (e.g. Ratcliffe 1970; Newton 1979).
Following bans on the use of such chemicals, raptor populations have now recovered (Newton 1998).
These examples clearly illustrate how field studies can be applied to identify the causes of declines,
and how the results of such research can be translated into successful conservation action. Thus,
effective conservation often relies on an appropriate research base.
To provide an approximate index of recent research effort on the 39 birds due to be Red-listed in
BoCC II, each species was entered as a search term in the ISI Web of Science bibliographic database
(expanded science citation index). This database does not provide exhaustive coverage of every
relevant journal, and excludes some in which several papers on ring ouzels have been published
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(notably Scottish Birds). Nonetheless, it does include those in which most major ornithological
research has been published since 1981. Titles, abstracts and key words were searched, using the
scientific name of each species, and the resulting number of ‘hits’ was recorded (Figure 1.3). Quail
Coturnix coturnix and starling Sturnus vulgaris produced many more papers than any other species,
since both have been the subject of many laboratory experiments and/or field studies. Beyond this,
there was no clear division between species generating many publications and those on which little
research has been conducted. At the top of the list, however, two birds stood out: neither ring ouzel
nor twite Carduelis flavirostris were the subject of any papers. Repeating the search using their
English names, twite generated five ‘hits’, but ring ouzel again registered none. Thus, as well as being
a threatened species of high conservation concern in Britain, with a declining population and a
contracting range, the ring ouzel is clearly a very poorly studied and little known bird, fully meriting
the investigation encapsulated in this thesis.
1.4 The biology of the ring ouzel
The ring ouzel belongs to the thrush family, one of the most familiar and widely distributed groups of
passerines in the world (Clement & Hathway 2000). Linnaeus formally described the species in 1758,
but it has been known by its English name since at least 1450 – far longer than most British birds
(Greenoak 1997). It is a sturdy thrush (23-24 cm, 92-138 g), similar in size and appearance to the
blackbird T. merula, but with noticeably longer wings (Cramp 1988). Ring ouzels are sexually
dichromatic, though not to the extent exhibited by T. merula. Males have sooty black plumage with a
distinctive white crescent across the upper breast, greyish-white edgings to the wing feathers, and fine
whitish scaling on the underparts. Females are similar but usually appear duller, with brownish-black
plumage and a creamy buff breast crescent. Both sexes have a yellowish bill and brownish legs
(Clement & Hathway 2000).
The scarcest of the six species of thrush breeding in western Europe, the ring ouzel’s global range is
virtually confined to the Western Palearctic (Hagemeijer & Blair 1997). There are three
geographically separated subspecies, all of which are migratory. The nominate race T. t. torquatus
breeds in upland areas of Britain, Ireland and Fennoscandia, birds migrating to southern Spain and
north-west Africa in the winter (Cramp 1988). Farther south, T. t. alpestris breeds in montane areas
from Spain east to Romania, with high densities in the Pyrenees, Massif Central, Alps and
Carpathians. In eastern Europe, birds of this race mostly winter at lower elevations in the south of their
breeding range, but western populations of T. t. alpestris appear to winter in the same general areas as
T. t. torquatus (Hagemeijer & Blair 1997). A third race T. t. amicorum occurs in Asia Minor, breeding
in Turkey and the Caucasus and wintering mainly in Iran and Turkmenistan (Cramp 1988).
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Number of papers published between 1981-2001 (log10 scale)
1

10

100

1000

Ring ouzel (Turdus torquatus)
Twite (Carduelis flavirostris)
Scottish crossbill (Loxia scotica)
Wryneck (Jynx torquilla)

4

Bittern (Botaurus stellaris)

6

Spotted flycatcher (Muscicapa striata)

6

Turtle dove (Streptopelia turtur)

7

Woodlark (Lullula arborea)

9

Savi's warbler (Locustella luscinioides)

9

Common scoter (Melanitta nigra)

12

Nightjar (Caprimulgus europaeus)

12

Lesser spotted woodpecker (Dendrocopos minor)
Aquatic warbler (Acrocephalus paludicola)
Stone curlew (Burhinus oedicnemus)
Linnet (Carduelis cannabina)

Species

2

15
16
17
19

Marsh warbler (Acrocephalus palustris)

20

Cirl bunting (Emberiza cirlus)

21

Red-necked phalarope (Phalaropus lobatus)

22

Bullfinch (Pyrrhula pyrrhula)

23

Corncrake (Crex crex)

25

Black-tailed godwit (Limosa limosa)

28

Reed bunting (Emberiza schoeniclus)

29

White-tailed eagle (Haliaeetus albicilla)
Corn bunting (Miliaria calandra)

31
34

Red-backed shrike (Lanius collurio)
Song thrush (Turdus philomelos)

38
40

Tree sparrow (Passer montanus)

47

Roseate tern (Sterna dougallii)

49

Arctic tern (Sterna paradisaea)
Yellowhammer (Emberiza citrinella)
Hen harrier (Circus cyaneus)

52
55
73

Skylark (Alauda arvensis)

77

Marsh tit (Parus palustris)

77

Black grouse (Tetrao tetrix)

79

Grey partridge (Perdix perdix)
Capercaillie (Tetrao urogallus)
Willow tit (Parus montanus)

98
112
156

Quail (Coturnix coturnix)

832

Starling (Sturnus vulgaris)

847

Figure 1.3 Numbers of scientific papers published between 1981-2001 and recorded by ISI Web of Science
(expanded science citation index) for 39 bird species due to be Red-listed in Birds of Conservation Concern in
Britain II (Gregory et al. in prep.). Search conducted on 15 December 2001.
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Most thrushes are forest birds, and even those species inhabiting more open habitats rarely occur
where no trees are found (Clement & Hathway 2000). British ouzels are therefore unusual in
occupying open moorland or fell where trees are usually sparse or stunted, and often absent. Breeding
areas typically comprise steep slopes with crags, gullies, scree or boulders, as well as more gently
sloping or flat areas, and are often dominated by heather, pasture or bracken (Cramp 1988; Gibbons et
al. 1993). Ouzels are normally found above 250 m in Britain, but have been recorded breeding down
to sea-level in Caernarvonshire and Sutherland and up to 1,150 m above sea-level (asl) in the
Cairngorms (Flegg & Glue 1975). In Fennoscandia, T. t. torquatus breeds in similar open areas on
fells above pine Pinus forests, but also nests on the edge of birch Betula or spruce Picea plantations
(Bannerman 1954). In contrast, T. t. alpestris habitually breeds in open conifer woods close to moist,
grassy areas at altitudes of 600-2,000 m asl, favouring spruce, fir Abies and occasionally beech Fagus
forests (Cramp 1988; Glutz von Blotzheim 1988; Hagemeijer & Blair 1997).
British ouzels return to their breeding grounds earlier than almost any other summer migrant, and
some birds are recorded on the south coast in early March, though most arrive in April, mainly from
the south-west (Durman 1976; Riddiford & Findlay 1981). Many stop off at traditional, well-grazed
downland sites in southern Britain en route (Leverton 1993). The peak laying periods for first and
second clutches occur in early May and early/mid-June respectively (Flegg & Glue 1975). By late
July, most breeding territories are deserted as birds disperse and undergo moult (Witherby et al. 1938).
T. t. alpestris follows a similar schedule, but Fennoscandian birds only return to their breeding
grounds in late April or May, taking a more easterly route than British birds (Durman 1976; Riddiford
& Findlay 1981; Zink 1981).
The female alone builds an open-cup nest, lays one egg per day, and performs most, if not all, of the
incubation and brooding (Marisova & Vladyshevsky 1961; Korodi Gál 1970; Durman 1978). Most
clutches comprise 4-5 eggs (exceptionally 3-6), which hatch after 12-14 days of incubation. Both
parents provision their nestlings until they fledge at 11-15 days of age, after which the fledglings
usually remain dependent for a further 2-3 weeks (Cramp 1988). The male often provides most postfledging care, since the female typically re-nests within a few days of the first brood fledging
(Appleyard 1994). The extent of double brooding is unclear but varies with latitude: most British
ouzels probably make two breeding attempts each year, but Fennoscandian birds may make only one
(Cramp 1988). Birds begin breeding at one year of age, and all the evidence points towards a
monogamous mating system.
Despite being shyer and more elusive than other European thrushes, ring ouzels are highly territorial
during the breeding season, defending the nesting area against both intra- and interspecific intruders
(Clement & Hathway 2000). Away from their nesting territories, however, neighbouring birds often
forage in close proximity to one another in neutral feeding areas, with no obvious sign of aggression
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(Durman 1978). Pair bonds appear to break down at the end of the breeding season, but ouzels often
remain in small flocks throughout the summer and early autumn (Cramp 1988). While not as
gregarious as redwings Turdus iliacus or fieldfares T. pilaris during the autumn and winter, many ring
ouzels spend most of the non-breeding season in loose nomadic flocks (Clement & Hathway 2000).
Like most other thrushes that are resident in (or migrate to) northern latitudes, ring ouzels depend
heavily on invertebrate prey during the breeding season, especially earthworms (Lumbricidae) and
terrestrial insects (Cramp 1988). Over the summer, however, their diet gradually changes to one
dominated by fruit and berries (Clement & Hathway 2000). Berries in particular are a vital food source
from late summer onwards, and are exploited by ouzels at regular stopover sites as the birds migrate
south (Leverton 1993). In Spain and Morocco, for example, ouzels are heavily reliant on the berries of
juniper Juniperus trees growing on dry, bare hillsides up to 2,700 m asl (Zamora 1990; Ryall & Green
1994; Arthur et al. 2000). Most British and Fennoscandian ouzels begin their southward migration in
September (Durman 1976; Zink 1981). Both European races arrive in Spain from mid-October
onwards, but few reach north-west Africa before mid-November (Niethammer 1955; Blondel 1962).
Birds crossing the Mediterranean tend to winter in the Atlas Mountains, principally in the Atlas
Saharien from Morocco to Tunisia (Heim de Balsac 1931; Blondel 1962; Isenmann 1972).
1.5 Why is the ring ouzel declining?
Suggested explanations for the decline of the ring ouzel in Britain are many and varied, and have only
increased in number as the species’ plight has gained wider recognition (Table 1.1). Most of the
putative causes involve changes affecting the breeding grounds, indicating quite how little is known
about the ouzel’s breeding ecology. However, recent work in Spain and Morocco has resulted in
several potential factors operating on the species’ migration routes and wintering grounds being added
to the list. So too has a growing appreciation of the potential effects of large-scale processes (e.g.
pollution and climate change).
Table 1.1 Hypotheses proposed to explain the decline of the ring ouzel in Britain (adapted from RSPB 1998).
Category

Factor

Suggested mechanism

Source(s)

Agricultural

Overgrazing

Increased grazing pressure in the uplands, especially by sheep

Woods & Cadbury

Ovis sp., may have reduced the availability of: (a) mature

1987; Thompson et

heather and other shrubs (e.g. juniper), considered important for

al. 1995a; Fuller &

nesting; and (b) fruiting plants (e.g. rowan Sorbus aucuparia

Gough 1999

change

and bilberry Vaccinium myrtillus), thought to provide vital food
in late summer/early autumn.
Undergrazing

If foraging ouzels are as dependent on short, grazed pasture as
anecdotal evidence suggests, the removal of grazing stock
(especially upland beef herds) and subsequent growth of rank
vegetation may have caused the loss of important feeding areas.

Cadbury 1993
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Improvement of

Ouzels may require intimate habitat mosaics of heather and

in-bye land

pasture in which to forage, but these can be destroyed by

Alsop 1975

extensive applications of fertiliser or lime and heather removal;
improvement may also reduce invertebrate diversity.
Drainage and

If earthworms form an important part of ouzel diet, upland

T. Melling in litt.

soil compaction

drainage may reduce food availability by causing earthworms to

2000

burrow down to lower, wetter soil horizons; soil compaction by
livestock may reduce availability still further.
Afforestation

Direct habitat

Large areas of the uplands have been planted with conifers in

Thom 1986; Avery

loss

recent decades, reducing the extent of open moor.

& Leslie 1990

Increased

Conifer plantations may provide nest sites for raptors and

Thompson et al.

predation or

corvids, and cover for foxes Vulpes vulpes, increasing the risk

1988; Parr 1993

competition

of predation; they also supply habitat for other thrushes, which
may compete with ouzels and exclude them from some areas.

Forestry-

As plantations mature, the acidity of surrounding soils and

Ormerod et al.

induced

streams increases and invertebrate abundance decreases; this

1989

acidification

may reduce ouzel food supplies (see below).

Indirect habitat

Grazing pressures typically decrease on moorland adjacent to

loss

plantations, potentially causing an indirect loss of foraging

Avery 1989

habitat if ouzels prefer grazed pasture.
Disturbance

Pollution

Increased

As a shy and retiring species, ouzels may have suffered from

Brindley et al.

recreational

direct and indirect disturbance caused by increased levels of

1992; Appleyard

disturbance

human access and recreational activities in the uplands.

1994; Jones 1996

Reduced

There is some evidence that ouzel eggshells have become

Green 1998

calcium

thinner over the last 150 years, possibly because increased

availability

levels of anthropogenic acidification have reduced the
availability of calcium-rich prey.

Reduced food

Increased acidification may have reduced the availability of

Alsop 1975; Tyler

availability

earthworms, reducing ouzel food supplies and forcing adults to

& Green 1994

fly farther from the nest when collecting food for chicks.
Competition

Predation

Increased

Ouzels may have suffered from the increase of other thrushes in

Williamson 1975;

interference

the uplands, especially blackbirds and mistle thrushes T.

Sharrock 1976;

with congeners

viscivorus, which may compete for food and nesting resources.

Durman 1978

Increased

Some core ouzel populations coincide with grouse moors where

Appleyard 1994;

predation

predator control is intensive; others may have declined due to

Hurford 1996

diminishing gamekeeping intensity and therefore increased
numbers of predators (e.g. raptors) over recent decades.
Problems on

Habitat loss

wintering grounds
Drought

Problems on
migration routes

Over-hunting

Wintering ouzels are heavily dependent on juniper berries, but

Ryall & Green

increased grazing pressure and demand for firewood in

1994; Tyler &

Morocco may threaten juniper woodland and thus food supply.

Green 1994

If ouzels rely on nearby water to help them digest juniper

Arthur et al. 2000;

berries, recent drought years in Spain and north-west Africa

C. Rollie in litt.

may have exacerbated any pressures on the wintering grounds.

2001

Assuming ouzels are subject to the same hunting pressures as

McCulloch et al.

other thrushes in France and Spain, unsustainably high numbers

1992

may be shot on migration.
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Habitat loss

Migrating ouzels tend to use traditional stopover sites, so

Leverton 1990,

reductions in the extent of calcareous grassland in southern

1993; Palmer &

Britain may have affected the species by removing vital

Black 1991

foraging habitat; the same may apply in France and Spain,
where little is known about the species’ habitat preferences.
Climate change

Changes in

Climate change has the potential to exacerbate several of the

Williamson 1975;

weather patterns

theories outlined above, e.g. wetter springs may increase

Durman 1978;

earthworm availability and allow ouzels to raise larger broods,

Poxton 1986

but warmer conditions may allow blackbirds to expand their
altitudinal range upwards, increasing competition with ouzels.

1.6 Where are the factors causing ring ouzel declines most likely to be operating?
Like all migratory species, ring ouzels are subject to factors operating on their migration routes and
wintering grounds, as well as those affecting their breeding grounds (e.g. Terborgh 1989; Baillie &
Peach 1992; Marchant 1992; Sutherland 1998). To help focus this study, the available evidence was
used to provide pointers as to where the factors responsible for the decline of Britain’s breeding
population appeared most likely to be operating. Although most western European breeding
populations are known to winter in southern Spain and north-west Africa, the degree of overlap
between the winter ranges of T. t. torquatus and T. t. alpestris remains unclear (Durman 1976; Zink
1981; Cramp 1988). If ouzels from many different populations, including British birds, mix together
during the winter, they should all be exposed to the same environmental pressures on the wintering
grounds. Thus, if British birds are declining because of problems on the wintering grounds, birds
wintering with them should manifest similar declines in their breeding ranges and/or populations.
To investigate whether British ouzels winter in the same areas as birds breeding in continental Europe,
ringing recovery data collected during 1921-1999 were obtained from 11 countries in western Europe
via EURING. The locations of all birds recovered in Spain, Morocco and Algeria between September
and April were examined in relation to their country of origin. Most recoveries of British-ringed
ouzels involve Fennoscandian birds ringed on the east coast of Britain on passage, particularly in
autumn (Durman 1976), and these were treated separately to avoid confusion with genuine British
birds. Visual inspection of the distribution of these locations suggests that ouzels breeding in Britain,
Fennoscandia and the rest of western Europe may winter in the same general areas of Spain and northwest Africa (Figure 1.4). The sample sizes involved in this examination are small, so interpretation
should be undertaken cautiously (for example, some locations in Spain may relate to passage birds
rather than wintering individuals). Within these areas, it is also possible that birds from different
breeding populations remain segregated at a finer scale (e.g. by habitat or altitude) and that they use
different migration routes. However, recent work in Morocco has revealed that T. t. torquatus and T. t.
alpestris occur in mixed flocks in the Atlas Mountains (D. Arthur pers. comm. 2001), and Aymí
(1989) reported flocks containing both subspecies migrating through Spain.
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Figure 1.4 Locations of ring ouzels recovered in Spain and north-west Africa between September and April
(n = 80). Key: solid circles = British T. t. torquatus (n = 13); open circles = Fennoscandian T. t. torquatus (n =
35); triangles = T. t. alpestris (n = 10); crosses = origin unknown (n = 22). Birds classified as T. t. alpestris or
British T. t. torquatus were ringed on their respective breeding grounds during the breeding season. Birds
classified as Fennoscandian T. t. torquatus were either ringed on their breeding grounds during the breeding
season, or on spring passage (to the north of the breeding range of T. t. alpestris) after the end of April, by which
time almost all British birds are already on their breeding grounds. Birds not meeting any of these criteria were
classified as origin unknown (following Durman 1976; Riddiford & Findlay 1981; Zink 1981; Jenni 1994).

Given this apparent overlap in wintering ranges, it was necessary to examine whether breeding
populations in continental Europe have experienced similar declines to British birds. This hypothesis
was tested using data from the European Bird Database, summarising the trends of breeding
populations in Europe between 1970 and 1990 (Heath et al. 2001). No information on the quality of
these data was provided, and data on ring ouzel populations in some countries may therefore be
unreliable (Tucker & Heath 1994). With this proviso, most populations appeared to remain stable
throughout the study period (Table 1.2). This included those in most countries from which ringing
recovery data had been obtained, with the exception of Belgium and Italy (where small increases
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occurred) and Spain (where a small decline was registered). Thus, the limited available evidence
appears to suggest that the factors causing British ouzels to decline are more likely to be operating on
the breeding grounds or migration routes, rather than in the wintering areas.

Table 1.2 Populations and trends of breeding ring ouzels in Europe. [Data source: European Bird Database,
supplied by BirdLife International and the European Bird Census Council].

a

Country

Albania
Andorra
Austria
Belgium
Bulgaria
Croatia
Czech Republic
Finland
France
Germany
Greece
Republic of Ireland
Italy
Liechtenstein
Norway
Poland
Romania
Russia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Turkey
Ukraine
United Kingdom
a

Minimum

Maximum

Year of

1970-90

1970-90

population

population

population

population

range

estimate (pairs)

estimate (pairs)

estimate

trendb

trendb

20
60
50,000
10
5,000
800
1,500
100
3,000
9,000
50
150
10,000
800
10,000
3,000
60,000
10
3,000
2,000
6,000
3,000
40,000
1,000
16,000
6,150

50
130
80,000
20
10,000
1,200
2,500
200
10,000
25,000
200
350
20,000
1,200
100,000
6,000
100,000
100
5,000
3,000
7,000
10,000
60,000
10,000
19,000
7,550

1981
1998
1981-90
1990-97
1985-95
1990-95
1992
1998-91
1988-97
1990
1990
1993-96
1986
1999

-1
0
+1
0
0
0
0
0
0
0
-1
+1
0
0
0
0
0
0
0
-1
0
0
0
-1

-1
0
0
-1
0
0
0
-1
0
0
-1

Those countries from which ringing recovery data were obtained are highlighted in bold (ring ouzels do
not breed in Denmark, the 11th country).

b

+1 = small increase (20-50%); 0 = stable (possibly fluctuating, but no overall change of >20%); -1 =
small decrease (20-50%); - = no data.
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1.7 The comparative approach
For many years, studies of the external causes of population declines were less fashionable than those
dealing with the effects of genetic and demographic processes on extinction risk in small populations
(Caughley 1994). In some cases, it may not be necessary to identify the cause of a decline in order to
reverse it. For example, a decline caused by habitat destruction may take impractical amounts of time
or money to reverse, and may therefore be countered by more immediate actions unrelated to the cause
of the decline (Green 1994). In many cases, however, recent changes in external factors responsible
for the observed decline are often the easiest to reverse. Thus, diagnosing the causes of population
declines remains of vital importance to bird conservation.
One of the most widely used diagnostic techniques is the comparative approach, which relies upon
identifying correlations between rates of population change and potential external causes (Green &
Hirons 1991; Caughley 1994; Green 1994; Caughley & Gunn 1996; Sutherland 2000). Adopting this
approach involves first identifying time periods or geographical areas with different population trends.
Next, detailed studies of the species must be conducted to determine its food and habitat preferences
and identify external factors affecting its survival and breeding success. This should reveal which
resources or adverse factors are correlated with the species’ distribution and abundance, thereby
refining the list of external causal factors considered to be plausible candidates. Finally, data on these
factors must be obtained to allow analyses of whether they are correlated with the observed variation
in population trend. To reduce the risk of committing Type I errors, this process should be followed by
a test of whether observed variations in demographic rates support the involvement of the factor
identified. The magnitude of a change or difference in the external factor should also be checked, to
determine whether it is sufficient to cause the observed population trend. Ultimately, the effectiveness
of remedies based upon the diagnosis should be tested using replicated field experiments (with
controls) to ascertain whether they produce the predicted effects on demographic rates or populations.
The comparative approach has been successfully applied in many instances, and proved instrumental
in identifying the factors responsible for the declines of the corncrake Crex crex in Britain (Green &
Stowe 1993; Stowe et al. 1993) and the wandering albatross Diomedea exulans in the southern
hemisphere (Weimerskirch et al. 1997). It is currently being used to compare two contrasting
populations of song thrushes Turdus philomelos in southern England, and has already found
significant differences between them which may explain why this species is declining (Thomson &
Cotton 2000). Given these successes, it was deemed suitable to apply the comparative approach to
investigate the decline of the ring ouzel in Britain.
1.8 The importance of scale
The spatio-temporal extent and resolution of ecological studies can have significant influences on the
patterns observed and the conclusions drawn concerning the underlying processes (Wiens 1989).
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Studies carried out only at a local scale may lead to flawed conclusions being drawn concerning the
processes determining abundance (Caldow & Racey 2000). Since different processes are likely to be
important on different scales, the key is to find ways to integrate them (Levin 1992). Johnson (1980)
identified a natural, four-tiered hierarchy of selection processes for the comparison of resource usage
and availability. First-order selection refers to the selection of a species’ physical or geographical
range, within which second-order selection determines the home range of an individual, pair or group.
Third-order selection relates to the usage of various habitat components within the home range (e.g.
for nesting or foraging). Finally, if third-order selection describes a foraging site, then fourth-order
selection pertains to the actual procurement of food items from those available at that site.
To date, few studies have adopted this multiple scale approach, despite the fact that the information it
provides is vital for efficient conservation and management (Manly et al. 1993; Caldow & Racey
2000; Jones 2001). For example, some components of the reproductive output of both blackbirds and
song thrushes in Britain vary primarily on a large spatial scale, but others do so in relation to smallscale environmental factors (Paradis et al. 2000). Until now, the few studies to have considered
associations between the distribution and abundance of ring ouzels and habitat factors have all been
conducted at very coarse scales, and have thus generated scant information useful for conservation
(e.g. Haworth & Thompson 1990; Stillman & Brown 1994; Chamberlain et al. 2000; Buchanan et al.
in prep.). The dearth of basic information on habitat use at finer scales is particularly worrying in the
light of concerns over the effects of ecological change in the uplands, especially the impacts of
afforestation and increased grazing pressures on heather moorland (e.g. Usher & Thompson 1988;
Thompson et al. 1995a; Fuller & Gough 1999). Thus, the present study adopted a multiple scale
approach to quantify the species’ habitat preferences at more useful fine and intermediate scales.
1.9 Aims and structure of the thesis
Given the large number of candidate causal factors for the ouzel’s decline (Table 1.1), it would have
been impossible to examine all of them in a study of this nature. The evidence presented above, albeit
limited, suggested that attention would be most profitably focussed on the species’ breeding grounds.
It remains possible that the ultimate causes of the ouzel’s decline may relate to problems operating on
the wintering grounds and/or migration routes, and this should be borne in mind throughout the thesis.
However, investigating these issues was deemed very unlikely to yield useful results within the time
frame and constraints of this study. Information on the species’ ecology outside the breeding season is
extremely limited, and any attempts to study such a scarce, nomadic passerine on migration or on the
wintering grounds would have been fraught with logistical difficulties. Thus, all fieldwork was
conducted on the British breeding grounds, to maximise efficiency and increase the chances of
generating useful results.
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The overall aim of this study was to improve knowledge of the ring ouzel’s breeding ecology in
Britain, to help assess whether any of the factors in Table 1.1 affecting the breeding grounds may be
involved in the species’ decline in Britain. Since ring ouzels have not declined uniformly across
Britain, it was possible to identify stable and declining populations for analysis using the comparative
approach (Chapter 2). Three four-month field seasons were conducted in Scotland between late March
and late July during 1998-2000, collecting data from two contrasting populations. This enabled a wide
variety of breeding parameters to be compared for differences that might explain the observed
population trends (Chapter 3). One such comparison involved the first detailed examination of ouzel
nestling diet in Britain, using faecal analysis (Chapter 4).
Many of the putative causes of ring ouzel declines implicate changes to the species’ breeding habitat
(Table 1.1). To assess the probable impact of such changes, it was necessary to quantify the habitat
preferences of breeding ouzels. Habitats selected for nesting (Chapter 5) and foraging (Chapter 6)
were therefore investigated at fine and broad scales. Detailed studies of birds in the stable population
quantified the habitat composition of their home ranges and facilitated a test of whether occupancy
rates in the declining population were correlated with habitat availability (Chapter 7). The results and
conclusions of these investigations are synthesised in Chapter 8, where they are discussed and
interpreted in relation to their implications for the future of ring ouzels in Britain. The likely
involvement of some of the hypotheses proposed to explain the species’ decline is reassessed, and
recommendations for further research and conservation action are suggested.
1.10 Statistical analyses
Throughout this thesis, all statistical analyses were conducted using Minitab 12 (www.minitab.com),
SPSS 10 (www.spss.com) and a randomisation program (supplied by S. Brickle), following standard
techniques described by Sokal & Rohlf (1995) and Zar (1999). Prior to analysis, all variables were
tested for heterogeneity of variance, using Bartlett’s test, and for normality, using the AndersonDarling test. Variables that did not satisfy the assumptions of homoscedasticity or normality were
either transformed prior to parametric analysis or tested using non-parametric techniques (following
Siegel & Castellan 1988). Skewed variables were normalised using a logarithmic or square root
transformation. Variables expressed as percentages or proportions were arcsine square root
transformed. To validate models produced from multivariate analyses, the distributions of residuals
were examined to check that none violated assumptions of normality (James & McCulloch 1990).
Unless otherwise stated, statistical significance was established at P < 0.05. Since the repeated use of a
statistical test increases the probability of committing a Type I error, the sequential Bonferroni
correction technique was employed whenever many simultaneous comparisons were made, to identify
genuinely significant differences (Holm 1979; Rice 1989). All tests were two-tailed. Means are quoted
± one standard error throughout.
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Chapter 2
The contrasting trends of two breeding populations
of ring ouzels in Scotland
2.1 INTRODUCTION
Breeding ring ouzels are difficult birds to survey accurately because they frequent remote upland areas
and are often very elusive (Gilbert et al. 1998). Thus, while the species declined throughout Britain
during the 20th century (Gibbons et al. 1993; Holloway 1996), relatively few studies have successfully
attempted to monitor local population trends (Chapter 1; Appendix 1). This is particularly true in
Scotland, where more than 70% of British ouzels breed (Wotton et al. in press). Before applying the
comparative approach to investigate the species’ decline (Chapter 1), it was necessary to identify two
contrasting study populations of sufficient accessibility, proximity and size. The populations
considered most suitable were those breeding in upper Glen Esk (Angus, Tayside) and the Moorfoot
Hills (Lothian & Borders).
Despite small interannual fluctuations, the Glen Esk population remained stable between 1992 and
1998, comprising 53 and 56 pairs in those two years, respectively (Arthur & White 2001). In the
Moorfoots, the only complete survey to date recorded 66 occupied breeding sites in 1985 (Poxton
1987). When 39 of these sites were re-surveyed in 1997, only 23 (59%) were occupied, suggesting that
the population had declined (Sim et al. 1998). However, studies elsewhere in Britain have revealed
that ouzels often use different sites in different years, even when the overall population size remains
stable (e.g. Poxton 1986; Appleyard 1994; Sim et al. 2000). Moreover, a partial survey of the
Moorfoots in 1994 found breeding birds at 53 sites, of which 29 had been occupied in 1985 but 24 had
not (Murray 1996). In reality, therefore, the 1997 survey provided little information on the extent of
any population decline.
The principal aim of this chapter is to describe the distributions, densities and population trends of ring
ouzels breeding in Glen Esk and the Moorfoot Hills during 1998-2000. Historically occupied breeding
sites in both areas are re-surveyed, and occupancy levels are compared with those recorded during
previous surveys. Following the development of a standard monitoring methodology (Gilbert et al.
1998), surveys involve a combination of observation and tape playback to maximise the chance of
detecting breeding birds.
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2.2 METHODS
2.2.1 Study areas
The two study areas were located c. 130 km apart and differed widely in terms of land-use and
topography (Figure 2.1). Previous surveys in upper Glen Esk involved all of Glens Lee, Mark and
Effock, covering c. 40 km2 (Arthur & White 2001), but the present study concentrated on an area of c.
9 km2 around Loch Lee (Figure 2.2). Similarly, the Moorfoot Hills (c. 130 km2) were comprehensively
surveyed in 1985 (Poxton 1987), but the present study focussed on several discrete blocks (1.7-7.5
km2 in size) with a total area of c. 40 km2 (Figure 2.3).
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Figure 2.1 The locations of Glen Esk and the Moorfoot Hills within Scotland.
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Glen Esk is located in eastern Scotland, c. 50 km north of Dundee and c. 60 km south-west of
Aberdeen, and is the northernmost of the Angus Glens. The study area (56°55’N, 2°55’W) is situated
on the Invermark Estate at the westernmost end of the glen, and is bisected by the Water of Lee and
Loch Lee, draining eastwards via the River North Esk (Figure 2.2). The terrain comprises steep slopes
rising directly from the floor of a glacial valley (270 m asl) to summit plateaux reaching altitudes of
715 m asl. The underlying bedrock is granite, so the landscape is punctuated by numerous crags, cliffs,
scree slopes and boulder fields, but drained by relatively few rivers and streams. Most of the estate is
actively managed for red grouse Lagopus lagopus scoticus and red deer Cervus elaphus by rotational
heather burning and predator control, but these activities occur at a relatively low intensity around
Loch Lee. A few sheep Ovis sp. are present around Inchgrundle and on the southern slope of Loch
Lee, but rabbits Oryctolagus cuniculus and red deer are the principal grazers, along with lower
densities of mountain hares Lepus timidus and roe deer Capreolus capreolus. Disturbance during the
breeding season is low, being largely restricted to fishermen on and around Loch Lee and walkers
following the track up the glen to the Falls of Unich.
The vegetation of upper Glen Esk has been described by Ingram and Noltie (1981) and Arthur and
White (2001). Heather communities dominate the upper slopes, mainly comprising ling heather
Calluna vulgaris, bell heather Erica cinerea, bilberry Vaccinium myrtillus, cowberry V. vitis-idaea and
crowberry Empetrum nigrum. On wetter parts of the summit plateaux, these habitats are interspersed
with upland bog and blanket mire specialists, including mosses Sphagnum spp. and cotton grasses
Eriophorum spp. Lower down, the heather gradually merges with grass communities to create intimate
habitat mosaics, before finally giving way to pasture and bracken Pteridium aquilinum towards the
valley bottom. The most widespread grasses are Molinia caerulea, Nardus stricta, Agrostis spp.,
Festuca spp. and Deschampsia flexuosa. Rushes Juncus spp., sedges Carex spp. and bog myrtle
Myrica gale grow along wet flushes on the valley slopes and in lower damper areas. Willows Salix
spp. and ferns Dryopteris spp. are patchily distributed, but wood sage Teucrium scorodonia occurs
commonly in association with areas of grazed pasture, particularly on the northern slope of Loch Lee.
Native woodland is sparse throughout, owing to heather burning and grazing pressures, but remnant
patches of birch Betula spp., rowan Sorbus aucuparia, aspen Populus tremula, Scots pine Pinus
sylvestris, holly Ilex aquifolium, rose Rosa spp. and juniper Juniperus communis persist on
inaccessible crags and cliffs. The study area contains several small plantations of mature conifers.
The Moorfoot Hills (55°42’N, 3°01’W) are situated in south-east Scotland, c. 30 km south of
Edinburgh, and are bisected by the B709 road running north-south. They consist of a well-defined
massif of flat-topped, rounded hill ridges, dissected by steep-sided valleys characteristic of the
sedimentary Southern Uplands. The study area comprises several blocks of upland moorland on a
number of different estates (Figure 2.3). Geological differences mean that the Moorfoots are less
rugged than Glen Esk, but contain many more rivers and streams, draining into the Tweed or South
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Esk. They also represent the largest area of intact blanket mire and upland heather moorland in southeast Scotland, embracing the full range of sub-montane habitats between 250-659 m asl (SNH 1989).
Despite this, most open ground is intensively grazed by large numbers of sheep, and the hills are
dominated by pasture and grass moor. Other grazers include rabbits, mountain hares and roe deer, all
of which generally occur at lower densities than in Glen Esk (pers. obs). Certain estates practise
heather management and predator control for the benefit of red grouse, but the spatial intensity of
gamekeeping varies enormously (Poxton 1987; pers. obs.). Breeding season disturbance is minimal,
with few members of the public venturing more than a few metres from the B709.
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Lodge
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Falls of Unich

Water of Lee

Carlochy of Lee

Loch Lee

Inchgrundle
N
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River

Ring ouzel breeding site

Water body

Study area

Figure 2.2 The Glen Esk study area, showing the boundary of the area covered and all breeding sites surveyed.

Detailed information regarding vegetation communities in the Moorfoots is provided by SNH (1989).
At high altitudes, the broad summit plateaux and ridges are dominated by wet heather moorland and
Sphagnum-rich blanket mire. Lower down, this often grades into drier heather moorland, long
managed for sheep and grouse using rotational burning. Elsewhere, less sympathetic management has
led to a range of derived communities, including species-poor heaths (dominated by bilberry or
Nardus/Molinia) and herb-rich grasslands (characterised by Agrostis/Festuca on the better mineral
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soils). As in Glen Esk, seepage from the blanket mire creates wet flushes, supporting rushes, sedges
and mosses. Numerous steep cleuchs and burns hold diverse communities of bryophytes and flowering
plants, in addition to ferns and herb-rich grassland. Some cleuchs retain the only remnant heather in
areas where overgrazing has occurred, while others support the few remaining patches of native
upland scrub or mixed woodland, comprising juniper, willow, rowan, birch, rose, aspen, hazel Corylus
avellana and blackthorn Prunus spinosa. Bracken is widespread and expanding in range, particularly
where overgrazing by sheep prevents heather regeneration (Pakeman & Marrs 1992).
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Figure 2.3 The Moorfoot Hills study area, showing the boundaries of the areas covered and all breeding sites surveyed.
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Coarse temporal changes in land-use across the whole of Glen Esk (c. 40 km2) and the Moorfoots (c.
130 km2) were assessed using 1:24,000 scale aerial photographs taken in 1946 and 1988. The value of
this exercise was limited, since most land-use types (including potentially important moorland
habitats) can be reliably discriminated only by trained interpreters (Mackey et al. 1998). Nonetheless,
changes in the extent of three obvious land-use categories were easily mapped and compared (Table
2.1). The extent of heather moorland and conifer plantations in Glen Esk did not change markedly
during the second half of the 20th century. Conversely, extensive afforestation in the southern
Moorfoots, and the establishment of smaller plantations as shelter belts throughout, caused a large
reduction in the area of unmanaged heather moorland (i.e. that not managed for red grouse by
rotational burning). Despite these differences, there was no indication that either study area witnessed
any large-scale changes in management regimes between years during the present study (pers. obs.).
Table 2.1 Coarse temporal changes in land-use in Glen Esk and the Moorfoot Hills between 1946 and 1988a.
Glen Esk (km2)
Land-use type

1946

1988

1946

1988

Conifer plantation

0.9

0.6

0.4

21.8

Unmanaged heather moorland

14.8

13.1

61.1

34.6

Managed heather moorland

5.8

7.5

4.5

7.3

c. 18

c. 19

c. 64

c. 66

Other (ill-defined on aerial photographs)
a

Moorfoots (km2)

These figures relate to larger areas than those used as study areas in this and future chapters (see
Figures 2.2 & 2.3), but there was no suggestion that study areas were atypical in terms of land-use.

2.2.2 Identification and classification of breeding sites
Information on the distribution of breeding sites in the Moorfoot Hills was disparate, so data were
obtained from various sources (Table 2.2). The 1985 and 1994 survey organisers provided six-figure
grid references for 90 breeding sites. However, the birds’ interannual mobility (see above) implied that
other sites probably existed. Details of such sites were extracted from historical archives at the
Scottish Ornithologists’ Club, most notably the diaries of the late William Brotherston (1913-81).
Brotherston began surveying birds in the northern Moorfoots during the 1950s, but took several years
to develop a census technique considered sufficiently systematic and rigorous to generate results
comparable with those from the present study. During 1960-79, he conducted intensive surveys of
several valley systems 2-4 times per month between April and July and recorded all ouzels
encountered, including those in hitherto unknown breeding sites. Brotherston’s knowledge of
traditional breeding sites, and the frequency and thoroughness of his surveys, suggest that his data can
be treated as reliable with a high degree of confidence. For example, from the detailed records of
where and when birds were recorded, it is clear that double counting of pairs could have occurred very
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rarely, if at all. Despite not surveying every valley in all years, he did record which sites were
unoccupied, as well as those holding birds.
In addition to these diaries, Borders and Lothian Bird Reports were consulted, and data were obtained
from numerous other sources (e.g. Morrison 1978; Badenoch 1981; L. Vick unpubl. data). Compiling
all the available data produced a list of 153 sites at which ring ouzels had been recorded since the
1960s. This list was reduced to 128 sites for which there was evidence of possible, probable or
confirmed breeding in at least one year, and for which six-figure grid references were known. The
boundaries of seven discrete areas receiving comprehensive coverage during 1998-2000 (Figure 2.3)
were largely determined by the locations of sites on this reduced list.
Table 2.2 Previous surveys of breeding ring ouzels in the Moorfoot Hills.
Number of sites

Number (%) of surveyed

Type of

surveyed during the

sites considered to be

Year(s)

survey

breeding season

occupieda

1960-79

Partial

20-55b

11-39 (55-86%)b

Source
W. Brotherston
unpubl. data
Murray (1986);

1985

Complete

-c

66 (-)c

Poxton (1987);
SOC unpubl. data

1994

Partial

-c

53 (-)c

1997

Partial

39

23 (59%)

Murray (1996);
SOC unpubl. data
Sim et al. (1998);
RSPB unpubl. data

a

Using the criteria in Table 2.3.

b

Range of figures obtained during 20-year study. Fluctuations in the number of breeding sites surveyed
reflect interannual variation in observer effort (see text).

c

Surveys recorded presence rather than absence data, precluding calculation of occupancy rates.

The high density of breeding ring ouzels in upper Glen Esk was first revealed by an intensive survey
in 1989 (Shepherd & Brown 1989). Since 1992, the population has been monitored regularly and the
distribution of c. 80 breeding sites has been established (Arthur 1994a; Arthur & White 2001). This
allowed the locations of all breeding sites within the present study area to be accurately mapped with a
high degree of confidence (Figure 2.2). Access to certain parts of both study areas depended on
landowner permission, so overall it was possible to survey a total of only 40 breeding sites in Glen Esk
and 85 in the Moorfoots during the present study. Changes in access permission between years caused
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some variation in the number of sites surveyed, but 31 (78%) in Glen Esk and 59 (69%) in the
Moorfoots received coverage in all three years.
2.2.3 Survey technique
The survey method involved observation and tape playback and was heavily based on Gilbert et al.
(1998), following Arthur (1994a) and Sim et al. (1998). Ring ouzels are most active in the morning
and evening (Poxton 1987; pers. obs.), but by using tape playback it was possible to survey throughout
the day (Bibby et al. 2000; Wotton et al. in press). Trials across southern Scotland in 1997 revealed
the effectiveness of tape playback: 85% of males at occupied sites responded when this technique was
used during April and May (Sim et al. 1998). Moreover, tape playback accounted for one third of all
breeding sites located during the national survey in 1999 (Wotton et al. in press). Thus, the
combination of observation and tape playback maximised the chance of detecting breeding ouzels. The
use of tape playback was strictly controlled to minimise disturbance to breeding birds.
Each site was surveyed approximately once per week between late March and late June during 19982000 (though fieldwork in the Moorfoots ceased in early May 2000). No surveys were attempted when
there was precipitation, strong wind or poor visibility, due to their adverse effects on bird detectability.
Surveys were conducted from one or more vantage points in the vicinity of previous sightings, or from
within 100 m of historical nest sites. Observations were made over a period of 30 minutes by scanning
potential song posts (e.g. prominent rocks and trees) and feeding areas (e.g. grazed pasture), and by
listening for song or alarm calls. If no birds were detected by the end of this observation period, and if
none had been recorded at the site earlier in the season, a tape of male ring ouzel song was played at
full volume through a portable stereo for one minute, so as to reach as much of the site as possible.
This was followed by a second observation period of 10 minutes. If no response was elicited, the
survey ended and the site was deemed unoccupied.
The locations and behaviour of any ring ouzels seen or heard during each survey were recorded on
1:10,000 scale Ordnance Survey (OS) maps. With the exception of the Moorfoots in 2000, surveys
continued into late June to try to confirm breeding and quantify the extent of double brooding (Chapter
3). At the end of each season, the breeding status of birds at each site was classified according to the
criteria in Table 2.3. Sites were occupied if they supported possible, probable or confirmed breeding
attempts. These criteria were equivalent to those used during previous surveys in both study areas,
allowing comparisons between the results of different studies. [In 2000, the early termination of
fieldwork in the Moorfoots precluded both breeding confirmation and the detection of breeding sites
occupied by late arrivals or birds moving between breeding attempts. It is therefore possible that site
occupancy may have been slightly higher than that recorded. In 1998 and 1999, however, 94% of sites
supporting breeding attempts were occupied by early May. Thus, any bias introduced by stopping
surveys early in 2000 was likely to be very small.]
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Most occupied sites (>85%) held ouzels throughout the season, with many birds making two breeding
attempts (Chapter 3). Observations of marked adults confirmed that most birds remained faithful to
both their mate and breeding site throughout each season, but that some (c. 10-15%) moved sites after
their first brood had fledged, or following a failed nesting attempt (Chapter 3; I. Sim unpubl. data).
Since few adults were marked, this sometimes made it difficult to distinguish between sites occupied
by late arrivals and birds moving during the season. Moreover, the presence of a single bird or a
singing male on one date is not a reliable indicator of breeding (Gibbons et al. 1993; Gilbert et al.
1998; pers. obs.). Thus, the sum of all possible, probable and confirmed breeding records should be
treated as a maximum estimate of the number of breeding pairs present (as per Wotton et al. in press).
During each year of the study, distances between occupied sites were analysed using nearest
neighbour analysis to determine whether breeding pairs were distributed at random, regularly or in an
aggregated fashion (Clark & Evans 1954; Krebs 1989). Breeding densities were calculated by dividing
the number of occupied sites (i.e. breeding pairs) by the total area surveyed in each year.
Table 2.3 Criteria used to assess ring ouzel breeding status at each site (following Gibbons et al. 1993).
Breeding status

Criteria applied

Possible



single bird observed in potentially suitable nesting habitat



male seen or heard singing on one survey date only



pair observed in suitable nesting habitat



territorial behaviour recorded on two or more survey dates



courtship or display observed



nest-building activity observed



adults observed behaving agitatedly or calling anxiously



active nest found (containing eggs or chicks)



recently fledged young observed



adult seen carrying food

Probable

Confirmed

2.2.4 Population trends and land-use change
In the Glen Esk study area, all breeding sites surveyed around Loch Lee in 1992 (n = 31) were resurveyed during each year of the present study to measure occupancy rates and determine the
population trend. Unfortunately, repeating the systematic 1985 survey of all valleys in the Moorfoots
was too large a task to be attempted during the present study. Instead, seven discrete areas were
comprehensively surveyed in at least two years during 1998-2000 (Figure 2.3). Each of these areas
was searched thoroughly, and all sites containing potentially suitable nesting habitat (Chapter 5) – in
addition to known breeding sites – were surveyed using tape playback. In spite of this diligence, all
ring ouzels located were found at or within 100 m of historically occupied breeding sites. Given the
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effectiveness of tape playback in detecting birds, it was considered very unlikely that any breeding
ouzels remained undetected within these areas. Thus, the data generated were deemed comparable
with those from the 1985 survey. Some of these areas also received thorough coverage in the 1960s,
1970s, early 1980s, 1994 and/or 1997 (Table 2.4). For each area, the number of occupied sites was
analysed with respect to year (using Spearman’s rank correlation coefficient) to determine whether the
population had increased, decreased or remained stable over time. Finally, to examine whether
population trends in different parts of the Moorfoots might be related to land-use change, aerial
photographs taken in 1946 and 1988 were again used to assess coarse changes in the extent of
managed and unmanaged heather moorland and conifer plantations in each discrete area.
Table 2.4 Coverage of seven discrete areas in the Moorfoot Hills during the present study and previous surveys.
Central

Approx.

No. of

Area

grid

extent

breeding

code

reference

(km2)

sites

A

NT296495

5.9

14

B

NT353517

1.7

9



C

NT364508

3.5

8



D

NT332509

6.1

8

E

NT338503

3.6

12

F

NT345453

7.5

14

G

NT312434

3.2

10

Surveys during which coverage was comprehensive (in at least one year)
1960-69

1970-79

1980-84

1985

1994













































1997



1998-2000









2.3 RESULTS
2.3.1 Breeding site occupancy
Occupancy levels in Glen Esk were high throughout the study, with 94-97% of all breeding sites
surveyed supporting possible, probable or confirmed breeding attempts in each year (Table 2.5).
Conversely, occupancy levels in the Moorfoots were much lower, declining year on year from 61% in
1998 to 46% in 2000. Considering the subset of breeding sites surveyed in all three years of the study,
identical trends emerged (Table 2.6). Thus, of the 31 annually-surveyed sites in Glen Esk, 29% were
occupied in two years and 71% in all three years. In the Moorfoots, 30% of the 59 annually-surveyed
sites remained unoccupied throughout the study, 22% were occupied in one year, 24% in two years
and 24% in all three years.
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Table 2.5 Occupancy and status of all ring ouzel breeding sites in Glen Esk and the Moorfoots surveyed at least
once during 1998-2000.
Number (%) of sites with:

Number of
sites

No birds

Possible

Probable

Confirmed

sites deemed to

recorded

breeding

breeding

breeding

be occupied

Study area

Year

surveyed

Glen Esk

1998

34

2 (6%)

2 (6%)

7 (20%)

23 (68%)

32 (94%)

1999

31

1 (3%)

3 (10%)

2 (6%)

25 (81%)

30 (97%)

2000

39

2 (5%)

1 (3%)

2 (5%)

34 (87%)

37 (95%)

1998

64

25 (39%)

5 (8%)

10 (15%)

24 (38%)

39 (61%)

1999

78

38 (49%)

4 (5%)

5 (6%)

31 (40%)

40 (51%)

25 (36%)

b

32 (46%)

Moorfoots

2000
a

a

Number (%) of

70

38 (54%)

7 (10%)

-

Numbers of sites surveyed in the Moorfoots differ from that in Table 2.4 (n = 75) for two reasons: areas
A-G did not all receive comprehensive coverage in every year; and variable numbers of breeding sites
were surveyed in three other parts of the Moorfoots (see Figure 2.3).

b

Fieldwork in the Moorfoots ceased in early May 2000, before any nests were found.

Table 2.6 Occupancy of ring ouzel breeding sites in Glen Esk and the Moorfoots surveyed annually during
1998-2000.

Study area

Number (%) of sites

(number of sites

deemed to be occupied

surveyed in all 3 years)

1998

1999

2000

Glen Esk (n = 31)

29 (94%)

27 (87%)

28 (90%)

Moorfoots (n = 59)

31 (53%)

27 (46%)

23 (39%)

2.3.2 Breeding densities and breeding site dispersion
Throughout this study, the breeding density of ring ouzels was much higher in Glen Esk (c. 5.4
pairs/km2) than in the Moorfoot Hills (c. 1.1 pairs/km2; Table 2.7). A two-way ANOVA revealed that
there was no significant variation in nearest neighbour distances between years (F2,186 = 0.60, P =
0.549), but that occupied sites in the Moorfoots (mean = 678 ± 40 m) were significantly farther apart
than those in Glen Esk (mean = 254 ± 17 m; F1,186 = 90.81, P <0.001). In two out of three years in
Glen Esk, occupied sites were spaced at significantly more regular intervals than would be expected at
random. This trend was even more marked in the Moorfoots, where occupied sites were regularly
dispersed in all three years.
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Table 2.7 Breeding densities and breeding site dispersion in two Scottish study areas during 1998-2000.
Number of

Mean (± se)

Expected

occupied sites

Total area

Breeding

nearest

nearest

Index of

(breeding

surveyed

density

neighbour

neighbour

dispersiond,

Area

Year

pairs)a

(km2)b

(pairs/km2)

distance, r (m)

distancec, E (m)

R = r/E

Glen Esk

1998

32

5.88

5.44

251 ± 31

214

1.17 *

1999

30

4.66

6.44

241 ± 28

197

1.22 **

2000

37

8.83

4.19

268 ± 30

244

1.10 ns

1998

39

32.41

1.20

725 ± 96

456

1.59 ***

1999

40

37.13

1.08

630 ± 46

481

1.31 ***

2000

32

33.51

0.95

684 ± 51

512

1.34 ***

Moorfoots

a

See Table 2.5 for derivation of number of breeding pairs.

b

Differences in the areas surveyed between years reflect changes in access permission.

c

Calculated using the method of Clark and Evans (1954): E = 1000 x 1/(2 x √density)

d

This index measures departures from a random distribution (R = 1) and varies between 0 and 2.149:
values >1 indicate regularity; values <1 indicate aggregation. Significance levels are calculated using a
standardized normal variate (Clark & Evans 1954; Krebs 1989): * P < 0.05; ** P < 0.01; *** P < 0.001.

2.3.3 Population trends and land-use change
The number of ouzels in the Glen Esk study area remained stable throughout this study, and has
neither increased nor decreased since 1992 (Figure 2.4). In the Moorfoots, however, the number of
pairs in areas B, C, E and G has declined substantially since the 1960s (Figure 2.5a; Table 2.8). By
1998-2000, area B held only 14% of the pairs it supported during the 1960s, with equivalent figures of
42% for area C, 13% for area E and 6% for area G. Numbers in areas A and D appeared to remain
stable between the 1970s and 2000, as did those in area F between 1985 and 2000 (Figure 2.5b),
though a lack of historical data from these three areas precluded analyses of whether they had
experienced any earlier declines. At the coarse scale examined using aerial photographs, the extent of
unmanaged heather moorland in all seven areas decreased between 1946 and 1988 (Figure 2.6).
However, only area G suffered particularly large heather losses, and this was a direct consequence of
extensive afforestation.
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Figure 2.4 The number of occupied breeding sites in the Glen Esk study area in 1992 and 1998-2000.

Table 2.8 Population trends of breeding ring ouzels in seven discrete areas in the Moorfoot Hills.
Area

Number of

Population

code

years of data

rsa

A

12

0.26 ns

Stable

B

25

-0.66 ***

Decline

C

24

-0.52 **

Decline

D

7

0.09 ns

Stable

E

24

-0.65 ***

Decline

F

6

0.44 ns

Stable

4

b

G

(-1.00)

trend

Decline

a

** P < 0.01; *** P < 0.001.

b

The figure is quoted only for completeness; it is not possible to obtain a significance level of P < 0.05
with n = 4 using a two-tailed test (Siegel & Castellan 1988).
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Figure 2.5 Numbers of occupied breeding sites in seven discrete areas of the Moorfoot Hills, distinguishing
those whose local populations have (a) declined since the 1960s, or (b) remained stable since the 1970s or 1980s.
Mean occupancy levels (+ se) were calculated for surveys undertaken over more than one year.
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Figure 2.6 Changes in land-use of seven discrete areas in the Moorfoot Hills between 1946 and 1988.

2.4 DISCUSSION
These results demonstrate that the ring ouzel population in upper Glen Esk was stable throughout this
study, and suggest that it has remained stable since at least 1992. Conversely, the proportion of sites
holding birds in the Moorfoot Hills decreased year on year during 1998-2000, indicating that the
population is indeed declining (Table 2.6). Further evidence for a recent historical decline comes from
seven discrete areas of the Moorfoots in which comprehensive surveys have been conducted at various
intervals since the 1960s. The number of occupied sites in four of these areas has declined since the
1960s, while numbers in the other three areas appear to have remained stable since the 1970s or 1980s.
Most crucially, none of these areas has experienced a population increase. These data indicate that the
population of the Moorfoots has declined over recent decades, and that this trend continues today.
2.4.1 Breeding densities and breeding site dispersion
The abundance map in Gibbons et al. (1993) suggests that Glen Esk and the Moorfoots both held high
densities of breeding ring ouzels during 1988-91. However, the present study indicates that densities
around Loch Lee are currently five times higher than those in the Moorfoots, a difference reflected in
the distances between occupied sites in the two areas. Breeding sites in Glen Esk are clearly
distributed along valley sides (Figure 2.2; Shepherd & Brown 1989), while those in the Moorfoots
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appear to occur linearly along watercourses (Figure 2.3; Poxton 1987). These patterns make it difficult
to compare densities recorded in different parts of the country (Cramp 1988), since density estimates
vary greatly according to the boundaries chosen. Few previous studies have calculated density
estimates, but several quote nearest neighbour distances, which may serve as a surrogate measure
(Table 2.9).
Table 2.9 Comparison of nearest neighbour distances in different studies.
Approximate

Mean nearest

extent of study

Years

neighbour distance,

area (km2)

studied

m (range)

Source

Glen Esk (Glens Lee, Mark & Effock)

40

1992-1998

406 (159-954)

Arthur & White 2001

Glen Esk (Glen Lee only)

9

1998-2000

254 (90-800)

This study

Glen Clunie (Grampian)

16

1998-2000

c. 250 (80-500)

I. Sim unpubl. data

Moorfoot Hills (Lothian & Borders)

40

1998-2000

678 (250-3,300)

This study

Pentland Hills (Lothian)

5

1979-84

500 (300-750)

Poxton 1986

Grassington Moor (Yorkshire)

14

1979-91

350 (140-800)

Appleyard 1994

Long Mynd (Shropshire)

12

1994-99

540 (130-2,000)

Smith 2001

Area

These figures support Shepherd and Brown’s (1989) contention that Glen Esk holds one of the highest
densities of breeding ring ouzels in Britain. Of the other areas surveyed to date, only Glen Clunie, c.
30 km to the west of Glen Esk, supports both a similar density and an equivalent population (c. 60
pairs; Rebecca 2001). Previous studies have reported such high densities only at very local scales: for
example, 10 nests within c. 1.3 km2 in Yorkshire (Hosking & Newberry 1946), five pairs along 400 m
of valley on Dartmoor (Ware 1961), up to 13 pairs along c. 2.8 km of valley in the Pentlands (Durman
1978), and seven nests within 0.5 km2 in the Yorkshire Dales (Appleyard 1994). In addition, Hope
Jones (1979) recorded local concentrations of 1.3-1.5 pairs/km2 in Gwynedd, but an overall density of
only c. 0.3 pairs/km2. The figure of 34 pairs/km2 quoted for the Moorfoots by both Hagemeijer and
Blair (1997) and Poxton (1998) is clearly erroneous and should be discounted. Local densities may
reach c. 4 pairs/km2 (SNH 1989; pers. obs.), but overall the Moorfoots retain medium densities at best.
By European standards, British ouzels nest at very low densities indeed: Schifferli et al. (1982)
recorded c. 90 pairs/km2 in Swiss pine habitat, while Marisova and Vladyshevsky (1961) reported 2030 pairs/km2 in spruce forest and 10-20 pairs/km2 in beech habitat in the Ukraine.
The tendency for breeding ouzels to be regularly dispersed reflects their highly territorial nature
(Durman 1978; Cramp 1988). Ring ouzels defend their nesting area with great vigour, particularly
during the pair bonding, nest building and laying stages (Arthur & White 2001; pers. obs.). The
pressure to minimise territorial disputes no doubt contributes to the recurring minimum distance
between nests of c. 80-160 m recorded in Glen Esk and several other study areas (Table 2.9). During
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the present study, however, birds in both areas were dispersed more widely than appeared necessary to
avoid intraspecific interference around the nest. This was particularly true in the Moorfoots, where
ouzels may have required larger home ranges because breeding resources were more limited than in
Glen Esk. Similar factors may operate on a local scale within Glen Esk, where there is a marked
contrast in the breeding density of ouzels on the north and south slopes of Loch Lee (Arthur & White
2001). Such variation may reflect differences in the availability of grazed pasture, where birds are
regularly observed foraging. Chapters 4 to 7 explore this issue in greater depth, by attempting to
quantify the various resources used by ring ouzels during the breeding season.
2.4.2 Variation in breeding site occupancy rates
Many observers have commented on the remarkable consistency with which ouzels appear to occupy
traditional breeding sites year after year, nesting in similar locations and even re-using old nests (e.g.
Durman 1978; Hope Jones 1979; Appleyard 1994; Arthur & White 2001). This is undoubtedly true of
certain high-density populations, and presumably reflects the limited availability of suitable nest sites
(Chapter 5). In Glen Esk, the high density of breeding ouzels doubtless creates intense competition for
nest sites. Thus, most breeding sites were occupied throughout this study, while the remainder held
birds in two of the three years. However, occupancy patterns in the Moorfoots were very different,
with roughly equal numbers of breeding sites holding birds in one, two and three years of the study.
Thus, rather than the same subset of sites supporting ouzels throughout, the precise pattern of site
occupancy took the form of a dynamic or shifting mosaic, varying between years.
This phenomenon has been documented previously, but is still not widely recognised. Poxton (1986)
described a similar pattern in the Pentlands, where birds used nine distinct breeding sites between
1979-84 but no more than seven were occupied in any one year. The population fluctuated between
five and seven pairs over the study period, but showed no overall trend to decline or increase (though
subsequently it has decreased quite markedly; I. Poxton pers. comm. 1998). Brotherston’s data from
the Moorfoots confirm a similar pattern during 1960-79, when the average annual occupancy rate was
c. 70%, but there was no year in which more than 86% of breeding sites surveyed held breeding birds.
Higher quality birds, particularly those returning early to the breeding grounds, would be expected to
occupy higher quality breeding sites (e.g. Newton 1991, 2001; Harris et al. 1997). During the present
study, however, few marked adults in either study area occupied the same breeding site in consecutive
seasons (Chapter 3). The mechanism by which occupancy patterns are established therefore remains
unclear. Appleyard (1994) proposed that there was a two-tiered hierarchy of preferred sites on
Grassington Moor, with some being occupied every year but others more sporadically. That a similar
situation exists in the Moorfoots, Pentlands and elsewhere tempts speculation that settlement patterns
may owe more to changes in ouzel dominance hierarchies than to interannual variation in the relative
quality of different breeding sites.
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2.4.3 Reconciling differences in survey techniques
Data recorded in Glen Esk during the present study are comparable with those collected since 1992
because all surveys have used a similar combination of observation and tape playback (Arthur 1994a;
Arthur & White 2001). For several reasons, though, numbers reported in the Moorfoots in 1985
(Poxton 1987) and 1994 (Murray 1996) might not be directly comparable with those recorded during
1997 (Sim et al. 1998) and 1998-2000. The valley-by-valley approach adopted in 1985 achieved
excellent coverage, but probably failed to locate some ouzels because insufficient time was spent
checking known breeding sites. Male ouzels sing less frequently and are more elusive during the
incubation period, so activity levels during mid-May are often much lower than those recorded in late
April (during courtship and mating) and late May/early June, when adults are busy provisioning chicks
(pers. obs.). Since most sites were visited only once (1994) or twice (1985) during the whole breeding
season, some birds were probably overlooked because certain areas were surveyed at times when male
song was subdued and activity minimal (Poxton 1998). This may explain why the 1985 survey
recorded no ouzels in valleys holding multiple pairs in other years. For example, even after allowing
for the birds’ interannual mobility, it seems unlikely that all seven breeding sites in the upper Lugate
Water (NT387463) were unoccupied in 1985, especially since five of them held ouzels in 1994.
Most importantly, tape playback was not used in any survey until 1997 (Sim et al. 1998). The huge
effect of this technique on improving detectability was well illustrated by the national survey in 1999,
when 32% of occupied breeding sites were found only as a result of tape playback (Wotton et al. in
press). Taking this into account with the factors above, it seems very likely that the 1985 population
estimate of 66 pairs was an underestimate. The results of the national survey alone suggest that the
Moorfoots probably supported at least 97 pairs in 1985 (i.e. 66 x 100 / (100 – 32) = 97). Given the
more rigorous methods used during the present study, it is probable that the declines evident in the
Moorfoots have been even more pronounced than those presented in this chapter. This hypothesis
could be tested by re-surveying the whole hill range using the method of Gilbert et al. (1998), and then
calculating how many pairs were detected with and without the use of tape playback.
2.4.4 The effects of changes in land-use
The results of this chapter support claims that many parts of the Moorfoots held high numbers of
breeding ouzels during the 1960s, and confirm reports that some local populations have subsequently
declined (e.g. Morrison 1978; Badenoch 1981; W. Brotherston unpubl. data). Morrison (1978) was
quick to link such declines with the increasing extent of forestry in the hills, particularly in the southwest Moorfoots. During both the 1985 and 1994 surveys, however, some ring ouzels were still present
in these areas, particularly in area G (Poxton 1987; Murray 1996; Murray et al. 1998). Indeed, two of
the 22 nests found in 1985 were located in conifers, prompting Poxton (1987) to speculate that the
availability of new forest edge habitats might benefit ouzels by providing nest sites.
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During the present study, the only ouzel recorded in the south-west was an unpaired male defending a
breeding site in area G in 1998. This bird eventually disappeared halfway through the season. Given
the huge extent of afforestation in this area (Figure 2.6), it seems that many breeding sites have almost
certainly been abandoned as a direct result of habitat loss to forestry (Avery & Leslie 1990). However,
some breeding sites in this area retained birds until relatively recently, well after most conifers had
matured. This suggests that afforestation may have additional indirect impacts on ouzel populations,
perhaps through increased levels of predation (Parr 1993), decreased grazing pressure on adjacent
moorland (Avery 1989), or increased stream acidity (Ormerod et al. 1989). Such effects may not be
manifest until many years after afforestation, as indicated in a recent analysis of changes in ouzel
distribution across Scotland during the 1990s (Buchanan et al. in prep.).
Elsewhere in the Moorfoots, declines have occurred in areas well away from any forestry, and where
there have been few other coarse changes in land-use or management (Figure 2.6; Murray et al. 1998;
pers. obs). This suggests that ouzels have declined in response to other factors besides afforestation,
such as reductions in the extent of unmanaged moorland. The three areas in which ouzel populations
appear stable (A, D and F) retained at least 30% unmanaged heather moorland in 1988, compared to
less than 20% for those in which declines have occurred (B, C, E and G). Three of these areas (B, C
and E) contained relatively little unmanaged heather in 1946, so even limited reductions in its absolute
extent up to 1988 may have had a large impact on dependent species. Unfortunately, aerial
photographs reveal only coarse changes in the extent of heather moor, without providing any
information on its condition. Moreover, this simple analysis did not consider the possible importance
of moorland fragmentation, which may increase the likelihood of extinction of small populations in
otherwise suitable habitat (Hanski 1999). Since both the quantity and quality of this habitat may be
crucial for breeding ouzels, later chapters examine the species’ habitat use in detail.
2.4.5 Conclusions
The evidence presented in this chapter indicates that the breeding ring ouzel population in Glen Esk
remained stable during 1998-2000 while that in the Moorfoot Hills continued to decline. Afforestation
probably explains the species’ disappearance from some parts of the south-west Moorfoots, but
elsewhere in this hill range there appear to have been few coarse changes in land-use. This implicates
other factors in the decline, such as those affecting habitat suitability in more subtle ways or reducing
the species’ breeding success and/or survival. Chapter 3 compares the reproductive success and
breeding ecology of ring ouzels in the Moorfoots and Glen Esk, in a search for any significant
differences between these two contrasting populations.
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Chapter 3
The breeding biology of two contrasting populations
of ring ouzels in Scotland
3.1 INTRODUCTION
Although bird populations are limited by many factors (see e.g. Newton 1998 for a review), the
demographic mechanisms by which these factors act can appear to be beguilingly simple. In a closed
system, population levels depend solely on the balance between births (i.e. breeding success) and
mortality. If reproductive output decreases, the population will decline unless there is a concomitant
increase in survival (Begon et al. 1996). Most populations fluctuate around a stable equilibrium,
though the dynamics of this equilibrium are tempered by varying levels of immigration and emigration
to and from surrounding populations (Hanski 1999).
Many studies of declining species therefore begin by attempting to identify the demographic
mechanisms driving population change, and then use this knowledge to refine the list of candidate
causal factors (Green 1994; Chapter 1). Given the rapid rate of decline in many species (Green &
Hirons 1991), it is vital to obtain accurate early diagnoses, to avoid misdirecting resources and prevent
declines reaching levels from which recovery is unlikely. Research to diagnose the causes of
population declines increases the chances that conservation action taken to address the decline will be
successful (Green 1994). Chapter 1 outlined the use of the comparative approach to diagnose the
causes of population declines (Green & Hirons 1991) and described the importance of testing whether
factors listed as potential causes (Table 1.1) are ecologically plausible. One method of achieving this
is to conduct detailed autecological studies of the species concerned, and to then search for congruence
in the results of studies from different areas (Green 1994). Thus, investigations of habitat selection,
diet, breeding success and survival frequently form a core part of the comparative approach (Caughley
1994), not least because the natural history of many declining species is often poorly known.
Although the ring ouzel has been declining in Britain for many decades, there is scant quantitative
information on its breeding ecology. Flegg and Glue (1975) analysed BTO Nest Record Scheme data
from across Britain between 1944-70, and this analysis was updated to 1987 by Tyler and Green
(1994) during a study of the species’ breeding success in Wales. Appleyard (1994) monitored a
population in the Yorkshire Dales between 1979-91, while Durman (1978) and Poxton (1986)
investigated breeding success in the Pentland Hills near Edinburgh during 1973-84. The Glen Esk
population has been monitored since 1992 (Arthur 1994a; Arthur & White 2001), and a comparable
study began in Glen Clunie, Grampian, in 1998 (Sim et al. 2000; Rebecca 2001). Finally, Smith
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(2001) has monitored a population on the Long Mynd in Shropshire since 1994. Elsewhere, the two
most detailed studies of breeding biology to date have involved the continental subspecies T. t.
alpestris in the Ukraine (Marisova & Vladyshevsky 1961) and Romania (Korodi Gál 1970).
In this chapter, the comparative approach is used to contrast the breeding biology of a stable, highdensity population of ring ouzels with that of a lower density population in which local declines have
occurred over recent decades. Many of the putative causes of the species’ decline involve factors with
the potential to reduce productivity (Table 1.1), so the principal aim is to determine whether
differences in population trends are associated with differences in any measures of reproductive
success. Thus, standard breeding parameters (e.g. clutch and brood sizes, and nesting success) are
measured and chick growth rates calculated. Breeding success and return rates are compared with the
levels considered necessary to maintain population stability, and the potential role of nest predation in
the species’ decline is considered. A second objective is to increase knowledge about the species’
breeding biology. Thus, rates of nest attendance during incubation and provisioning, and estimates of
fidelity and philopatry, are all quantified for the first time in Britain.
3.2 METHODS
3.2.1 Study areas
Between 1998 and 2000, two populations of breeding ring ouzels were studied in upper Glen Esk
(Angus, Tayside) and in the Moorfoot Hills (Lothian & Borders). Chapter 2 describes both study areas
and their population trends in detail. Glen Esk has retained a stable, high-density population of ring
ouzels since at least 1992, but there is considerable evidence that the medium-density population in the
Moorfoots has undergone local declines over recent decades. The Moorfoots study area (c. 40 km2)
was much larger than that in Glen Esk (c. 9 km2) and comprised several different estates, so there was
greater spatial variation in gamekeeping and predator control than on the single estate in Glen Esk
(Invermark). Potential nest predators included a variety of species in both areas. Crows Corvus corone
were locally common in the Moorfoots but hardly ever recorded in Glen Esk. Jackdaws Corvus
monedula and magpies Pica pica were never recorded in Glen Esk and seen only occasionally in the
Moorfoots, while a few ravens Corvus corax were present in both areas. Conversely, raptors were
more numerous in Glen Esk, where there were relatively high breeding densities of kestrels Falco
tinnunculus and peregrines F. peregrinus. Foxes Vulpes vulpes, stoats Mustela erminea and weasels
M. nivalis were present in both areas, and adders Vipera berus were frequently encountered in Glen
Esk, but never recorded in the Moorfoots. Throughout this study, the weather was similar in both
areas: air temperatures in Glen Esk were consistently c. 1.5 ºC lower than in the Moorfoots, owing to
its more northerly latitude, but there were no significant differences in daily rainfall (Appendix 2).
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3.2.2 Finding and monitoring nests
Data on the location of historically occupied breeding sites were obtained from earlier surveys
(Chapter 2), and thorough nest searches were focussed in these locations. Nests were found by
following adults back to the nest site after foraging bouts. Overall, 7% of nests were found at the
building or laying stage, 62% during incubation and 31% during the nestling period. Each nest was
marked using a small piece of yellow tape on a nearby branch or heather bush, placed at random
distances and directions to minimise the risk of inflating nest predation rates artificially (Picozzi
1975). Nests were visited at 3-5 day intervals to establish clutch size (the number of eggs present after
successive visits showed no increase) and laying date (on which the first egg was laid). Most
completed ouzel clutches comprise four eggs laid at one-day intervals (Korodi Gál 1970; Flegg &
Glue 1975; Durman 1978; Appleyard 1994; pers. obs.). Hatching dates were predicted by assuming a
mean incubation period of 13 days from clutch completion (Durman 1978; Appleyard 1994; pers.
obs.). These assumptions proved accurate and reliable, since all hatching date estimates were correct
to within one day (as per Arthur & White 2001). For nests found after clutch completion, laying dates
were estimated by backdating 16 days from the hatching date (or an appropriately shorter or longer
period for clutches smaller or larger than four). Laying dates could not be calculated for nests found
after clutch completion but depredated or deserted before hatching.
Nests were visited every 2-4 days around the predicted hatching date to determine hatching success
and initial brood size. Successful hatching was confirmed by finding at least one chick in the nest.
Clutch predation was identified by the complete disappearance of eggs, or by the presence of broken
shells or partially eaten eggs in or close to the nest. Desertion was characterised by finding a cold but
intact clutch of eggs. Infertility or embryo death was denoted by one or more eggs failing to hatch
from an otherwise successful clutch. The length and maximum breadth of all eggs in each clutch were
measured using vernier callipers (to the nearest 0.1 mm), and the mean egg volume of each clutch was
calculated following Hoyt (1979). In 1999, small numbers of infertile, addled and deserted eggs were
collected under licence from Scottish Natural Heritage. Shell thickness was measured as described by
Green (1998) to investigate any potential differences between the two populations. No more than one
egg per clutch was measured.
After hatching, nests were visited every 2-4 days to assess chick survival and to collect the following
biometrics from each chick: body mass (to the nearest 0.5 g); tarsus length (using vernier callipers, to
the nearest 0.1 mm); and wing length (using a wing rule, to the nearest 0.5 mm). Young chicks were
individually marked within broods by painting different toenails with tiny amounts of non-toxic white
paint. When chicks were 6-10 days old, they were fitted with a numbered metal ring and a unique
combination of three coloured darvic leg rings. Where possible, the same biometrics were collected
from depredated and other dead chicks to estimate at what age death occurred. The location and
condition of carcasses were used to assess the likely proximate cause of mortality. Ring ouzel chicks
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usually leave the nest aged 12-14 days (Appleyard 1994; Poxton 1986; see Results). Assessments of
whether broods fledged successfully were made using the criteria of the BTO’s Nest Record Scheme.
Unless there was evidence to the contrary, all nestlings present during the penultimate nest visit were
considered to have fledged if the nest was empty on the final visit.
3.2.3 Nesting success
Studies in which nesting success is simply expressed as the percentage hatching or fledging from a
sample of nests produce excessively high figures, since they do not take into account nests failing
before they are found (Snow 1955; Beintema & Müskens 1987). Thus, daily nest survival rates were
estimated using the method of Mayfield (1961, 1975), taking into consideration the time at which each
nest was found and calculating its exposure to risk. The probability P that a nest survived from one
day to the next was estimated from the formula P = A/(A+B), where A was the total number of nest
days (i.e. the sum of all daily totals of nests present during the observation period) and B was the total
number of nests lost. The day on which a nest failed was not counted as a nest day, and failed nests
were assumed to have been lost halfway between the penultimate and final checks. Overall nesting
success was extrapolated from the estimated daily survival rates by assuming that the average length
of the period from clutch initiation to hatching was 16 days, while that from hatching to fledging was
13 days. Exact 95% confidence limits were obtained from Diem (1962), and pair-wise comparisons of
different estimates were made following Hensler and Nichols (1981).
3.2.4 Nest attendance during incubation and provisioning
During the incubation period, nest attendance patterns were investigated in a sample of the nests in
each area by placing thermistors attached to Tinytag data loggers (www.geminidataloggers.com) in
nests for 2-3 day periods after clutch completion. In 1999, data were collected from 15 nests in the
Moorfoots and 5 nests in Glen Esk. Data from a further 19 nests in Glen Esk were collected in 2000
and pooled with those from 1999 (see Results for justification). Data loggers were housed in small
metal boxes (49 mm x 44 mm x 30 mm) and connected to thermistors by 1-m long wires, so they were
readily concealed in nearby vegetation. The thermistor was positioned in the centre of the nest,
protruding slightly above the nest lining, to record the air temperature around the eggs. Data loggers
were programmed to record nest temperature every 60 s, since previous studies of starlings Sturnus
vulgaris found that reliable estimates of the duration of attendance bouts could be obtained using a
similar time interval (Reid et al. 1999).
All data were downloaded and extracted using GLM Datalogger software. For each nest logged,
attendance patterns were measured over a 24-hour period, 3-9 days before hatching. The times when a
parent was present or absent from the nest showed as clear peaks and troughs on the resulting
temperature traces (Figure 3.1a), as confirmed by direct observation of birds at 11 of the 39 logged
nests. This validation exercise revealed a high level of agreement between the logged data and the

Breeding biology ● 40

times at which parents were observed departing from and returning to the nest. Overall, 96% of
observations coincided to the nearest minute with expected changes in temperature (e.g. Figure 3.1b),
and the remainder varied by no more than one minute. Thus, the times of the onset and cessation of
each attendance bout could be reliably deduced from the temperature traces, allowing their duration
and frequency to be calculated. Incubating birds showed no visible behavioural reaction to the
presence of thermistors, and none of the logged nests were deserted during the course of the study.
Most nests were heavily concealed by heather (Chapter 5), precluding direct observation of activities
within the nest and preventing the distinction of feeding and brooding activities during parental nest
attendance periods. During the nestling period, the frequency of parental nest visits was used as a
measure of the rate at which adults provisioned their young (as per Laiolo et al. 1998). Given that
ouzels appeared to do little other than collect multiple food items for their chicks when away from the
nest (pers. obs.), this measure also served as an index of adult foraging efficiency (Ramstack et al.
1998). One-hour focal watches were conducted at a sample of 80 nests between 0600 h and 1200 h,
when parents were most active (pers. obs.). Observations were made though binoculars or a telescope
from distances of c. 200-400 m, using the same vantage points throughout to minimise disturbance to
the focal pair. No observations were made during conditions of rain or poor visibility. In total, 218
focal watches were completed, comprising 97 hours in the Moorfoots (1998-99) and 121 hours in Glen
Esk (1999-2000). At each nest, 2-4 focal watches were made during the period of linear mass gain and
tarsus growth, when chicks were 3-9 days old (see Results). The number and duration of all nest visits
by each parent were recorded to the nearest second, allowing individual and combined provisioning
rates to be calculated. There was no significant difference in brood size between populations (see
Results), so provisioning rates were calculated with respect to brood, i.e. no attempt was made to take
brood size into account (following Laiolo et al. 1998). Analyses were conducted using the mean
figures recorded during all focal watches at each nest.
3.2.5 Nestling growth rates
Nestling growth rates were calculated by two methods. First, least squares linear regression was used
during the period of linear growth, which corresponded to days 3-9 for body mass and tarsus length
and days 4-11 for wing length (see Results). Second, Ricklefs’ (1967) graphical method was used to fit
logistic equations to each growth curve and determine its rate constant (K), allowing comparisons with
the results of previous studies. It was not possible to compare the peak, pre-fledging mass of chicks in
the two study areas, because the handling of birds older than 11 days was minimised, due to the risk of
‘explosion’ from the nest. All analyses were conducted using the mean figures from each brood.
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Figure 3.1 (a) Variation in nest temperature over a 24-hour period, as determined by a thermistor probe placed
in one nest in Glen Esk in May 2000. Nest temperature is high when the parent is present, but falls sharply when
the nest is left unattended, e.g. when the parent is away foraging. (b) An expanded section of the same trace,
illustrating the close agreement between the logged data and the times at which the incubating parent was
observed departing and returning.

3.2.6 Trapping and marking breeding adults
To aid investigation of the extent of double brooding, breeding site fidelity and interannual survival,
breeding adult ouzels were trapped and marked. Three different methods were used: a few birds were
captured by erecting a mist-net in front of their nest, or by baiting a nearby spring trap with
mealworms, but most were caught using a purpose-built nest trap. This consisted of a wire hoop (40
cm diameter) to which mist-netting was attached, positioned in front of the nest cup. Adults returning
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to the nest with food generally found their way around the trap and into the nest, but on leaving flew
directly into the net. Each adult was fitted with a numbered metal ring and a unique combination of
three coloured darvic leg rings. To minimise the risk of desertion and the possible effects of chilling
for younger chicks, trapping was conducted in fine weather only, when nestlings were at least seven
days old, and no attempt was made to catch both parents on any one day. No nest at which trapping
was attempted was subsequently deserted. In 1999 and 2000, all breeding adults in both study areas
were checked to determine whether they were already marked.
3.2.7 Analytical considerations
There was considerable interannual variation in the efficiency of fieldwork conducted during the
present study, causing imbalances in the data collected in the two areas. Observer experience increased
as the study progressed and this, combined with the amount of time spent in each area, meant that
coverage was most intensive in the Moorfoots in 1999 and in Glen Esk in 2000. As well as influencing
sample sizes, this interannual variation may have affected data on return rates and other factors, such
as the extent of double brooding identified.
Within seasons, fidelity to breeding sites and mates was assessed by considering the subset of marked
adults whose nesting attempts could be accurately followed throughout. Overall, 87% of these birds
(n = 31) remained faithful to their breeding site for the entire season (i.e. they re-nested within 200 m
of their original nest site, and closer to it than that of any neighbouring pair). Moreover, eight out of
nine marked pairs (89%) remained together throughout the breeding season. Thus, most ouzels
remained faithful to both their breeding site and mate within each season. This pattern was obscured
by two factors. First, a minority of unmarked pairs (11%) deserted their breeding sites after only one
nesting attempt – most often, but not exclusively, when their first attempt had failed (as per Durman
1978; cf. Appleyard 1994). Second, 6% of breeding sites were not occupied until relatively late in the
season (i.e. mid-May), making it unclear whether the occupants were late arrivals or had moved in
from elsewhere (Chapter 2). This made it difficult to quantify the extent of double brooding by simply
counting the number of pairs making two breeding attempts per season. Thus, figures for the number
of breeding sites supporting two nesting attempts were calculated instead (as per Sim et al. 2000).
Since some nests were not found before they failed, and relatively few adults were marked, it was not
always possible to distinguish between first and second breeding attempts. In such cases (3%), the
distribution of laying dates was used to allocate nests to the most likely category. All nests initiated
before 15 May were classed as first attempts, while all later nests were deemed to be second attempts
(as per Arthur & White 2001). The latter category may have included a few late first clutches and
replacement clutches of pairs whose first nesting attempt had failed, but this small degree of bias was
considered unlikely to affect the results. Clutches or broods were used as the sampling unit because
eggs from the same clutch or chicks from the same brood are not statistically independent.

Breeding biology ● 43

Data on breeding success in the Moorfoots were collected only in the first two years of the study, so
comparisons of productivity between the two study areas were restricted to 1998 and 1999. Sample
sizes differed between tests due to incomplete data (e.g. when a nest was discovered after the laying or
incubation periods). For simplicity, all analyses treated data from first and second breeding attempts at
each site as being independent, despite the fact that most pairs remained together and occupied one
site throughout each season (see above). Moreover, studies of marked birds confirmed that a small
proportion of breeding adults in both areas contributed nesting data in more than one year of this
study. The analytical approach adopted therefore raised potential problems of non-independence.
Despite this, no remedial action was taken because so few significant differences were detected, and
virtually none that were relevant to key comparisons between study areas (see Results). Moreover,
attempts to ensure data independence would have reduced sample sizes and decreased the chances of
detecting a significant result, thereby committing a Type II error.
3.3 RESULTS
In total, 191 nests were located: 59 in the Moorfoots (1998-9) and 132 in Glen Esk (1998-2000; Table
3.1). Evidence of double brooding was recorded at only one third of occupied breeding sites in both
areas in 1998, at least partly reflecting observer inexperience, but reached 59% in the Moorfoots in
1999 and 52% in Glen Esk in 2000. Most first clutches were laid in late April and early May, while
second clutches peaked in late May and early June (Figure 3.2). The dates on which first and second
clutches were initiated did not differ significantly between years or study areas (Table 3.2). The true
extent of clutch replacement was unknown (see section 3.2.7), but at least three clutches laid in midMay and two initiated in late June were definitely replacements. Two instances were recorded of birds
making three breeding attempts, but both involved a replacement for a failed first or second nest.
Mean egg volume was consistent between years, study areas and breeding attempts, and there was no
significant difference in the shell thickness of eggs collected in the Moorfoots (mean = 103.2 ± 2.6
μm; n = 8) and Glen Esk (mean = 103.2 ± 2.6 μm; n = 9) in 1999 (t15 = 0.01, P = 1.0).
Table 3.1 Numbers of ring ouzel breeding sites occupied and nests studied, and estimates of the extent of double
brooding, in two Scottish study areas.
Number of breeding sites
occupied

a

Number of breeding sites in which nests were found
1st breeding attempt

2nd breeding attempt

Occupied sites supporting
two breeding attempts (%)

Year

Moorfoots

Glen Esk

Moorfoots

Glen Esk

Moorfoots

Glen Esk

Moorfoots

Glen Esk

1998

39

32

11

30

11

10

30

33

1999

40

30

19

27

18

18

59

43

37

b

31

b

16

b

52

2000

32

-

-

-

a

Numbers of occupied breeding sites derived from Table 2.5.

b

No nest-finding was conducted in the Moorfoots in 2000, since fieldwork there ceased in early May.
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Table 3.2 Mean laying dates and egg volumes (± se) of all ring ouzel clutches found in two Scottish study areas.
Sample sizes appear in parentheses.
Year

Breeding attempt

Area

Laying datea

Egg volume (cm3)b

1998

1

Moorfoots

29.9 ± 1.9 (11)

7.46 ± 0.33 (5)

Glen Esk

28.5 ± 1.4 (25)

-c

Moorfoots

64.2 ± 2.6 (9)

6.46 ± 0.25 (2)

Glen Esk

66.1 ± 1.6 (10)

-c

Moorfoots

26.9 ± 1.5 (19)

7.28 ± 0.11 (19)

Glen Esk

26.5 ± 1.7 (15)

6.94 ± 0.17 (15)

Moorfoots

66.0 ± 2.4 (18)

7.46 ± 0.16 (10)

Glen Esk

61.6 ± 3.3 (9)

7.42 ± 0.09 (8)

F

F

0.15 ns

0.95 ns

817.78 ***

0.35 ns

0.70 ns

2.06 ns

2
1999

1
2

Three-way ANOVA

d

Year
Breeding attempt
Area
a

Dates counted consecutively from 1 April, i.e. day 62 = 1 June.

b

Calculated using the formula derived by Hoyt (1979): volume = 0.51 * length * maximum breadth2

c

No egg biometrics were collected in Glen Esk in 1998.

d

*** P < 0.001.
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Figure 3.2 Frequency distribution of ring ouzel laying dates in two Scottish study areas during 1998 and 1999
(as measured over 5-day periods).
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3.3.1 Productivity
Modal clutch size in both study areas was four, comprising 76-88% of all completed clutches found in
each year (three eggs = 7-15%; five eggs = 4-11%). It is possible that these frequencies differed from
those at the time of clutch completion, due to partial predation. However, this seems unlikely, since
there was no significant difference in frequency between nests found within three days of completion
and those located later in the incubation period (χ 22 = 1.15, P = 0.56). There were no significant
differences in the number of eggs laid, chicks hatched or nestlings fledged between years or study
areas (Table 3.3). Clutch size did not differ between breeding attempts either, but significantly fewer
chicks hatched and fledged from second brood nests compared to first brood nests (amongst those
clutches/broods reaching the hatching and fledging stages, respectively). Overall, successful nests in
Glen Esk fledged an average of 3.48 ± 0.07 chicks, compared to 3.50 ± 0.12 in the Moorfoots.
Table 3.3 Mean clutch and brood sizes (± se) of ring ouzels breeding in two Scottish study areas. Sample sizes
appear in parentheses.
Breeding

Brood size

Brood size

Year

attempt

Area

(at completion)

(at hatching)

(at fledging)

1998

1

Moorfoots

3.91 ± 0.09 (11)

3.33 ± 0.24 (9)

3.33 ± 0.24 (9)

Glen Esk

4.00 ± 0.07 (21)

3.81 ± 0.09 (21)

3.70 ± 0.10 (27)

Moorfoots

4.17 ± 0.31 (6)

2.57 ± 0.48 (7)

3.30 ± 0.42 (10)

Glen Esk

3.83 ± 0.17 (6)

3.33 ± 0.21 (6)

3.50 ± 0.19 (8)

Moorfoots

3.95 ± 0.05 (19)

3.58 ± 0.19 (19)

3.77 ± 0.14 (17)

Glen Esk

3.94 ± 0.10 (18)

3.58 ± 0.12 (19)

3.27 ± 0.15 (26)

Moorfoots

3.90 ± 0.10 (10)

3.78 ± 0.15 (18)

3.44 ± 0.24 (16)

Glen Esk

3.75 ± 0.16 (8)

3.25 ± 0.16 (8)

3.27 ± 0.18 (15)

H

H

H

Year

0.52 ns

0.43 ns

0.73 ns

Breeding attempt

0.54 ns

3.90 *

8.63 **

Area

1.98 ns

0.59 ns

0.18 ns

2
1999

1
2

Kruskal-Wallis testa,b

a

Clutch size

All comparisons were conducted using this test, rather than ANOVA, because data distributions were
affected by the large proportion of clutches and broods of four.

b

* P < 0.05, ** P < 0.01.

3.3.2 Nesting success
In each year of the study, 83-89% of nests found in the Moorfoots and 86-88% of those located in
Glen Esk survived to the fledging stage. More rigorous analyses (based upon daily nest survival rates)
produced lower figures, estimating that 77-85% of Moorfoot nests and 73-79% of Glen Esk nests
survived the whole nesting period (Tables 3.4 & 3.5). Pair-wise comparisons of all daily survival
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probabilities detected only one significant difference between the two populations, with more second
clutches lost at the egg stage in Glen Esk in 1999. However, this difference was only marginally
significant at P = 0.05, and did not remain so after using the sequential Bonferroni correction
technique to allow for the large number of simultaneous comparisons made (Rice 1989).

Table 3.4 Estimated daily survival rates (with 95% confidence intervals) of ring ouzel nests in two Scottish
study areas, in relation to breeding attempt and stage of the nesting period.
Breeding
a

Number of

Number of

Number of

Daily probability of

b

survivalc (95% CI)d

Study area

Year

Stage

attempt

nests studied

failures

nest days

Moorfoots

1998

Egg

First

11

2

90.5

0.978 (0.922-0.997)

Second

6

0

40

1.000 (0.912-1.000)

First

9

0

117.5

1.000 (0.970-1.000)

Second

11

1

139

0.993 (0.961-1.000)

22

3

387

0.992 (0.978-0.998)

First

19

0

158

1.000 (0.977-1.000)

Second

10

0

64

1.000 (0.944-1.000)

First

19

2

210

0.991 (0.964-0.999)

Second

18

2

173.5

0.989 (0.958-0.999)

37

4

605.5

0.993 (0.983-0.998)

First

21

3

133

0.978 (0.934-0.995)

Second

6

0

13

1.000 (0.753-1.000)

First

27

0

259.5

1.000 (0.985-1.000)

Second

10

1

83.5

0.988 (0.935-1.000)

39

4

489

0.992 (0.980-0.998)

First

18

1

137

0.993 (0.961-1.000)

Second

8

2

23.5

0.915 (0.725-0.990)

First

26

0

257

1.000 (0.985-1.000)

Second

15

0

127

1.000 (0.972-1.000)

46

3

544.5

0.995 (0.984-0.999)

Chick
Overall
1999

Egg
Chick
Overall

Glen Esk

1998

Egg
Chick
Overall

1999

Egg
Chick
Overall

a

Egg stage = laying to hatching; chick stage = hatching to fledging.

b

The total number of days between either: locating each nest and hatching (egg stage); or locating each
nest and fledging (chick stage). For unsuccessful nests, it refers to the midway point between the
penultimate visit and the visit on which failure was confirmed.

c

Calculated using the method of Mayfield (1961, 1975); see text for details.

d

Exact 95% confidence intervals obtained from tables in Diem (1962), interpolating where necessary.
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Table 3.5 Estimated percentage survival (with 95% confidence intervals) of ring ouzel nests in two Scottish
study areas, in relation to breeding attempt and stage of the nesting period.
Percentage of nests (95% CI) estimated to survive from:
Laying to hatchinga

Breeding
Year

attempt

Study area

%

1998

First

Moorfoots

70.5 (27.3-95.8)

Glen Esk

70.0 (33.5-92.6)

Moorfoots

100 (22.9-100)

Glen Esk

100 (1.1-100)

Moorfoots

82.1 (40.8-97.0)

Glen Esk

76.8 (37.8-93.3)

Second
Overall
1999

First
Second
Overall

a

Moorfoots

100 (69.1-100)

Glen Esk

89.0 (52.7-99.7)

Moorfoots

100 (39.8-100)

Glen Esk

27.1 (0.6-84.5)

Moorfoots

100 (76.9-100)

Glen Esk

78.6 (41.3-93.9)

t

Hatching to fledginga
b

0.02 ns
0.00 ns
0.32 ns
0.09 ns
0.62 *
0.27 ns

%
100 (67.0-100)
100 (82.6-100)
91.1 (59.5-99.7)
85.7 (41.6-99.6)
94.0 (68.6-98.7)
95.4 (81.1-99.9)
88.4 (62.3-98.5)
100 (82.6-100)
86.2 (57.3-98.2)
100 (69.1-100)
84.7 (71.6-96.5)
100 (88.7-100)

t

b

0.00 ns
0.34 ns
-0.20 ns
-0.15 ns
-0.13 ns
-0.20 ns

Laying to
fledgingc %
70.5
70.0
91.1
85.7
77.2
73.3
88.4
89.0
86.2
27.1
84.7
78.6

Percentage survival in each period calculated by raising estimated daily survival rates (and confidence
intervals) in Table 3.4 to the appropriate power, assuming a mean egg stage (laying and incubation) of
16 days and a mean chick stage (hatching to fledging) of 13 days; see text for justification.

b

Calculated using the formula of Hensler and Nichols (1981): t = (P1 – P2)/√(v12 + v22), where P1 and P2
are the daily survival probabilities of the populations being compared and v1 and v2 are their variances.
The significance of all differences were assessed using Table 2 in Hensler and Nichols (1981); * = P < 0.05.

c

Calculated as the product of the estimates from the two separate stages of the nesting period.

3.3.3 Mortality factors
In neither year were there any significant differences between areas in the proportions of clutches from
which at least one egg failed to hatch or broods from which at least one chick failed to fledge (Table
3.6). Of the 376 eggs found, 69 (18%) were lost prior to hatching. Infertility or embryo death was the
main cause of mortality, accounting for 38% of losses, with 19% being depredated and 12% deserted.
The fates of the remaining 31% were unknown, but most were probably infertile or addled and thus
removed by the parents between nest checks. Of the 477 chicks that hatched, only 33 (7%) did not
survive to fledge. Of these, 58% were depredated and 33% died from starvation or disease; no cause
could be attributed to the remaining 9%. Most nest failures in Glen Esk (six out of seven) occurred at
the egg stage, whereas five out of seven losses in the Moorfoots occurred during the nestling period.
No instances of nest predation were observed, but two nests depredated at the chick stage in Glen Esk
in 2000 contained evidence that kestrels were responsible (i.e. a pellet and a feather). Stoats were
recorded in the vicinity of several depredated nests in both areas, and crows were suspected in at least
two cases in the Moorfoots.

Breeding biology ● 48
Table 3.6 Proximate causes of egg failure and chick mortality in two ring ouzel populations in Scotland.
1998
Stage

Variable

Egg

Moorfoots

Glen Esk

Moorfoots

Glen Esk

Overall

Total no. eggs found

68

92

115

101

376

Infertile or addled

11

3

6

6

26

Predation

1

4

0

8

13

Desertion

3

1

0

4

8

Other (unknown)

8

9

4

1

22

23 (34%)

17 (18%)

10 (9%)

19 (19%)

69 (18%)

Total no. eggs failing to hatch
Test of significance
Chick

a

χ21=

1.97, P = 0.16

χ21=

1.02, P = 0.31

Total no. chicks found

65

133

136

143

477

Predation

0

3

14

2

19

Starvation/disease

2

0

3

6

11

Other (unknown)

0

2

0

1

3

2 (3%)

5 (4%)

17 (13%)

9 (6%)

33 (7%)

Total no. chicks failing to fledge
Test of significance
a

1999

a

χ21=

0.01, P = 0.97

b

χ21=

0.41, P = 0.52

To ensure data independence, tests were conducted using the proportions of clutches from which at
least one egg failed to hatch or broods from which at least one chick failed to fledge.

b

The χ2 test should not be used in cases where expected counts are less than five, so this result is merely
included for completeness.

3.3.4 Nest attendance during incubation and provisioning
Females conducted the vast majority of incubation in both study areas, being flushed off nests during
99% of spot checks in both study areas when an incubating bird was present. There were no significant
differences between study areas or breeding attempts in terms of the number of times females left the
nest, the mean length of periods spent on or off the nest, or the total time that nests were left
unattended (Table 3.7). Overall, females spent around 84.8% (± 0.5%) of every 24 hours on the nest,
leaving it unattended approximately 25.9 (± 1.1) times per day for an average of 8.9 (± 0.3) minutes.
During the nestling period, there were no significant differences between years or study areas in the
number or duration of nest visits made by parents to feed their young (Table 3.8). Both sexes made
similar numbers of nest visits, but females spent significantly longer at the nest than males.
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Table 3.7 Mean rate and duration of nest attendance bouts during the incubation period (± se) a.

Breeding
attempt

Area

1

Number of

Mean length of

Mean length of nest

% time

times nest left

time nest left

attendance period

nest left

b

c

unattendedd

unattended

unattended (min)

during day (min)

Moorfoots (n = 8)

28.0 ± 2.7

8.6 ± 0.5

35.4 ± 4.3

15.6 ± 1.4

Glen Esk (n = 15)

23.7 ± 1.8

10.1 ± 0.6

37.4 ± 2.3

15.9 ± 0.6

Moorfoots (n = 7)

28.7 ± 1.4

7.7 ± 0.5

31.1 ± 1.3

15.3 ± 1.0

Glen Esk (n = 9)

25.7 ± 2.8

8.2 ± 0.8

39.8 ± 5.7

13.7 ± 0.8

F

F

F

F

Breeding attempt

0.43 ns

3.89 ns

0.01 ns

2.30 ns

Area

2.73 ns

3.62 ns

1.71 ns

0.31 ns

2

Two-way ANOVA

a

All variables were measured over 24 hours, 3-9 days before hatching, and are expressed as such.

b

Data collected in 1999 and 2000 in Glen Esk were pooled for all analyses since there was no suggestion
of any interannual variation, i.e. number of times nest left unattended: 1999 = 23.4 ± 1.9, 2000 = 24.7 ±
1.9; mean length of time nest left unattended: 1999 = 8.9 ± 0.5, 2000 = 9.5 ± 0.6; mean length of nest
attendance period: 1999 = 37.5 ± 3.6, 2000 = 38.5 ± 3.1.

c

Excluding the long overnight incubation period.

d

Percentage values were arcsine square root transformed prior to analysis.

Table 3.8 Mean rate and duration of nest visits by adults provisioning chicks during the nestling period (± se).

Number of nest visits (h-1)

Total number of

Mean duration

Total parental

parental nest

of nest visits (s)

nest attendance

Year

Areaa

Male

Female

visits (h-1)

Male

Female

time (min h-1)

1998

Moorfoots (n = 11)

2.86 ± 0.37

3.12 ± 0.33

5.98 ± 0.35

37.18 ± 4.83

49.73 ± 4.22

4.36 ± 0.36

1999

Moorfoots (n = 30)

2.79 ± 0.25

3.43 ± 0.42

6.22 ± 0.45

37.46 ± 3.12

58.32 ± 8.40

5.08 ± 0.40

1999

Glen Esk (n = 14)

2.49 ± 0.22

3.10 ± 0.37

5.59 ± 0.46

44.71 ± 5.92

56.93 ± 6.27

4.80 ± 0.71

Glen Esk (n = 25)

2.65 ± 0.14

2.77 ± 0.15

5.42 ± 0.18

40.88 ± 2.34

53.79 ± 4.90

4.29 ± 0.56

2000

b

F (3-way)

F (2-way)

F (3-way)

F (2-way)

Year

1.92 ns

2.30 ns

0.46 ns

1.74 ns

Area

0.01 ns

0.01 ns

0.27 ns

0.87 ns

Sex

1.97 ns

-

26.79 ***

-

ANOVA

a

No focal watches were conducted in Glen Esk in 1998, and no nest-finding was conducted in the
Moorfoots in 2000, since fieldwork there ceased in early May.

b

*** P < 0.001
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3.3.5 Nestling growth rates
Using least squares linear regression, there were no significant differences in the rates of nestling mass
gain or tarsus growth between years or study areas (Table 3.9). Insufficient wing growth data were
collected in Glen Esk to allow formal comparisons using this method, but there was no significant
interannual difference in the Moorfoots. For broods of known hatching date, plotting graphs of body
mass, tarsus length and wing length against nestling age indicated that chicks in both study areas
followed similar growth trajectories and fledged with virtually identical biometrics (Figure 3.4).
Similar results were obtained using Ricklefs’ (1967) graphical method (Figure 3.5).

Table 3.9 Mean growth rates (± se) of nestling ring ouzels in two Scottish study areas.
Year

Area

Mass gain (g/day)

Tarsus growth (mm/day)

Wing growth (mm/day)

1998

Moorfoots

8.0 ± 0.3 (n = 10)

3.0 ± 0.1 (n = 9)

7.1 ± 0.3 (n = 5)

Glen Esk

8.7 ± 0.4 (n = 10)

a

-

-a

Moorfoots

8.7 ± 0.3 (n = 20)

3.3 ± 0.1 (n = 20)

7.6 ± 0.3 (n = 8)

Glen Esk

7.5 ± 0.4 (n = 13)

2.9 ± 0.3 (n = 8)

-a

F

F

F

Year

0.24 ns

2.05 ns

1.42 ns

Area

1.30 ns

2.67 ns

-a

1999

Two-way ANOVA

a

Some comparisons were precluded because insufficient data were collected in Glen Esk.
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Figure 3.4 Relationships between age of nestling ring ouzels and mean biometrics (± se): (a) body mass; (b)
tarsus length; and (c) wing length. Sources of data: Moorfoots and Glen Esk – this study; Ukraine – Marisova
and Vladyshevsky (1961); Romania – Korodi Gál (1970). [Apparent differences in tarsus lengths between
Romanian and Scottish birds probably reflect slight variations in measuring methods.]
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Figure 3.5 Relationships between nestling growth rates (K of Ricklefs 1967) and asymptotic: (a) body mass; (b)
tarsus length; and (c) wing length. Sources of data: see Figure 3.4.
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3.3.6 Return rates, philopatry and breeding site fidelity
Minimum estimates of survival were derived from the proportion of individually marked birds present
in one season that returned to breed the following year. In total, using this definition, at least 3.3% of
chicks ringed in the Moorfoots and 5.0% of those in Glen Esk survived from one year to the next
(Table 3.10). Return rates of breeding adults were much higher, totalling 29.6% in the Moorfoots and
24.1% in Glen Esk. Overall return rates did not differ significantly between study areas for either
chicks (χ21 = 0.74, P = 0.39) or adults (χ21 = 0.12, P = 0.73). Similarly, there was no significant
interannual difference in the proportion of returning adults (χ 21 = 2.98, P = 0.08) or chicks (χ21 = 1.18,
P = 0.28). The proportion of marked males and females returning to each study area did not differ
significantly (χ21 = 0.01, P = 0.96). Overall, there were no significant differences between the sexes in
terms of distances between natal sites and breeding sites, or between nest sites used by marked birds in
consecutive seasons (Table 3.11). Based on the bimodal distribution of these data (Figure 3.6) and the
mean nearest neighbour distances recorded in each study area (section 2.3.2), only three of nine
marked males and one of seven marked females were classed as nesting at the same breeding site in
consecutive seasons. Small sample sizes precluded statistical tests of differences between the sexes
within each area, but no great variation was apparent.

Table 3.10 Annual return rates of nestling and adult ring ouzels to two Scottish study areas.
Age

x = 1998

class

Variable

Nestling

Number of birds
marked in year x
Number of marked birds
returning in year (x + 1)
Return rate (%)

Adult

a

Number of birds
marked in year x
Number of marked birds
returning in year (x + 1)
Return rate (%)

a

x = 1999

Total

Moorfoots

Glen Esk

Moorfoots

Glen Esk

Moorfoots

Glen Esk

56

134

127

124

183

258

4

8

2

5

6

13

7.1

6.0

1.6

4.0

3.3

5.0

3

12

24

17

27

29

0

2

8

5

8

7

0.0

16.7

33.3

29.4

29.6

24.1

Includes birds marked as chicks in previous years (particularly in Glen Esk, by D. Arthur).
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Table 3.11 Philopatry and interannual site fidelity of breeding ring ouzels in two Scottish study areas.
Glen Eska

Moorfoots
Variable
Mean ± se (range) of
distances between natal site

Overall

Males

Females

Males

Females

Males

Females

2.6 ± 0.8

7.6 ± 2.0

2.3 ± 0.2

2.4 ± 0.2

2.3 ± 0.2

2.9 ± 0.4

(1.8 – 4.2)

(5.6 – 9.6)

(0.8 – 4.5)

(0.8 – 4.0)

n = 27

n = 20

b

and breeding site (km)

n =3

n=2

Mean ± se (range) of

0.6 ± 0.2

1.7 ± 0.8

1.3 ± 0.7

0.6 ± 0.2

distances between sites used

(0.0 – 0.9)

(0.7 – 3.3)

(0.0 – 3.1)

(0.2 – 1.0)

in consecutive seasons (km)

n=5

n=3

n=4

n=4

t50 = -1.37 ns
0.9 ± 0.3

1.0 ± 0.4

n1 = n2 = 8; U = 61 ns

a

Includes birds marked in previous years (by D. Arthur), so sample sizes differ from those in Table 3.10.

b

The precise ring combination of one female marked as a chick in 1998 could not be determined when
the bird returned to breed in 1999; hence, the dispersal distance could not be calculated.

4
Glen Esk
Moorfoots

Frequency

3

2

1

0
0-200

200-400

400-600

600-800

800-1000
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Distance between nest sites used in consecutive breeding seasons (m)

Figure 3.6 Frequency distribution of the distances between nest sites used by marked ring ouzels in consecutive
breeding seasons in two Scottish study areas.

3.4 DISCUSSION
This study could not find any significant differences in the breeding success or reproductive behaviour
of ring ouzels in Glen Esk and the Moorfoots that might explain why one population has remained
stable while the other has declined. Both populations experienced high levels of nesting success, with
82% of all eggs found hatching successfully, and 93% of all chicks that hatched surviving to fledge.
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Nestlings appeared to fledge in a similar condition in both areas, and there was no evidence that
predation or other external factors (e.g. land-use) exerted important influences on either population, up
until fledging at least. Females were almost exclusively responsible for incubation, but both sexes
made similar numbers of nest visits when provisioning their chicks. Females made significantly longer
nest visits than males, possibly because they were delivering more food, but more probably because
they combined feeding their chicks with short spells of brooding.
3.4.1 Were productivity and return rates high enough to maintain stable populations?
Based on the observed rates at which colour-ringed chicks and adults returned to their natal/breeding
areas, it was possible to estimate whether the recorded productivity and minimum return rates were
sufficient to maintain stable populations. This calculation involved the following assumptions: (a) the
average annual return rate of breeding adults was 27% (Table 3.10); (b) adults made an average of
1.44 breeding attempts per year (Table 3.1); (c) an average of 3.49 chicks fledged from each nest
(Table 3.3); and (d) all birds began breeding aged one year. Thus, each adult fledged an average of
2.51 chicks per year. To maintain a stable population, it was necessary that 0.73 of these fledglings
returned and were recruited into the breeding population the next year. However, average return rates
recorded in the Moorfoots and Glen Esk (4.3%; Table 3.10) indicate that only 0.11 fledglings were
recruited.
As a first attempt to quantify the ouzel’s demographics, this calculation is useful for illustrative
purposes, but it is unlikely to be reliable. First, it is probable that more than 44% of adults were double
brooded, since some adults moved sites between breeding attempts. Data from Glen Clunie and the
Yorkshire Dales suggest that a figure of c. 60% is more realistic (Table 3.12). Second, the return rates
of both breeding adults and fledglings were minimum estimates, and actual return rates were probably
much higher (see below). In Glen Clunie, 45% and 44% of marked adults returned to breed in 2000
and 2001, respectively, and fledgling return rates averaged 6.3% during 1999-2001 (Sim et al. 2000; I.
Sim unpubl. data). The ring ouzel’s closest congener is the blackbird Turdus merula, for which adult
survival averages 61% and c. 41% of juveniles are recruited (Lack 1943; Batten 1973; Dobson 1990;
Magrath 1991; Yom-Tov et al. 1992). During the recent decline of the song thrush T. philomelos in
Britain, the equivalent rates were 57% and 41%, respectively (Thomson et al. 1997). Based on these
studies, the survival rate of adult ouzels may be twice as high as the return rate used in the calculation
above, and 6-10 times more juveniles may be recruited than observed return rates suggest. Substituting
these ‘revised’ figures into the calculation above indicates that recruitment rates may be sufficient to
maintain population stability after all.
The principal reason for discrepancies between return rates and survival estimates is that unmeasured
and potentially high proportions of returning juveniles may not return to the immediate vicinity of
their natal area to breed. Adults may also be more mobile between years than resightings of marked
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birds suggest. To date, there have been no reports of breeding adults moving more than a few
kilometres between years, and an analysis of BTO ringing recovery data suggested that most birds
returned to their natal areas to breed (Burfield in press). However, combining the small numbers of
birds ringed with the low level of observer effort outside a few small study areas (Table 3.12) means
that the probability of detecting marked individuals elsewhere is virtually zero. Durman (1978)
described one unconfirmed instance of a female moving 225 km between its natal and breeding sites,
and two juveniles from Glen Clunie were found breeding in Glen Esk, c. 30 km to the east (I. Sim &
D. Arthur pers. comm. 2001). Hence, some medium- and long-distance dispersal clearly does occur.
There was no apparent difference in return rates between the Moorfoots and Glen Esk, but these
results may have been confounded by differences in the size and isolation of the two areas. The
Moorfoots study area (c. 40 km2) was much larger than that in Glen Esk (c. 9 km2), so there was a
greater chance of finding birds dispersing over moderate distances (e.g. 5-10 km) that may have
escaped detection in Glen Esk. Moreover, Glen Esk is surrounded by suitable ouzel habitat, so birds
may be more likely to disperse over relatively short distances. The Moorfoots are comparatively
isolated, and ouzel habitat appears to be quite fragmented, so returning birds may be forced to disperse
over larger distances. Insufficient data were collected to compare dispersal distances between the two
populations, but it is possible that the return rates reported in this chapter have underestimated the
actual number of birds returning to Glen Esk, which may be more similar to those in Glen Clunie. In
particular, this may reflect the relatively low intensity of fieldwork in Glen Effock (one of the two
glens neighbouring the Glen Esk study area) in 1999 and 2000 (D. Arthur verbally 2001).
Clearly, much wider observer coverage and many more ringing recoveries are required to make
accurate estimates of adult and first-year survival rates. In the absence of such data, it can be
instructive to use data from congeners (i.e. blackbird and song thrush) to test how realistic alterations
to the assumptions made affect the outcome of the calculation above. Unfortunately, such
extrapolations are confounded because the ring ouzel is unique amongst British thrushes in having a
wholly migratory population occupying completely different environments to its congeners (Chapter
1). Adults and juveniles are exposed to very different mortality factors than those affecting resident
thrushes, particularly on migration and in winter. Moreover, relatively small changes in survival may
have large impacts on populations. Thomson et al. (1997) found that the first-year survival rate of
song thrushes fell from 48% to 41% during the recent population decline, and showed that this alone
was sufficient to account for the decrease in numbers. Further work revealed that the post-fledging
survival rate of juvenile song thrushes over the first 60 days fell from 45% in 1968 to 32% in 1992,
suggesting that losses at this stage might well be driving the decline (Thomson & Cotton 2000). The
present study did not investigate potential differences in post-fledging mortality between the
Moorfoots and Glen Esk, but this may well prove a fruitful line of enquiry for future research.
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3.4.2 Comparing productivity and nesting success with the results of previous studies
Caution is required when comparing the results of this chapter with those of other studies, since
differences in survey methods and nest-finding efficiency can greatly affect figures of observed
nesting success. Most parameters of breeding success in the present study were similar to or higher
than those published previously, though mean brood sizes at fledging appeared marginally lower
(Table 3.12). The relatively large difference between clutch and brood sizes may indicate that partial
brood losses have increased in frequency over time, possibly because chicks are hatching in poorer
condition or at greater risk from disease, starvation or predation. This possibility could be assessed by
updating Flegg and Glue’s (1975) Nest Record Scheme analysis. Food supplies in the Moorfoots and
Glen Esk appeared more than adequate, since there was no evidence that adults in either area struggled
to provision their young. The growth rates of chicks in the Moorfoots and Glen Esk did not differ
significantly, indicating that the availability of food supplies around breeding sites was similar in both
areas. However, invertebrate abundance in parts of the Moorfoots (and elsewhere) may have
diminished over time, such that they can no longer support breeding ouzels. Nestling T. t. torquatus in
the Ukraine (Marisova & Vladyshevsky 1961) and Romania (Korodi Gál 1970) gained mass between
1.25 and 1.32 times faster than Scottish chicks, and typically fledged a day earlier than birds in the
present study. This variation may be well within the species’ normal range, or simply reflect
differences in food availability between heather moorland in Scotland and pastures bordering
coniferous forests in eastern Europe. Alternatively, growth rates of British ouzels may have decreased
over time in response to environmental change (e.g. reduced food availability), so that differences with
T. t. alpestris now exist. This hypothesis could be tested by analysing historical growth rate data from
British chicks, if any such data exist.
Since clutch sizes were similar, it was unclear why brood sizes at hatching (and therefore fledging)
were significantly smaller in second broods compared to first broods. Several studies have shown that
food availability affects hatching success in other passerines, often by improving the condition of
laying females or reducing the duration of foraging bouts by incubating birds, thereby lowering nest
exposure (e.g. Yom-Tov 1974; Crossner 1977; Högstedt 1981; Arcese & Smith 1988; Dhindsa &
Boag 1990; Komdeur 1996). The present study found no significant differences in nest attendance
between first and second breeding attempts, but it remains possible that laying females suffered from
reduced availability of calcium-rich prey later in the season. Anecdotal evidence suggests that adults
are heavily dependent on earthworms (Cramp 1988; pers. obs.), which burrow deeper into the soil and
aestivate during the drier summer months (Edwards & Lofty 1977). However, there was no evidence
that chick growth rates were lower in later broods, nor that nestling mortality increased, so earthworm
shortages did not appear to be a problem (Chapter 4). Only by quantifying adult diet will it be possible
to determine whether reduced late-season availability of other invertebrates is limiting female
condition and hatching success. Durman (1978) and Poxton (1986) recorded more clutches of five
eggs in the Pentlands in wet years, and Appleyard (1994) provided circumstantial evidence that the
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extent of double brooding was associated with June rainfall. In the present study, both areas received
more rainfall in June 1998 than in any other year (Appendix 2), and there were more clutches of five
in the Moorfoots than in 1999 (though not in Glen Esk). Future research should assess possible
correlations between weather and reproductive performance, since any associations may indicate how
climate change will affect ring ouzels.
Table 3.12 Comparison of ring ouzel breeding parameters in different studies across Britain (- = no data).
Observed nest success rates (%)a

% double

Years

Clutch size

Brood size

Egg

Chick

Overall

broodingb

Area

studied

(complete)

(fledging)

stage (E)

stage (C)

(E x C)

(range)

Source

43

Arthur & White

(33-52)

2001; this study

Glen Esk

1992-

4.00 ± 0.04

3.37 ± 0.08

94.5

78.9

(Tayside)

2000

(138)

(217)

(128)

(218)

74.6

Moorfoot Hills

1998-

3.98 ± 0.05

3.50 ± 0.12

94.4

91.2

(Lothian/Borders)

1999

(46)

(53)

(46)

(57)

Glen Clunie

1998-

3.98 ± 0.05

3.68 ± 0.06

78.1

85.6

(Grampian)

2000

(121)

(160)

(114)

(188)

Pentland Hills

1973-

4.00 ± 0.13

3.81 ± 0.10

91.3

73.2

(Lothian)

1977

(20)

(37)

(23)

(41)

Pentland Hills

1979-

4.16 ± 0.07

3.74 ± 0.12

71.1

92.6

(Lothian)

1984

(38)

(38)

(38)

(27)

1979-

3.93

3.60

1992

(85)

(132)

-

-

Long Mynd

1994-

4.22 ± 0.10

4.00 ± 0.19

50.0

81.2

(Shropshire)

1999

(22)

(11)

(20)

(11)

1970-

3.93 ± 0.06

3.52 ± 0.08

1987

(89)

(115)

-

-

-

-

Tyler & Green 1994

1970-

4.00 ± 0.03

3.76 ± 0.04

1987

(301)

(295)

-

-

-

-

Tyler & Green 1994

1944-

4.05 ± 0.06

3.64 ± 0.06

69.6

98.3

1970

(79)

(172)

(79)

(179)

68.4

-

Flegg & Glue 1975

Yorkshire Dales

Wales
Scotland/England
Britain

a

86.1

45
(30-59)

66.8

60 (57-62)

66.8

46d

65.8
75.0c
40.6

48
(14-80)
64
(44-73)
37
(14-54)

This study
Sim et al. 2000;
I. Sim unpubl. data
Durman 1978
Poxton 1986
Appleyard 1994
Smith 2001

Calculated by multiplying observed hatching success (the percentage of nests hatching chicks) by
observed fledging success (the percentage of hatched nests fledging chicks). This method may produce
excessively high figures (section 3.2.3), but it provided the only convenient means of comparing the
results of different studies.

b

Mean percentage of breeding sites supporting two breeding attempts per year during each study.

c

80% during 1988-90 (n = 51) and 38% in 1991 (n = 21), reportedly due to high predation by stoats.

d

Estimate for 1975 only; not measured in other years.

The timing of breeding was synchronous in the Moorfoots and Glen Esk and similar to that recorded
elsewhere in Britain (e.g. those studies in Table 3.12). In continental Europe, T. t. torquatus also starts
nesting in late April and May (e.g. Marisova & Vladyshevsky 1961), but most Scandinavian ouzels do
not reach their breeding grounds until May and many raise only one brood (Cramp 1988). Despite this,
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Scandinavian populations showed no sign of declining between 1970-90 (Heath et al. 2001).
Variations in the recorded extent of double brooding between years and study areas probably owe as
much to differences in the intensity of coverage and observer experience as to any environmental
factors. It seems likely that double brooding is the rule rather than the exception for most British
ouzels. A few pairs were triple brooded as a result of one or more nest failures, but there was no
indication that any birds made three successful breeding attempts (as per Appleyard 1994).
Rates of observed nesting success during the present study were among the highest ever recorded in
Britain, reflecting the low levels of nest predation in both the Moorfoots and Glen Esk. Predation
events were also rare in Glen Clunie (Sim et al. 2000) and in the Yorkshire Dales (Appleyard 1994),
though the latter study did include one year with particularly high nest predation (62% in 1991). In the
Pentlands, Durman (1978) reported higher rates of predation at the chick stage, while Poxton (1986)
recorded more losses during incubation, though in neither case were predation levels high. Most of
these populations may have experienced enhanced levels of breeding success because they included or
overlapped with areas where predators were controlled. Following the Pentlands’ conversion to a
country park, the ouzel population declined dramatically (I. Poxton pers. comm. 1998), but since no
data were collected during this decline it is not possible to assess the extent to which reduced predator
control or other factors (e.g. disturbance, land-use changes) were involved. The Long Mynd
population may now be in terminal decline as a result of low breeding success caused by high nest
predation at the egg stage, probably by crows (Smith 2001).
Several studies have reported nest predation by foxes, mustelids and corvids, which may explain why
Thompson et al. (1997) found that ouzels were less likely to disappear from 10-km upland squares
dominated by managed grouse moors than from those dominated by unmanaged areas. However,
Buchanan et al. (in prep.) did not find any link between gamekeeping intensity and ouzel persistence
in a more detailed study across Scotland. Hurford (1996) suggested that the recent decline of the ouzel
in Glamorgan resulted from an increase in peregrine numbers. The leg rings of several fledgling ouzels
have been found in peregrine eyries in Glen Esk (Arthur & White 2001), and predation events
involving kestrels, sparrowhawks Accipiter nisus and merlins Falco columbarius have all been
recorded (Lunn 1984; Bibby 1987; Arthur 1994b; I. Sim in litt. 2001; pers. obs.). Thus, while ouzels
appear to be little affected by nest losses, the predation of adults and fledglings may have a greater
impact on the species. Further research should therefore examine links between predator populations
and local ouzel declines, and investigate the effect of predation during the post-fledging/-breeding
period.
3.4.3 Limitations
Unless differences between stable and declining populations are particularly stark, detecting them may
require a longer run of data than that collected over two or three years. Differences may be manifest
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only under certain conditions: for example, in years of particularly inclement weather. It is also
possible that the rate of decline in the Moorfoots may have slowed by the time this study was
conducted, and that the population is approaching (or has reached) a new, lower equilibrium. In this
case, no significant differences with Glen Esk would be expected. Chapter 2 provides some indication
of a continued decline in parts of the Moorfoots during this study, but overall the evidence for this is
weaker than that for declines since the 1960s.
3.4.4 Conclusions
The results of this chapter provide no evidence to support claims that the decline of ring ouzels in the
Moorfoot Hills is linked to factors causing reduced breeding success. Although the species’ breeding
season is relatively short and clutch size is small, many pairs in the Moorfoots and Glen Esk made two
breeding attempts per year and most nests were successful. Chicks grew at comparable rates in the two
areas and appeared to fledge in a similar body condition. Nonetheless, it remains possible that
nestlings in the two study areas were provisioned with different food types, which may have caused
chicks in one area to fledge in a better state of nutrition than in the other. Fledging condition has a
large impact on the probability of survival (e.g. Magrath 1991; Ringsby et al. 1998; Both et al. 1999;
Naef-Daenzer et al. 2001), and is thus of great importance. To investigate whether parents in the
Moorfoots fed their chicks different food types to those in Glen Esk, Chapter 4 uses faecal analysis to
provide the first quantitative description of the species’ diet in Britain.
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Chapter 4
The diet of nestling ring ouzels in Scotland
examined by faecal analysis
4.1 INTRODUCTION
Numerous factors, including territorial behaviour, nest site availability, food supplies, predation,
disease, competition and human impacts, influence the population levels of wild birds (Newton 1998).
In many species, food availability has been shown to be the most important of these (e.g. Lack 1954;
von Brömssen & Jansson 1980; Högstedt 1981; Martin 1987, 1991; Arcese & Smith 1988; Komdeur
1996). Understanding food preferences is crucial because changes in land-use and other anthropogenic
activities may adversely affect the breeding success and survival of birds by reducing the availability
of suitable resources (e.g. Warner 1984; Potts 1986; Graveland et al. 1994; Potts & Aebischer 1995).
Quantifying a species’ diet can thereby provide vital information for the management of threatened
species (Moreby & Stoate 2000). For example, finding that chicks rely on a variety of invertebrates
might demonstrate the importance of providing a wider range of microhabitats during the breeding
season (Brickle & Harper 1999).
To date, little information has been published on the ring ouzel’s diet in Britain, beyond descriptions
based on anecdotal observations of adult birds collecting food for nestlings (Cramp 1988). These
qualitative studies suggest that, during the breeding season, the species depends almost exclusively on
invertebrates, especially earthworms (Lumbricidae) and adult and larval insects (e.g. Watson 1972;
Appleyard 1994). Many studies have reported earthworms as being particularly important (e.g. Ware
1961; Durman 1978; Poxton 1986), though Simms (1978) described invertebrates other than
earthworms as the major food source. Leatherjacket larvae (Tipulidae), caterpillars (Lepidoptera) and
earthworms were the only prey taxa that could be identified by observation during a study in Wales
(Tyler & Green 1994).
Field observation is not a very reliable method of diet estimation as it is difficult to identify and
quantify individual food items due to their small size (e.g. Read 1994). A better technique involves
using neck collars as ligatures to prevent chicks from swallowing food brought by their parents; each
bolus can then be collected for analysis. Many recent studies have used this method (e.g. Mellott &
Woods 1993; Poulsen & Aebischer 1995), but it too has its problems. Collars can be used only on
chicks of intermediate age because young nestlings are easily injured and older birds may fledge with
the collar still attached. The technique also involves a high degree of disturbance and can thus only be
used for short periods. Another alternative to field observation involves analysing the partly digested
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contents of crop or stomach samples, which can be collected from adults or chicks, living or dead. As
with neck collars, this technique can only be used under licence owing to its intrusive nature (Moreby
& Stoate 2000).
The method most widely employed in diet studies is faecal analysis (summarised in Moreby & Stoate
2000). Faecal samples can be collected without placing additional stress on young chicks because
nestlings frequently produce faecal sacs during handling for the purposes of ringing and measuring
biometrics. However, there are still problems associated with this technique. First, some ingested
items leave no detectable trace in the faeces (Sanchez-Alonso et al. 1996), so it is particularly easy to
under-record invertebrates with few hard body parts, such as aphids (Aphidae), flies (Diptera) and
springtails (Collembola) (Moreby 1988; Moreby & Stoate 2000). Second, differential digestion rates
mean that objects ingested simultaneously may appear in the faeces hours apart (Robinson &
Stebbings 1993), while other items may even have been eaten by invertebrates subsequently taken by
the bird (Brickle & Harper 1999). Estimating correction factors, to relate the number and size of
individual items found in faeces to food ingested, is a major undertaking that many studies avoid (e.g.
Brickle & Harper 1999). Third, the presence of many small invertebrate fragments in the faeces means
that prey identification can also be difficult and time-consuming. Despite these shortcomings, the bias
introduced by using faecal analysis need not be large. No significant differences were detected in
studies comparing neck collars and faecal samples as methods of estimating the diet composition of
nestling skylarks Alauda arvensis (Poulsen & Aebischer 1995) and yellowhammers Emberiza
citrinella (Moreby & Stoate 2000). Compared to neck collars, faecal analysis identified significantly
more invertebrate groups in the diet of nestling whitethroats Sylvia communis (Moreby & Stoate
2000).
The only previous attempt to use faecal analysis to describe the diet of nestling ring ouzels in Britain
involved a relatively small number of samples (n = 23) collected in Wales in 1988 and 1990 (Tyler &
Green 1994). A wide range of food items was identified, including earthworms, leatherjacket larvae,
fly larvae, ground beetles (Carabidae), click beetles (Elateridae), caterpillars, spiders (Araneae) and
millipedes (Julidae), but the analysis produced frequency of occurrence data only (e.g. earthworms
were found in 65% of samples). The most detailed study to date was conducted in Romania on the
alpine subspecies T. t. alpestris using the neck collar technique (Korodi Gál 1970). The diet comprised
42% caterpillars, 29% earthworms, 25% beetles (mainly adults) and 4% other invertebrates (mainly
ants) by weight. Another study of T. t. alpestris found that nestling diet was dominated by earthworms
(Eichenberger in Glutz von Blotzheim 1988), as did a qualitative assessment of T. t. torquatus nesting
in Swedish Lapland (Swanberg in Glutz von Blotzheim 1988).
In the present chapter, faecal analysis is used to quantify and compare the diet of nestling ring ouzels
in two areas of Scotland, and to investigate possible relationships with chick age, weather, date and
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year (following Stoate et al. 1998; Brickle & Harper 1999). Numerous studies (e.g. Desrochers 1992;
Brickle & Harper 1999; Chamberlain et al. 1999) have demonstrated the influence of weather
variables on avian diet. Others have documented diet variability within (Klages et al. 1992) and
between breeding seasons (Adams & Mitchell 1995), and several have revealed how diet changes with
increasing chick age (Hatchwell 1991; Ramos et al. 1998). Variation in diet with any of these factors
could have implications for designing management practices sympathetic to breeding ring ouzels. The
aim of this study is, therefore, to describe chick diet in order to help explain the species’ selection of
foraging habitats (Chapter 6) and to provide information on the main foods that are important to ring
ouzels during the breeding season.
4.2 METHODS
4.2.1 Faecal analysis
Samples were collected from nestlings in the Moorfoot Hills and Glen Esk between mid-May and
mid-July in 1998-2000. Each faecal sac was stored individually and preserved in 75% alcohol.
Analysis then followed standard techniques (see Tatner 1983; Ralph et al. 1985; Moreby 1988; Green
& Tyler 1989). Prior to analysis, each sample was prepared by placing it in 20% potassium hydroxide
solution for 15 minutes. This removed uric acid and other small organic particles, which would
otherwise have obscured examination of the samples. Each sample was then washed through a brass
sieve (100 μm gauge) using water and dissecting needles to break up any large pieces. The fine gauge
of the sieve meant that only tiny particles of no value for prey identification were washed out of the
sample, leaving the residue in the sieve ready for analysis. After washing with water, the residue was
removed from the sieve and stored in 75% alcohol.
Following the method of Green & Tyler (1989), an 85-mm diameter Petri dish was adapted by
cementing a 73-mm Petri dish inside it, thus creating a 6-mm wide annular channel. The underside of
the larger dish was inscribed with radial lines at 18° intervals, so that the annulus was divided into 20
equal sectors. A small amount of the sieved faecal sample was then placed in the circular channel and
examined at x 25-50 magnification under a binocular microscope. Since the channel was slightly
narrower than the field of view of the microscope, it was possible to search its entire contents by
simply rotating the dish through 360°. For counting purposes, it was important to restrict the amount
of material in the channel to ensure that the sample did not move excessively during examination.
Each fraction was treated similarly until the whole sample had been analysed.
Much of the material present in the faeces consisted of fragments of insect cuticle and other debris that
could not be attributed to particular taxa. Hence, counts of prey remains were restricted to those
structures that were identifiable, discrete and present in known numbers on the animals from which
they came, e.g. spider fangs (Table 4.1). All items were identified to the level of family or order.
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Having counted the number of a particular body part present in a sample, this number was multiplied
by a correction factor to estimate how many were actually ingested (see below). The corrected figure
was then divided by the number of parts present on an intact animal (e.g. spiders have two fangs) to
produce an estimate of the minimum number of whole animals eaten. For accuracy, estimates were
dealt with in fractions of animals (i.e. there was no rounding up or down to the nearest whole animal).
Correction factors
By feeding known numbers of whole invertebrates to captive birds, other studies have calculated
correction factors for certain invertebrate body parts by relating the number recovered in faeces to the
number actually ingested (Green 1978, 1984; Galbraith 1989; Green & Tyler 1989; Jenni et al. 1990;
Pulido & Diaz 1994; Tigar & Osborne 2000). Applying these correction factors reduces biases arising
from differential digestion rates and improves the accuracy of estimates of diet composition. In this
study, it was not possible to collect ring ouzel chicks and conduct captive experiments of this nature.
Instead, mean correction factors were calculated from the results of such experiments on other species
(Table 4.1). These were then applied to the results from the faecal analysis to produce better estimates
of what each ring ouzel chick had actually eaten. For millipedes, counts were made of fragments of the
segmental rings making up the exoskeleton; most of these were of fairly uniform size (c. 1 mm along
the ring circumference). Earthworm chaetae were particularly numerous, so the number in each
sample was estimated by counting those present in every fourth sector of the Petri dish annulus and
multiplying the total by four. Chaetal lengths were also measured to the nearest 0.05 mm using a
micrometer eyepiece (Green & Tyler 1989).
Sensitivity analysis
In some cases (e.g. spiders), there was considerable variation in the values of correction factors
resulting from different studies (Table 4.1). This implied that they were probably specific to a certain
situation or species of bird. Even where little variation was apparent (e.g. beetle larvae), applying
these mean correction factors to the ouzel data clearly involved making a fairly gross assumption as to
their suitability, which may have led to errors when calculating diet composition. Therefore, a
sensitivity analysis was conducted to examine whether using correction factors at the extreme upper
end of the observed range made any difference to the results obtained using mean values.
Biomass calculations
In dietary terms, one ant is clearly not equal to one earthworm. Therefore, the estimated numbers of
prey items in each sample were converted to approximate biomasses. In most cases this was achieved
by multiplying the estimated number of each invertebrate taxon by its mean dry weight (Table 4.1), as
calculated using individuals from a reference collection (following Galbraith 1989; see Section 4.2.4).
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Table 4.1 Invertebrates present in chick faeces. Correction factors calculated as the mean of values measured in
the following species: skylark Alauda arvensis (Green 1978); red-legged partridge Alectoris rufa (Green 1984);
lapwing Vanellus vanellus (Galbraith 1989); stone curlew Burhinus oedicnemus (Green & Tyler 1989); blackcap
Sylvia atricapilla and garden warbler S. borin (Jenni et al. 1990); blue tit Parus caeruleus (Pulido & Diaz 1994);
houbara bustard Chlamydotis [undulata] macqueenii (Tigar & Osborne 2000).
Mean dry weight

Structure

Mean correction

Range of values

Prey taxon

in mg (n)

counted

factor ± se

(n)

Earthworm (Lumbricidae)

24 (235)

Chaeta

See text

- (0)

Ground beetle (Carabidae)

45 (1068)

Mandible

1.57 ± 0.29

1.16 - 2.44 (4)

Rove beetle (Staphylinidae)

3 (614)

Mandible

1.62 ± 0.24

1.02 - 2.44 (5)

Click beetle (Elateridae)

6 (180)

Mandible

1.79 ± 0.34

1.30 - 2.44 (3)

7 (3)

Tibia

1.72 ± 0.39

1.10 - 2.44 (3)

Unidentified beetle sp.

31 (2100)

Head

2.29 ± 0.15

2.13 - 2.44 (2)

Ground beetle larva (Carabidae)

10 (112)

Mandible

1.32 ± 0.22

1.10 - 1.55 (2)

Unidentified beetle larva sp.

8 (168)

Mandible

1.32 ± 0.22

1.10 - 1.55 (2)

Leatherjacket larva (Tipulidae)

54 (47)

Mandible

1.20 ± 0.00

- (1)

Ant (Formicidae)

1 (2492)

Mandible

1.52 ± 0.00

- (1)

3 (19)

Mandible

-

- (0)

4 (1012)

Fang

2.42 ± 0.84

1.00 - 3.92 (3)

Sawfly larva (Tenthredinidae)

5 (24)

Mandible

1.00 ± 0.00

- (1)

Caterpillar (Lepidoptera)

39 (42)

Mandible

1.00 ± 0.00

- (1)

Millipede (Julidae)

19 (66)

Ring fragment

See text

- (0)

Dung beetle (Scarabaeidae)

Sawfly (Tenthredinidae)
Spider (Araneae)

Several steps were required to calculate the approximate biomass and number of earthworms
consumed. Green and Tyler (1989) demonstrated that there was no significant trend in the recovery
rate of chaetae in faeces according to chaetal length. Hence, the mean fresh mass per segment of
earthworms consumed (1) and an estimate of the number of earthworm segments consumed (2) were
calculated using the following relationships, as derived by Green and Tyler (1989):
Mean fresh mass per segment of individual earthworm = 0.0331 * mean chaetal length 2.588

(1)

Number of earthworm segments consumed = 0.559 * number of chaetae recovered

(2)

Using the latter relationship, rather than an estimate of the number of chaetae recovered per animal (cf.
Galbraith 1989), avoided problems caused by different earthworm species having different numbers of
segments. There was a highly significant positive correlation between the wet and dry masses of a
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sample of earthworms collected in this study, producing a mean ratio of 5.63:1 (Spearman’s rank
correlation coefficient: r235 = 0.944, P < 0.001). Thus, for each sample, the approximate dry mass of
earthworms consumed could be calculated by multiplying the results of equations (1) and (2) together
and dividing the product by 5.63. Finally, the number of earthworms consumed was estimated by
dividing the result of equation (2) by the mean number of segments per earthworm (78.3; n = 235).
This attempt to account for selectivity by foraging birds for earthworms of a particular size differed
from the approach taken with all other invertebrate groups, and thus constituted a potential source of
bias. For example, if ouzels selected only very large beetles when foraging, these calculations would
have underestimated their importance in the diet. However, this seems unlikely to have been an
important problem, since the group contributing the greatest proportion of the diet by biomass was
also numerically superior to the other invertebrate categories (see Results).
4.2.2 Meteorological data
The availability of many invertebrates is affected by temperature and rainfall (Southwood 1978), so
this study considered the possible effects of weather on diet at two temporal scales: the day on which
each sample was collected, and the four days preceding it (after Desrochers 1992). Daily rainfall and
temperature data during each breeding season were obtained from the British Atmospheric Data
Centre (www.badc.rl.ac.uk). See Appendix 2 for details.
4.2.3 Invertebrate sampling
In spring 2000, focal watches of nests in Glen Esk identified the main foraging locations of 19 pairs of
ring ouzels (Chapter 6). Within each pair’s home range, six discrete foraging sites were chosen at
random and sampled for invertebrates using pitfall trapping and soil coring (Southwood 1978). Five
samples of each type were collected within 10 m of the perceived centre of each site. Soil cores were
taken and pitfall traps set within four days of the foraging observation. Soil cores were dried overnight
at 40°C and then hand sorted on the day after collection. Pitfall traps were checked after four days. All
invertebrates collected were extracted and preserved in 75% alcohol. Later, they were identified to the
level of family or order, counted, and dried to a constant weight in an oven at 70ºC. After drying, the
dry weight of all invertebrates was recorded for use in biomass calculations.
4.2.4 Statistical analysis
Nestling diet may have been affected by numerous parameters, including study area, year, brood,
chick age and weather. A multivariate analysis of covariance (MANCOVA) was therefore conducted
to determine whether any of these parameters could explain a significant degree of the variation in
chick diet. The analysis was carried out on the five groups of invertebrates that dominated most
samples in terms of their dry weight (i.e. earthworms, ground beetles, other beetles, beetle larvae and
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leatherjacket larvae) and a sixth category containing all the remaining invertebrate groups in Table 4.2.
The dependent variables were the estimated dry weights of these six groups present in each sample.
Chick age distributions were bimodal (Figure 4.1), so samples were allocated to one of two age
classes: 4-8 days (the peak growth period; Chapter 3) and 10-13 days (just prior to fledging). The dates
on which samples were collected were also bimodally distributed, broadly reflecting whether they
derived from first broods (nests initiated before 15 May) or second broods (nests initiated after 15
May) broods, so samples were also divided on that basis. Thus, the analysis involved one 3-level
factor (year: 1998, 1999 or 2000) and three 2-level factors (study area: Moorfoots or Glen Esk; chick
age: young or old; brood: first or second). Interaction terms between these factors were considered to
determine whether their effects on chick diet varied (e.g. it was possible that seasonal differences in
food availability between study areas led to first broods being provisioned similarly but second broods
being fed different types of invertebrates).
To investigate the effects of weather on nestling diet, the analysis also incorporated four normally
distributed covariates derived from meteorological data: total amount of rainfall on sampling day (1day rain); maximum air temperature on sampling day (1-day temp); Desrochers’ (1992) rainfall index
(4-day rain); and mean maximum air temperature over the four days preceding sampling (4-day temp).
Desrochers (1992) considered that rain falling over a longer period had a greater effect on soil
moisture, and defined a rainfall index calculated as: (100% rainfall in preceding 24 hours) + (50%
rainfall in preceding 24-48 hours) + (25% rainfall in preceding 48-72 hours) + (12.5% rainfall in
preceding 72-96 hours). This index was related to both soil moisture and the success rate of foraging
blackbirds (Desrochers 1992). The full range of interaction terms within and between factors and
covariates was not considered, due to the large number of possible permutations in relation to the
number of degrees of freedom available.
4.3 RESULTS
In total, 60 faecal sacs were analysed, comprising 30 from the Moorfoots (12 collected in 1998 and 18
in 1999) and 30 from Glen Esk (8 collected in 1999 and 22 in 2000). Each sample came from a
different brood, thus reducing the risk of pseudoreplication. Most sacs were collected from chicks
aged 6-8 days, since this was the period during which most were ringed, but a range of samples was
obtained from chicks aged 4-13 days (Figure 4.1).
4.3.1 Diet composition
Considering all data from both study areas, 69.0% (± 2.9%) of the diet by dry weight consisted of
earthworms, whose chaetae were found in every sample examined (Table 4.2). A further 13.6%
(± 1.8%) of the diet comprised adult beetles, of which c. 35% were ground beetles, and beetle remains
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were present in 82% of samples. Leatherjacket larvae accounted for 6.9 ± 1.7% of the diet and
occurred in 30% of samples, while beetle larvae contributed a further 5.0 ± 1.3% and were found in
67% of samples. The remainder consisted of spiders, sawflies (adults and larvae), millipedes,
caterpillars and ants, which in total comprised less than 6% of the diet by biomass.
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Figure 4.1 Frequency distribution of the ages of chicks from which faecal sacs were collected (n = 60).
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Figure 4.2 The effect of using mean and maximum correction factors in diet composition calculations.
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Table 4.2 Diet composition of nestling ring ouzels at two breeding areas in Scotland. Data are presented as
percentage frequency of occurrence, mean numbers per sample and percentage composition by biomass.

Moorfoots

Glen Esk

Mean number

Mean number

% occurrence

of individuals

Mean % of

% occurrence

of individuals

Mean % of

in samples

per sample

diet by dry

in samples

per sample

diet by dry

(n = 30)

± se

weight

(n = 30)

± se

weight

Earthworm (Lumbricidae)

100.0

10.48 ± 1.54

65.2

100.0

12.32 ± 1.99

72.8

Leatherjacket larva (Tipulidae)

36.7

0.48 ± 0.12

8.5

23.3

0.28 ± 0.09

5.3

Unidentified beetle sp.

23.3

0.64 ± 0.23

6.9

13.3

0.28 ± 0.13

3.3

Ground beetle (Carabidae)

30.0

0.42 ± 0.13

4.8

23.3

0.30 ± 0.10

4.6

Unidentified beetle larva sp.

60.0

1.36 ± 0.37

3.5

63.3

0.88 ± 0.13

4.1

Spider (Araneae)

60.0

1.45 ± 0.29

2.1

36.7

0.84 ± 0.24

1.2

Click beetle (Elateridae)

53.3

0.98 ± 0.26

1.9

53.3

0.78 ± 0.14

3.1

Ground beetle larva (Carabidae)

30.0

0.62 ± 0.24

1.8

13.3

0.18 ± 0.08

0.5

Caterpillar (Lepidoptera)

6.7

0.07 ± 0.05

1.6

6.7

0.07 ± 0.05

0.8

Sawfly (Tenthredinidae)

43.3

1.37 ± 0.46

1.3

26.7

0.47 ± 0.16

0.6

Rove beetle (Staphylinidae)

36.7

0.75 ± 0.26

1.0

20.0

0.56 ± 0.34

0.7

Sawfly larva (Tenthredinidae)

30.0

0.50 ± 0.20

0.7

30.0

0.33 ± 0.10

0.5

Dung beetle (Scarabaeidae)

20.0

0.27 ± 0.10

0.7

3.3

0.05 ± 0.05

0.1

Ant (Formicidae)

10.0

0.25 ± 0.15

0.1

10.0

0.15 ± 0.08

0.1

Millipede (Julidae)

0.0

0.00 ± 0.00

0.0

16.7

0.17 ± 0.07

2.3

Invertebrate group

Sensitivity analysis
There was no significant difference between the estimates of diet composition obtained using mean
correction factors and those at the extreme upper end of the range from other studies (paired t-tests: all
t < 1, all P > 0.05; Figure 4.2). Regardless of whether mean or maximum factors were used,
earthworms still comprised the majority of chick diet in terms of biomass. This increased confidence
in the accuracy of the results, even though it was not possible to calculate species-specific correction
factors during this study.
4.3.2 Multivariate analysis of covariance
None of the factors, covariates or interaction terms considered had a significant effect on nestling diet
(Table 4.3).
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Table 4.3 Results of a MANCOVA of chick diet (n = 60).
Wilk’s lambda (Λ)

F value and df

Significance (P)

Study area

0.863

F6,38 = 1.007

0.435

Year

0.748

F12,76 = 0.989

0.467

Chick age

0.883

F6,38 = 0.843

0.545

Brood

0.816

F6,38 = 1.429

0.229

1-day rain

0.831

F6,38 = 1.285

0.288

1-day temp

0.853

F6,38 = 1.094

0.384

4-day rain

0.795

F6,38 = 1.635

0.164

4-day temp

0.850

F6,38 = 1.114

0.373

Study area * chick age

0.772

F6,38 = 1.868

0.112

Study area * brood

0.914

F6,38 = 0.592

0.734

Year * chick age

0.726

F12,76 = 1.100

0.373

Year * brood

0.814

F12,76 = 0.684

0.761

Chick age * brood

0.885

F6,38 = 0.820

0.561

Parameters in model
Factors

Covariates

Interaction terms

4.4 DISCUSSION
There were no significant differences between the diets of nestling ring ouzels in Glen Esk and the
Moorfoot Hills. Earthworms dominated chick diet in both study areas, with chaetae being found in
every faecal sample analysed. Click beetles were the only other family whose remains were recovered
in more than half of all samples examined from both areas, though the remains of beetles and beetle
larvae were found in c. 80% of all samples. This study has therefore confirmed that earthworms form
the most important part of nestling ring ouzel diet in Britain, supporting the conclusions of most
observational studies (e.g. Ware 1961; Watson 1972; Durman 1978; Poxton 1986; Appleyard 1994).
4.4.1 Nestling diet in relation to previous studies
The invertebrate taxa identified in this study were very similar to those found in faecal samples from
Wales (Tyler & Green 1994) and neck collar samples from Romania (Korodi Gál 1970). However, the
percentage composition of the diet differed from that described by Korodi Gál (1970) for T. t. alpestris
in Romania. Earthworms made up 29% of the prey biomass fed to Romanian chicks, being less
prevalent in the diet than caterpillars (42%) and only marginally more important than beetles (25%).
This variation may have been caused by differences in analysis techniques and/or invertebrate
availability. The heather moorland habitats used by T. t. torquatus in Britain doubtless support an
invertebrate fauna very different to that found in the spruce forests of Romania. Korodi Gál (1970) did
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not measure invertebrate availability, precluding direct comparisons, but all nests studied were located
near the edge of spruce stands bordering pastures or clearings, close to water and moist terrain. Adult
T. t. alpestris relied heavily on these habitats when collecting food for their nestlings, especially
pastures (for caterpillars and beetles) and moist terrain (for earthworms). This suggests that Romanian
and British ouzels forage in broadly similar habitats, and that any apparent variation in chick diet may
owe more to climatic differences than food preferences.
The present study provided no evidence that nestling diet varied with age because only four samples
were collected from chicks less than six days old and most variation was lost by pooling the data into
two age classes. Korodi Gál (1970) reported that the diet of T. t. alpestris changed significantly
between the first and second weeks of chick development. During the first five days after hatching, c.
70% of nestling diet was composed of caterpillars, but this declined rapidly to c. 20% by day fifteen as
the proportion of adult beetles increased (from c. 10% to c. 30%). The proportion of ants grew from
zero on day three to c. 10% by day fifteen, but spiders, which made up c. 10% of the diet on day one,
did not appear in any samples after day thirteen. Only earthworms (c. 20%) and beetle larvae (c. 10%)
contributed roughly constant proportions throughout the growth period. In Swedish Lapland,
T. t. torquatus nestlings were fed “mostly larvae” in the first few days after hatching, but after one
week their diet changed to one dominated by earthworms (Swanberg in Glutz von Blotzheim 1988).
It should be noted that the Romanian study (Korodi Gál 1970) was far more intensive than the work
conducted in Scotland. Studying chicks of all ages, Korodi Gál (1970) identified to species level the
invertebrate contents of 179 separate neck collar samples, and was able to calculate the percentage
contribution of each group to the diet directly (instead of multiplying the values obtained by correction
factors and mean dry taxon weights). Nevertheless, the dominance of earthworms across all samples in
the present study left little scope for other groups to vary significantly as chicks aged, as confirmed by
the sensitivity analysis. Neither the present study nor that of Korodi Gál (1970) found any evidence to
suggest that chick diet varied seasonally in response to changes in food availability. Another study of
T. t. alpestris found that 98% of the diet of early broods consisted of earthworms, with caterpillars and
flying insects “sometimes playing a larger role” in the diet of late broods (Eichenberger in Glutz von
Blotzheim 1988). Overall, nestling diet appears to be relatively uniform across the species’ range. The
absence of any great variation may indicate that the nutritional demands of growing chicks are
relatively inflexible, or that a limited variety of prey types are available to foraging adults. Thus,
ouzels may be highly dependent on the maintenance of suitable feeding grounds.
4.4.2 Limitations
Applying mean correction factors based on recovery rates in other species was not the most accurate
method of relating faecal remains to diet composition. In view of the large amount of research on
Turdus thrushes in general, it is surprising that there are no published accounts relating the diet of
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captive birds to the contents of their faeces. Correction factors calculated from studies of common
congeners (e.g. blackbirds) could be applied to faecal data from ring ouzels with a much greater
degree of confidence than those used in this study. It is also important to note that all invertebrates
used in biomass calculations were captured in one study area (Glen Esk) in one year (2000). Mean dry
weights were applied equally to data from both study areas, so it is conceivable (though unlikely) that
differences existed in the size of invertebrates available in the Moorfoots and Glen Esk.
Ring ouzels were occasionally observed catching adult moths (pers. obs.), and may also have taken
other easily digested groups such as slugs and flies. The use of neck collars on a limited scale might
have confirmed the extent to which these and other small, soft-bodied invertebrates were overlooked
in this study (Moreby & Stoate 2000). A more intensive investigation of the species’ diet in Britain,
comparable to that of Korodi Gál (1970), might reveal changes in diet with chick age, but it was not
possible within the scope of this study. Studies aiming to evaluate seasonal changes in diet should
make repeated measurements of invertebrate size and availability throughout the spring (Brickle &
Harper 1999). However, the vast majority of foraging observations involved adults collecting large
numbers of earthworms (pers. obs.), and since every sample contained chaetae, the overwhelming
importance of this group cannot be disputed.
4.4.3 Conclusions
Ring ouzels are renowned for occupying traditional breeding sites, and are rarely found nesting in
areas not used previously (e.g. Chapter 2; Appleyard 1994; Arthur & White 2001). This indicates that
they have particular habitat requirements that are satisfied only in certain locations. That there were no
detectable differences in the nestling diet or breeding biology of birds in Glen Esk and the Moorfoots
(Chapter 3) implies that their contrasting population trends may owe more to changes in habitat
suitability than to factors directly affecting nesting success (Newton 1998). Specifically, land-use
changes in the Moorfoots may have reduced the availability of nesting habitat or food supplies in some
areas, causing them to be abandoned by breeding birds, whereas habitats elsewhere may have
remained unchanged, allowing ouzels to persist. To examine this hypothesis, it is first necessary to
quantify the species’ habitat preferences. Thus, Chapters 5-7 investigate the ouzel’s selection of
habitats for nesting and foraging at several scales, and then test whether breeding site occupancy is
related to the availability of preferred habitats.
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Chapter 5
Fine-scale selection of nesting habitats
by ring ouzels in Scotland
5.1 INTRODUCTION
5.1.1 The importance of studying habitat use
Population levels of wild birds may be limited by many factors, including territorial behaviour, nest
site availability, food supplies, predation, competition, disease, and human impacts (Newton 1998). To
determine whether habitat availability is a limiting factor, it is necessary to quantify a species’ habitat
preferences and aversions. This is often a difficult task, but the results can provide vital information
for the management of threatened or declining species (Stillman & Brown 1994; Palmer & Bacon
2001). Understanding habitat preferences is crucial because changes in land-use and other
anthropogenic activities may adversely affect the breeding success and survival of birds by reducing
the availability of suitable habitats and resources (e.g. Stowe et al. 1993; Graveland et. al. 1994; Potts
& Aebischer 1995). On the breeding grounds, two of the resource categories of paramount importance
are those used for nesting and foraging.
In Britain, the ring ouzel is more strongly associated with the uplands than almost any other bird;
93.5% of records in the 1988-91 breeding atlas came from upland 10-km squares (Stillman & Brown
1998). Within the uplands, the species’ breeding habitat has been described as open moorland, often
containing heather-covered slopes and frequently including broken, rocky terrain with sparse, stunted
trees (Cramp 1988; Hill 1993; Chapter 1). Few studies have investigated associations between the
distribution and abundance of ouzels and upland habitats, and all of these have considered
relationships at very broad scales only. Across Britain, Chamberlain et al. (2000) identified altitude
and bracken as having significant positive effects on the probability of 10-km squares holding ouzels
in 1988-91. In the same period, ouzel abundance in Scotland was negatively correlated with improved
pasture, but positively associated with rock, heather/smooth grass mosaic and Nardus/Molinia
grassland (Buchanan et al. in prep.). Comparing changes in ouzel abundance between 1988-91 and
1999, populations declined least in tetrads at altitudes of 350-750 m with steep slopes, no forestry, and
with little heather/smooth grass mosaic in the late 1980s (despite this last habitat being positively
correlated with 1988-91 abundance; Buchanan et al. in prep.). In the South Pennines, Haworth and
Thompson (1990) found that ouzel distribution was associated with heather, bracken and improved
pasture, and Stillman and Brown (1994) identified positive correlations between the species’
abundance and altitude, steep slopes, grass moor and bracken (but not heather moor). The tetrad atlas
for north-east Scotland illustrated an association with dry rough grassland (Buckland et al. 1990), and
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that for south-east Scotland indicated links with heather moorland and rough grassland (Murray et al.
1998).
These studies have all examined first-order selection (sensu Johnson 1980; section 1.7).
Unfortunately, information at this scale is of limited use in explaining how ring ouzels actually use the
moorland habitats in which they breed. Despite the species’ long, steady decline in Britain (Chapter 1),
there is little published information on the species’ fine-scale habitat use beyond qualitative
descriptions based on anecdotal observations. This dearth of basic information is particularly worrying
in the light of concerns over the effects of ecological change in the uplands, especially the impacts of
afforestation and increased grazing pressures on heather moorland (e.g. Usher & Thompson 1988;
Thompson et al. 1995a; Fleming et al. 1997; Mackey et al. 1998; Fuller & Gough 1999). Such changes

may cause declines in breeding bird populations through various mechanisms, including declines in
food availability and direct loss of breeding habitat. Without an understanding of which resources
ouzels require, there is little hope of undertaking sympathetic management to help conserve them.
To this end, Chapters 5 to 7 of this thesis set out to quantify the habitat use of breeding ring ouzels at
the three other spatial scales defined by Johnson (1980). This chapter examines the species’ fine-scale
selection of nesting habitats (fourth-order selection), and Chapter 6 conducts an equivalent analysis of
the foraging habitats used by adults collecting food for their chicks. Chapter 7 then examines the usage
of habitats for nesting and foraging within home ranges (third-order selection), and investigates how
home ranges are established within the wider study area (second-order selection). Overall, therefore,
this study represents the first attempt to describe formally the species’ habitat use by quantifying its
foraging and nesting preferences and relating them to habitat availability.
5.1.2 Nest site habitat selection
A major influence on the breeding distribution and abundance of many birds is the availability of
suitable nest sites and food resources (Newton 1998). Choosing a suitable nest site is important
because each chick represents a potentially large contribution to lifetime reproductive output (Sutter
1997). In the presence of suitable nesting habitat, optimal foraging theory predicts that birds will breed
in areas where food is most abundant (Stephens & Krebs 1986). Within these areas, breeding success
may be significantly improved by selecting nest sites that minimise predation risks and optimise the
thermal environment (Espie et al. 1996; Woods & Cade 1996). Most commonly, nest site selection
involves a compromise between these factors (Redpath et al. 1998). This is particularly true for
species nesting on the ground in the open, many of which have adapted to these pressures by building
nests in sheltered, well-hidden sites (Martin 1993; With & Webb 1993).
Prior to this study, the most detailed investigation of the ring ouzel’s nesting habits in Britain involved
an analysis of the 408 cards submitted to the BTO’s Nest Record Scheme between 1944 and 1970
(Flegg & Glue 1975). Over 80% of these nests were located between 250-600 m asl, and most were

Nesting habitats ● 75

either sited on the ground, in low vegetation or on rock ledges. Some nests were also found in disused
quarries, buildings, potholes and mine shafts, but only 6% were found in shrubs or trees, reflecting the
species’ preference for building its open-cup nests as close to the ground as possible. Most nests were
concealed by vegetation (such as heather, bilberry or bracken) or by a rock overhang, and the majority
were backed or flanked by rock or an earthen bank. They also tended to have a clear vantage.
Unfortunately, the data used in Flegg and Glue’s (1975) analysis were heavily biased because most
ring ouzels nest in remote areas rarely visited by nest recorders.
At the local scale, several studies in Britain have described qualitative links between the incidence of
ouzel nests, heather and steep slopes (e.g. Poxton 1987; Arthur & White 2001). Of 52 nests found in
Glen Clunie in 1998, all but one were on steep slopes or crags, and all but two were concealed by
heather at last 20 cm tall (Sim et al. 2000). The nesting habits of birds in continental Europe are very
different: T. t. alpestris usually nests in trees, especially conifers, siting the nest next to the trunk or
main branch between 4-16 m above the ground (Cramp 1988). Furthermore, continental ouzels nest in
a variety of different habitats, including fells and plantations in Scandinavia, open coniferous
woodland in the Alps, beech (Fagus spp.) and conifer forests in the Carpathians, and rocky areas in the
Caucasus (Cramp 1988; Glutz von Blotzheim 1988).
The principal aim of this chapter is to quantify the habitats selected by nesting ring ouzels and assess
whether the features of nest sites and nesting areas influence reproductive success and breeding site
occupancy. Three different approaches are taken. First, the gross topographical characteristics of nest
sites in Glen Esk and the Moorfoot Hills are compared with those of random points, to examine how
ring ouzels locate their nests within each study area. Second, detailed topographical and habitat
assessments made at and around nest sites in these two areas, and on Grassington Moor (Yorkshire
Dales), are analysed to investigate which fine-scale factors have the greatest influence on nest site
selection and examine whether these factors differ between areas. Third, breeding site occupancy rates
in the Moorfoots and on Grassington Moor are analysed in relation to nesting area characteristics, to
identify any correlates that might help explain why some sites have been abandoned while others
retain breeding birds. This approach is similar to that used to examine variation in site occupancy by
corncrakes Crex crex (Green & Stowe 1993; Stowe et al. 1993). However, the present chapter deals
solely with the area approximating to the defended territory, rather than the total range used by each
pair of ouzels (see Chapter 7).
5.2 METHODS
For the purposes of this chapter, a territory was defined as the area defended by a pair of breeding ring
ouzels (sensu Jansen 1999). No attempt was made to quantify territory size, which doubtless varied
according to differences in nesting density; thus, territories in Glen Esk were probably much smaller
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than those in the Moorfoot Hills (Chapter 2). Within each territory, a nest site was defined as the area
within a 1-m2 quadrat centred over the nest cup, and a nesting area was defined as a circular plot of
200 m radius (12.57 ha area) centred on the nest. This plot size was selected because many ouzels
seemed particularly responsive to tape playback up to c. 200 m from the nest (pers. obs.), and because
the mean overall distance between nearest neighbours was c. 450 m (Chapter 2). Hence, the area
within a 200 m radius was considered to represent a very rough approximation of the defended
territory. This allowed standardised nesting area habitat assessments to be made in three different
study areas (Table 5.3), permitting comparisons at a scale greater than that of the nest site alone.
During spring fieldwork between 1998 and 2000, historically occupied ring ouzel breeding sites in the
Moorfoot Hills and Glen Esk were surveyed to determine occupancy rates and locate nests. Chapter 2
describes the survey method, the quality of data sources providing information on the historical
location of breeding sites, and the criteria applied to determine occupancy in cases where no nest was
found. Thus, it was considered very unlikely that any breeding pairs were overlooked. In the
Moorfoots, the proportion of occupied sites declined over the course of this study, while in Glen Esk it
remained stable and high (Table 5.1; Chapter 2). This indicates that the survey methodology was
robust, since there was no significant tendency for more experienced observers to detect more birds.
Conversely, the proportion of occupied sites at which nests were found did increase during the study,
in line with expected improvements in observer nest-finding skills.
Table 5.1 Sampling of ring ouzel breeding sites in two Scottish study areas during this study.
Number of sites

Number (%) of sites

Number (%) of occupied

surveyed during the

deemed

sites in which at least
a

Year

Study area

breeding season

to be occupied

1998

Glen Esk

34

32 (94%)

19 (59%)

Moorfoots

64

39 (61%)

16 (41%)

Glen Esk

31

30 (97%)

22 (73%)

Moorfoots

78

40 (51%)

25 (63%)

Glen Esk

39

37 (95%)

34 (92%)

Moorfoots

70

32 (46%)

-b

1999
2000

one nest was found

a

Numbers of occupied breeding sites derived from Table 2.5.

b

Fieldwork in the Moorfoots ceased in early May 2000, before any nests were found.

Nests were found and their fates determined as described in Chapter 3, with breeding success defined
as the number of chicks fledged. All nest locations were recorded using a Garmin eTrex GPS receiver.
Nest site selection was investigated in relation to a variety of topographical and habitat factors. These
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variables were measured on the basis of their likely importance to nesting ouzels, based on the
published literature and personal observations, and their actual or potential relevance to upland
managers (following Morrison et al. 1990; Bakaloudis et al. 2001). Many ring ouzels made two
breeding attempts per year (Chapter 3), but analyses were restricted to one nest per site to maintain
data independence. Thus, for sites at which multiple nests were found, one nest was chosen at random
for analysis. Furthermore, analyses were restricted to data collected during the year in which most
nests considered to belong to different pairs were found (i.e. 1999 in the Moorfoots and 2000 in Glen
Esk; Table 5.1).
5.2.1 Comparing nest sites with random points
The gross topographical characteristics of nest sites were compared with those of an equal number of
random points. In each study area, random points were selected using grid references derived from a
list of random numbers. The areas considered are illustrated in Figures 2.2 and 2.3. Using 1:25,000
scale OS maps, five measurements were recorded for all nest sites and random points: (i) altitude, to
the nearest 10 m asl; (ii) aspect, allocated to one of four quadrants (NE = 0-90°, SE = 90-180°, SW =
180-270° and NW = 270-360°); (iii) gradient, to the nearest 5°; (iv) distance to nearest stream, crag
or cliff; and (v) distance to nearest conifer plantation. The last two variables were measured to the
nearest 25 m. These parameters were of interest because breeding sites in the Moorfoots appeared to
occur linearly along watercourses (Poxton 1987; Murray et al. 1998), while those in Glen Esk seemed
to be concentrated around crags and cliffs (Arthur & White 2001). There has also been speculation
regarding the effects of afforestation on the species’ nesting habits (e.g. Poxton 1987; Avery & Leslie
1990; Chapter 2). Any random points falling in habitat types considered unsuitable for nesting (e.g.
water and woodland) were ignored and replacements selected.
5.2.2 Characterising the features of nest sites within nesting areas
To investigate the fine-scale cues used by nesting ring ouzels, detailed topographical and habitat
measurements were made at the nest site and at 64 other points within each nesting area (Figure 5.1).
Nest site characteristics were measured by placing a 1-m2 quadrat over the centre of the nest cup and
estimating the percentage cover of various vegetation categories to the nearest 5% by eye. Within the
quadrat, vegetation height was measured (to the nearest 1 cm) at five points, relating these in an
approximately proportionate way to the percentage cover of the main vegetation types present (e.g. if
heather covered 80% of the quadrat, four heather heights were recorded). Some rare or easily confused
vegetation types were combined prior to analysis, resulting in 11 categories (Table 5.6). Gradient was
measured to the nearest 5° using a clinometer. All these measurements were repeated at 25 m intervals
along eight transects radiating out from the nest at 45° intervals for 200 m (Figure 5.1), so that each
nesting area habitat assessment comprised 64 sets of data, taking the mean of these for use in
analyses. Two additional measurements were made at nest sites alone: the height (and type) of
vegetation concealing the nest cup, and the height of the nest above the ground (to the nearest 1 cm).
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Figure 5.1 Aerial representation of the sampling protocol used to conduct nesting area habitat assessments (scale
in m). Sampling was conducted at each of the 64 points denoted by tick marks, for comparison with the nest site
at the centre (0).
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Figure 5.2 Relationship between stage of the breeding season and mean (± se) heights of five dominant
vegetation types in the Moorfoot Hills in 1999.
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To minimise disturbance to nesting birds, all habitat assessments in the Moorfoots and Glen Esk were
made at the end of the breeding season in July. It was therefore necessary to correct the vegetation
heights recorded to allow for growth since nests had been active. In 1999, 100 fixed points were
established in the Moorfoots, comprising 20 patches dominated by each of the five main vegetation
types (i.e. heather, grass, bracken, bilberry and moss/lichen; see Table 5.6). All 100 points were visited
once every month between mid-April and mid-July. Vegetation heights were recorded and mean
growth rates calculated using least squares linear regression (Figure 5.2). The figures in Table 5.2
allowed vegetation heights recorded during habitat assessments to be converted back to those applying
when each nest was active (e.g. bracken heights in nesting areas used in May, but assessed in July,
were reduced by 2 x 17.9 cm = 35.8cm).
Table 5.2 Mean (± se) growth rates of five dominant vegetation types in the Moorfoots during April – July 1999.
Vegetation type

Mean growth rate (cm/month)

Bracken

17.9 ± 2.8

Heather

1.6 ± 0.3

Grass

1.6 ± 0.7

Bilberry

1.0 ± 0.3

Moss/lichen

0.5 ± 0.1

Bracken was the only vegetation type whose height increased appreciably during the season (Figure
5.2). There was no significant interannual difference in July bracken heights recorded in the Moorfoots
(means: 1998 = 68.7 ± 7.7 cm, 1999 = 72.1 ± 3.4 cm; t43 = -0.80, P = 0.43). Similarly, there was no
significant difference in July bracken heights recorded in the Moorfoots and in Glen Esk (means:
Moorfoots = 71.0 ± 2.9 cm, Glen Esk = 64.5 ± 8.4 cm; t59 = -1.58, P = 0.12). Therefore, it was
assumed that vegetation growth rates were similar in both study areas in all years.
5.2.3 Relating breeding site occupancy to nesting area characteristics
Within the Moorfoots and Glen Esk, interannual variation in the number of sites surveyed reflected
differences in access permission (Table 5.1; Chapter 2). Thus, occupancy data for all three years were
collected from 59 sites in the Moorfoots and 31 in Glen Esk (Table 5.3). The occupancy rates of these
sites were calculated on: (i) a binary scale (i.e. whether or not they were occupied in any year during
the present study); and (ii) a continuous scale (i.e. whether they were occupied for 0, 1, 2 or 3 years).
The stable nature of the Glen Esk population meant that there was insufficient variation with which to
analyse the probability or frequency of site occupancy in this area (Table 5.3; Chapter 2). Fortunately,
historical occupancy data were available from a third area: Grassington Moor, in the Yorkshire Dales
(Appleyard 1994; I. Appleyard unpubl. data). No spring fieldwork was conducted on Grassington
Moor during the present study, but the historical data were sufficiently detailed to allow the locations
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and annual occupancy rates of 29 breeding sites to be determined for the period 1979-92. There was
also sufficient variation in the data to allow the frequency of site occupancy to be analysed in the same
way as data from the Moorfoots. Marked individuals in Glen Esk and the Moorfoots demonstrated low
levels of fidelity to breeding sites in consecutive years (Chapter 4), so pseudoreplication was not
considered to be a problem in these analyses.
Table 5.3 Sampling of ring ouzel breeding sites, and the years over which occupancy data were collected, in the
three study areas in which nesting area habitat assessments were conducted during this study.

a

Study area

Number of sites
surveyed during
breeding season
(years of study)

Number (%) of sites
in which habitat
assessments were
conducted

Months when
habitat
assessments
were conducted

Range of
frequency of
occupancy
(years)

Moorfoot Hills

59 (1998-2000)

45 (76%)

July 1998 (14)
July 1999 (31)

0-3

This study

Glen Esk

31 (1998-2000)

16 (52%)

July 2000

2-3

This study

Grassington Moora

29 (1979-1992)

24 (83%)

September 1999

1-13b

I. Appleyard
unpubl. data

Source of
occupancy data

No spring fieldwork was conducted on Grassington Moor during the present study, precluding
comparisons between habitat factors at nest sites and nesting areas.

b

Even the most regularly occupied of these sites did not hold birds in every season.

In addition to the 25 habitat assessments conducted at Moorfoot sites in which nests were found in
1999 (Table 5.1), a further 20 were made at sites that either held birds in 1998 (n = 8) or were
unoccupied throughout the study (n = 12). These data were collected over two years (Table 5.3), but
were pooled for analysis because there was no significant difference in bracken heights between years
(see above), nor any obvious variation in grazing pressure or heather burning between 1998 and 1999.
The same habitat assessment protocol was also applied to 24 historically occupied sites on Grassington
Moor in September 1999 (limits of study area: SE0163 in south-west, SE0270 in north-east). It was
not possible to centre all of these assessments on actual nest sites, since some breeding sites had been
abandoned (Moorfoots) and others did not hold ouzels at the time assessments were made
(Grassington Moor). However, detailed information on historical nesting locations was available from
earlier surveys (Chapter 2). This allowed all such assessments to be confidently centred within 25 m of
where birds had once nested. Given the 200 m sampling radius used, and the fact that nest site
characteristics were irrelevant in this context, this level of accuracy was considered unlikely to
introduce any significant bias into the results.
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Correcting vegetation heights recorded on Grassington Moor presented a different problem to that
described above, since no spring data were available for comparison. However, September bracken
heights in Yorkshire were not significantly different from July heights in Scotland (means: Yorkshire
= 76.2 ± 8.1 cm, Scotland = 69.3 ± 2.5 cm; t83 = -1.20, P = 0.23). For simplicity, the rates and timings
of vegetation growth in Yorkshire were assumed to be similar to those in Scotland, and September
heights on Grassington Moor were considered to be equivalent to July heights in the Moorfoots (i.e. no
appreciable growth between July and September). Thus, all vegetation heights recorded on
Grassington Moor were converted back to spring heights using the correction factors in Table 5.2.
5.2.4 Statistical analyses
Preliminary examinations of each data set were undertaken using standard parametric and nonparametric tests, to identify significant univariate differences and provide information regarding the
extent of intercorrelation between variables. Intercorrelation inflates the risk of detecting spurious
relationships. To minimise this risk, all formal analyses were conducted using standard multivariate
techniques to identify which of the correlates had the greatest influence on the dependent variable.
Although caution was still required, adopting this approach meant that the results could be interpreted
with much more confidence (Stowe et al. 1993).
In cases where the dependent variable comprised two discrete categories (e.g. nest sites versus random
points, occupied sites versus abandoned sites), binary logistic regression was used to analyse which of
the measured variables were most capable of distinguishing between them. Using this method relaxed
assumptions regarding the normal distribution of residuals, allowing data sets containing many zero
values and skewed distributions to be analysed (as per Stowe et al. 1993; Manel et al. 2000). In each
case, a predictive model was fitted in which the probability of a sampling site being used was assumed
to be a logistic function of the variables measured. Logistic regression models can be expressed in the
form of an equation, where the Bi are constant coefficients estimated from the data, the X i are
untransformed values of the relevant independent variables measured, k is the number of variables,
and e is the exponential:
Probability of event (e.g. site use) occurring = 1/(1 + e-Z), where Z = intercept + B1X1 + B2X2 … + BkXk

When the dependent variable was continuous (e.g. breeding success, frequency of site occupancy),
multiple linear regression was used to analyse which variables best explained the observed variation.
Categorical variables (e.g. study area, aspect) were included as factors in these analyses; all other
variables were listed as covariates. All analyses adopted a forward stepwise procedure with entry and
removal probabilities of P = 0.05 to determine which variables had significant effects. At each step,
the variable with the most significant score statistic was entered into the model (provided that
P < 0.05). For logistic regressions, significance was tested by treating the difference between the
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deviance (-2 * loge likelihood) of the models that did and did not include the variable as χ2, with
degrees of freedom equivalent to the number of parameters being added (Manly et al. 1993). For linear
regressions, the F-change test was used. All variables entered were then examined using a likelihoodratio (LR) test to determine whether any met the criteria for removal (i.e. P > 0.05). If so, that variable
was removed from the model; if not, the next eligible variable was entered. This iterative process
continued until no more variables met the criteria for entry or removal (i.e. there was no significant
change in deviance), at which point the model was considered to be final (Norušis 1999).
To allow for the possibility that some variables had non-linear (i.e. quadratic) effects on the
probability of site use, the square of each covariate was also included in the list of candidate variables.
Following the inclusion of the significant main effects in each model, one-way interaction terms
between every covariate and the factor ‘study area’ were considered, to determine whether the effects
of any variables differed between study areas. Pair-wise interactions between the percentage covers of
heather, grass and bracken were also considered, to test whether combinations of these habitat types
had a stronger effect on the dependent variable than each of them had in isolation. These terms were
considered on the basis that ouzel distribution has been variously associated with combinations of
heather, grass and bracken in several broad-scale analyses (see section 5.1). It was deemed
unnecessary to test the effects of every possible interaction, since the large number of permutations
meant that there was a high probability of obtain spurious relationships by chance (Stowe et al. 1993).
The degrees of freedom also restricted the number of interactions that could be considered. In all
cases, percentage scores (e.g. vegetation cover) were arcsine square root transformed prior to analysis.
5.3 RESULTS
5.3.1 Nest concealment
Overall, 90% of nests found in the Moorfoots and 85% of those located in Glen Esk were sited in,
under or behind heather (Figure 5.3). Most of these nests were located on or within 10 cm of the
ground (86%; Figure 5.4). Considering the subset of sites at which nests were concealed by heather
and nesting area habitat assessments were conducted, heather at nest sites was significantly taller than
that which was generally available within a 200 m radius (medians: nest sites = 42.0 cm, nesting areas
= 32.5 cm; Wilcoxon’s signed ranks test: n = 38, T = 59, P < 0.001; Figure 5.5).
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Figure 5.3 Vegetation types concealing all nests found in two Scottish study areas during 1998-2000 (n = 181).
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Figure 5.4 Frequency distribution of heights above the ground of all nests found in two Scottish study areas
between 1998 and 2000 (n = 181).
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Figure 5.5 Frequency distribution of heather heights at nest sites and mean values in nesting areas in two
Scottish study areas (n = 38), excluding sites at which nests were not concealed by heather.
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5.3.2 Differences between nest sites and random points
A preliminary data inspection suggested that several gross topographical characteristics at nest sites in
the Moorfoots and Glen Esk differed from those at random points (Table 5.4). This was confirmed by
a binary logistic regression model, which explained 72.6% of the deviance in site use and correctly
reclassified 95.8% of the data as nest sites (P > 0.5) or random points (P < 0.5; n = 118; Table 5.5).
The most significant predictor of nest site use was proximity to a stream, crag or cliff (Figure 5.6).
Next, altitude was incorporated as both a linear and quadratic term, reflecting the tendency of nest site
use to increase up to c. 400 m asl, but then decrease at higher altitudes (Figure 5.7). None of the
interaction terms considered had significant effects, indicating that the factors distinguishing nest sites
from random sites did not differ between the two study areas. Thus, the probability of a site being used
for nesting was given by the equation P = 1/(1 + e-Z), where Z = -18.228 – (0.082 * distance to nearest
stream, crag or cliff) + (0.001 * altitude2) + (0.114 * altitude).

Table 5.4 Mean values (± se) of topographical variables measured at nest sites (n = 59) and random points (n =
59) in two Scottish study areas.
Nest sites

Random points

Univariate test of significancea

412 ± 7

469 ± 15

U = 2970, P = 0.003

Gradient (°)

34.6 ± 2.4

17.3 ± 1.4

U = 4654, P < 0.001

Distance to nearest stream, crag or cliff (m)

6.4 ± 1.9

161.9 ± 16.0

U = 2023, P < 0.001

Distance to nearest conifer plantation (km)

1.1 ± 0.1

1.0 ± 0.1

U = 3806, P = 0.112

NE (0-90°)

12 (20%)

12 (20%)

SE (90-180°)

26 (44%)

20 (34%)

SW (180-270°)

8 (14%)

17 (29%)

NW (270-360°)

13 (22%)

10 (17%)

Variable
Altitude (m asl)

Aspect – number (%) of sites facing:

a

χ23 = 4.41, P = 0.220

The statistical significance of differences between nest sites and random points was calculated for all
variables. P values in underlined bold type denote differences that remained significant after applying
the sequential Bonferroni correction technique (Rice 1989; Chapter 1).
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Table 5.5 Summary of the model discriminating between ring ouzel nest sites (n = 59) and random points (n =
59) in two Scottish study areas. Total deviance = 163.6, residual deviance = 44.8. Variables listed in order of
entry to model.
% of sites

% of total

correctly

deviance

reclassified

explained

χ2

df

P

Variable

Coefficient

se

Intercept

-18.228

11.746

-0.082

0.021

93.2

61.4

100.5

1

<0.001

Altitude2

0.001

0.001

93.2

7.8

12.8

1

<0.001

Altitude

0.114

0.056

95.8

3.4

5.5

1

0.020

Distance to nearest
stream, crag or cliff
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Frequency
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0
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Distance to nearest stream, crag or cliff (m)

Figure 5.6 Frequency distribution of distances from nest sites (n = 59) and random points (n = 59) to the nearest
stream, crag or cliff in the Moorfoot Hills and Glen Esk.
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Figure 5.7 Frequency distribution of altitudes at nest sites (n = 59) and random points (n = 59) in the Moorfoot
Hills and Glen Esk.

5.3.3 Features distinguishing nest sites within nesting areas
Preliminary univariate comparisons suggested that nest sites in the Moorfoots and Glen Esk were not
sited at random within nesting areas (Table 5.6), but a number of topographical and habitat variables
were significantly intercorrelated (Table 5.7). The multivariate analysis produced a binary logistic
regression model that explained 88.1% of the deviance in site use and correctly reclassified 95.6% of
the data (n = 82; Table 5.8). The most significant predictor of nest site use was gradient, with steeper
slopes being more likely to support nests (Figure 5.8). Percentage grass cover explained a significant
amount of the residual deviance, having a negative influence on the probability of site use (Figure
5.9). None of the interaction terms considered had significant effects, indicating that the factors
distinguishing nest sites from nesting areas did not differ between the two study areas. Thus, the
probability of a site being used for nesting was estimated by the logistic equation P = 1/(1 + e-Z),
where Z = -15.866 + (0.663 * gradient) – (0.386 * percentage grass cover).
None of the variables in Tables 5.4 and 5.6 was identified as having a significant effect on the number
of chicks fledging from nests in the Moorfoots (n = 33) and Glen Esk (n = 16) around which habitat
assessments were conducted. Overall, these variables accounted for less than 4% of the variation in
breeding success (F17,31 = 1.48, P = 0.17).
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Table 5.6 Mean values (± se) of topographical and habitat variables measured at nest sites and in nesting areas in
two Scottish study areas.
Moorfoot Hills (n = 25)

Glen Esk (n = 16)
Nest site

Nesting area

Pa

<0.001

44.9 ± 4.0

28.5 ± 1.3

<0.001

29.5 ± 1.2

<0.001

33.1 ± 3.1

23.0 ± 1.2

0.028

60.3 ± 4.4

37.3 ± 3.8

<0.001

45.7 ± 6.0

39.9 ± 3.2

0.301

6.4 ± 1.3

34.6 ± 3.7

<0.001

3.0 ± 1.0

21.4 ± 2.1

<0.001

Variable

Nest site

Nesting area

P

1

Gradient (°)

49.9 ± 2.7

23.1 ± 0.8

2

Vegetation height (cm)

38.2 ± 2.7

No.

a

Vegetation cover (%):
3

a

Heather (Calluna + Erica spp.)
b

4

Grasses

5

Bracken (Pteridium aquilinum)

5.1 ± 2.0

8.3 ± 1.5

0.001

0.6 ± 0.4

5.3 ± 1.5

0.001

6

Bilberry (Vaccinium myrtillus)

4.1 ± 1.4

4.5 ± 0.9

0.029

3.4 ± 1.8

6.7 ± 1.4

0.021

7

Mosses and lichens

6.6 ± 1.7

7.6 ± 0.7

0.125

2.8 ± 1.0

6.6 ± 0.6

0.014

8

Rushes (Juncus spp.)

0.0

1.4 ± 0.4

<0.001

0.0

0.6 ± 0.4

0.100

9

Ferns

1.6 ± 1.5

0.9 ± 0.2

0.013

0.3 ± 0.3

1.3 ± 0.4

0.014

3.8 ± 1.7

0.4 ± 0.3

0.834

6.1 ± 1.9

2.6 ± 0.9

0.679

0.0

0.9 ± 0.3

<0.001

0.0

0.7 ± 0.2

0.002

c

10

Other

11

Wet flush or stream

12

Bare ground

3.4 ± 1.1

1.5 ± 0.2

0.880

5.6 ± 3.1

3.8 ± 0.9

0.514

13

Rock

8.7 ± 2.0

2.6 ± 0.6

0.025

32.5 ± 5.8

11.1 ± 1.2

0.003

The statistical significance of differences between nest sites and mean nesting areas values was calculated
for all variables. Percentage figures were arcsine square root transformed before testing. Differences were
tested using Wilcoxon’s signed ranks test, since the distribution of many data variables was not normal. P
values in underlined bold type denote differences that remained significant after applying the sequential
Bonferroni correction technique (Rice 1989).

b

Mainly Molinia, Nardus, Agrostis, Festuca and Deschampsia spp.

c

Including birch Betula spp., Scots pine Pinus sylvestris, willow Salix spp., rowan Sorbus aucuparia, holly
Ilex aquifolium, ivy Hedera helix, juniper Juniperus communis, cowberry Vaccinium vitis-idaea,
crowberry Empetrum nigrum and wood sage Teucrium scorodonia.
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Table 5.7 Matrix of simplified Spearman’s rank correlation coefficients for all pair-wise combinations of the 13
variables listed in Table 5.6, measured in nesting areas in the Moorfoots (n = 25) and in Glen Esk (n = 16).
Coefficients were multiplied by 10 and then rounded to the nearest integer; those significant at P < 0.05 appear
in italicised underlined bold type.
1

2

3

4

5

6

7

8

9

10

11

2

5

3

4

5

4

-7

-5

-6

5

-5

-2

-4

6

6

-2

-1

0

1

0

7

-2

-1

1

2

2

1

8

-7

-3

-5

7

5

1

9

-4

-3

-3

5

3

2

2

3

10

-1

-4

-4

1

0

0

-2

-1

1

11

-6

-5

-4

6

4

2

2

6

5

2

12

-2

-4

-1

1

1

1

-1

1

1

3

2

13

4

-1

-1

-3

-3

-2

-3

-4

-1

3

-2

12

1

0

Table 5.8 Summary of the model discriminating between ring ouzel nest sites and nesting areas in two Scottish
study areas (n = 41). Total deviance = 124.8, residual deviance = 14.8. Variables listed in order of entry to model.

% of sites

% of total

correctly

a

Variable

Coefficient

se

Intercept

-15.866

6.891

Gradient

0.663

0.259

Percentage grass cover

-0.386

0.158

deviance
explained

χ2

df

P

87.8

69.6

86.8

1

0.001

95.6

18.5

23.2

1

0.001

reclassified

a

Percentage of sites correctly reclassified by model as either nest site (P > 0.5) or nesting area (P < 0.5).
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18
Nest site

16

Nesting area

14

Frequency

12
10
8
6
4
2
0
16-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

56-60

61-65

66-70

71-75

Gradient(°)

Figure 5.8 Frequency distribution of gradients at nest sites and mean values in nesting areas in two Scottish
study areas. Medians: nest site = 48°, nesting area = 25°; Wilcoxon’s signed ranks test: n = 41, T = 327, P < 0.001.

35
Nest site
Nesting area

30

Frequency

25
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5

0
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10-20
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30-40

40-50
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60-70
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Grass cover (%)

Figure 5.9 Frequency distribution of grass cover at nest sites and mean values in nesting areas in two Scottish
study areas. Medians: nest site = 0%, nesting area = 31%; Wilcoxon’s signed ranks test: n = 41, T = 40, P < 0.001.
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5.3.4 Geographical variation in the characteristics of nest sites and nesting areas
Inspecting the mean habitat assessment data from all three study areas suggested that the composition
of nesting areas varied geographically (Table 5.9). This was confirmed by three binary logistic
regressions, each involving a pair-wise comparison between two of the three areas. Nesting areas in
Glen Esk contained more rock and heather, and shorter vegetation overall, than those in the Moorfoots
(Table 5.10a). Compared to Grassington Moor, nesting areas in both Glen Esk and the Moorfoots
included steeper terrain and more heather (Table 5.10b & c). However, nesting areas on Grassington
Moor were rockier than those in the Moorfoots. All three models correctly reclassified at least 90% of
nesting areas and explained more than 75% of the associated deviance. An equivalent pair-wise
analysis of nest site characteristics revealed that nests in Glen Esk were located in rockier spots with
less moss and lichen cover compared to those in the Moorfoots (Tables 5.6 & 5.11). However, this
model explained only 21% of the associated deviance, and thus had poor predictive ability.
Table 5.9 Mean values (± se) of topographical and habitat variables measured in nesting areas in three study
areas (two in Scotland and one in the Yorkshire Dales).

Number

Variable

Moorfoot Hills

Glen Esk

Grassington Moor

(n = 45)

(n = 16)

(n = 24)

1

Gradient (°)

23.4 ± 0.8

28.5 ± 1.3

14.2 ± 1.0

2

Vegetation height (cm)

29.6 ± 1.2

23.0 ± 1.2

25.0 ± 2.1

Vegetation cover (%):
3

Heather (Calluna + Erica spp.)

34.2 ± 3.3

39.9 ± 3.2

20.0 ± 4.9

4

Upland grasses

36.8 ± 3.4

21.4 ± 2.1

45.5 ± 4.2

5

Bracken (Pteridium aquilinum)

9.1 ± 1.3

5.3 ± 1.5

9.0 ± 2.6

6

Bilberry (Vaccinium myrtillus)

5.0 ± 0.7

6.7 ± 1.4

1.5 ± 0.7

7

Mosses and lichens

7.0 ± 0.6

6.6 ± 0.6

9.5 ± 0.7

8

Rushes (Juncus spp.)

1.6 ± 0.3

0.6 ± 0.4

3.2 ± 0.6

9

Ferns

0.7 ± 0.2

1.3 ± 0.4

0.1 ± 0.1

10

Other

1.2 ± 1.1

2.6 ± 0.9

0.3 ± 0.3

11

Wet flush or stream

0.8 ± 0.2

0.7 ± 0.2

1.3 ± 0.2

12

Bare ground

1.2 ± 0.2

3.8 ± 0.9

4.6 ± 0.8

13

Rock

2.4 ± 0.5

11.1 ± 1.2

5.1 ± 0.7

5.3.5 Breeding site occupancy in relation to habitat factors
None of the variables in Table 5.9 had a significant effect on the probability of whether breeding sites
in the Moorfoots were occupied in any of the three years during the present study. Percentage heather
cover within 200 m of nests came closest to having a significant (positive) effect (χ 21 = 3.22, P =
0.073), but for all other variables P > 0.11. Separate analyses also failed to detect significant effects on
the frequency of occupancy in the Moorfoots and on Grassington Moor.
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Table 5.10 Summaries of the models discriminating between the mean characteristics of ring ouzel nesting areas
in three study areas. Variables listed in order of entry to models.
(a) Glen Esk versus the Moorfoots (n = 61). Total deviance = 70.2, residual deviance = 16.6.
% of areas

% of total

correctly

deviance

Coefficient

se

reclassified

explained

χ2

df

P

Intercept
Rock cover (%)

-7.756
0.566

6.725
0.228

86.9

55.0

38.6

1

<0.001

Mean vegetation height (cm)

-0.439

0.181

90.2

6.8

4.7

1

0.029

Heather cover (%)

0.265

0.130

91.8

14.6

10.2

1

0.001

Variable

(b) Grassington Moor versus Glen Esk (n = 40). Total deviance = 53.8, residual deviance = 3.9.

Variable

% of areas

% of total

correctly

deviance

Coefficient

se

reclassified

explained

χ2

df

P

372.347
-12.899

708.191
24.417

90.0

66.9

36.0

1

<0.001

-4.339

8.333

97.5

25.9

13.9

1

<0.001

Intercept
Gradient (°)
Heather cover (%)

(c) Grassington Moor versus the Moorfoots (n = 69). Total deviance = 89.2, residual deviance = 15.7.
% of areas

% of total

correctly

deviance

reclassified

explained

χ2

df

P

Variable

Coefficient

se

Intercept

17.670

7.412

Gradient (°)

-1.053

0.383

87.0

50.5

45.1

1

<0.001

Rock cover (%)

0.443

0.186

94.2

23.5

21.0

1

<0.001

Heather cover (%)

-0.139

0.071

94.2

8.3

7.4

1

0.006

Table 5.11 Summary of the model discriminating between the characteristics of nest sites in Glen Esk and the
Moorfoots (n = 49). Total deviance = 58.6, residual deviance = 46.2. Variables listed in order of entry to model.
% of sites

% of total

correctly

deviance

Coefficient

Se

reclassified

explained

χ2

df

P

Intercept
Rock cover (%)

-0.474
0.044

0.593
0.024

68.9

12.2

7.2

1

0.007

Moss and lichen cover (%)

-0.166

0.083

77.8

8.9

5.2

1

0.022

Variable
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5.4 DISCUSSION
5.4.1 Did ring ouzels exhibit consistent patterns of habitat selection across study areas?
At a coarse scale, ring ouzels in the Moorfoot Hills and Glen Esk preferred to nest at altitudes of
between 300-500 m asl in close proximity to a stream, crag or cliff. These three features all comprised
steeper terrain than was generally available within either study area, so they were relatively
inaccessible to grazing animals and thus retained greater amounts of tall heather than surrounding
areas. Heather concealed almost 90% of all nests, and since birds preferred to nest in tall heather, it
was no surprise that stream banks, crags and cliffs provided important nest sites. The species’
preference for nesting on steep slopes was confirmed by comparisons between nest sites and nesting
areas. The strong association between gradient and heather cover (rs = 0.44) precluded the latter’s
inclusion in this model, but the negative influence of grass cover (itself negatively correlated with
heather cover, rs = -0.56) was clearly manifest.
Nest sites were significantly rockier in Glen Esk than in the Moorfoots, reflecting the relative paucity
of streams draining into Loch Lee (Figure 2.2). Thus, ouzels seeking steep, heathery nest sites selected
narrow rocky ledges on crags or cliffs. The Moorfoots are less rugged than Glen Esk and contain few
rocky outcrops, instead being dissected by many small, steep-sided streams, beside which birds
usually nested (Chapter 2). This implies that rock cover per se is not particularly important for nesting
ouzels. Nesting areas in the Moorfoots also contained significantly shorter vegetation and less heather
compared to those in Glen Esk. This indicates that heather quality (i.e. height and structure) is more
important to nesting ouzels than heather quantity. Many parts in the Moorfoots have been almost
totally denuded of heather by grazing sheep, but birds continue to nest in remnants of tall heather in
steep cleuchs or gullies (pers. obs.). In both study areas, the locations of nest sites within territories
were remarkably similar from year to year, suggesting that suitable nest sites were indeed limited.
Nesting areas on Grassington Moor contained less heather and less steep terrain than in either Scottish
study area, but since no measurements were made at nest sites, it would be incorrect to conclude that
these factors were unimportant for ouzels nesting there. Many nesting areas on the southern half of
Grassington Moor contained very little heather and were dominated by grass and bracken (pers. obs.).
Appleyard (1994) found more nests in atypical sites on this part of the moor (e.g. dry stone walls,
mineshafts), and some nests were concealed by ferns or bracken instead of heather. This may indicate
some degree of flexibility in the ouzel’s nesting requirements, and suggests that the structural density
of vegetation concealing the nest may be more important than its type. Caution is required, though,
since bracken was equally prevalent in the Moorfoots but hardly ever used for nesting; moreover,
several abandoned sites contained ample bracken but did not support breeding ouzels. This suggests
that heather may have importance for breeding ouzels beyond its role in concealing nests. Chapter 6
investigates its potential relevance as a foraging habitat, in the form of grass/heather mosaics.
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5.4.2 Nesting habitat selection in relation to previous studies
These results confirm and quantify the patterns of nest distribution described by Poxton (1987),
Murray et al. (1998), Sim et al. (2000) and Arthur and White (2001). They also explain why various
broad-scale analyses have found ouzels to be associated with heather and steep slopes (Haworth &
Thompson 1990; Stillman & Brown 1994; Buchanan et al. in prep.). Thus, the nesting habitat
preferences exhibited by ouzels in Glen Esk and the Moorfoots probably apply across much of Britain.
The species has been found nesting as high as 1,150 m asl in the Cairngorms and down to sea level in
Sutherland and Caernarvonshire, confirming its wide altitudinal tolerance (Flegg & Glue 1975). The
tendency of birds in the Moorfoots and Glen Esk to nest within a relatively restricted altitudinal range
(280-530 m asl) presumably reflects limits imposed by topography and habitat availability. Although
heather was often most common above 500 m (pers. obs), there were few crags or steep stream gullies
at such altitudes. Birds may also have avoided nesting at higher altitudes because their foraging
habitats were concentrated on the lower slopes and in valley bottoms (Chapter 6).
In Scandinavia, ouzels frequent similar open habitat on fells above pine forests, but often nest in birch
or spruce trees and sometimes even in plantations (Bannerman 1954), while in central and southern
Europe T. t. alpestris nests almost exclusively in mature conifer trees (Glutz von Blotzheim 1988). In
Britain, by contrast, the species has been found nesting in trees on only a handful of occasions,
typically in isolated rowans or alders (e.g. Hems 1966) or in conifers on the edge of plantations
(McIntosh 1948; Poxton 1987; Cramp 1988; pers. obs.). It has been suggested that ouzels might utilise
heather and young conifers in forestry plantations, and that the change from heather moorland or
upland grassland to forestry may therefore benefit the species (e.g. Flegg & Glue 1975; Poxton 1987).
The present study provides no evidence to support this hypothesis, and some sites in the Moorfoots
have almost certainly been abandoned as a result of afforestation (Chapter 2).
5.4.3 The evolution of nest site habitat preferences
The results of this study support Flegg and Glue’s (1975) conclusion that ring ouzels typically nest as
close to the ground as possible, reflecting the exposed, largely two-dimensional nature of moorland
habitats (Ratcliffe 1990). Like other ground-nesters, ouzels must therefore contend with predation by
terrestrial mammals (especially mustelids and foxes) as well as birds (particularly corvids). Nest
predation is a major cause of mortality in most birds, and can dramatically reduce breeding success
(Ricklefs 1969). It is therefore considered to be a strong selective force affecting nest site selection
(Martin 1988), and there is growing evidence that birds choose nest sites with characteristics that
reduce the risk of predation (e.g. Martin & Roper 1988; Kelly 1993). Indeed, studies of several
ground-nesting species have shown that nesting success varies according to the degree of nest
concealment and habitat complexity (e.g. Schieck & Hannon 1993; Gregg et al. 1994). Groundnesting species with open-cup nests may be particularly prone to predation (e.g. Askins et al. 1990;
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Newton 1993). The low levels of nest predation recorded in this and most other studies (Chapter 3)
suggest that the ring ouzel’s nesting strategy is highly effective in this regard.
Birds must also optimise the thermal environment around their nests by minimising exposure to
environmental extremes (Cody 1985). The British uplands experience much harsher weather than
lowland areas at similar latitudes (Ratcliffe 1990), and open-nesting birds like ring ouzels are exposed
to more severe extremes than species nesting in holes or burrows (e.g. wheatear Oenanthe oenanthe).
As reported by Flegg and Glue (1975), most nests in the present study were backed or flanked by a
rock or earthen bank and overhung by rock or vegetation (usually heather; pers. obs.). Siting nests so
that they are protected from multiple directions in this manner clearly reduces their exposure. Heather
may be preferred to other vegetation types (such as grass) because its high structural density provides
better protection from the elements. Ground-nesting birds in exposed habitats often site their nests
beside or under objects or clumps of vegetation (Lloyd et al. 2000), and various species express
preferences for specific plants, e.g. Sprague’s pipit Anthus spragueii (Sutter 1997) and tree pipit A.
trivialis (Loske 1987). Since so few nests were abandoned due to flooding or chilling in the present
study (Chapter 3), the ouzel’s nesting strategy also appears to be successful in this respect.
If birds select nest sites adaptively, they should choose locations that confer an advantage in terms of
improved breeding success (Redpath et al. 1998). Levels of nest failure in the present study were so
low (Chapter 3) that it was not possible to detect whether variation in ring ouzel breeding success was
associated with nest site attributes. Nonetheless, predation risk and exposure have probably both
influenced the evolution of the ring ouzel’s nesting strategy, so that nests are now very well concealed
and failure rates are low. Aspects of nest site selection evident today may represent an expression of
past pressures, when the ouzel’s predators were more abundant and site selection was more crucial in
determining breeding success. Alternatively, a selective advantage may be detectable only in years of
extreme weather conditions, or in areas of high predator abundance (Redpath et al. 1998).
5.4.4 The influence of habitat factors on breeding site occupancy
This found no evidence linking site occupancy rates in the Moorfoot Hills or on Grassington Moor
with habitat characteristics within 200 m of nests. Percentage heather cover came very close to being
significant in the Moorfoots, as expected by the species’ heavy dependence on it. Within nesting areas,
of course, birds require only one or two small areas of suitable habitat in which to nest, so the factors
determining site occupancy were probably not operating at this scale (i.e. the approximate defended
territory). To investigate whether occupancy rates were influenced by habitat factors functioning at a
larger scale – that at which birds foraged – further research (Chapter 7) was undertaken using the
approach adopted with corncrakes (Stowe & Hudson 1991; Green & Stowe 1993; Stowe et al. 1993).
These studies showed that differences in vegetation at the scale of the species’ home range could be
used to discriminate between sites that had retained or lost corncrakes. They also revealed that
declines in corncrake numbers were related to habitat change.
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5.4.5 Limitations
The coarse comparison of nest sites and random points in the present study did not include some
variables that may have affected site use, such as broad habitat categories and soil types. Buchanan et
al. (in prep.) included soil type in an analysis of the abundance and distribution of ring ouzels in
Scotland, but detected no significant effect. The relationship between broad-scale habitat type and nest
site use is investigated in Chapter 7. It is also important to note that extrinsic factors (e.g. weather,
interspecific competition and disturbance) may all have influenced habitat selection to different
extents in the three areas.
Some degree of error may have resulted from assuming that vegetation growth rates in Glen Esk and
on Grassington Moor were similar to those recorded in the Moorfoots. In most cases, however, growth
rates were so low that any resulting bias was unlikely to have had a significant effect. The exception
was bracken, which may have started growing at different times and at different rates in the three
areas. In all years, however, the first signs of bracken growth were noted within one week of each
other in the Moorfoots and Glen Esk (pers. obs.), and there was broad coincidence with emergence
dates recorded on Grassington Moor between 1979-92 (I. Appleyard unpubl. data). This suggests that
any variation was probably negligible.
No spring fieldwork was conducted on Grassington Moor during the course of this study, and the
current status of that population remains unknown (I. Court pers. comm. 2001). Hence, habitat data
collected there in 1999 may have borne little relation to currently occupied sites. It is also possible that
habitat changes have occurred since occupancy data were collected (1979-92), such that vegetation
variables measured in 1999 were significantly different to those pertaining during the 1980s.
Resurveying this population during the breeding season would allow nest sites to be identified and
their characteristics measured for comparison with those in Scotland.
Consistently high nest survival rates (Chapter 3) made it difficult to detect whether breeding success in
the Moorfoots and Glen Esk was related to nest site characteristics. Furthermore, this analysis
involved fledging success data from a single year. Assuming that intraspecific competition caused
better quality sites to be occupied by better quality birds, stochastic factors and differences in the
quality of individual birds probably had a greater effect on nest fates than did habitat factors. Ideally,
mean fledging success rates should be calculated over a number of years and then analysed in relation
to mean nest site characteristics within each territory. Unfortunately, no data sets of this nature exist.
5.4.6 Conclusions
This chapter has confirmed that ring ouzels breeding in two areas of Scotland preferred to nest in,
under or behind tall heather on steep slopes associated with streams, crags and cliffs. These
preferences may be highly evolved, since breeding success was consistently high in both areas
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(Chapter 3). Nesting areas in the Moorfoots and on Grassington Moor were less steep and contained
significantly less heather than those in Glen Esk, but there was no significant relationship between
sites occupancy rates and nesting area characteristics. This may be a scale-dependent issue. To
facilitate analyses of home range composition in relation to habitat availability and site occupancy
(Chapter 7), Chapter 6 examines the ranging behaviour of foraging ouzels and investigates the finescale habitat preferences of adults collecting food for their chicks.
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Chapter 6
Fine-scale selection of foraging habitats
by breeding ring ouzels in Scotland
6.1 INTRODUCTION
In many species, food availability has been shown to be the most important factor limiting population
size (e.g. Lack 1954; von Brömssen & Jansson 1980; Högstedt 1981; Martin 1987, 1991; Arcese &
Smith 1988). Determining which habitats a species uses for foraging may assist in identifying
management measures required to improve habitat suitability (e.g. Gabrey et al. 1999; Naugle et al.
2000). For example, the discovery that birds foraged exclusively in one scarce habitat type would
highlight the critical importance of conserving or restoring that habitat (e.g. Komdeur 1996; Kus
1998). Similarly, finding that foraging activity was concentrated at the ecotone between habitats might
demonstrate the value of mosaic management to increase habitat availability (e.g. Walk & Warner
2000; Palmer & Bacon 2001).
In Britain, the apparent preference of breeding ring ouzels for foraging in grazed pasture has been
widely documented (e.g. Ware 1961; Durman 1978; Simms 1978; Poxton 1986; Hill 1993; Appleyard
1994; Arthur & White 2001; Rebecca 2001; Smith 2001). Most of these studies suggest that ouzels
forage within 300-500 m of their nest on sheep-grazed pasture in valley bottoms and on hillsides, but
some report birds favouring wet flushes and stream banks. In Wales, a few birds were recorded flying
up to 2 km to forage on reseeded pasture or grass-dominated moorland on summit plateaux (Tyler &
Green 1994). A study of T. t. alpestris in Romania (Korodi Gál 1970) suggested that adults relied
heavily on pastures and forest clearings (for caterpillars and beetles) and moist terrain near streams
(for earthworms). In Germany, Holupirek (1977) recorded birds feeding up to 150 m from the nest,
occasionally ranging 300-400 m, whereas Knolle et al. (1973) reported distances of 500-700 m
between the nest and feeding grounds. Unfortunately, all such results are based on anecdotal evidence
and are potentially biased because ouzels are more visible, and hence more likely to be recorded, when
foraging in short grass swards.
During the breeding season, ring ouzels forage by walking, running or hopping along the ground,
probing the soil to extract earthworms and larvae, and pecking beetles and other invertebrates from the
surface and short vegetation (Cramp 1988; Glutz von Blotzheim 1988; pers. obs.). As assessed using
faecal analysis, c. 95% of nestling diet in Scotland comprised just five invertebrate groups, with
earthworms alone accounting for c. 70% of this total (Chapter 4). For species whose prey is largely
detected by non-visual cues (e.g. ring ouzels searching for earthworms), habitat factors may play an
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important role in identifying foraging sites. The abundance and availability of prey are both habitat
dependent, and many studies have found associations between the distribution of foraging activity and
vegetation structure (summarised in Cody 1985). Since foraging success depends on both prey
abundance and availability (i.e. the ease with which prey can be accessed and captured), it is valuable
to identify and quantify these habitat cues and assess their reliability in predicting prey abundance.
The principal aim of the present chapter is to determine which factors predict site use by foraging ring
ouzels collecting food for their nestlings, using three main analyses. First, the probability of use is
modelled by comparing a wide range of physical features, habitat characteristics and measurements of
food supply between foraging and non-foraging sites within the home ranges of breeding pairs.
Second, the frequency of use of foraging sites is modelled in relation to the same set of variables. If
the same factors are included in both of these models, this will provide strong evidence of their
importance for foraging ouzels. Third, since earthworms form such a high proportion of nestling diet
(Chapter 4), a further objective is to examine whether predictors of site use are also related to
earthworm abundance.
6.2 METHODS
Between May and July 2000, the foraging activities of adult ring ouzels collecting food for their
chicks were studied at 23 nests around Loch Lee in the Glen Esk study area (Figure 2.2). These nests
comprised first (n = 17) and second broods (n = 6), including two broods of the same pair in four
cases, so that the total number of pairs considered was 19. At each nest, detailed observations were
made over a period of 3-7 days when chicks were 3-13 days old.
6.2.1 Determining the foraging locations of breeding pairs
The topography around Loch Lee enabled many observations to be made from the opposite side of the
valley to where each focal pair was nesting. Vantage points were selected (at least 200 m from the nest
of the focal pair) to maximise the area visible and minimise disturbance to the birds. Observations
were usually conducted in pairs, both observers using telescopes (x 25 magnification) to locate birds
and generally following the same individual for the duration of each focal watch (1 h in all cases). An
observation period began when either the male or female of the focal pair returned to the nest with
food. When the bird left the nest and flew to a foraging site, both observers followed its movements
from the point where it alighted and began foraging until it returned to the nest. While the chicks were
being fed, one observer continued watching while the other recorded details of the previous foraging
bout and then relocated the bird. Foraging site details were recorded during focal watches on
transparent acetate sheets overlaid on enlarged colour photocopies (A4 size) of photographs of the
study area. Photographs centred on nests were taken in early May (first broods) and mid-June (second
broods) from the vantage points subsequently used for focal watches. To increase accuracy, each
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acetate sheet was divided into a grid of 1 cm x 1 cm cells. After marking the foraging sites of each bird
on the acetate, the route taken during each foraging bout was described in terms of the grid cells
traversed. These details, along with the times of nest visits (to the nearest 1 s) and the focal bird’s
identity, were recorded on a hand-held dictaphone.
Using two observers in this way reduced the probability of birds being lost from sight during the
course of a focal watch, and allowed foraging bout details to be recorded as close to ‘real time’ as
possible. In a few cases, visibility was particularly unimpeded and it was possible for each observer to
follow a different member of the pair for the whole hour without assistance, effectively producing two
focal watches from a single observation period. This was achieved at seven of the 23 study nests, in
nine of the 27 focal watches conducted on these nests. Focal watches were carried out between 08001300 h (66%) and 1700-2000 h (34%), with no more than two per day at any one nest, and were
separated by at least six hours. The period between 1300-1700 h was used to measure site attributes
(section 6.2.2). Efforts were made to vary the timing of watches at the same nest on consecutive days,
and observations were not conducted when visibility was poor, during rain or in high winds.
On leaving the nest, birds usually flew directly to a feeding area and immediately began foraging. The
distances covered by foraging birds on the ground were highly variable and difficult to assess. Some
remained within patches smaller than 20 x 20 m in area, while others walked more than 50 m from
where they alighted before returning to the nest. In these latter cases, the 20 x 20 m patch where
foraging appeared to be most intense was treated as the foraging site, if selected for detailed
measurements (section 6.2.2). For each of the 23 nests studied, 18-32 distinct foraging sites were
located (see Chapter 7), comprising roughly equal numbers used by each parent (males 52%, females
48%). Two sites were considered to be distinct from each other if they were more than c. 20 m apart
and were not both used during a single foraging bout. Each site was visited later and its central
location recorded using a Garmin eTrex GPS receiver.
6.2.2 Measuring the attributes of foraging and random sites
Within each home range, six foraging sites – comprising three used by each parent – were randomly
selected for analysis (the remainder were used for delimiting home ranges; see Chapter 7). The
distance and bearing of each of these six sites from the nest were measured. Using a 1,000-m grid
system and random numbers, six non-foraging sites were selected for each nest, ensuring that none
was farther from the nest than the most distant foraging site selected. By chance, none of the random
sites was located less than 20 m from another random or foraging site. Within 4-8 days of fledging, a
range of attributes was measured at the 12 selected sites in each home range (Table 6.2). The validity
of this study depended on the accuracy with which foraging sites could be relocated on the ground. To
allow for the birds’ mobility during foraging bouts and reduce the chances of obtaining spurious
results, all of the protocols described below were applied at the perceived centre of each site and at
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points located 10 m to the north, south, east and west. Thus, five sub-samples were collected at each
site, from which mean values were calculated for use in subsequent analyses. Within each home range,
all measurements and sampling were undertaken or initiated during 1300-1700 h on the same day.
Gradient was measured to the nearest 5° using a clinometer, and a 1-m2 quadrat was used to estimate
by eye the percentage cover of various vegetation categories to the nearest 5%. Some rare or easily
confused vegetation types were amalgamated prior to analysis, resulting in 12 categories (Table 6.2).
Within the quadrat, vegetation height was measured (to the nearest 1 cm) at five points, relating these
in an approximately proportionate way to the percentage cover of the main vegetation types present
(e.g. if bracken covered 60% of the quadrat, three bracken heights were recorded). Vegetation density
was measured at each point, using a 1-m long cane with 0.5 cm high white marks at 0, 10, 20, 30 and
40 cm intervals from the base upwards. The cane was held vertically at arm’s length with its base on
the ground, and the visibility of each white mark was recorded.
Soil penetrability (a measure of the ease with which ring ouzels could be expected to probe the soil for
invertebrates; Green 1988) was measured at each point using an ELE pocket penetrometer EL29-3729.
This measured the force required to push a 4.5 mm diameter steel probe 18 mm vertically into the soil
(18 mm being the approximate bill length of adult ring ouzels; Cramp 1988). Soil pH was measured by
collecting a 2 g sample from 1-2 cm below the surface at each point. The soil was dissolved in 10 cm3
of distilled water and the pH of the resulting solution was measured at the time of collection using a
Classic pH-ep meter with a combined electrode, taking the reading only after the display had stabilised
(usually within 2 min).
Invertebrate abundance was measured by taking a soil core (8 cm diameter x 15 cm depth) and setting
a pitfall trap (80 ml plastic cup, containing 5 ml of formaldehyde) at each point. Soil cores were sealed
in plastic bags, dried overnight at 40°C, and then hand sorted on the day after collection. Pitfall traps
were collected after four days in the ground. All invertebrates captured were extracted and preserved
in 75% alcohol. They were later identified to the level of family or order, counted, and dried to a
constant weight in an oven at 50ºC. After drying, the abundance of invertebrates at each site was
recorded in terms of the dry weight of each taxon present.
6.2.3 Statistical analyses
Preliminary examinations of the data were undertaken using standard parametric and non-parametric
tests, to identify significant univariate differences and provide information regarding the extent of
intercorrelation between variables. Formal analyses were then conducted using standard multivariate
techniques (see section 5.2.4 for details). First, binary logistic regression was used to determine which
of the variables in Table 6.2 had the most significant influence on the probability of site use (the
dependent variable was site use, i.e. 0 = random, 1 = foraging). Second, multiple linear regression was
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used to analyse the frequency of site use, in relation to the same set of variables. The dependent
variable ranged between 0.2-2.0 visits h-1, and was calculated by dividing the total number of
occasions a site was used by the total number of observation hours. This analysis provided a means of
testing whether variables selected by the binary model were also important in establishing a
‘hierarchy’ of preferred foraging sites. It was weighted by the total number of observation hours, so
that nests at which more focal watches were conducted made a proportionally greater contribution to
the outcome. In both analyses, a selected number of first-order interaction terms were examined on the
basis of their potential biological relevance to foraging ring ouzels (Table 6.1), and the squares of
categories 1-22 (Table 6.2) were considered to allow for possible quadratic effects.
Table 6.1 First-order interaction terms considered in analyses of foraging site use.
Interaction term

Justification (see Introduction for more details)

Date * earthworm abundance



Foraging activity is heavily influenced by food availability and vegetation

Date * soil penetrability

structure, both of which may vary in response to seasonal changes in plant

Date * visibility at ground level

phenology and/or weather. For example, ring ouzels may be able to locate

Date * grass cover

sufficient earthworms in any grassy area early in the year, but later become

Date * wet flush/stream cover

dependent on wet flushes and stream banks to supply their chicks’ food.

Heather cover * grass cover



Although ring ouzels usually nest in heather (Chapter 5), they are often

Heather cover * bracken cover

observed foraging in grassy areas and have been associated with heather,

Bracken cover * grass cover

grass and bracken in various broad-scale analyses (see section 5.1).

Information from all 23 nests (i.e. 19 different pairs) was considered in these analyses, such that
models were based on data from 138 (i.e. 23 x 6) foraging sites and 138 random sites. The inclusion of
multiple measurements from the same pair resulted in pseudoreplication, which may have reduced
variation in the data and meant that the four pairs contributing data from both first and second broods
had twice as much influence on the results as the other pairs. To resolve this problem, parameter
estimates from the resulting regressions were jack-knifed (Sokal & Rohlf 1995). Thus, the regression
analyses described above were repeated 19 times, using only those variables selected in the original
model, omitting the data from a different pair on each occasion. This produced 19 values for each
parameter estimate, from which ‘pseudovalues’ were calculated as shown below. One-sample t-tests
determined whether the mean pseudovalues for each parameter estimate differed significantly from
zero (Sokal & Rohlf 1995), and hence whether the parameter should be retained in the final model.
Pseudovalue for Parameter A = (19 * regression coefficient for Parameter A
calculated without omitting any data)
– ((19 – 1) * regression coefficient for Parameter A
calculated by omitting data from Pair 1)
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Finally, multiple linear regression was used to determine whether any of the variables in Table 6.2
(excluding numbers 24-27) could explain a significant proportion of the variation in earthworm
abundance, thus testing whether the main predictors of foraging site use also predicted food supply.
Ouzels from neighbouring home ranges were sometimes observed foraging in close proximity to one
another on communal feeding grounds, but no aggressive interactions were recorded and there was no
evidence that foraging patches were defended (as per Durman 1978; Poxton 1986; Appleyard 1994).
This suggested that foraging behaviour was not greatly affected by the presence of other breeding
pairs, and that it was reasonable to ignore this potentially confounding factor in analyses.
6.3 RESULTS
During a total of 90 observation hours (mean at each nest = 3.9 ± 0.2 h), 554 discrete foraging sites
were identified. Birds were occasionally observed flying up to 860 m from the nest to forage, but
96.4% of sites were located less than 450 m away, and many were much closer (mean distance = 197
± 7 m; median distance = 177 m). Figure 6.1 illustrates the birds’ disproportionate preference for
foraging within 350 m of the nest.

20
Sites used

18

Area available

16

Frequency (%)

14
12
10
8
6
4
2
0
0-50

50100

100- 150- 200- 250- 300- 350- 400- 450- 500- 550- 600- 650- 700- 750- 800- 850150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Distance from nest (m)

Figure 6.1 Frequency distribution of ring ouzel foraging sites (n = 554) in relation to distance from nest (n = 23)
and the relative area available.
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6.3.1 Probability of use of foraging sites
Univariate comparisons revealed that foraging sites had significantly less heather than random sites,
but much greater grass cover (Table 6.2). Foraging sites also had significantly less acidic soils and
more open vegetation at ground level. However, a number of topographical and habitat variables were
significantly intercorrelated (Table 6.3). Logistic regression analysis produced a model that explained
40.1% of the deviance in site use and correctly reclassified 80.1% of sites (n = 276; Table 6.4). The
most significant predictor of foraging site use was percentage grass cover, followed by the grass *
heather interaction term, and finally visibility at ground level (Table 6.4). The significance of the grass
* heather interaction term made it necessary to force heather into the model as a main effect, despite
its non-significance. The model was equally capable of reclassifying foraging sites (81.2%) and
random sites (79.0%).
The three parameters selected by the stepwise analysis remained significant after the jack-knifing
procedure, and were thus retained in the model. The jack-knifed parameter estimates were very similar
to those produced by the original regression analysis, as were the standard errors around both sets of
values (Table 6.4). This implies that within-pair variation was as great as between-pair variation,
suggesting that pseudoreplication was not a major problem in this analysis. All three parameters had
positive regression coefficients, indicating that the probability of a site being used for foraging rose as
the scores for these variables increased, while the opposite applied to heather (Figures 6.2, 6.3 & 6.4).
Hence, the probability of a site being used by a foraging ring ouzel was given by the equation:
P = 1/(1 + e-Z),

where Z =

-5.147 + 0.081 * percentage grass cover
+ 0.002 * (percentage heather cover * percentage grass cover)
+ 0.023 * visibility of white mark at ground level
– 0.016 * percentage heather cover
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Table 6.2 Mean values and ranges of parameters measured at 138 foraging sites and 138 random sites (n = 23 nests).

Foraging site

Random site

Parameter measured
Distance from nest (m)
Gradient (°)

mean (range)
207 (67 – 445)
23.8 (3 – 37)

mean (range)
196 (104 – 333)
28.4 (14 – 36)

Pa
0.360
0.023

3

Force required to penetrate soil (kgfcm-2)

3.7 (3.1 – 4.2)

3.5 (2.3 – 4.1)

0.037

4

Soil pH

5.3 (4.5 – 6.1)

4.8 (4.2 – 5.7)

5

Vegetation height (cm)

12.6 (7 – 21)

16.7 (9 – 26)

0.002
0.004

6

Vegetation cover (%):
Heather (Calluna and Erica spp.)

15.7 (2 – 40)

34.9 (12 – 65)

No.
1
2

7

Bracken (Pteridium aquilinum)

8

Grassesb

9

4.1 (0 – 15)

3.5 (0 – 13)

53.3 (21 – 85)

21.4 (6 – 41)

Bilberry (Vaccinium myrtillus)

3.3 (0 – 21)

5.8 (0 – 23)

0.001
0.007

10

Mosses and lichens

7.3 (2 – 16)

8.0 (2 – 15)

0.560

11

Wood sage (Teucrium scorodonia)

2.9 (0 – 10)

2.0 (0 – 7)

0.059

12

Ferns

0.7 (0 – 6)

0.7 (0 – 3)

0.877

13

Rushes and sedges (Juncus and Carex spp.)

0.4 (0 – 5)

0.6 (0 – 6)

1.000

14

Bare ground

2.9 (0 – 8)

3.6 (0 – 14)

0.644

15

Rock

8.8 (0 – 31)

18.9 (1 – 57)

0.008

16

Wet flush or stream

0.4 (0 – 1)

0.2 (0 – 1)

0.084

0.2 (0 – 1)

0.4 (0 – 2)

0.910

17
18

Other

c

Vegetation density (%):
Visibility of mark 0 cm above ground

48.7 (23 – 93)

32.3 (0 – 66)

0.001

19

Visibility of mark 10 cm above ground

94.6 (76 – 100)

70.7 (23 – 96)

20

Visibility of mark 20 cm above ground

98.6 (83 – 100)

89.3 (70 – 100)

0.002
0.034

21

Visibility of mark 30 cm above ground

99.3 (83 – 100)

98.6 (96 – 100)

0.108

Visibility of mark 40 cm above ground

22

99.9 (96 – 100)

99.6 (96 – 100)

0.980

23

Soil core captures (mean dry weight in mg):
Earthworms (Lumbricidae)

12.4 (0 – 34)

7.2 (0 – 25)

0.080

24

Leatherjacket larvae (Tipulidae)

0.1 (0 – 2)

0.4 (0 – 6)

0.371

213.1 (47 – 531)

224.8 (62 – 611)

0.960

47.7 (1 – 369)

96.6 (1 – 787)

0.615

5.0 (0 – 37)

5.0 (0 – 71)

0.044

25

a

0.001
0.281

Pitfall trap captures (mean dry weight in mg):
Adult ground beetles (Carabidae)

26

Other adult beetles (Coleoptera)

27

Beetle larvae (Coleoptera)

d

The statistical significance of differences between foraging and random sites was calculated for all
parameters using a paired t-test or Wilcoxon’s signed ranks test, depending on whether the data were
normally distributed. Percentage figures were arcsine square root transformed before testing. P values
in underlined bold type denote differences that remained significant after applying the sequential
Bonferroni correction technique (Rice 1989).

b

Mainly Molinia, Nardus, Agrostis, Festuca and Deschampsia spp.

c

Including birch Betula spp., Scots pine Pinus sylvestris, willow Salix spp., rowan Sorbus aucuparia,
holly Ilex aquifolium, ivy Hedera helix, juniper Juniperus communis, cowberry Vaccinium vitis-idaea
and crowberry Empetrum nigrum.

d

Staphylinidae, Chrysomelidae, Geotrupidae, Curculionidae, , Elateridae, Cicindelidae and Scarabaeidae.
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Table 6.3 Matrix of simplified Spearman’s rank correlation coefficients for all pair-wise combinations of the 27
variables listed in Table 6.2, for the 276 foraging and random sites surveyed in Glen Esk in 2000. Coefficients
were multiplied by 10 and then rounded to the nearest integer; those significant at P < 0.05 appear in italicised
underlined bold type.

1
2 -5

2

3
4
5
6
7
8
9
10
11
12
13
14
15
16

0
-1
0
-1
-2
3

1
-1
-1
2
1
-4

17
18
19
20
21
22
23
24
25
26
27

1 1
-2 3

1 -2
0 -2
-3 4
-1
2
-1
-4

0
-3
2
6

0 -1

0
0
-1
-1
-1
0
-1
0
1

3

5

-1
-3 -2
-4 -1 3
0 1 1
2 4 -3
0 -4 1
-3 -1 1
1 3 -1
-1 -1 3
-1 1 2
-2 4 -4
2 -1 -1
-1 2 0

0
4
0 3
-1 2
0 1
0 -1
-1 2
1
1
0
-1

4

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

-3
-6 2
2 -3 -2
4 -4 -2 3
-1 5 0 -4 -4
1 1 -2 1 2
-1 -1 1 0 -1
0 -1 1 -1 -1
-3 3 -3 -1 -3
0

0

0 0 0 0
2 -5 -5 2
2 -6 -7 2
1 -5 -5 1
0 -2 -2 0

0 -1 -1 0
1 -1 -1 0
-1 -2 2 1 1
0 -1 0 0 1
1 0 -1 0 -3
1 0 -1 -2 0

-1
-2 0
2 -2 -1
4 0 -3 0
1 -1 1 -1 1 1 0 -1

0 1 1
2 -2 -3
6 -3 -3
5 -1 -2
2 0 -1
1 0 0
2 0 1
-1 0 0
0 0 0
0 2 2
2 0 0

0 0 0
3 -2 -1
2 -2 -1
1 -2 0
1 -1 0
0 0 0
0 1 1
0 1 0
1 1 -1
-1 1 0
-1 -1 0

0
3
3
2

0
4
2

0
0
0
0
0
0
-1
0
-1

0
0
0
0
1 0
0
1 1
1
0 -1
0
-1 -1
0
1 1
1
0 -1 0 -1
1 0 0 1

6
4
1

7
3

4

1 0 1 3
1 2 1 1
-1 -2 -2 -3
0 0 0
0 -1 0
1 2 2

0
1
2

0
1
0
1
0

0
0 2
0 -1 2
1 -1 1

2
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Table 6.4 Summary of the model discriminating between ring ouzel foraging sites (n = 138) and random sites (n
= 138) in Glen Esk. Total deviance = 382.6, residual deviance = 229.1. Variables listed in order of entry to model.

correctly

deviance
χ2

df

P

80.1

29.9

114.5

1

<0.001

0.001 (0.000)

79.3

6.4

24.5

1

<0.001

0.023 (0.014)

0.008 (0.006)

80.4

3.7

14.2

1

<0.001

-0.016 (-0.025)

0.026 (0.040)

80.1

0.1

0.3

1

0.543

Coefficient

Intercept

-5.147 (-4.249)

1.084 (1.046)

0.081 (0.071)

0.018 (0.016)

0.002 (0.002)

Grass cover
* heather cover
Visibility of white
mark at 0 cm
Heather cover

% of total
explained

se

a

Variable
Grass cover

a

a

% of sites
classified

b

Mean jack-knifed values appear in parentheses following the parameter estimates produced by the model;
jack-knifing was conducted about pairs (n = 19).

b

Percentage of sites correctly classified by model as either foraging (P > 0.5) or random (P < 0.5). Adding
variables may reduce the percentage of correctly reclassified sites at the expense of explaining more of the
total deviance.

1.0

Grass
Heather

0.9

Probability of use

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0

10

20

30

40

50

60

70

80

90 100

Percentage cover

Figure 6.2 Relationship between probability of site use and percentage cover of grass and heather. Spearman’s
rank correlation coefficients: probability v. grass: rs = 0.863, P < 0.001; probability v. heather: rs = -0.387, P < 0.001.
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Figure 6.3 Relationship between percentage vegetation cover of heather and grass at sampling sites (n = 276).
Spearman’s rank correlation coefficient: rs = -0.623, P < 0.001.
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Figure 6.4 Relationship between probability of site use and visibility of white mark at ground level. Spearman’s
rank correlation coefficient: rs = 0.435, P < 0.001.
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6.3.2 Frequency of use of foraging sites
Three variables were included in a model explaining c. 10% of the variation in the frequency of use of
foraging sites (Table 6.5). The most significant of these was distance from nest, with ring ouzels
visiting sites close to their nests more often than those farther away (Figure 6.5a), followed by
percentage grass cover, demonstrating the birds’ preference for foraging at sites with a high proportion
of grass (Figure 6.5b). There was also a positive relationship between frequency of use and percentage
cover of moss and lichen (Figure 6.5c). All three parameters remained significant after jack-knifing,
again suggesting that pseudoreplication was unimportant, and were thus retained in the model.

Table 6.5 Summary of the model describing variation in frequency of use of foraging sites in Glen Esk. Overall
fit with all three variables included: R2 = 0.097, F3,134 = 4.821, P = 0.003.
Variable

Coefficienta

sea

Intercept

0.186 (0.171)

0.138 (0.078)

-0.001 (-0.001)

Grass cover
Moss/lichen cover

Distance from nest

a

F-change

df

P

0.000 (0.000)

3.951

1,136

0.049

0.007 (0.007)

0.003 (0.002)

4.064

1,135

0.046

0.010 (0.010)

0.004 (0.003)

6.055

1,134

0.015

Mean jack-knifed values appear in parentheses following the parameter estimates produced by the
model; jack-knifing was conducted about pairs (n = 19).

6.3.3 Earthworm abundance in relation to site attributes
The only factor capable of explaining a significant amount (c. 3%) of the variation in earthworm
abundance was percentage grass cover, which had a positive influence (overall fit: R2 = 0.032, F1,274 =
8.948, P = 0.003).
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Figure 6.5 Relationships between frequency of site use by foraging ring ouzels and the three variables selected
by the model in Table 6.5: (a) distance from nest (rs = -0.168, P = 0.049); (b) percentage cover of grass (rs =
0.265, P = 0.002); and (c) percentage cover of moss and lichen (rs = 0.227, P = 0.008). The ordinate axis varies
to reflect the residual variation in frequency of use following: (b) the inclusion of distance from nest in the
model; and (c) the inclusion of distance from nest and percentage grass cover in the model.
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6.4 DISCUSSION
Ring ouzels collecting food for their nestlings in Glen Esk preferred to forage in areas of short grass
and grass/heather mosaics within 450 m of the nest. Despite many intercorrelations, percentage grass
cover was a significant predictor of both whether a site was used and how often it was used. Its
inclusion in the model of frequency of use increased confidence in the predictive ability of the binary
model of probability of use. Distance from nest explained most of the variation in how often sites were
used, though use did not simply decline exponentially with increasing distance. This probably
reflected an optimal foraging trade-off between the nutritional requirements of chicks, the energetic
demands on adults, and the risk of attracting predators to the nest (Stephens & Krebs 1986).
6.4.1 Foraging habitat selection in relation to nestling diet
Given the prevalence of earthworms in nestling diet (c. 73%; Chapter 4), it was unsurprising to find
that ouzels in Glen Esk expressed a strong preference for foraging in grassy areas. Grassland habitats
are well known to support high earthworm densities (Edwards & Lofty 1977; Lee 1985), and this
relationship also held at a local scale in Glen Esk during the present study. Moreover, grazed pastures
support 3-15 times more earthworms than ungrazed areas due to greater organic input from faeces
(Evans & Guild 1948; Keiller et al. 1995). Leatherjacket larvae (c. 7% of nestling diet; Chapter 4) also
reach their greatest densities in grass turf (Ausden et al. 2001). Thus, finding that ouzels preferred to
forage at grassy sites with low vegetation density at ground level was fully expected, since these areas
were clearly subject to the most regular grazing pressure and presumably therefore held high densities
of soil macro-invertebrates.
The fact that earthworm abundance was not selected as a significant predictor of site use indicates that
grass cover and visibility at ground level provided foraging ouzels with an easier method of assessing
prey availability and foraging efficiency. Like most Turdus thrushes, ring ouzels are not
morphologically adapted for foraging in tall, dense vegetation (Simms 1978; Clement & Hathway
2000). As well as supporting high prey densities, grazed pastures probably provided optimal foraging
conditions because their short swards increased prey visibility and facilitated unimpeded movement
along the ground. This created frequent opportunities for probing the soil (for earthworms and
leatherjacket larvae) and capturing surface invertebrates, such as beetles and their larvae (c. 19% of
nestling diet; Chapter 4).
The positive influence of the grass * heather interaction term on the probability of site use may
indicate a secondary preference of ouzels for foraging in areas containing both grass and heather. This
may seem counterintuitive, since heather had a (non-significant) negative influence as a main effect,
but the presence of two habitats with disjunct distributions in no way precludes the possibility of them
both being used. Indeed, several other upland birds forage at the interface between different habitats
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and rely on invertebrates derived from both of them (e.g. Coulson & Whittaker 1978; Galbraith et al.
1993; Whittingham 1996). Alternatively, ouzels may have selected foraging sites with some heather
because such sites were available close to their nests. Most nests were situated on crags approximately
two-thirds of the way uphill, near the lower boundary of the heather-dominated upper slopes (Chapters
5 & 7). Adults typically flew downhill to forage on the grass-dominated lower slopes, so foraging sites
tended to be situated either just below the heather/grass ecotone, or in patches where grazing activity
had prevented the regeneration of burnt heather. In both instances, heather surrounding or abutting
sites was often recorded during site assessments, though it may not have been used for foraging.
Whatever the cause, ouzels may have benefited from foraging at sites with some heather present
through reduced predation risk or increased prey availability. It is certainly far more difficult to follow
birds foraging in grass/heather mosaics than in large expanses of short grass (pers. obs.). While no
predation attempts were observed during the present study, an adult male ouzel was predated by a
peregrine whilst foraging in nearby Glen Clunie (I. Sim in litt. 2001). Studies of other species have
revealed that predation risk can influence habitat selection in open habitats where scarce vegetation
cover provides little protection (e.g. Rohner & Krebs 1996; Sweitzer 1996). Grass/heather mosaics
may also support a greater diversity and abundance of invertebrate prey than short grass swards, as
Ings & Hartley (1999) found with ground beetle communities in north-east Scotland. Further research
is required, but ouzels may even depend on such mosaics to supply those components of their diet that
do not consist of soil macro-invertebrates (e.g. beetles; see Chapter 4).
6.4.2 Foraging habitat selection in relation to previous studies
By quantifying the importance of short grass swards for foraging ouzels, and confirming the link
between grass cover and earthworm abundance, these results support the conclusions of many earlier
qualitative studies in Britain (e.g. Ware 1961; Simms 1978; Poxton 1986; Hill 1993; Appleyard 1994;
Arthur & White 2001; Rebecca 2001). They also confirm that, while most foraging takes place within
450 m of the nest (Holupirek 1977; Durman 1978; Smith 2001), some birds travel large distances to
collect food for their chicks (Knolle et al. 1973; Tyler & Green 1994). No evidence was found to
support the hypothesis that wet flushes and stream banks are important foraging habitats, but this may
simply reflect the relative paucity of such habitats in Glen Esk. In areas where grazed pasture is more
restricted, flushes and grassy patches beside streams may represent vital habitat for foraging ouzels, as
in parts of the Moorfoot Hills (pers. obs.). Given the apparent reliance of Romanian ouzels on
pastures, clearings and moist terrain near streams (Korodi Gál 1970), it seems that British and
continental ouzels forage in broadly similar habitats during the breeding season, despite nesting in
very different habitats (Chapter 5). While these results support the findings of Haworth and Thompson
(1990) in suggesting that improved pasture may benefit ring ouzels, caution is required. This habitat
type was negatively associated with ouzel abundance across Scotland during 1988-91 (Buchanan et al.
in prep.), and it may therefore only be of value to foraging birds if present to a small extent.
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6.4.3 Limitations
The methods used to measure site attributes in this study reflected the need to sample many locations
in a limited time period. Each site assessment involved taking five 1-m2 quadrats within an area of 314
m2, resulting in a sampling intensity of only 1.6%. Since habitats tended to occur in clumps (e.g. grass
patches), rather than forming a smooth mixture, the sampling protocol may not have provided a
particularly accurate impression of the mosaics present. However, the underlying trend across all pairs
was so clear that this seems unlikely to have been a large source of bias.
Soil cores provide a fairly accurate indication of invertebrate abundance at discrete points (Phillipson
1971), but pitfall traps measure an unpredictable combination of invertebrate activity and abundance,
and their captures are heavily influenced by vegetation structure (Southwood 1978; Kennedy et al.
2001). The vast majority of invertebrates consumed by chicks were ground or surface dwellers
(Chapter 4), which should thus have been adequately sampled. However, insects such as caterpillars
may have been gleaned from taller vegetation, and ouzels have occasionally been observed taking
moths by sallying (Smith 2001; pers. obs.). This study made no attempt to sample invertebrates above
ground level, but future research should consider this aspect, particularly as regards adult diet.
6.4.4 Conclusions
This chapter has confirmed that ring ouzels breeding in Glen Esk preferred to forage in short grass
swards, and that they expressed an apparent secondary preference for grass/heather mosaics. Hence,
there is a stark contrast between the fine-scale cues used by ouzels when selecting sites for foraging
and nesting (Chapter 5). To investigate how this dichotomy is resolved, Chapter 7 delimits the home
ranges of ouzels in Glen Esk and examines habitat selection at two broader scales.

Home ranges ● 114

Chapter 7
Home range habitat selection
by breeding ring ouzels in Scotland
7.1 INTRODUCTION
The most effective method of analysing patterns of habitat use and selection by territorial animals in
relation to habitat availability involves first delimiting the boundaries of their home range or territory
(Palmer & Bacon 2001). Concepts of home range and territory have been defined and refined by many
authors (e.g. Burt 1943; Baker 1978; Adams 2001), so clarification is required. In this chapter, home
range describes the entire area used by a pair of birds, whereas territory refers solely to that part of the
home range containing the nest and defended against intruders (sensu Jansen 1999). Ring ouzels are
vigorous defenders of the area surrounding their nests, particularly during the early part of the
breeding season (Arthur & White 2001; pers. obs.). However, boundary disputes outside this core
range are rare. Birds from neighbouring territories often forage in close proximity to one another on
communal feeding grounds, several hundred metres from their nests, with no sign of aggression
(Durman 1978; Poxton 1986; Appleyard 1994; per. obs.).
Various sophisticated techniques have been developed for estimating home range size and usage
patterns, mainly involving radio-tracking data (e.g. Worton 1987; Harris et al. 1990; White & Garrott
1990; Kenward & Hodder 1996). In this study, the method of plotting 100% minimum area convex
polygons (MCPs) was employed (Mohr 1947; Southwood 1978). The main drawback associated with
MCPs is that their shape and area may be heavily influenced by outlying locations, which can result in
large areas that are rarely used being incorporated in home range estimates (Harris et al. 1990).
Nevertheless, the widespread use of this technique means that it is the method that best enables
comparisons with other studies. Although kernel analysis provides more accurate estimates of range
size than MCPs (e.g. Jansen 1999; Seaman et al. 1999), sample sizes in this study were too small to
justify its use (Worton 1989).
In Chapter 5, attempts to predict the probability and frequency of site occupancy in the Moorfoots on
the basis of habitat composition within 200 m of nests did not produce any significant results. Practical
considerations precluded the collection of home range data in the Moorfoots, but subsequent work in
Glen Esk revealed that some birds regularly travelled up to 500 m from the nest to forage (Chapter 6).
This suggested that further analyses of occupancy rates should consider the potential foraging range of
each pair (i.e. an approximation of the home range), as opposed to the immediate nesting area (i.e. an
approximation of the defended territory). There was insufficient variation in Glen Esk occupancy rates
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to test this hypothesis, but data from the Moorfoots were suitable. While no ground surveys were
conducted at this scale, analyses were facilitated by the availability of remotely sensed habitat data.
The aim of this chapter is to bridge the gap in knowledge created by the preceding analyses of finescale habitat use (Chapters 5 & 6) and the broad-scale associations described by previous studies
(section 5.1.1). The species’ strong fine-scale habitat selection for nest sites and foraging locations
suggests that ring ouzels should establish home ranges on a non-random basis to reflect these
preferences. This hypothesis is tested by comparing habitat availability with habitat use at two
intermediate scales: that at which ouzels establish home ranges within the wider study area (secondorder selection), and that at which they use habitats within their home ranges for and nesting and
foraging (third-order selection). Having delimited the home ranges of breeding pairs in Glen Esk, a
purpose-built geographical information system (GIS) is used to determine their size, configuration and
habitat composition, allowing analyses of whether they can be described as patchy mosaics. Finally,
an equivalent GIS is used to analyse whether the probability and frequency of site occupancy in the
Moorfoots are related to habitat availability within 500 m of (presumed) nest sites, and whether such
habitats are important for foraging and nesting.
7.2 METHODS
7.2.1 Delimiting home ranges
During May and June 2000, the habitat use of adult ring ouzels (n = 25 pairs) was studied during the
chick-rearing period on c. 9 km2 of moorland around Loch Lee in upper Glen Esk (Figure 2.2). Nests
were found as described in Chapter 3. Data on ranging behaviour and habitat use were collected using
the focal watch technique described in Chapter 6. When analysing data relating to home range size and
patterns of habitat use, it is important to ensure that successive locations used by individuals are not
autocorrelated (Harris et al. 1990). In contrast to Chapter 6, where individual foraging sites were the
sampling unit, the present analyses were conducted with respect to each nesting pair. Following the
rationale of White and Garrott (1990), ouzels were considered to have made independent foraging
decisions each time they left the nest. Each adult made around 2-4 foraging trips h-1 (Chapter 3),
effectively producing a ‘sampling frequency’ of 15-30 min. It took all birds less than one minute to
leave the nest and travel anywhere within their home range. Thus, all foraging locations were included
in analyses on the grounds that they were biologically independent (sensu McNay et al. 1994).
During subsequent site visits, the grid reference of each location was recorded using a Garmin eTrex
GPS receiver. All grid references were then imported into ArcView 3.2 (ESRI 1999) to create the first
layer of a geographical information system (GIS). Using GIS routines, 100% minimum area convex
polygons (MCPs) were drawn around the outermost locations used by each pair of ouzels to define the
limits of their ranging behaviour. The minimum number of locations required to provide a stable
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estimate of home range size was established using two methods. Initially, graphs of incremental home
range area against number of sites used were plotted for each pair, and inspected to determine whether
an asymptote had been reached (Kenward 1982, 1987; Harris et al. 1990). If so, Soberón and
Llorente’s (1993) exponential model was used to predict the area of each pair’s home range, based on
the data collected. In cases where range size estimates based on inspected graph asymptotes were more
than 5% smaller than those predicted by the model, it was judged that insufficient data had been
collected. Using these two methods, data from six pairs were eliminated from further analyses.
7.2.2 Determining habitat compositions
The second layer added to the GIS was a subset of the Land Cover Map of Great Britain (LCMGB)
representing the Glen Esk study area. The LCMGB was produced using satellite images captured
between 1987 and 1990 (Fuller et al. 1994). It is based on a 25 m x 25 m grid and records 17 different
land cover classes, as well as an unclassified category. Each 0.0625 ha grid cell is assigned a value
between 0 and 17 corresponding to one of these classes. All classes were ecologically meaningful,
consistently recognisable from the satellite imagery, and realistic in terms of their likely accuracy
(Fuller et al. 1994). The LCMGB subset representing Glen Esk comprised 13 of these 17 classes. For
the purposes of this chapter, some classes were combined to produce nine categories considered
relevant to ring ouzel ecology and upland management (Table 7.1). These categories reflected broad
habitat types that were easily distinguished in the field.
Given the 10-13 year interval between the present study and the collection of satellite data, it was
necessary to conduct a ground-truthing exercise to assess the accuracy of the LCMGB subset
(Congalton 1991). In early April 2000, the current composition of the study area was mapped onto a
1:10,000 scale OS map using the nine habitat categories in Table 7.1. Random numbers were used to
produce 500 grid references, each of which was then located on both the LCMGB subset and the 2000
field map. Of the 500 locations compared, 94.4% were classified in the same habitat category on both
maps, confirming that the LCMGB continued to provide a reliable assessment of habitat composition
in Glen Esk. Where discrepancies arose, they were mostly due to heather burning and regeneration or
the spread of bracken. Thus, to ensure that the data analysed were as accurate as possible, field data
collected in 2000 were used to ‘reconstruct’ the habitat classification of the LCMGB in the few small
areas where discrepancies existed (as per Palmer & Bacon 2001). The LCMGB was used in all
analyses because it was available in a digitised format suitable for entry into the GIS. Moreover, it
ensured consistency with later analyses using data from the Moorfoots (see section 7.2.3 below).
To delimit the boundary of the whole study area and define the extent of available habitat, a polygon
was drawn encompassing the home ranges of all pairs studied, plus the locations at which other
breeding ouzels were observed (Chapter 2). In areas that were thoroughly surveyed during 1998-2000
but where no birds were detected, the boundary was assigned according to local topography (Bramley
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& Veltman 2000). Thus, the area considered to be ‘available’ to ouzels in the present study was
roughly equivalent to the Loch Lee watershed (Figure 7.1). The area and percentage habitat
composition of the study area, and of each pair’s home range, were calculated using GIS routines.
For each ouzel pair, the proportion of foraging sites within each habitat type was calculated, and the
classification of grid cells in which nests were found was recorded. Although nests were located from
1998 to 2000, data were used only for the year in which most were found (2000) to ensure
independence (Redpath et al. 1998). To investigate whether home ranges incorporated a mosaic of
habitat types, two indices were calculated for each pair’s MCP home range and compared to those in a
randomly selected circle of equivalent area within the ‘available’ area: (a) the number of discrete
habitat patches; and (b) the number of habitat classes (i.e. habitat richness). Random locations were
selected using grid references based on random numbers. By chance, none included or overlapped
with existing home ranges. Each habitat patch was defined as a set of adjacent cells with the same
LCMGB classification, including those that were only connected diagonally.
7.2.3 Breeding site occupancy in relation to habitat availability
Data on the occupancy of 59 historically occupied breeding sites in the Moorfoot Hills were collected
during surveys in 1998-2000 (Chapter 2). A new GIS was created as described above, plotting the
central grid reference of each site (i.e. the nest site or presumed approximate nest site) on the LCMGB
subset representing the Moorfoots (comprising the same 9 categories as the Glen Esk subset). In Glen
Esk, more than 95% of foraging sites used by breeding ouzels were located within 450 m of the nest
(Chapter 6). Thus, GIS routines were used to draw a circle (henceforth termed pseudoranges) of radius
500 m around each nest site in the Moorfoots. The percentage habitat composition of each
pseudorange was calculated as described above, as were the two habitat mosaic indices. Owing to the
large area of the Moorfoots (c. 130 km2), no attempt was made to conduct a habitat mapping and
ground-truthing exercise equivalent to that in Glen Esk. While this may have introduced a degree of
error, the results from Glen Esk suggested that any such bias was likely to be small.
7.2.4 Statistical analyses
Analysis of nest site selection and habitat use in Glen Esk
Following Redpath et al. (1998) and Brickle and Harper (2000), the selection of nest sites in relation
to habitat availability was analysed by means of a χ 2 test. However, determining whether ring ouzels
established their home ranges and/or foraged in habitats at random required the use of compositional
analysis (Aebischer et al. 1993). For each analysis, the null hypothesis (H0) tested was that ring ouzels
simply used habitats in proportion to the area of each type available to them. Proportions must, by
definition, sum to one. This ‘unit-sum constraint’ means that any analysis of n categories has a total of
n-1 dimensions, rather than n. Compositional analysis overcame this problem by changing the c
constrained proportions into c-1 unconstrained proportions, which could then be analysed by standard
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statistical tests (Aitchison 1986). The change involved dividing the proportions for c-1 of the
categories by the remaining proportion, and then taking logarithms of the ratios obtained. Analytical
results were independent of the category used as the denominator. Log-ratios could not be calculated if
either proportion equalled zero. This problem was avoided by replacing them with a value smaller than
the smallest recorded non-zero proportion (Aebischer et al. 1993); in this case, the value used was
0.01%. If the log-ratios did not meet the assumptions of normality required to assess significance by
MANOVA, a randomisation test was used instead (Manly et al. 1993). The significance of an
observed test statistic, Wilks’ Lambda Λ, was estimated by comparison with 999 values generated by
randomly allocating the data between categories or treatments. Λ varied between 0 and 1, with larger
values indicating that group means were more similar.
Table 7.1 Correspondence between the 9 habitat categories recognised in this study and the 13 land cover
classes of the LCMGB recorded in upper Glen Esk.
LCMGB
value
5

Land cover class

Description

Habitat category

(Fuller et al. 1994)

(summarised from Fuller et al. 1994)

(this study)

Rough pasture / dune grass /

Montane / hill grasslands, dominated by Nardus, Molinia,

Rough pasture

grass moor

Deschampsia and Juncus; typically unenclosed and
unimproved; uncropped or only lightly grazed

6

Pasture / meadow /

Cropped swards comprising finer grass species (e.g.

amenity grass

Festuca, Agrostis, Lolium) and other herbs; maintained by

Grazed pasture

grazing or mowing; often improved for agriculture
8

Grass shrub heath

Dwarf shrub / grass moorland dominated by grasses;

Grass moor

grazing prevents dominance of dwarf shrub species
9

Shrub heath

Dwarf shrub / grass moorland dominated by Calluna,

Heather moor

Erica and Vaccinium; often managed by burning for red
grouse Lagopus lagopus scoticus
10

Bracken

Vegetation dominated by Pteridium aquilinum

Bracken

11

Deciduous / mixed woodland

Broadleaved woodlands and mixed broadleaved /

Woodland

evergreen woodlands
12
13

Coniferous / evergreen

Coniferous woodlands (including deciduous Larix and

woodland

other evergreens, e.g. Ilex, Taxus)

Bog (herbaceous)

Herbaceous wetlands with permanent or temporary

Bog

standing water
17

Inland bare ground

Vegetation-free ground with ‘natural’ surfaces

Rock / bare ground

(e.g. rock, sand, gravel, soil)
0

Unclassified

Unusual or rare cover types

2

Inland water

All mappable fresh waters

7

Marsh / rough grass

Herbaceous vegetation of marshes and rough ground

14

Tilled (arable crops)

Land under annual tillage (especially for horticulture,
cereals, etc); other seasonally or temporarily bare ground

15

Suburban /

Land comprising buildings, roads, etc. but with some

rural development

permanent vegetation cover

Other
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Whenever either MANOVA or a randomisation test indicated that habitat use was significantly
different from that expected under H0, it was necessary to identify exactly where use deviated from
random, and then rank the habitat types in order of use. This was achieved by comparing pair-wise
differences between matching log-ratios for each pair, and then calculating the mean values across all
pairs (n = 19). Thus, habitats were ranked according to relative use, and significant between-rank
differences were identified using single-sample t-tests (Aebischer et al. 1993). Since these tests were
carried out only when Λ indicated significantly non-random habitat use, it was deemed reasonable to
retain standard significance levels for t (rather than e.g. Bonferroni levels) by analogy with the
protected least-significant-difference method (Carmer & Swanson 1973; Snedecor & Cochran 1980).
Breeding site occupancy in relation to habitat availability in the Moorfoots
Two regression analyses were conducted to describe correlates of site occupancy in the Moorfoots
(equivalent to those described in detail in section 5.2.4). First, the probability of sites holding birds in
at least one year during 1998-2000 was modelled as a binary logistic function of the percentage cover
of habitat categories present in pseudoranges (Table 7.1). The two habitat mosaic indices were also
included as candidate variables, and the dependent variable was site use, i.e. 0 = unoccupied, 1 =
occupied. Second, multiple linear regression was used to analyse the frequency with which sites were
occupied, in relation to the same set of habitat variables; the dependent variable was occupancy rate,
ranging between 0-3 years. This analysis tested whether habitat variables selected by the binary model
were also important in establishing a ‘hierarchy’ of preferred breeding sites. Marked individuals
demonstrated low levels of fidelity to breeding sites in consecutive years (Chapter 3), so
pseudoreplication was not considered to be a problem. As in previous analyses (Chapters 5 & 6), a
selected number of first-order interactions were examined on the basis of their potential biological
relevance to ring ouzels (Table 7.2), and the square of each variable was considered to allow for
possible quadratic effects.
Table 7.2 First-order interaction terms considered in analyses of breeding site occupancy.
Interaction term

Justification (see Introduction for more details)

Heather moor * grass moor



Although ring ouzels usually nest in heather (Chapter 5),

Heather moor * grazed pasture

birds in Glen Esk expressed a strong preference for foraging

Bracken * heather moor

in short grass swards (Chapter 6). The species’ distribution

Bracken * grass moor

has been associated with combinations of heather, grass and

Grazed pasture * bracken

bracken in various broad-scale analyses (see section 5.1).
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7.3 RESULTS
7.3.1 Home range composition versus study area composition (second-order selection)
Sufficient data were collected to delimit the home ranges of 19 pairs of ring ouzels breeding in Glen
Esk in 2000. Home range size estimates for these pairs reached an asymptote at a mean of 23.6 ± 0.9
foraging locations, as assessed from plotted graphs. The mean number of discrete locations identified
was 24.8 ± 1.0 per pair. Using the 100% MCP method, mean estimated home range size was 5.3 ± 0.5
ha (Table 7.3). Figure 7.1 illustrates the overall configuration of these ranges. On average, home
ranges comprised 52% grass moor, 16% grazed pasture and 12% heather moor, the remainder
comprising mainly bracken, rough pasture and rock/bare ground (Table 7.4). Relative to habitat
availability within the whole study area, home range composition differed significantly from that
expected if ring ouzels had simply settled at random (Λ = 0.011, P = 0.001 by randomisation).
Specifically, home ranges contained more rock/bare ground, grass moor and grazed pasture than
expected, while bog and woodland were both avoided (Table 7.5). Regarding habitat mosaics, MCP
home ranges contained significantly more habitat patches than randomly selected paired areas of equal
size (means: home ranges = 9.0 ± 0.7, random polygons = 5.3 ± 0.5; paired t-test: t18 = 5.72, P <
0.001). This reflected their tendency to occur in areas of greater habitat richness than random plots:
home ranges contained an average of 5.1 ± 0.3 habitat categories, whereas random polygons
incorporated only 3.3 ± 0.2 different types (t18 = 5.29, P < 0.001).
7.3.2 Foraging habitat use versus home range composition (third-order selection)
Within their home ranges, ring ouzels foraged most often in grid cells classified as grass moor (57%)
and grazed pasture (29%; Table 7.4). Foraging habitat use differed significantly from that expected if
ring ouzels had simply foraged at random within their home ranges (Λ = 0.344, P = 0.012 by
randomisation). Grazed pasture was the most preferred habitat, being used significantly more than the
next two most highly ranking categories, grass moor and bracken (Table 7.6). Overall, these three
habitats were used significantly more than any of the other categories. Heather moor and rough pasture
were avoided by foraging birds.
Table 7.3 Home range size estimates for those ring ouzel pairs for which asymptotes were achieved when
plotting graphs of incremental home range area against number of sites used.

Pair
100%
MCP
(ha)
No.
of
sites

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

1.7

5.0

7.4

4.9

4.7

7.8

2.8

5.4

1.8

6.8

3.7

5.3

4.9

9.6

9.8

4.3

5.3

3.8

5.3

27

23

30

18

21

26

20

25

19

28

30

27

32

28

29

20

23

27

19

Mean
± se
5.3
± 0.5
24.8
± 1.0
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N
500 m

locations used during this period. Numbers refer to the pairs listed in Table 7.3.
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Figure 7.1 Home ranges of 19 breeding pairs of ring ouzel in Glen Esk during May and June 2000, as defined using 100% minimum area convex polygons drawn around all
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Table 7.4 Habitat use of nesting and foraging ring ouzels in relation to the percentage composition of their home
ranges and of the entire study area at Glen Esk in 2000.

Habitat type

% habitats

Mean (± se) %

Mean (± se) %

% nest

‘available’ in

composition of home

foraging locations

locations

a

study area

b

c

ranges (n = 19 pairs)

(n = 472)

(n = 34)

51.8 ± 3.3
12.1 ± 3.2

57.0 ± 4.5
3.6 ± 0.9

32
41

Grass moor
Heather moor

51
24

Rock / bare ground

6

8.1 ± 0.8

4.4 ± 0.7

21

Grazed pasture

4

16.1 ± 4.0

29.1 ± 5.2

0

Rough pasture

3

3.9 ± 1.6

0.8 ± 0.4

3

Bog

3

0.1 ± 0.1

0.0

0

Bracken

2

6.3 ± 1.9

5.1 ± 1.5

3

Woodland

2

0.2 ± 0.1

0.0

0

Other

5

1.4 ± 0.4

0.0

0

a

Based on the categories described in Table 7.1.

b

Derived from the LCMGB subset covering Glen Esk, but amended slightly to allow for small changes in
heather cover due to burning and regeneration, and the spread of bracken, since 1987-90 (see text).

c

Adults collecting food for nestlings; n = 19 pairs. This total differs from that in Chapter 6 (n = 554) because
only one nest per pair was considered in the current analyses.

Table 7.5 Matrix summarising differences between the habitat composition of ring ouzel home ranges (n = 19)
and that of the whole Glen Esk study area in 2000. Positive signs (+) indicate that the row habitat made up a
greater proportion of vegetation cover in home ranges relative to the proportion of the column habitat in the
whole study area. Negative signs (-) indicate the opposite. Significant deviations from random are underlined
and were assessed using single-sample t-tests (see text): +/- P < 0.05; ++/-- P < 0.01; +++/--- P < 0.001. Habitats
are ranked by the number of clusters of positive signs in each row, irrespective of magnitude, such that 8
represents the highest ranking.

Habitat

Grass

Heather

Rock/

Grazed

Rough

moor

moor

bare ground

pasture

pasture

++

--

+
+

++
+
++
+

Grass moor
Heather moor
Rock/bare
ground pasture
Grazed
Rough pasture
Bog
Bracken
Woodland
Other

-+
--------

++
+
------

--------

-------

-+
-

Bog

Bracken

Woodland

Other

Rank

+++
+++
+++
+++
++

+
+
+
+
--

+++
+++
+++
+++
+
+

+++
++
+++
+++
+
+
-

7

++
+
+

-

+

5
8
6
3
0
4
1
2

Rock/bare ground > Grass moor > Grazed pasture > Heather moor > Bracken > Rough pasture > Other > Woodland > Bog
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Table 7.6 Matrix summarising differences between the habitat composition of home ranges and foraging
locations used by ring ouzels breeding in Glen Esk in 2000 (n = 19). Positive signs (+) indicate that the row
habitat made up a greater proportion of vegetation cover at foraging locations relative to the proportion of the
column habitat in home ranges. Negative signs (-) indicate the opposite. Significant deviations from random are
underlined and were assessed using single-sample t-tests (see text): +/- P < 0.05; ++/-- P < 0.01; +++/--- P <
0.001. Habitats are ranked by the number of clusters of positive signs in each row, irrespective of magnitude,
such that 6 represents the highest ranking. ‘Other’ includes all the remaining habitat categories in Table 7.1,
summed because they were never used for foraging.

Habitat

Grass

Heather

Grazed

Rough

Rock/

moor

moor

pasture

pasture

bare ground

+++

---

++

---

Grass moor

Bracken

Other

Rank

+

+

+

5

+

-

--

+

2

+++

+++

+++

++

6

-

-

+

1

-

+

3

+

4

Heather moor

---

Grazed pasture

+++

+++

Rough pasture

--

-

---

Rock/bare ground

-

+

---

+

Bracken

-

++

---

+

+

Other

-

-

--

-

-

-

0

Grazed >>> Grass moor > Bracken >>> Rock/bare ground > Heather moor > Rough pasture > Other

7.3.3 Nesting habitat use versus home range composition (third-order selection)
Within home ranges, nests were not sited in habitats at random (Table 7.7). Significantly more nests
were found in grid cells classified as heather moor and rock/bare ground than would be expected if
ring ouzels had simply located their nests in proportion to habitat availability (χ 22 = 38.1, P < 0.001).
Table 7.7 The location of ring ouzel nest sites by LCMGB habitat type in Glen Esk in 2000 (n = 34). Expected
numbers are derived from the relative area of each habitat within home ranges. ‘Other’ includes the remaining
habitat categories in Table 7.1, summed because they were rarely used for nesting.
Mean composition of
Habitat
Grass moor

a

home ranges (%)
51.8

a

Number of nests
Observed
Expected
11

17.7

Heather moor + rock/bare ground

20.2

21

6.8

Other

28.0

2

9.5

Figures derived from Table 7.4
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7.3.4 Breeding site occupancy in relation to habitat availability
Table 7.8 summarises the mean habitat composition of the 59 pseudoranges centred on historically
occupied breeding sites in the Moorfoot Hills, as determined using LCMGB data from 1987-90.
Univariate comparisons suggested that pseudoranges occupied in at least one year during 1998-2000
contained more grass moor and heather moor than unoccupied sites, but less rough pasture. A binary
logistic regression model explained c. 12% of the deviance in pseudorange occupancy (χ21 = 8.3, P =
0.004). The only significant predictor was the percentage cover of grass moor within pseudoranges,
which was positively correlated with the probability of occupancy (Figure 7.2). The model correctly
reclassified 95% of sites that did hold birds (predicted P > 0.5) but only 31% of those that did not
(predicted P < 0.5), resulting in 78% overall correct reclassification. A multiple linear regression
model explained c. 14% of the variation in the frequency with which historically occupied breeding
sites held birds during 1998-2000. Once again, the only significant predictor was the percentage cover
of grass moor within pseudoranges, which was positively correlated with occupancy rate (overall fit:
R2 = 0.138, F1,57 = 9.135, P = 0.004; Figure 7.3).
Table 7.8 Percentage habitat composition of 500 m radius (78.5 ha) pseudoranges centred on occupied (n = 41)
and unoccupied (n = 18) breeding sites in the Moorfoot Hills.

Occupied
mean ± se

Unoccupied
mean ± se

Pb

Rough pasture

28.4 ± 2.7

42.0 ± 6.3

0.064

Grazed pasture

13.4 ± 1.4

16.3 ± 3.4

0.993

Grass moor

26.8 ± 2.3

15.5 ± 3.4

0.007

Bracken

12.2 ± 1.2

13.4 ± 2.8

0.905

Heather moor

14.7 ± 2.0

6.5 ± 2.2

0.016

Otherc

1.0 ± 0.3

3.5 ± 1.1

0.041

Woodland

2.0 ± 0.4

2.4 ± 1.4

0.076

Bog

1.4 ± 0.4

0.5 ± 0.2

0.127

Number of patches

79.8 ± 2.6

69.6 ± 5.4

0.088

Habitat richness

6.8 ± 0.1

6.6 ± 0.3

0.702

Variable
Habitat typea (%)

Mosaic index

a

Based on the categories in Table 7.1, derived from the LCMGB subset covering the Moorfoots.

b

The statistical significance of differences between occupied and unoccupied sites was calculated for all
parameters using two-sample t-tests or Mann-Whitney U-tests, depending on data distributions.
Percentage figures were arcsine square root transformed before testing. No differences remained
significant after applying the sequential Bonferroni correction technique (Rice 1989).

c

Rock/bare ground was present in very small amounts and was thus incorporated in ‘Other’.
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Figure 7.2 Relationship between the probability of site occupancy and the percentage cover of grass moor within
a 500 m radius of (presumed) nest sites in the Moorfoots study area (solid line). The distribution of data for
occupied (solid circles) and unoccupied (open circles) sites is indicated. ‘Occupied’ sites held ring ouzels in at
least one year during 1998-2000. The probability of a site being occupied was given by the following equation:
P = 1/(1 + e-Z), where Z = -1.186 + (0.085 * percentage of grass moorland within 500 m).
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Figure 7.3 Relationship between frequency of site occupancy and percentage cover of grass moor. Occupancy
rate = (0.036 * % grass moor) + 0.327.
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7.4 DISCUSSION
Ring ouzels breeding in Glen Esk did not establish home ranges, site nests or forage in habitats at
random. As a result of this chapter, the species’ breeding season habitat use in Britain has now been
quantified at all four of the spatial scales defined by Johnson (1980). It is therefore possible to
determine whether the patterns observed are consistent across scales.
7.4.1 Habitat use at different scales
These results confirm that the species’ fine-scale preferences (Chapters 5 & 6) were also evident at a
broader scale. Thus, home ranges contained greater proportions of rock/bare ground, grass moor and
grazed pasture than were generally available, and all incorporated some heather moor. In ranges where
both habitats were present, foraging birds exhibited a clear preference for grazed pasture over grass
moor. This probably reflected the tendency for grass moor to comprise coarse, unimproved grassland,
grazed and browsed mainly by rabbits, red deer and mountain hares (pers. obs.). In contrast, grazed
pasture comprised areas of finer grasses in valley bottoms, which may have been improved in the past
and were usually grazed by sheep and rabbits. The high earthworm densities of such pastures are well
known (Edwards & Lofty 1977), providing rich pickings for foraging ouzels (Chapter 4). Given the
LCMGB definition of grass moor (Table 7.1), the widespread use of this habitat for foraging within
home ranges confirmed the species’ secondary preference for grass/heather mosaics (Chapter 6). Since
home ranges comprised significantly more habitat patches and had greater habitat richness than
random areas of the same size, habitat mosaics may be crucially important for breeding ouzels.
Bracken was limited in Glen Esk, but where present it was often included in home ranges and was a
preferred foraging habitat of some pairs. This may simply reflect its occurrence in intimate mosaics
with grassland habitats (Pakeman & Marrs 1992; pers. obs.). Alternatively, ouzels may have actively
sought out grass/bracken mosaics because the bracken canopy rendered them less obvious to aerial
predators, without affecting their foraging efficiency. Bracken may even have increased earthworm
availability, by breaking up the surface soil with its rapid growth (pers. obs.). In any case, this result
was of interest because a fine-scale analysis of foraging habitat use failed to detect any preference for
bracken (Chapter 6). Ouzels were frequently flushed from bracken patches in both Glen Esk and the
Moorfoot Hills, and this appeared to be especially true during the post-fledging phase, when juveniles
were still learning to fly and thus more vulnerable to predation (pers. obs.). This may explain
associations between the distributions of ouzels and bracken in three broad-scale studies (Haworth &
Thompson 1990; Stillman & Brown 1994; Chamberlain et al. 2000).
7.4.2 Home range size and configuration
The results of an ongoing monitoring programme in Glen Esk strongly suggest that the number and
spatial arrangement of occupied sites remains remarkably consistent between years (Arthur & White
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2001; Chapter 2). While it was not possible to study the ranging behaviour of every pair during this
study, it was clear that ranges were generally tightly packed with little suitable habitat left unoccupied,
particularly on the north side of Loch Lee (Figures 2.2 & 7.1; Arthur & White 2001). Ouzels with
neighbouring territories have often been observed foraging in close proximity to one another, but
behaviour consistent with territoriality is rarely encountered away from the nest (Durman 1978;
Poxton 1986; Appleyard 1994; pers. obs.). The results of the present study illustrate that adjacent
ouzel ranges may not be spatially exclusive, and that there may be an appreciable degree of overlap
between them. There could, however, be some degree of temporal exclusion. No data are available to
allow comparisons between home range size estimates from this study and those from elsewhere in
Britain, or in continental Europe (Cramp 1988). Collecting such data would allow an investigation of
the relationship between range size and breeding density, testing how the availability and quality of
foraging habitat affects the number of pairs a given area can support.
7.4.3 Breeding site occupancy in relation to habitat availability
The percentage cover of grass moor within pseudoranges was the only variable capable of explaining a
significant amount of the variation in whether and how often sites in the Moorfoots were occupied.
This result made intuitive sense in the light of the home range analysis conducted in Glen Esk, where
virtually all sites are occupied every year and home ranges contain an average of 52% grass moor.
However, in neither analysis did grass moor explain a large amount of the deviance or variation in
occupancy. This suggests that it was a relatively poor predictor of site occupancy, and that other
unmeasured effects were involved. Examining habitat composition within a 500 m radius was intended
to provide only a rough assessment of habitat availability, and obviously did not equate precisely to
the birds’ actual foraging ranges. Moreover, the LCMGB is a relatively coarse-grained classification,
and more detailed (i.e. higher resolution) habitat assessments are likely to improve the model fit.
Given the limitations imposed, it would probably have been optimistic to expect any model to explain
much more of the deviance in occupancy.
There was no significant relationship between site occupancy and the percentage cover of grazed
pasture in Moorfoots pseudoranges, despite this being the most favoured foraging habitat in Glen Esk.
On average, grazed pasture accounted for similar proportions of home ranges in Glen Esk and
pseudoranges in the Moorfoots, so its apparent lack of importance in the Moorfoots was not simply
due to rarity. It would be interesting to determine whether grazed pasture occurs farther from nest sites
in the Moorfoots than in Glen Esk, or whether it is more clumped, and thus occurs only at a minority
of sites. Such analyses would involve more complex GIS routines than those used in the present study.
It would also be valuable to replicate this analysis elsewhere, to determine whether the trend is a
general one. Grassington Moor in the Yorkshire Dales might be a particularly suitable area, given the
availability of many years’ data on occupancy rates (Appleyard 1994; I. Appleyard unpubl. data).

Home ranges ● 128

7.4.4 Limitations
The 25 m resolution of the LCMGB was too coarse for some purposes, such as a detailed examination
of the species’ preference for habitat mosaics. Nonetheless, the consistent trends and significant
relationships revealed by this study suggest that the results can be interpreted with considerable
confidence. Further analyses should involve a fine-scale consideration of the precise spatial
arrangement of such mosaics, to determine the optimum habitat richness and size of heather patches
(for nesting) and grass patches (for foraging) required to support breeding ouzels.
Whenever compositional analysis is used, it is customary to treat the strengths of the preferences
shown with caution, since some of the pair-wise differences may not be significant. Nevertheless, they
provide a useful indication of the extent to which habitat use differs from random. Discussion of the
most strongly avoided habitats in these analyses (i.e. bog and woodland) is minimal, because pair-wise
comparisons involving them typically necessitated many numerical substitutions for utilised
proportions equal to zero (section 7.2.4; Aebischer et al. 1993). This may lead to unreliable estimates
of the mean log-ratio difference (Elston et al. 1996; Palmer & Bacon 2001).
7.4.5 Conclusions
This study represents the first attempt to describe the habitat use of breeding ring ouzels at a variety of
scales, by quantifying home range selection and nesting and foraging preferences and relating them to
habitat availability. To a large extent, preferences revealed at the micro-scale (Chapters 5 & 6) were
accurately reflected at the meso-scales considered in the present chapter, and at the macro-scale dealt
with by all previous studies. Where discrepancies arose, they were probably a consequence of interscale differences in the resolution of habitat data. In this chapter, detecting the apparent importance of
bracken as a foraging habitat and quantifying the species’ preference for habitat mosaics were valuable
examples of why it is vital to conduct habitat selection studies at multiple spatial scales (Wiens 1985).
Most importantly, in terms of additional information, the present study provides details on the relative
extents of different habitats, and habitat mosaic patterns, required within home ranges to facilitate
nesting and foraging (see Chapter 8).
An understanding of scale facilitates more accurate predictions regarding how systems are likely to
respond to environmental change, not least because the scale of environmental change has itself
increased dramatically over recent decades (Caldow & Racey 2000). Having quantified the ring
ouzel’s patterns of habitat use and selection at various scales, the challenge now becomes one of
identifying the interactions between patterns and processes occurring at these different scales. With
this in mind, the final chapter of this thesis revisits some of the candidate factors implicated in the
ouzel’s decline, and reassesses the likelihood of their involvement.
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Chapter 8
Discussion
As detailed in Chapter 1, Britain’s breeding ring ouzel population has undergone a marked decline and
range contraction since the beginning of the 20th century. This decline appears to be continuing
(Wotton et al. in press), and as such the species is now of high conservation concern (Gregory et al. in
prep.). Within Britain, the ring ouzel occupies rather different breeding habitats to those used
elsewhere in its range (Chapter 1). There have been few detailed studies of the species on its British
breeding grounds, and its breeding ecology is therefore poorly understood. Hence, there is a paucity of
information with which to assess whether the decline has been driven by factors operating on the
breeding grounds. Without such data, it is also difficult to determine which factors may be important.
Much of the information that does exist is based upon anecdotal observations.
The present study adopted two main approaches to investigate the possible causes of ring ouzel
declines. First, the breeding biology of stable and declining populations was compared to determine
whether there were any significant differences between them, and if so whether these differences
could be implicated in driving the decline. Second, the detailed habitat requirements of ring ouzels on
the breeding grounds were quantified to provide an objective basis from which conservation
management recommendations can be made and possible impacts of land-use changes assessed.
8.1 Key findings
Levels of nesting success and productivity were high in both populations studied: many pairs made
two successful breeding attempts per year and fledged at least three chicks per brood (Chapter 3).
Nestlings grew at comparable rates in both areas and appeared to fledge in a similar condition, and
there were no significant differences in their diet (Chapter 4). Earthworms comprised at least twothirds of chick diet by biomass, and the balance consisted largely of beetles and leatherjacket larvae.
With no evidence for declines being driven by reduced productivity, and no differences in observed
return rates, these comparisons failed to reveal any differences between the populations that could be
implicated in causing declines. Several reasons might explain this (see Chapter 3), not least the fact
that these data were collected over just two years, and it remains possible that important aspects of the
breeding success of declining and stable populations may differ over the longer term.
In the absence of any reliable data on adult or juvenile survival, it was not possible to assess whether
the levels of breeding success recorded during this study were sufficient to maintain population
stability. Interestingly, breeding success was similar to that reported from other studies in Britain,
though relatively few of these have made reliable attempts to assess the extent of double brooding
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(Table 3.12). This apparent lack of variation could be interpreted as suggesting that breeding success
has declined across the ouzel’s range, causing a gradual contraction towards the core breeding areas.
Such a trend might explain the observed changes in ouzel abundance across Britain, via Channell and
Lomolino’s (2000) demographic hypothesis. However, this must remain a very tentative hypothesis,
since there is no published evidence for any long-term decline in breeding success.
In terms of habitat use, ouzels preferred to site their nests in mature heather on steep slopes,
particularly on crags or in cleuchs (Chapter 5). Foraging adults collected food for their chicks in areas
of short grazed pasture and intimate grass/heather mosaics, typically within 100-400 m of the nest
(Chapter 6). These fine-scale preferences were also reflected at a broader scale in the use and
composition of habitats within home ranges, which contained significantly more patches of more
habitat types than would be expected at random. This confirmed the species’ preference for areas
where a mosaic of moorland habitats is present (Chapter 7). Furthermore, in the declining population,
traditional breeding sites were more likely to retain ouzels if there were high proportions of grass moor
within 500 m of the nest (this being one of the preferred foraging habitats at Glen Esk).
Most previous studies have reported the ouzel’s apparent preference for nesting in heather on steep
slopes (e.g. Poxton 1987; Sim et al. 2000; Arthur & White 2001), and many have suggested that
breeding birds often forage in short grass (e.g. Durman 1978; Poxton 1986; Appleyard 1994; Smith
2001). However, these preferences have been quantified in the present study, and the preferred mix of
habitats within home ranges has been measured. Additionally, the present study suggests that the
presence of some heather within the grass sward may be an important feature for foraging birds, and
that some bracken within home ranges is also advantageous. Bracken is usually considered a pest
species in the uplands (Pakeman & Marrs 1992; Marrs & Pakeman 1995), but other analyses at
broader scales have also found positive correlations between bracken and ouzel abundance (Haworth
& Thompson 1990; Stillman & Brown 1994; Chamberlain et al. 2000).
Given these results, and the fact that many previous, less detailed, studies have reported broadly
similar habitat preferences, it seems reasonable to suggest that any changes in the extent or quality of
these preferred habitats may have implications for ouzels throughout much of their British range. It is
also noteworthy that continental ouzels appear to have similar foraging habitat preferences to British
birds, despite nesting in very different habitats (e.g. Marisova & Vladyshevsky 1961; Korodi Gál
1970; Knolle et al. 1973; Holupirek 1977).
8.2 Implications for conservation
If land-use changes on the breeding grounds have been important in causing ouzels to decline, then
these are most likely to involve factors that have brought about a loss of either nesting habitat or
foraging habitat, or the moorland mosaics that allow both of these habitats to occur within sufficient
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proximity of each other. Of the many land-use changes affecting the uplands over the past century,
increased grazing pressures and afforestation have had the most extensive impacts, and have therefore
generated the most concern over their potential effects on biodiversity (e.g. Usher & Thompson 1988;
Thompson et al. 1995a; Fleming et al. 1997).
8.2.1 Changes in grazing regimes and moorland management
Across the British uplands, levels of grazing intensity have increased markedly over recent decades.
The number of sheep in Britain more than doubled between 1950 and 1990, and much of this increase
occurred in the uplands, so that today the national flock comprises 40 million animals, exerting severe
grazing pressure in many upland areas (Fuller & Gough 1999). Over much the same period, red deer
populations in the Scottish Highlands also doubled in size, increasing grazing and browsing pressures
(Staines et al. 1995). The most obvious impact of increased grazing pressure is the extensive
conversion of heather moorland to grassland (Welch 1986; Miles 1988), but potentially it can also
alter the structure of habitat mosaics, affect food resources and cause changes in predation pressure
(Fuller & Gough 1999). Consequently, it has been implicated in the decline of other upland species,
notably black grouse Tetrao tetrix (Baines 1996), red grouse Lagopus lagopus scoticus (Hudson
1995), dotterel Charadrius morinellus and ptarmigan Lagopus mutus (Thompson & Brown 1992),
though only one of these (red grouse) appears to have declined as a direct result of heather loss.
The habitat preferences revealed by the present study indicate that breeding ouzels require a mixture
of habitats within their home ranges – namely, tall heather on steep slopes for nesting, and short
grazed grass, grass/heather mosaics and possibly bracken for foraging. Many home ranges in Glen Esk
contained relatively little heather moor (12% on average) but large amounts of grass moor (52% on
average), and it was grass moor cover that was positively correlated with breeding site occupancy in
the Moorfoots (Chapter 7). This implies that birds require relatively little heather cover within their
home ranges, but larger areas of short grassland (though the presence of some heather within those
grass-dominated areas may also be important). In Glen Esk, for example, most pairs used one or two
nest sites during the course of the season but exploited at least 20-30 different foraging sites when
collecting food for their chicks. Although no foraging ranges were measured in the Moorfoots, it is
likely that the same applies there, as many pairs made two successful breeding attempts despite having
only tiny remnants of tall heather in which to nest (in some cases just a few square metres at the top of
a steep gully or cleuch).
It is therefore possible that increases in grazing pressure may have actively benefited ouzels in some
areas by increasing the availability of their principal foraging habitat, particularly on heatherdominated moors with little short grass. However, the overall impact of increases in grazing pressure
at a regional or national scale is difficult to assess, as this will depend heavily on the initial vegetation,
and its condition (Thompson et al. 1995b). While introducing moderate grazing levels to a heather-
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dominated moor could benefit ouzels, the opposite result may arise from increasing grazing levels on a
grass-dominated moor with little heather cover (e.g. parts of the Moorfoots); the latter may cause the
loss of any remaining nest sites, as well as any grass/heather mosaics used for foraging. Problems may
be most likely to occur in areas where heather is particularly scarce and not located on sufficiently
steep slopes to exclude grazing animals. More subtle effects may also be important, as nests could
become more vulnerable to predation as the nesting habitat is reduced in extent and becomes
fragmented (e.g. Andrén & Angelstam 1988; but see also Howard et al. 2001). Despite apparent
differences in the extent of fragmentation between the Moorfoots and Glen Esk, the present study
detected no effects of this type, and nesting success was similar in both areas. More detailed
comparisons within each area may have thrown further light on this possibility.
Given the ouzel’s preference for foraging in short grazed pasture, reductions in grazing intensity may
also affect habitat suitability, by reducing prey availability. Short swards are often favoured by birds
that forage by probing for soil invertebrates (e.g. Galbraith 1989; Baines 1990; Whittingham et al.
2000). As for choughs Pyrrhocorax pyrrhocorax (Bullock et al. 1983) and wheatears Oenanthe
oenanthe (Conder 1989), short grazed turf appears to represent prime foraging habitat for ouzels,
which actively avoided rough, ungrazed pasture in Glen Esk (Chapter 7). For such species, the
removal of grazing stock and subsequent growth of rank vegetation may reduce habitat suitability and
potentially cause the loss of important feeding areas (e.g. Conder 1989; Løfaldli et al. 1992; Cadbury
1993). Given current agricultural subsidies, the complete removal of sheep from any hillside is
relatively rare, but it does occur in and around forestry plantations (Avery 1989; Cadbury 1993). Thus,
in addition to the direct loss of foraging habitat due to afforestation (see below), it is possible that
ouzels may suffer further indirect losses through livestock removal. These impacts could affect ouzels
nesting considerable distances away from plantations, since adults in Glen Esk regularly travelled up
to 500 m to collect food for their chicks (Chapter 6).
Changes in grazing pressure may also have had more subtle impacts on habitat suitability for ring
ouzels, owing to the birds’ preference for areas containing grass/heather mosaics (Chapters 6 & 7).
Across Scotland, Buchanan et al. (in prep.) found that ouzels were more abundant in 1988-91 in
tetrads that contained a high proportion of heather/smooth grass mosaic in the late 1980s. During the
1990s, however, ouzels were more likely to have declined in such tetrads. This result might reflect the
tendency of grass/heather mosaics to suffer high levels of heather loss due to grazing, in comparison
with other moorland habitats (Clarke et al. 1995a, b). Alternatively, it may indicate subtle changes in
the management of hill sheep through reduced shepherding (Armstrong & Milne 1995), creating
greater extremes on some moors and increasing the partitioning of heather- and grass-dominated
habitats on others (Fuller & Gough 1999). Greater numbers of sheep are now overwintered on the
hills, and the placement of winter feed blocks may concentrate grazing pressure in areas where
mosaics used by ouzels are susceptible to degradation (Hudson 1984). Thus, moorland grazing may
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have reduced the suitability of habitat mosaics for ouzels since the late 1980s (cf. Mackey et al. 1998).
The potential effects of changes in grazing pressure on ring ouzels are clearly complex, making it
difficult to assess what the overall impact of increased grazing intensity in the uplands might have been.

8.2.2 Afforestation in the uplands
Between the 1940s and the 1980s, the extent of heather moorland in Scotland declined by 23% to c.
11,300 km2, and that of rough grassland decreased by 10% to c. 11,100 km2 (Mackey et al. 1998).
Most of these losses occurred as a direct result of afforestation. Conifer plantations covered c. 1,300
km2 of Scotland in the 1940s, but increased six fold to almost 9,100 km2 in the 1980s (Mackey et al.
1998). The negative impact of afforestation on many upland birds has been widely documented (e.g.
Thompson et al. 1988; Avery & Leslie 1990), but any effects on ring ouzels have remained unclear,
not least because most continental birds nest habitually in conifer forests (Chapter 1). In the present
study, breeding ring ouzels in Glen Esk actively avoided conifer plantations when establishing their
home ranges (Chapter 7). Few ouzels have ever been found nesting in plantations, and only one such
nest was located during this study (Chapter 5). This suggests that British ouzels are probably unable to
adapt readily to breeding in this ‘new’ habitat, and implies that afforestation may have contributed to
ouzel declines in many areas.
Were it not that the steep-sided, often rocky valleys favoured by ouzels are poorly suited to
afforestation, it is probable that even greater losses would have occurred (Marchant et al. 1990).
Changes in financial incentives have meant that the amount of new forestry in Britain has declined
substantially since 1988 (Mather 1993), but ring ouzels continued to decline throughout the 1990s
(Wotton et al. in press). Across Scotland, Buchanan et al. (in prep.) found that declines in ouzel
abundance between 1988-91 and 1999 were greatest in tetrads with relatively extensive forestry, even
though these contained plantations that were already mature in 1988. This suggests that afforestation
may have other, delayed detrimental impacts on ring ouzels, besides the initial direct loss of breeding
habitat. The mechanisms involved remain unclear, but they may include the effects of increased soil
acidification (Grieve 2001), reduced grazing pressure on adjacent pasture (Avery 1989; see above) or
increased numbers of predators (e.g. Parr 1993).
8.2.3 Other possible causes of decline
The factors causing ring ouzels to decline in Britain could be operating on the species’ wintering
grounds, migration routes or breeding grounds. However, the available evidence (reviewed in Chapter
1) suggested that factors operating on the wintering grounds might not be involved. Given the lack of
detailed information on the species’ breeding ecology and habitat requirements in Britain, the present
study concentrated on these aspects to help assess whether factors affecting them might be implicated
in causing the decline. In the course of this work, however, some anecdotal evidence was collected
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which is worthy of review in relation to other hypotheses for the ouzel’s decline (see Table 1.1 for
details).
All data on foraging habitat selection came from Glen Esk, where there was little in-bye land and no
great agricultural improvement had been undertaken, so it was not possible to investigate the impact of
such improvements on ring ouzels. Nonetheless, the prevalence of earthworms (and leatherjacket
larvae) in nestling diet suggests that ouzels may benefit from access to limited amounts of improved
pasture, wet flushes and grazed areas beside streams. The latter, in particular, appeared to provide
important foraging sites for several pairs nesting in heather-dominated areas in the Moorfoots (pers.
obs.). There were no obvious differences in the extent of drainage or soil compaction in the two study
areas, though high sheep densities in the Moorfoots may have caused greater soil compaction in some
parts. However, ouzels clearly prefer foraging in grazed areas, so this may not be a problem.
Eggshell thickness did not differ between the two study areas, so there was no evidence that birds in
the Moorfoots were suffering from reduced calcium availability. In any case, a nationwide analysis has
recently revealed no significant changes in the eggshell thickness of British ring ouzels since 1850,
either spatially or temporally (J. Scharlemann pers. comm. 2002, contra Green 1998). Foraging sites
in Glen Esk were less acidic than random sites, but soil pH was not a significant predictor of foraging
site use, with habitat factors being far more important (Chapter 6). No data on soil acidity or
invertebrate abundance were collected in the Moorfoots, precluding any comparisons between the two
study areas. Given the similarities in diet and breeding success of the two populations, food shortages
caused by anthropogenic acidification seem unlikely to be a problem. This would corroborate the
results of a more extensive analysis of ouzel distribution, abundance and reproductive success in
relation to acid deposition (Chamberlain et al. 2000).
No hard evidence was collected to test whether ouzels in either study area were suffering from the
effects of increased competition with other thrushes, but the nesting habitat preferences of ouzels are
very different to those of their congeners, most of which nest in woodland or plantations at lower
altitudes (pers. obs.). Ouzels and other thrushes clearly have similar food preferences (Cramp 1988),
but observations suggested that there was little spatial overlap between their foraging ranges during
the present study. Furthermore, of the many breeding sites abandoned by ouzels in the Moorfoots, not
a single one had been occupied by other thrushes during surveys in 1998-2000. Increased competition
with congeners is also one of the many suggested consequences for ouzels of climate change.
However, given the relative proximity and similar altitudes of the two areas in this study (Chapter 2),
it seems unlikely that climate change has affected birds in the Moorfoots to a vastly different extent to
those in Glen Esk.
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Since levels of breeding success were high in both study populations, and few nests were depredated
in either area, predation during the breeding season also appeared to be an unlikely cause of ouzel
declines in the Moorfoots. No data were collected on post-fledging/-breeding survival, but the return
rates of marked juveniles and adults were apparently similar in both areas. Nonetheless, it remains
possible that differences in survival may explain the observed difference in population trends, since
observed return rates may bear little relation to actual survival (Chapter 3). Moreover, in the absence
of any reliable data on annual mortality rates for ouzels, it remains unclear whether declines in Britain
are being driven by reduced survival. Some core ouzel populations coincide with areas where
intensive predator control is maintained by grouse moor interests (Thompson et al. 1997). However,
Buchanan et al. (in prep.) found that the probability of ouzel persistence across Scotland during the
1990s was not related to either gamekeeping intensity or peregrine abundance in the late 1980s
(though peregrines may since have increased in areas where they were scarce a decade ago). This
suggests that grouse moors may be more likely to retain healthy ouzel populations because of factors
other than predator control, such as better habitat management and less afforestation (Tharme et al. 2001).

8.3 Conservation recommendations
The objectives of the RSPB’s ring ouzel species action plan (RSPB 1998) are: (a) by 2009, to maintain
the number of ouzels breeding in Britain at the 1999 baseline, or increase it; and (b) by c. 2015, to
maintain the species’ range or increase it from that recorded in 1988-91. The results of this study
indicate several ways in which moorland habitats could be managed to maintain or improve their
suitability for ouzels, and thus help stem losses on the breeding grounds. A combination of these
measures will probably be required to help meet the two objectives above. Specifically, breeding ring
ouzels should benefit from conservation measures designed to satisfy their habitat requirements by:


Preserving or encouraging mature heather in potential nesting areas
Most ouzel nests are built on or very near the ground on steep slopes, and are concealed by
heather. Birds rarely nest in heather less than 30 cm tall, and heights of 40-50 cm are preferred.
Favoured sites include rock ledges on crags and cliffs, and steep banks in cleuchs and gullies.



Providing relatively extensive areas of short grazed grass within 100-400 m of potential
nesting areas
When collecting food for their chicks, ouzels prefer to forage in short grass swards maintained by
grazing animals, especially sheep and rabbits. Although some birds fly more than 500 m to feed,
most birds in the present study favoured sites within 100-400 m of the nest.



Maintaining or creating fine-scale grass/heather mosaics in potential foraging areas
At a fine scale (i.e. 1-10 m), ouzels appear to rely on intimate grass/heather mosaics as a secondary
foraging habitat, again within 100-400 m of the nest. An ‘ideal foraging mosaic’ might comprise
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40-70% short grass and 10-30% heather, with the balance provided by bilberry, bracken, mosses,
lichens and rough grass.


Maintaining or creating diverse habitat mosaics on a scale relevant to home ranges
At a broader scale (i.e. 10-100 m), ouzels establish home ranges in areas dominated by patches of
their preferred habitats. An ‘ideal home range mosaic’ might involve 10-15 discrete habitat
patches in an area of 5-10 ha, comprising 50% grazed grass, 15% heather, 10% bilberry, 5%
rock/bare ground, 5% bracken, 5% moss, 5% rough grass and 5% other (e.g. juniper, rowan).



Avoiding any afforestation in potential breeding areas
Ouzels actively avoid conifer plantations (and other woodland) when establishing their home
ranges, and may use foraging sites located more than a kilometre from the nest.

It should also be noted that the main prescription for upland moorland in Environmentally Sensitive
Areas (ESAs) is currently to reduce sheep stocking densities, and that the Countryside Stewardship
Scheme makes provision for the complete removal of sheep from moorland, albeit temporarily (Ward
et al. 1995). Based on the results of the present study, it is debatable whether these agri-environment
schemes are likely to benefit ring ouzels in their current form. In any case, they are likely to be rather
blunt instruments. Thus, there may be a case for improved targeting and the adoption of a more subtle
approach to advocating stock reductions in the uplands.
8.4 Limitations
Owing to the constraints of time, logistics and manpower, it was only possible to consider the breeding
ecology of two contrasting populations during the course of this study. Ideally, multiple populations in
various states of health would have been studied over a longer period, to increase the sample size for
comparisons and facilitate analyses akin to those involving corncrakes (e.g. Stowe et al. 1993; Green
& Stowe 1993). However, the approach taken was very similar to that used to investigate song thrush
declines in southern England, which successfully identified differences between contrasting
populations and showed that these may well be driving the observed decline (Thomson & Cotton
2000). This suggests that the present study would have highlighted any major differences in the
breeding ecology or nesting success of ring ouzels between Glen Esk and the Moorfoots. Nonetheless,
it remains possible that such differences may be manifest only under certain conditions (e.g. in years
of particularly inclement weather or high predation). Moreover, the validity of these comparisons
relied on the contrasting status of the two populations. The absence of survey data from Glen Esk
before 1989 precludes any categorical statement about the historical status of that population – though
the sheer density of ouzels breeding there suggests that it is extremely unlikely to have decreased.
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No formal attempts were made to quantify the selection of foraging habitats and home ranges by
ouzels in the Moorfoots, since the topography of this area made it very difficult to follow individuals
when they left the nest (even using two observers; pers. obs.). It is therefore possible that birds
travelled farther afield than those in Glen Esk, or foraged in different habitats. Anecdotal observations
suggested that the latter was unlikely, not least since the composition of nestling diet was virtually
identical in both areas. Moreover, the only significant predictor of continued breeding site occupancy
in the Moorfoots was grass moor cover within 500 m. Since this habitat type also dominated the home
ranges of ouzels in Glen Esk, it seems likely that birds in both areas preferred the same foraging
habitats and used similar cues when establishing their home ranges. If the logistical problems could be
overcome, it would be valuable to repeat this work in the Moorfoots, to confirm whether this is so.
Many of the predictive models in Chapters 5-7 explained large amounts of the associated deviance,
and correctly reclassified most of the data used to build them. However, testing any model on the data
used to construct it does not represent a true evaluation of performance. This can only be achieved by
cross-validation, or by assessing how well a model classifies data from other independent data sets.
Ideally, each model constructed using data from one area should have been applied to data from
another area, to assess how well it was able to discriminate between, for example, nest sites and
random points. Extrinsic factors (e.g. weather, interspecific competition, predation, gamekeeping
activity, disturbance from walkers and fishermen) may all have influenced habitat selection to
different extents. To gauge each model’s general applicability, this work should therefore be repeated
in other, widely separated geographical areas, and the results compared with those from this study.
8.5 Priorities for further research
The results of this study have provided valuable baseline information on the breeding ecology and
habitat requirements of British ring ouzels. Nonetheless, many questions remain unanswered, and the
limitations above highlight several areas in need of further research on the breeding grounds. Some of
these should be addressed as a matter of urgency, since the rate of decline at which ouzels are
declining may have accelerated in recent years (Wotton et al. in press), and the demographic
mechanism driving the decline remains unclear.


Investigate whether changes in ouzel distribution and abundance in other areas of Britain
are correlated with changes in habitat availability and mosaic structure
Despite using only coarse, remotely-sensed habitat data, the present study detected a significant
positive relationship between the continued occupancy of ouzel breeding sites in the Moorfoots
and the availability of grass moor within 500 m. The same land-use type was heavily used by
foraging birds in Glen Esk, and may therefore be an important predictor of habitat suitability for
ouzels at a larger scale. This could be investigated by extending the approach adopted to a range of
other areas where ouzels have declined or remained stable. Measuring habitat composition and
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mosaic structure in and around occupied and abandoned breeding sites in such areas would allow
tests for correlates of the decline in much finer detail than was possible in the Moorfoots. It would
also be possible to assess whether changes in stock management are driving more subtle habitat
alterations, especially if ouzel declines were correlated with a loss of habitat mosaic. Suitable
ouzel data sets exist for both stable (e.g. Glen Clunie; Rebecca 2001) and declining populations
(e.g. the Long Mynd; Smith 2001), and the resurrection of studies in areas like the Pentland Hills
(Poxton 1986) and Grassington Moor (Appleyard 1994) would increase the sample size.
Furthermore, data on ring ouzel distribution and abundance in tetrads across Britain are available
for 1988-91 (Gibbons et al. 1993) and 1999 (Wotton et al. in press). The timings of these surveys
coincide closely with those periods for which land-use data are available, i.e. the 1990 and 2000
Land Cover Maps of Great Britain (www.ceh.ac.uk). Appropriate analyses (equivalent to those of
Buchanan et al. in prep.) should reveal whether changes in ouzel distribution and abundance are
correlated with changes in land-use on a national scale. If the same factors are implicated in
different regions, and if the magnitudes of the observed declines correlate with the extent of landuse change, this might provide persuasive evidence of a causal link. This approach would be
comparable to that used to detect the factors responsible for the decline of the corncrake in Britain
(Stowe et al. 1993; Green & Stowe 1993). As per Buchanan et al. (in prep.), other factors should
also be included in the analysis, such as indices of gamekeeping intensity and raptor abundance.


Conduct a more detailed analysis of ouzel distribution in relation to forestry
Both the present study and that of Buchanan et al. (in prep.) suggest that upland afforestation has
had detrimental impacts on ouzels in Britain, and that direct and indirect effects may be involved.
More detailed research could usefully investigate changes in ouzel distribution in relation to the
distance of breeding sites from conifer plantations, as well as the size and age of plantations.



Determine the optimum sward length and mosaic structure for foraging birds
By manipulating the length of grass swards in foraging areas, it should be possible to determine
the optimum sward length for foraging ouzels and thus derive more precise grazing prescriptions
for inclusion in management advice. It would also be valuable to examine whether grazed pasture
occurs farther from nest sites in the Moorfoots than in Glen Esk, or whether it is more clumped,
and thus occurs only at a minority of sites. This should be accompanied by a more detailed
analysis of habitat use by ouzels in relation to the fine-scale structure and spatial arrangement of
grass/heather mosaics.



Investigate the importance of bracken for breeding ouzels
The results of this study (and several broad-scale analyses) suggest that ouzels may benefit from
the availability of some bracken within their home ranges. However, the well-documented
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problems associated with bracken mean that its spread in the uplands is often controlled (e.g.
Marrs & Pakeman 1995). Thus, it would be useful to determine the precise importance of bracken
for breeding ouzels, and to quantify the ideal amount required within habitat mosaics.


Investigate the species’ ecology and survival during the post-breeding season
There is no quantitative information regarding the ring ouzel’s ecology between the end of the
breeding season in July and the start of autumn migration in September. Birds are thought to move
up to higher altitudes to moult in food-rich areas containing bilberry and other berry-bearing
shrubs (Cramp 1988). Quantifying habitat use and diet during this period would provide important
information for assessing whether land-use changes may have reduced the availability of vital
cover and food supplies. Monitoring juveniles in stable and declining populations (e.g. by radiotracking them) should detect any difference in post-fledging survival, such as that identified
between contrasting song thrush populations (Thomson & Cotton 2000). By assessing the causes
of mortality, such work may also reveal whether predation has a significant effect on ring ouzels
outside the breeding season. Since ouzel philopatry appears to be high, it remains possible that
reductions in late summer survival could be driving local population declines.



Improve knowledge of adult and juvenile survival rates, and of productivity in Europe
This study has provided some return rates and hence minimum survival estimates for adults and
juveniles in two areas (Chapter 3), but many more ringing recoveries are needed to generate
accurate figures. Without reliable estimates of annual mortality rates, it is difficult to understand
the demographic mechanisms behind observed population changes. Consequently, more local
ringing schemes should be established across Britain and Europe to increase the number of marked
ouzels and facilitate comparisons between the vital rates of birds breeding in Britain, Fennoscandia
and southern Europe. This would allow tests of whether differences in population trends (Table
1.2) are related to variations in annual mortality or breeding success. For example, if all
populations were found to experience similar breeding success, but British ouzels exhibited lower
overwinter survival than continental birds, this might implicate decline factors operating on the
species’ migration routes.



Undertake a full analysis of data from the BTO’s Nest Record Scheme
The number of nest record cards submitted to the BTO has increased greatly since Flegg and
Glue’s (1975) study, so it should now be possible to conduct a formal assessment of breeding
success on a national scale. Despite the biases inherent in such data sets, it would be valuable to
examine temporal and spatial variations in productivity within and between different regions, and
to search for correlations with environmental factors (as per Chamberlain et al. 2000). For
example, ring ouzels may now be laying their first clutches earlier in the year (J. Scharlemann
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verbally 2001). Such analyses should confirm whether this is so, and may be able to link any
observed variations in productivity with, for example, climatic trends.


Conduct more analyses using Ian Appleyard’s 1979-92 data set from the Yorkshire Dales,
and encourage the establishment and continuation of other local studies
Although Appleyard’s study ended 10 years ago, the data collected have been under-used and may
be suitable for several novel analyses. For example, did birds nesting in frequently occupied sites
experience higher breeding success than those in more sporadically occupied sites? Were there any
correlations between productivity and weather patterns? Given the paucity of long-term data sets
of this nature, full use should be made of them wherever possible. The ongoing studies in Glen
Esk, Glen Clunie and Shropshire may generate comparable data sets in due course.



Quantify the breeding season diet of adult ouzels in stable and declining populations
Field observations suggest that the breeding season diet of adult ouzels is dominated by
earthworms and is therefore similar to that of nestlings (Chapter 4; Cramp 1988), but a quantitative
analysis is still lacking. Ideally, permission should be sought to capture several birds and feed
them known numbers of whole invertebrates, allowing species-specific correction factors to be
calculated. This would enable the diet of wild birds to be accurately quantified, identifying which
invertebrates are important before proceeding with a sampling and monitoring programme.



Investigate whether ouzel persistence is related to invertebrate abundance
Although earthworm abundance is widely correlated with the extent of grassland, many other
factors also affect the availability of these invertebrates (Edwards & Lofty 1977). Thus, it may be
unwise to treat remotely sensed habitat data as a reliable indicator of earthworm availability. For
some parts of Britain, such as southern Scotland (Sim et al. 1998), there is good quality
information regarding the locations of ring ouzel breeding sites and the times at which some of
these were abandoned. Measuring the abundance of earthworms (and possibly other invertebrates)
at a range of these sites with different fates may indicate whether differences in food availability
are likely to be linked to the species’ decline. If monitoring schemes are established, it may even
be possible to test whether future changes in ouzel occupancy are correlated with changes in
invertebrate abundance. An experimental approach could also be adopted (e.g. by spraying areas
around abandoned breeding sites with organic manure, to determine whether increased
invertebrate abundance is capable of attracting ouzels back to breed).

8.6 Overall significance of the thesis
Until recently, conservation action to halt and reverse ring ouzel declines has been limited by a lack of
knowledge of the species’ population trends, migration routes, wintering areas and ecological
requirements (RSPB 1998). In many regards, this study represents the first detailed investigation of the
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ouzel’s breeding ecology in Europe, let alone in Britain, and reveals valuable information about the
species’ breeding season habitat requirements. Thus, the results presented in this thesis not only shed
light on some of the factors that may be involved in the species’ decline, but also increase knowledge
about one of Britain’s most understudied birds.
The most immediately practical approach to nature conservation in the uplands is likely to be based on
habitat management for high-profile ‘flagship’ and ‘keystone’ species (Ward et al. 1995). Given its
similarity to a popular common bird (the blackbird), the ring ouzel is an excellent flagship for
conservation, and ongoing policy and advisory work to promote sustainable upland management (by
the RSPB, FWAG, SNH and others) should help raise the species’ profile. By implementing the
specific prescriptions described above, upland managers now have some information to help them
protect and sustain ring ouzels, in addition to a suite of other breeding birds.
This study has attempted to cover as many angles as possible within four years, but various constraints
have precluded a formal consideration of many factors, including those operating on the species’
wintering grounds and migration routes. These issues will only be resolved through international
collaborations between researchers in many different countries. There is ample scope for such
investigations to complement the research priorities on the breeding grounds outlined above. Many
avenues remain unexplored, and numerous others have yet to be considered in any detail. With luck,
the work described in this thesis will help stem the decline of this charismatic upland bird, and inspire
more research on what is a frustrating, elusive, but highly rewarding study species.
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Appendices
Appendix 1 Changes in ring ouzel numbers from comparable studies (RSPB 1998; Rebecca 2001).
Country
Scotland

Location
Pentland, Moorfoot & Lammermuir
Hills, Borders & Lothian

Year
1985
1997

Pairs
37
22

Ettrick & Moorfoot Hills, Borders

1994
1997

20
13

-35% (3 years)

1992
1998

53
56

+6% (6 years)

Arthur and White 2001

1991
1998

45
57

+27% (7 years)

Rebecca 2001

1985
1992
1996

61
18
5

-92% (11 years)

Brindley et al. 1992
McKnight et al. 1997

1989
1995
1997

21
14
11

-48% (8 years)

RSPB reserve records

1975-77
1987-89
1993-95

28
12
16

-43% (20 years)

RSPB reserve records

1979
1992

13
17

+31% (13 years)

RSPB surveys

1977
1995

5
0

-100% (18 years)

RSPB surveys

1975
1995

13
6

-54% (20 years)

RSPB surveys

1978
1992
1996

17
8
12

-29% (18 years)

RSPB/CCW surveys

1950
1980
1995

3
27
6

+100% (45 years)

Glen Esk, Tayside

Glen Clunie, Grampian

England

North Staffordshire

Haweswater, Cumbria

Geltsdale, Cumbria

Dartmoor (sample)

Wales

Mynydd Hireathog, Denbighshire

Elenydd, Ceredigion

Mynydd Du, Carmarthenshire

Glamorgan

a

Change (period)
-41% (12 years)a

a

Source
Poxton 1987
Sim et al. 1998
Murray 1996
Sim et al. 1998

Hurford 1996

Comparisons based on breeding sites that held ring ouzels in 1985/1994 and were resurveyed in 1997.
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Appendix 2 Weather in the Moorfoot Hills and Glen Esk during the breeding season (1998-1999).
For both study areas, rainfall and temperature data recorded throughout the breeding season (1 April to
31 July) were obtained from the British Atmospheric Data Centre (www.badc.rl.ac.uk). In the
Moorfoots, these data comprised daily rainfall totals collected at Gladhouse Reservoir, 7 km northwest
of the centre of the study area (NT300544), and daily minimum and maximum air temperatures
recorded at Glentress, 6 km southwest of the centre of the study area (NT283397). Both rainfall and
temperature data for Glen Esk were collected at Whitehillocks, 3 km east of the centre of the study
area (NO448800). Daily air temperature was taken as the midpoint of each day’s maximum and
minimum temperatures. No data were available for the Moorfoots in 2000, but this was not considered
a problem because no fieldwork was conducted there after early May in that year.
There was a strong positive correlation between mean daily air temperatures in the two study areas in
both 1998 (Pearson’s correlation coefficient: r120 = 0.939, P < 0.001) and 1999 (r120 = 0.888, P <
0.001). Temperatures in Glen Esk remained c. 1.5 °C lower than those in the Moorfoots due to the
difference in latitude (1998 means: Moorfoots = 10.8 ± 0.4 °C, Glen Esk = 9.2 ± 0.4 °C; t121 = 12.63, P
< 0.001; 1999 means: Moorfoots = 11.9 ± 0.3 °C, Glen Esk = 10.4 ± 0.3 °C; t121 = 9.57, P < 0.001).
There was also a strong positive correlation between the daily rainfall totals recorded in the two study
areas in both 1998 (Spearman’s rank correlation: r122 = 0.614, P < 0.001) and 1999 (r122 = 0.599, P <
0.001). In neither year was there any significant difference in daily rainfall between the two areas
(median in both years in both study areas = 0.0 mm; Wilcoxon’s signed-ranks test, n = 122: in 1998, T
= 2324, P = 0.853; in 1999: T = 1881, P = 0.534).
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