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Suddenly hooligan baby starlings

Rain all round me squealing,

Shouting how it's tremendous and everybody
Has to join in and they're off this minute!

.....

Sizzling bodies, snaky black necks craning

For a fresh thrill - Where next? Where now?
Where? - they're off

All rushing after it

Leaving me fevered, and addled.

Where I sit writing my letter
Ted Hughes 1986
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Abstract.

Recent changes in agricultural practice have reduced the diversity of habitats for a
number of bird species, including the European Starling Sturnus vulgaris. I
investigated the distribution of a starling population on farmland, and related this
distribution to the availability of suitable habitats by studying the foraging behaviour
of individual birds. |

I observed a preference of the overwintering flock for established pasture fields,
particularly those which were closer to the central roost, which had shorter grass and
which provided feeding areas further from hedges. I also demonstrated the role of
leatherjacket Tipula paludosa availabilities in influencing the starlings' choice of
feeding site. These prey were shown experimentally to be preferred over earthworms
Lumbricus spp. which were the other main type of invertebrate prey available. I was
unable to detect any systematic temporal pattern of habitat use which could have been
linked to an appropriate theoretical framework (e.g. Ideal Free Distribution).

I investigated the impact of starling foraging on prey availability by observing the
behaviour of captive starlings allowed to forage in small enclosures. These
experiments indicated that, at the level of foraging pressure expected in natural flocks,
there was no significant resource depression during a single flock feeding visit to any
one site. Furthermore I proposed that the extent of resource depression during the
winter was insufficient to cause a shift in the birds' choice of foraging habitat over
this period.

The apparent lack of effects of resource depression raised the question of why
starlings did not feed in the most preferred fields all the time. Further enclosure
experiments investigated how an individual's foraging success might be affected by
feeding with conspecifics. I found no evidence for enhancement or depression of
foraging success as a result of feeding where another bird had just previously foraged,
and little evidence for an effect of feeding in the presence of two other birds, despite
changes in vigilance and time spent fighting. A possibly greater heterogeneity of
these effects when in the natural flock situation was considered in relation to the
observed flock departures. These and other effects (e.g. sampling the environment)
were discussed as possible causes for the observed flock movements between fields.

A final enclosure experiment investigated the impact of starling foraging on prey
availability during the breeding season and demonstrated significant resource
depression in a preferred field over the chick-feeding period. 1 then discussed starling
foraging and the availability of suitable habitats in relation to the documented
population decline of this species.
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Chapter 1

General Introduction

1.1 Introduction

The characteristically patchy landscape of traditional British farmland is
important to a large number of bird species, providing them with a diverse range of
habitats. Recent changes in agricultural practice have, however, challenged this
diversity, with deleterious consequences for many species (Potts 1991). In the light of
these current agricultural trends, we need to explore whether bird populations can
continue to survive on farmland, and to consider the implications of land-use changes
for those species concerned.

The European Starling (hereafter referred to as the starling) is a particularly
abundant species on pastoral farmland, and its utilisation of such an environment
might be expected to be strongly influenced by patterns of agricultural land-use.
Despite a population decline recorded in recent years (Feare 1987), the starling is still
regionally a very abundant species. Its general biology and ecology have been widely
studied (for review see Feare 1984), thus it provides us with a suitable model species
which can be used to examine some of the issues important in relating population

distributions to land-use changes.

1.2 The study species
In the light of Feare's (1984) extensive review I shall restrict my own

description of the starling to a summary of those areas pertinent to this research.

1.2.1 Distribution

The starling 1s widespread throughout the British Isles and Europe, as well as
extending into western Asia. It has also been successfully introduced into North
America, South Africa, southern Australia and New Zealand. However, despite the
apparent success of this species in a diverse range of habitats, a number of studies

have recorded a declining starling population, which was first reported in northern
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Europe in the early 1960s (Coulson 1960; von Haartman 1978; Heggberget &
Myrberget 1980; Ojanen et al. 1978, 1979; Tianen ef al. 1989) and which has become
increasingly apparent in Britain in more recent years (Feare 1987; 1994). Some
reductions in the numbers of starlings were once thought to have been as a result of
persecution of the species as a pest, but direct attempts at reducing populations (e.g.
exploding the nocturnal roosts) were largely ineffectual due to the size of the source
population which was able to replace very rapidly those birds which had been
removed (Tahon 1980). More effective measures were those which prevénted pest
damage by denying the starlings access to the targeted food sources, such as cherry
orchards and cattle sheds, from which economically significant losses have been
reported (Feare 1980, 1989; Feare & Wadsworth 1981; Feare ef al. 1981; Wright
1973).

The population decline can instead be attributed almost exclusively to changes
in land-use and in agricultural practices. von Haartman (1978) cited agricultural
biocides as a possible cause of reduced fecundity; the effects of biocides were also
implicated by Ojanen et al. (1978, 1979), but they regarded changes in land-use,
particularly afforestation, as a prime cause of the population decline. Tianen et al.
(1989) discussed the effects of changes in farming on Finnish starling populations,
describing the increasing areas of cereal and root crop monoculture which had
replaced pasture and reduced the area of suitable foraging habitat for the starlings,
thus causing a decline in the population.

In Britain, areas such as Norfolk, where vast areas of monoculture have
replaced traditional mixed pasture and arable land, have also proved to be less
favourable habitats for starlings (Summers & Cross 1987). These changes in land-use
have restricted dramatically the amount of suitable feeding habitat, resulting in the

documented population declines (Feare 1987; 1994).

1.2.2 Diet and foraging behaviour
One reason for the starlings' success in invading new habitats may be the

flexibility of its diet. Although it relies for much of the time on soil invertebrates. it
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will feed on invertebrates picked from the surface of the ground or of leaves, and will
also 'hawk' aerial insects. It captures prey from the upper soil layers by using a
characteristic bill action. The combined stabbing and gaping action, termed Zirkeln'
by Lorenz (1949), serves to push apart soil and dense vegetation, while the low
positioning of the starling's eye-sockets in its skull allows it to focus its gaze between
the opened mandibles so it can search the hole for prey. Such exploratory probes are
made frequently by starlings, as they walk over a feeding patch, with the bird relying
largely on visual cues to locate its prey.

A very diverse range of invertebrates has been documented in the starlings'
diet (Kluyver 1933). During late summer, when insects are less abundant, fruit may
become an important part of their diet, particularly for the recently fledged birds;
grain found in harvested fields at this time of year will also be taken. Starlings will
readily exploit 'artificial' sources of food, taking food scraps put out by people, and
barley or commercial feed pellets found in cattle, pig and sheep barns. This observed
flexibility in the starling's diet permits it to eat different food items at different times
of the year, taking advantage of those sources of food which are most abundant in the
different seasons, and reducing the risk of starvation.

In common with a number of other species (A. Gosler, pers. comm.) this
foraging flexibility is further enhanced by the adaptability of the digestive
physiology. The starling's gut shows seasonal changes in its length (Al-Joborae 1979)
in response to seasonal changes in the proportion of vegetable matter in its diet; thus
its intestine length increases during the winter, during which time a greater proportion

of vegetable matter has been found in the starling's diet.

1.2.3 Annual cycle

For non-migratory populations territorial defence of nest sites begins in late
January or February, when the male sings to attract a mate. Nest-building. mate
guarding and copulations lead up to the first clutches being laid in early to mid April,
although this is subject to climatic variation. The normal brood size is five eggs, with

a maximum of eight. Incubation lasts for 12 days, so that the first chicks usually hatch
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near the beginning of May. Up to two broods may be raised by a pair of adults in any
one year.

After fledging, the young birds remain close to their parents for the first few
days, begging for and receiving food, but within a couple of weeks they gain
independence and join other fledglings to feed in flocks. These flocks remain around
the colony for a few more weeks, exploiting any readily available sources of food. It
is these juvenile flocks that are considered to be the main culprits of losses to fruit
orchards. During August and September the young, inexperienced birds will exploit
the abundant soft fruits which may be a nutritionally important food source for them
rather than competing with adults for scarce soil invertebrates (Herrera & Jordane
1981; Stevens 1985).

By late summer and early autumn the large flocks of juveniles disperse.
Although British populations are largely non-migratory, some local movements do
occur, as evidenced by the appearance of unmarked individuals in the winter

population at Wytham, and the relatively stable size of the resident population.

1.2.4 Flocking behaviour

The starling is a gregarious species and its semi-colonial, synchronous
breeding is another contributory factor to its success. Apart from breeding pairs,
which often roost in their nest cavities, starlings roost communally at fiight. These
roosts may afford the starlings better protection against predation, and may even serve
as 'information centres' for the location of food resources (Ward & Zahavi 1973).
Feare (1984) reviewed a number of studies which examined the possible energetic
benefits to starlings of communal roosting. Yom-Tov et al. (1977) found that the
temperature within a starling roost was 5.0 - 8.5°C higher than the surrounding area,
but this was attributed to features of the roosting site, rather than to metabolic heat
production by the starlings. They concluded that, for many individuals, the cost of
flying from daytime feeding areas to communal night-time roosts was not
compensated for by any energetic gains of communal roosting. Therefore, roosting

must confer other advantages.
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Aggregations of over 1,000,000 birds have been recorded at pre-roost
assemblies by Feare (1984). At Wytham, the usual number of 300 birds was, on
occasion, seen to rise to approximately 1,500 birds roosting at the study site. Such
large numbers are never seen during the day, in feeding flocks, for which a few
hundred is a more usual maximum; thus, daytime flocks may fly many miles to
assemble at the night-time roosts. Wynne-Edwards (1929) documented a feeding area
to roost site distance of 38 km, while a North American study observed distances of
up to 80 km (Hamilton & Gilbert 1969).

In addition to the night-time roosts, starlings will also utilise day-time roosting
areas, closer to the feeding sites, where any non-foraging time is spent resting,
preening or singing. The relationship between these 'diurnal activity centres' (DAC's)
and night time communal roosting sites was examined by Morrison & Caccamise
(1985), who found that birds were more faithful to their DAC's than to the communal
roosting areas. This pattern is particularly applicable to regions in which suitable
feeding areas are sparsely scattered. For a site such as Wytham, where many of the
birds are resident throughout the year, and which provides both suitable feeding and
roosting areas, a largely consistent aggregation of birds tend to feed and roost at the
same site.

During the non-breeding season starlings feed almost exclusively in flocks,
the advantages of which will be discussed in detail in Chapters 7 & 8. When visiting a
feeding site the whole flock shows movement across the area as each bird walks over
the ground, generally in the same direction, in search of food items. Additional
movement occurs via a 'rolling' mechanism whereby those birds towards the rear of

the flock may fly up and move closer to the front, where they continue to feed.

1.3 The prey species

Despite the apparent flexibility of the starlings' diet, their most important food
source for much of the year is soil invertebrates. For the Wytham birds the most
abundant of these invertebrates are leatherjackets, which are the larvac of the

common cranefly Tipula paludosa, and earthworms Lumbricus spp.
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1.3.1 Tipula paludosa

The larval stage of this species has been documented as an important
constituent of the starling's diet in a number of studies (e.g. Dunnet 1955; Tinbergen
1981). The smooth, grey grubs are found in upper soil and dense vegetation layers,
particularly in limestone and alluvial grasslands (Coulson 1959). The life cycle is
completed once a year with the imago stage emerging in late summer. Coulson (1962)
recorded an emergence peak during mid July in Westmorland (Northern England), but
he observed that emergence times from late August to mid October, with a peak in
mid September, recorded at Rothamsted (Southern England) were more representative
of English populations.

After emerging, the adults live for only a few days. They copulate and lay
eggs almost immediately, so that eggs are usually located close to the place of
emergence. Larvae emerge from the eggs approximately 14 days later, and they
subsequently pass through the first two instars very rapidly, before reaching the third
instar in which they overwinter for the next 25 weeks. During this time the larvae
remain near the surface, only retreating deeper during periods of extreme weather, but
never going below a depth of 150 mm (Rennie 1917). Rennie (1917) also observed
the larvae forming compact earthen cells, which were believed to allow a period of
quiescence under adverse conditions. For much of the life cycle, the larvae appear to
be resistant to desiccation, only the newly laid eggs and first instar larvae being
susceptible (Coulson 1962). Although the larvae tend to remain in the same areas, if
their food supply becomes limiting they will show some surface migration (Rennie
1917), particularly on mild spring nights (Tinbergen 1981). A greater insight into the
nature of vertical movements of the larvae, within the soil column, would provide a
greater understanding of the starlings' patterns of habitat use, particularly in relation
to renewal of prey availabilities once a patch has been foraged and depleted.

In spring the larvae pass through to the final instar and, as ambient
temperatures increase, they show a rapid increase in biomass, reaching a maximum
length of 40 - 50 mm. At this time, they start living in small J-shaped burrows (de

Jong 1922) which, by the middle of June, are up to S0 mm deep. Pupation occurs in



Chapter 1: General Introduction 7

July, the exact timing of which is determined by environmental conditions (e.g.

dryness of the ground), followed by emergence in the late summer or early autumn.

1.3.2 Lumbricids

Earthworms are the other major type of soil invertebrate found at Wytham,
and they form a part of the starlings' diet both during the winter and in the summer
when the parent birds are rearing young. The commonest species in British grassland
are Lumbricus terrestris, Allolobophora longa, Allolobophora caliginosa and
Octolasium cyaneum. Of these, L. terrestris was the most commonly found species at
Wytham.

In contrast to leatherjackets, the earthworm lifecycle can start at any time in
the year (Edwards & Lofty 1972), although it is a temperature-dependent process and
so shows some seasonal variation. Fewer cocoons, in which the ova are laid, are
produced in wetter and colder conditions and there is a threshold at 3°C, below which
none are produced. The number of cocoons peaks during spring and autumn.

Earthworms can continue to grow throughout the year but this is also a
process that is dependent on environmental conditions; hence most growth generally
occurs during the spring and autumn. During the summer, many species enter a period
of diapause during which they coil up into a knot and encase themselves with mucus.
They can respond to other periods of adverse conditions by going into temporary
quiescence. This is a more frequent occurrence during the summer than in the winter,
due to a greater tolerance of cold and wet conditions, than of hot and dry conditions.

The vertical distribution of earthworms is species-dependent. Further
variation, within species, is determined by temperature and moisture of the ground.
All of the species common in pasture go down to a depth of at least 100 mm. L.
terrestris can reach depths of 2.5 m, although it is more commonly found at a depth
of approximately 1 m. During January and February most earthworms retreat to
below 75 mm but as the soil temperature increases some species rise to the top 75 mm
tayer, retreating down again during the summer as temperatures rise further and the

soil dries out.
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1.4 The study site

The University Farm, Wytham, Oxfordshire (OS grid reference SP 4708) is a
mixed pasture and arable farm, situated on part of the river Thames flood-plain, to the
west of Oxford. The northern edge of the farm is bordered by the Thames, a tributary
of which also forms the eastern boundary. The western edge of the farm rises up to
Wytham Great Wood, while the southern boundary extends to Wytham village. A soil
survey of the study area, conducted by the Soil Survey and Land Research Centre, for
the Environméntal Change Network (M. Morecroft, pers. comm.), showed that many
of the fields bordering the river are based on alluvial clay. A large area of this ground
comprises grey stoneless clay (Fladbury series) which is frequently waterlogged by
fluctuating groundwater levels, while a smaller area of the same region is better
drained (Linnet series) but also susceptible to seasonal inundation by rising
groundwater. The fields around the farm buildings are of well drained calcareous clay
loam (Badsey series), which contrasts with the moderately well drained clay
(Folksworth series) of those fields which lie between the farm and the woods, and are
subject to some seasonal waterlogging.

The total study area of 226.4 hectares comprised 39 fields and a range of types
of cultivation which included winter wheat, winter barley, oil seed rape as well as
temporarily uncultivated fields assigned under the Common Agricultural Policy
(Arable Area Payments). Other fields of permanent pasture or grass-ley were grazed
by sheep and cattle and / or used for silage cultivation.

A nest-box colony was established around the farm buildings in 1977 (Evans
1980). This was added to in 1985 (Wright 1990) to give 61 boxes, which were still
present at the time of the present study (October 1991 - March 1994). Two further
nest-box colonies, of 40 boxes each, were established in 1990 at adjacent sites, each
approximately 1 km from University Farm. Evergreen trees at the University Farm
site were used by the starlings during the non-breeding season as a night time roost
site, while much non-foraging time during the day was spent resting on overhead

wires at the north-east edge of the farm buildings.
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The farm buildings themselves were visited frequently by the wintering
starlings. Previous studies (for review see Feare 1984) have demonstrated the extent
to which starlings may feed at such sites. Although I was unable to obtain data on the
amount of food taken by the starlings from the barns and cattle sheds, the potential
importance of such supplementary food sources to the starlings' daily energy
requirements should not be overlooked (e.g. Feare & McGinnity 1986).

During the breeding season all breeding adults were colour-ringed. Additional
birds were caught and colour-ringed during the winter by baiting a modified crow-
trap which attracted birds during much of the winter. This ringing effort meant that at

least 70% of the study population were marked and could be individually identified.

1.5 Research objectives

A knowledge of how individuals respond to variables in their environment is
fundamental to an understanding of the behaviour and distribution of populations.
More specifically, in order to explain how a population is distributed in response to
the availability of food, it is necessary to examine foraging behaviour at the
individual level.

Despite the value of such an approach, it has only been developed relatively
recently, and the extent to which it can be used to examine the distribution of bird
populations has yet to be realised to its full potential. Goss-Custard (1970a)
demonstrated the usefulness of this kind of approach in his study of redshanks
(Tringa totanus) in which he related the densities of feeding redshank to those areas
of their estuarine habitat in which their feeding efficiency was highest. Extensive
studies of oystercatchers (Haematopus ostralegus) have demonstrated the effect of
differences in competitive ability on the distribution of individuals across a range of
feeding sites (Goss-Custard et al. 1982a).

In parallel with these studies of the distribution of wader flocks in relation to
the availabilities of estuarine invertebrates, I hoped to be able to explain some aspects
of the starlings' utilisation of their agricultural environment by considering the

availability of soil invertebrates to these birds. However, a more complete
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understanding of how individuals respond to the availability of resources may be
achieved by having a theoretical framework from which to work. One such approach
is that of the Ideal Free Distribution (IFD) theory, the application of which may be
useful for understanding the important factors in the management of bird populations
(Bernstein et al. 1991a).

The original IFD theory (Fretwell & Lucas 1970; Fretwell 1972; for review
see Kacelnik et al. 1992) predicted how individuals were distributed within their
environment in relation to the availability of resources. The model by Fretwell &
Lucas (1970) made simple predictions based upon a small number of assumptions
(i.e. individuals have perfect knowledge of their environment, there is no cost of
moving between patches and all individuals are equal), but more recent refinements
have taken into account competitive differences between individuals (Houston &
McNamara 1988; Parker & Sutherland 1986; Sutherland & Parker 1985; 1992;
Sutherland et al. 1988), the imperfect knowledge that individuals have, and the
intrinsic need for learning about their environment (Bernstein et al. 1988), the cost of
travelling between sites (Bernstein ez al. 1991b), and the effect of the state of
individuals, as represented by their energy reserves (McNamara & Houston 1990).
The increasing complexity of these models creates a clearer theoretical understanding
of how various factors contribute towards the distribution of individuals in relation to
their resources. The importance of taking into consideration these modifications of
the IFD was underlined by Kennedy & Gray (1993), who reviewed a number of
empirical tests of the theoretical predictions. They found a systematic deviation from
the theoretical IFD such that the distribution of organisms was consistently less
extreme than the distribution of resources; thus they recommended that future tests of
the IFD should take into account the consequences of factors such as competitive
asymmetries and travel between sites.

With this kind of theoretical background in mind, I hoped to be able to relate
my empirical observations of the starlings' use of their habitat to a theoretical
framework, from which it might be possible to predict the consequences of future

habitat changes on the starling population. This approach has recently been taken in
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other theoretical studies (Sutherland & Anderson 1993; Sutherland & Dolman 1994),
and has been applied to populations of Bean Geese (Anser fabalis) and Wigeon (Anas
penelope) by Sutherland & Allport (1994).

The majority of my work was conducted in the winter, during which time the
starlings feed exclusively in flocks. The feeding ecology and behaviour of starlings
during the breeding season has received considerable attention (Tinbergen 1981;
Tinbergen & Drent 1980), the result of which has been a far greater understanding of
the starlings' foraging strategies at this time of year. Far less is known, however,
about the foraging strategies of starlings during the winter, and it is on these that I
will concentrate for the majority of the study.

The first step to understanding how populations interact with their
environment is to gain a clear picture of how that population is distributed; thus the
initial objective of this study, which I deal with in Chapter 2, was to establish which
parts of the available habitat the study population used the most. By quantifying the
feeding site preferences of the resident starlings, I then hoped to establish some
correlates for these preferences, both in terms of physical features of the birds'
foraging habitats, and in terms of the availabilities of prey. The role of these
invertebrate availabilities in influencing habitat choice are considered in Chapter 3, in
which I also introduce the experimental technique which allowed me to obtain more
detailed data on the foraging behaviour of individuals than can be obtained from
merely observing individuals in the flock. A brief diversion from this technique is
presented in Chapter 4, where I describe a laboratory experiment which explored a
possible preference for leatherjackets over earthworms as an additional factor which
may influence the starlings' habitat preferences.

In addition to ascertaining these preferences and the factors with which they
may be correlated, I was also interested in examining temporal patterns of habitat use
and the role of changes in prey availability in influencing the starlings' distribution.
For much of the time the starlings fed as a single flock, which meant that 1 was
effectively dealing with the movement of one unit between a number of habitats. This

kind of situation is comparable to the study by Davies & Houston (1981) who
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described temporal movements of individual pied wagtails (Motacilla alba) around
their habitat and related these movements to a 'temporal’ Ideal Free Distribution. In a
similar way, I might have expected the starling flock to show some kind of temporal
pattern of habitat use which could be predicted on the basis of prey availabilities, and
it was to this aspect of the starlings' habitat use that I was most interested in applying
a theoretical framework.

In Chapter 5 I return to field experiments and address the effects of changes in
the availability of prey on the starling's habitat use by examining the role of depletion
of prey as a result of foraging by the starlings. Measuring the availabilities of prey
and how these may change would not only relate to the patterns of starling habitat
use, but would also provide an indication of the extent of the impact the
overwintering population was having. In other words, given the amount of suitable
habitat that was available, were the resident birds having a significant impact on those
prey populations, and was resource abundance a limiting factor for the overwintering
population at the present level of resource availability? This question is pursued in
Chapter 6, in which I also take into account some of the implications of feeding in a
flock rather than as a solitary individual. A further experiment is described in Chapter
7, in which I examine some additional effects of feeding in the presence of other
birds, and ask whether this is likely to affect the starlings' distribution within their
habitat. The experiment described in Chapter 8 represents a switch to the breeding
season, in which I examine the impact of parental foraging by the starlings on the
prey that remain in the environment, after overwinter depletion has already occurred.

The findings of all these chapters are reviewed in Chapter 9, in which I relate
the results of the experiments to the original objectives, and address any new

questions which may have arisen in the light of this research.
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Chapter 2

The distribution of starlings in their environment

2.1 Introduction

In studying a species' distribution in relation to resource availability, it is
necessary to establish how individuals use the available habitat. For starlings, most
information on how they use farmland during the winter is, at present, based upon
studies of large-scale flock movements (e.g. Summers & Cross 1987; Tucker 1992), as
well as upon general observations of resident flocks (Feare 1980; 1981a). Information
on how individual flocks use their habitat on a finer scale is lacking. East & Pottinger
(1975) conducted a detailed study of the impact of New Zealand starlings on grass grub
(Costelytra zealandica) populations and, although their study encompassed many of the
pertinent questions I would like to consider in this work, they dealt with a system
which comprised different invertebrate populations than those encountered by British
populations of starlings. Tinbergen (1981) provided rigorous data for the distribution
of parental starling foraging visits in relation to distributions of their prey. The question
of how starlings apportion their visits during the breeding season is, however, very
different from the question of how the overwintering flock is distributed between
available habitats, and it is this latter question I wish to address in this chapter.

In addition to establishing overall preferences for particular habitat types, it is of
interest to know how starlings use different fields on a temporal basis. Prey availability
might be expected to change in time and space, with starlings causing local resource
depression, which can then be restored while the flock feeds elsewhere. By utilising
preferred fields in a systematic pattern, the starlings may be able to maximise prey
capture rates so as to 'harvest' invertebrates from the soil (e.g. Brent Geese Branta
bernicla, feeding on Sea Plantain Plantago maritima, Prins et al. 1980). However,
complex interactions with prey densities may be unimportant to starlings and
differences between fields arising through soil structure, crop height or local predation

threat may dictate where starling flocks feed at any one time.
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The influence of prey availability on the starlings' habitat preferences will be
addressed in subsequent chapters. This chapter is restricted to a more descriptive study,
in which I aim to explore how physical features of the birds' environment influence
their choice of feeding habitat. I intend to quantify the feeding site preferences of the
resident population throughout the winter, and to relate these preferences to field type,
characterised by crop type and crop height, field area, distance to the nearest hedge, and
the distance of the field from the central roost. Associations with other bird species are
also investigated. Having established any feeding site preferences, a further objective
was to determine whether these preferred sites- were exploited systematically, thus

enabling me to build a clearer picture of any spatio-temporal patterns of habitat use.

2.2 Methods

2.2.1 Study site

The study was carried out from November 1991 to March 1992 at the
University Farm, and encompassed a total study area of 226.4 ha. This area comprised
39 fields which were classified into 9 different types of cultivation: 1) permanent
pasture, 2) rough pasture, 3) new grass ley - re-seeded in the last year, 4) old grass ley
- re-seeded more than a year ago, 5) bare ploughed ground, 6) winter wheat, 7) winter
barley, 8) oil seed rape, and 9) maize. Information on these crop types, as well as the
area of each field were obtained from farm records. The distances of fields from the
farm buildings were calculated to the nearest 10 m using 1:5,000 scale maps, distances
being taken from the estimated centre-point of each field. In order to estimate the mean
distance to the nearest hedge within each field the distance was measured from the
centre-point of each map grid-square (1 grid-sqare represented 1 ha) to the nearest
hedgeline. All the values within each field were then averaged to give a mean distance
to the nearest hedge for that field. Rainfall, and maximum and minimum temperature
records for the preceding 24 hours were obtained from daily records collected at the

adjacent University Field Station.
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2.2.2 The census method

I selected a route which allowed me to census all parts of the study area.
Although much of this route was taken in a vehicle, it was necessary to census some
areas on foot. The order in which sites were visited was randomised to control for the
effect of time of day, and I conducted a full census twice a week from 1st November
1991 to 17th March 1992. By mid-March, the height of many crops made estimation of
starling numbers difficult. This time of year also signalled the break-up of winter
feeding flocks prior to breeding; therefore the census was terminated then.

The cénsus was carried out a total of 32 times and was conducted during mid
morning (start 09:15 - 11:00 hrs; ranging from 2.5 to 4.5 hours after dawn), taking
approximately 90 min. The total number of starlings seen during any one census was
not affected by the time it took to complete the census (r2=0.041, n=32, P=0.267), or
by start time relative to dawn (r2=0.021, n=32, P=0.428). I observed each site once
during each census by scanning with 8x40 binoculars, and recorded the number of
starlings seen on the ground (any birds in flight were excluded). If, during the census,
the birds moved from a field which I had already visited, to a field not yet visited, I did
not record the flock on the second occasion. Starlings resting or preening were only
seen in the vicinity of the farm buildings. Hence, I took the number of birds in each
field to represent the number actively feeding. I also recorded the numbers of other
insectivorous birds, including Golden Plover Pluvialis apricaria, Lapwing Vanellus
vanellus, Black-Headed Gull Larus ridibundus, Fieldfare Turdus pilaris, Redwing
Turdus iliacus, Magpie Pica pica, Rook Corvus frugilegus, Crow Corvus corone, and
Jackdaw Corvus monedula. The presence and number of Greylag Goose Anser anser
and Canada Goose Branta canadensis was also recorded. Although these geese are not
insectivorous, they fed in flocks and grazed the grass in some of the pasture fields,
both factors possibly influencing the distribution of the starlings. Few birds smaller
than Redwing were seen, and these species were ignored owing to the difficulty of
censusing them accurately.

The numbers of cows and sheep were scored for each field, but as the cows

spent much of the winter inside cow sheds and were only grazed in the fields for short
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periods at the beginning and end of the census period, their presence was not included
in any analyses.

Once a week, the height of the crop was measured using a ruler placed on end
in the sward. From this, fields were ranked into five sward height categories: 1) <2 cm,

2) 2-4 cm, 3) 4-6 cm, 4) 6-8 cm, and 5) 8-10 cm.

2.2.3 Intensive flock observations

In addition to this census data, further information on how the flock
apportioned its time between different parts of the farm was collected during a total of
nine all-day watches, between 29th November and 23rd January 1992. On each of
these days I made observations of location and number of any feeding starlings at 0.5 h
intervals throughout the day (approximately 08:00 - 16:30 hrs). For analyses of flock
residence times I categorised a flock arrival as when a minimum of 10 birds had landed
in a field. Subsequent additions to this group were not classed as further flock arrivals.
I recorded a flock departure once the number of birds feeding at any one site fell below
10. I collected most of this data from the top of a grain silo, which provided a clear
view of the majority of the fields used by the starlings. Those parts of the farm which I
could not see from the silo were viewed from alternative sites at regular intervals. In
order to avoid any disturbance to the birds I conducted all my observations at some

distance from where the birds were feeding using binoculars or a telescope.

2.2.4 Data collection and analyses

In comparing the utilisation of different feeding sites and movements between
them, it is not possible to say whether the starlings perceive these as distinct foraging
patches. However, by treating each field as a separate and independent feeding site, I
was at least able to deal with a spatial scale on which agricultural management and
associated changes in land use occur. Therefore, the field represents the unit for all
statistical analyses in this part of the study. The amount of foraging by the starlings was
calculated as the number of starlings seen per hectare, thus controlling for the size of

fields and availability of each field type, and was expressed as 'foraging density".
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These values were calculated for each field on each census and an overall mean for each
field then obtained. Certain bird species were nearly always seen together and so for the
purpose of analyses these were grouped: Rooks, Carrion Crows and Jackdaws were
grouped as 'corvids' and Redwings and Fieldfares were grouped as 'thrushes'. The
low number of observations of waders and geese precluded their inclusion in any
further analyses. The large number of non-pasture fields with very low starling
densities meant that the data were not normally distributed and the skew could not be
corrected using transformations. In these cases non-parametric statistiés were used in

the analyses.

2.3 Results

2.3.1 Starling numbers

There were approximately 300 (range 90 to 480) starlings present over the
duration of the study. At least 70% of these were colour-ringed and the continued
presence of the majority of these individually marked birds indicated that they were
resident on the farm for the whole study period. During each census, the birds were
usually seen feeding together at one site in a single large flock. On some occasions,
however, the flock fragmented into two, or three sub-flocks which fed at different sites

around the farm.

2.3.2 The effect of season and weather
The dependence of the starlings on natural or artificial sources of food may have
been linked to temperature or to time of year, but a multiple regression of temperature,
date and rainfall on the numbers of starlings seen feeding in the fields did not reveal any
significant effects overall (r2=0.170, n=32, P=0.151). Within this regression, there
was an almost significant negative trend with mean temperature (P=0.055) but no effect
of date (P=0.301) or rainfall (P=0.631). The overall effect of these factors on numbers

of birds in the farm buildings was also non-significant (r2=0.147, n=32. P=0.209);
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rainfall and mean temperature had no effect (P=0.591 and P=0.594, respectively) but

there was a non-significant positive trend with date (P=0.071).

2.3.3 The utilisation of different fields

Pasture fields, more specifically old grass ley and permanent pasture, were used
far more than arable field types (Fig. 2.1), and grouping fields into the 9 different field
types shows these differences to be significant (Kruskal-Wallis, H=17.868, d.f.=8,
P=0.022). In order to explore this preference in more detail, it was necessary to look at
just the field types that were used by the flock; hence further analyses were performed
only on data from pasture field types (i.e. permanent and rough pasture and new and
old grass ley, n=24).

As the starling flocks returned to the farm buildings during the day between
foraging bouts, one might expect that fields closer to the farm buildings would be
utilised the most, an effect confirmed by Fig. 2.2a. The starlings were also seen to
prefer those fields in which the mean distance to the nearest hedge was greater (Fig.
2.2b). These effects, together with field area, were examined in a multiple regression,
which produced an overall significant effect (Table 2.1), and within which both
distance to the nearest hedge and distance to the farm buildings were significant. As
might be expected, field area was found to be correlated with the distance within each
field to the nearest hedge (r=0.632). The lack of effect of field area on starling foraging
densities may therefore have been due to fields of a similar area having differing
amounts of hedgline around them and the starlings preferring to feed in square fields
bordered by fencing than in long thin fields enclosed by hedgerows, despite both field
types being of a similar area.

The foraging density of the starlings was also significantly negatively correlated
with sward height (Spearman rank Rg=-0.251, n=24, P=0.029). This correlation could
not be attributed to starlings being more visible in fields with shorter grass since the
height of the sward (mean=33.4 mm, SE=0.31, n=24) was sufficiently low for the

starlings to have been visible in all of the pasture fields.
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Table 2.1: The effect on starling foraging densities (square root + 0.1 transformed) of mean distance
from the farm buildings (In transformed), area of the field (In transformed) and mean distance to the
nearest hedge (In transformed). Regression coefficients (slopes), r? values, and P-values are shown for:

a) each factor tested separately; and b) as part of a multiple regression including every factor (multiple-
r’=0.596, P=0.001).

a) b)
Factor Slope re P-value Slope P-value
Ln(Distance) -0.817 0.274 0.009 -0.724 0.033
Ln(Area) 0.178 0.025 0.408 - -
Ln(Hedge) 0.805 0.475 <0.001 0.609 0.026
Degrees of Freedom 1,22 2,21

2.3.4 Distribution of other species

Calculation of thrush and gull foraging densities showed that they shared
similar field-type preferences with starlings, associations being significant between
both starlings and thrushes (Pearson Correlation, r=0.618, n=24, P<0.001) and
starlings and gulis (r=0.465, n=24, P=0.021). There was no significant association

between starlings and corvids (r=0.078, n=24, P=0.721).

2.3.5 The effect of sheep

In order to see whether there was any relation between the numbers of starlings
and the presence of sheep, a contingency table was constructed which compared the
number of times starlings were present or absent in a field in which sheep were grazing
with the expected number of observations of starlings if the presence of sheep had no
effect on the starlings' choice of field (i.e. starlings would be observed in field as many

times when sheep were there as when sheep were absent). There was no apparent

preference or avoidance of sheep (x?=2.55, d.f.=1, P=0.110).

2.3.6 Patterns of field utilisation in the all-day observations

There were 156 separate observations of the flock, at 11 different sites, during
the all-day watches. As with the census observations, the starlings spent most of their
time feeding in a single, large flock, but were also seen to separate into smaller sub-

flocks for some of the time. Using these observations it was possible to calculate
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additional values of foraging densities for all those fields seen to be used by the
starlings on those days. Again, permanent pasture and old grass ley were used most
intensively, the 9 different field types experiencing significantly different foraging
densities (Kruskal-Wallis, H=19.593, d.f.=8, P=0.012). The values obtained for each
field from these observations were significantly correlated with those calculated from
the census data (R;=0.808, n=50, P<0.001), indicating that the same patterns of field
utilisation were operating during the all-day observations as have already been
demonstrated from the cehsus data.

A one-way ANOVA of the mean residence times (to the nearest 0.5 h) of the
starlings at each site showed a significant difference between the sites (Fg,155=3.050,
P=0.002), and there was a positive, significant trend between these residence times and
the observed foraging densities (Fig. 2.3: R;=0.645, n=11, P=0.041). In contrast,
there were no significant differences between return times to each site (Fg 133=1.762,
P=0.082) and no significant correlation between starling foraging densities and these

return times (R;=0.382, n=11, P=0.252).
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Figure 2.3. Starling foraging density (mean number of starlings per ha) in relation to mean residence
time of the flock (recorded to the nearest 0.5 h), at ecach site. Line represents best fit through the data.

To address the question of whether the starlings showed any spatial

organisation in the way in which they moved between fields, I examined the distance
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The distance moved by the flock can also be related to the number of moves to
feeding sites in adjacent and non-adjacent fields. For each field used by the flock, the
observed number of moves to adjacent fields was compared with the expected number
of moves to these fields if the flock had shown an equal distribution of moves between
all fields normally visited. A paired t-test of these values showed that there was a

significant tendency to move to adjacent fields (+=2.712, d.f.=9, P=0.023).

2.4. Discussion

2.4.1 Numbers of foraging starlings

The general observation that the study population of starlings remained resident
around one farm for most of the winter supports findings described by Feare (1981b)
for starlings in Hampshire, and contrasts with the wider ranging populations described
for Norfolk by Summers & Cross (1987). Although this winter flock is small relative
to other known starling populations (Feare 1984), it appears to represent a locally
important winter roost and feeding site, as indicated by the presence of known colour-
ringed individuals throughout the winter. The availability of pasture fields, and a
reliable source of animal feed from cattle and sheep barns, all adjacent to a suitable
night roost site, also served to attract additional, unmarked birds to the larger foraging
flocks throughout the winter.

The total number of starlings seen using the farm buildings as a food source
decreased slightly, but not significantly, towards the end of the census period. Such a
trend may have been related to changes in ambient temperature and the start of
breeding. Although artificial sources of food were available throughout the study
period, they would only have been important when the preferred natural prey were
scarce and the birds' energy demands were high during earlier colder periods (Bailey
1966; Dunnet 1956; Feare & McGinnity 1986; Taitt 1973). In addition, greater
numbers of larger invertebrate prey become available in the soil at the end of the winter,

representing the start of the peak in biomass which coincides with breeding (Dunnet
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1955; Tinbergen 1981). This greater prey availability may be linked to increasing prey
size and higher activity levels, as warmer temperatures encourage movement of the
invertebrates nearer the surface.

In this study the weak effect of low temperatures on the numbers of starlings
feeding around the farm buildings may be explained by an absence of any particularly
cold spells during the study period. This suggests there is a temperature threshold
above which the starlings do not have to depend on artificial food sources, a possibility
demonstrated by Feare (198 1a) who concluded that the numbers of starlings feeding on

pasture were reduced significantly only when the soil became frozen.

2.4.2 Field preferences of starlings

The starling flocks showed a clear preference for grass fields, both permanent
pasture and established grass leys, with all arable crop types experiencing far lower
foraging densities. These results agree with general observations reported in Feare
(1984), and more specific data on unmarked populations by Gromadzki (1980) and
Tucker (1992), who both found a strong preference of starlings for permanent grass
fields. A similar preference of invertebrate-feeding corvids for grassland has been
shown by Waite (1984), who linked this preference to higher invertebrate densities.
Tucker (1992) also showed that the preferred pasture fields contained greater densities
of soil macro-invertebrates, and concluded that this explained the preferéence of birds
for these fields. In arable fields, regular disturbance of the ground and application of
insecticides may have depleted the densities of invertebrates in the soil. Unlike in
Tucker's (1992) study, arable fields in the present study did not receive any farmyard
manure during the census period and consequently did not even attract birds on a
temporary basis.

The starlings in the present study could have used the farm buildings
exclusively to obtain high-energy foods, such as barley, from animal feeds thereby
avoiding the cost of travelling to feed in the fields. The use of fields by these birds may
therefore reflect the importance of soil invertebrates to starlings; Feare & McGinnity

(1986) proposed that at least 60% of a starling's diet has to consist of invertebrates for
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all the bird's nutritional requirements to be met. Despite the Wytham birds being able to
take pig pellets, which may have been a more balanced nutritional source than the
barley taken by birds in Feare & McGinnity's study, their continued use of pasture
fields suggests they may have been compensating for some nutritional inadequacy of
the pellets by foraging for invertebrate prey.

The role of predation in determining the starlings' choice of feeding site should
also be taken into account. Flying to and from the fields may have had an associated
cost of predation but once in the fields the birds would have been afforded relatively
clear visibility of any approaching predator. When feeding in the more confined
environment of the farm buildings the starlings might have been more vulnerable to
‘ambush' attacks but this cost may have been countered by a reduced risk of predation
from aerial predators. The optimal trade-off between food and predation is given
detailed theoretical consideration by Houston ez al. (1993) who generate general models
to predict the optimal behaviour for both short (e.g. vigilance level) and long-term (e.g.
growth decisions and associated choice of habitat) situations, using parameters which

include the animal's state and the danger of predation.

2.4.3 Field area and the proximity of hedges

No flock preference was shown for feeding in larger fields, but the starlings did
feed significantly more in those fields which provided feeding areas further away from
hedges. An effect of field area was recorded by Tucker (1992), but this could have
been due to the larger range of field sizes in his study area compared with the Wytham
site. Predator avoidance provides the best functional explanation for both these effects,
with larger fields allowing birds to detect and avoid predators while the predator is still
some distance away. By avoiding those fields with hedges close to feeding sites,
starlings would not only have had greater all-round visibility, but would also have been
able to reduce the risk of ambush attacks from predators, such as Sparrowhawks
(Accipiter nisus). These were to seen on rare occasions to successfully predate starlings

from the study population. A similar predator avoidance argument was used by Barnard
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and Stephens (1981) in their explanation of why Fieldfares (Turdus pilaris) preferred to

feed away from hedges.

2.4.4 The effect of distance

There was a clear effect of distance from the farm buildings on the preference
displayed by the starling flock. This was due to the farm buildings being used as a
central resting and feeding site in between feeding excursions to the fields. This use of
a central place is less apparént in more open environments where starlings have to travel
much further to feed, such as in areas of intensive arable farming (e.g. Norfolk;
Summers & Cross 1987). Although Wytham provides foraging on a much smaller and
more concentrated scale, the birds still chose to feed in fields closest to their central
roost, thus meeting their foraging requirements with the minimum energy expenditure
from flight. Such an argument also explains why the starlings moved to adjacent fields

more often than would be expected from the availability of different feeding sites.

2.4.5 The effect of sward height

Sward height of the grass fields was shown to have a strong effect on the
starlings' choice of foraging site, a finding supported by Williamson and Gray (1975).
Shorter grass probably facilitated probing and mobility and increased visibility, both to
search for food and to see potential predators approaching, thus allowing greater
foraging rates (Brownsmith 1977; Eiserer 1980). One factor which will influence
sward height is the presence of sheep, but the lack of any association between starlings
and sheep may be explained by effects such as cropped grass and dung deposition
appearing gradually while sheep were present and lasting after the sheep had been

removed from a particular field.

2.4.6 Associations with other bird species
Starlings foraging in the fields were often part of mixed-species flocks and a
particularly strong association was observed with Fieldfares and Redwings, which also

preferred established pasture fields over arable fields. These thrushes often increased
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the size of the starling flocks by two or three hundred to give mixed flocks of
substantial sizes. In their study of single and mixed-species flocks of Fieldfares and
Redwings, Barnard & Stephens (1981) concluded that mixed flocks were always
formed by Fieldfares joining the Redwings, and it was largely the Fieldfares which
benefited from being in a mixed rather than a single-species flock. Clergeau (1990)
tested the attractiveness of starlings to a range of other species and found that only
species smaller than starlings were attracted to models of starlings placed on a lawn.
Based on this finding he suggested that it is starlings which are attracted to redwings
rather than the other way round, given the difference in size between the two species. It
cannot be determined from the data presented here whether it was the starlings which
responded to the presence of the thrushes or whether the thrushes were choosing to
feed in those fields in which the starlings were present, but it is likely that the starlings
were gaining some benefit from the presence of other species. In an aviary study,
Powell (1974) showed that starlings will spend less time being vigilant when in larger
flocks containing either other starlings or Tri-colored Blackbirds (Agelaius tricolor).

The costs and benefits of feeding within a group will be considered in more detail in

Chapters 6 & 7.

2.4.7 Temporal distribution of the starlings

From data collected during the all-day watches I demonstrated that the starlings
tended to move to adjacent fields and over shorter distances than expected, but I was
not able to detect any regular temporal pattern of movement between these fields. I
might have expected the flock to leave feeding sites as prey availability was temporarily
depleted (Barnard & Stephens 1981) but, although the flock was seen to apportion
significantly different amounts of time to each of its preferred sites, these residence
times did not exhibit any obvious diurnal pattern (pers. obs.). Feare (1980) observed
similar difficulties in predicting the number of starlings which would be feeding at cattle
feedlots at any one time. Many short-term changes of feeding site probably resulted
from random disturbance or from the presence of predators. This role of disturbance in

influencing where the starlings fed may have explained the correlation between habitat
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preferences and residence times, with the starlings preferring to feed at those sites
where their feeding bouts were least likely to be halted prematurely through the arrival
of predators or other disturbing factors.

So far then, I have been unable to provide evidence for the starlings employing
a systematic temporal pattern of field usage in order to 'harvest' their invertebrate prey.
A more rigorous test of the existence of such a pattern would be one which showed
whether or not the probability of return to a field was related to how long ago the flock
last visited the field. With return and residence times recorded only to the nearest 0.5 h
the extent to which such an analysis of the present data could be interpreted is limited.
In addition, movement of birds to and from the main flock during feeding visits may
have resulted in the time that the flock was recorded as resident being greater than the
residence times of particular individuals. Collection of accurate return and residence
times of individual birds within the feeding flock would have required a marking

technique other than colour leg rings (e.g. wing tags).

2.5 Summary

A standard census route, used to describe the pattern of winter field utilisation
by a population of starlings at University farm, Wytham, showed that the flock
preferred to use established pasture and grass ley fields, particularly those which were
closer to the farm buildings, had shorter swards and provided feeding sites’ which were
further from hedges.

A more detailed distribution of the starlings in the fields and around the farm
was mapped during all-day watches, revealing no regular temporal pattern in flock
movements or residence times at different feeding sites. The flock did, however, move
significantly more times than expected to nearby feeding sites in adjacent fields.

Some aspects of the starlings' habitat use (e.g. movement to nearby feeding
sites) may be explained by established theoretical expectations (e.g. minimisation of
energetic costs), but the apparent unpredictability of the order in which particular fields
were visited makes it difficult to explain these movements using a suitable theoretical

framework.
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Chapter 3

Relating starling habitat preferences to prey availability

3.1 Introduction

In the last chapter I showed how the starlings' choice of feeding site could be
related to physical features of their environment. The distribution of individuals within
their environment will, however, also be influenced by the response of each bird to
spatial and temporal variations in the distributions of their prey (e.g. Sutherland 1982a
& b), and it is this role of prey availabilities that I' will discuss in this chapter.

A major prey item of starlings is the leatherjacket (Tipula paludosa) (Dunnet
1956; Feare 1984; Tinbergen 1981). Despite extensive mapping of this prey species
(Barbash ef al. 1991; McCracken 1992), levels of its local availability have yet to be
assessed in conjunction with temporal and spatial patterns of starling flock movements.
Tinbergen (1981) obtained detailed measurements of the distribution of leatherjackets in
relation to the sites visited by parental foraging starlings, but the interaction between
predator and prey distributions will be very different during the non-breeding season
when the birds feed in a flock.

In order to understand such predator-prey interactions it is necessary to
establish how prey are distributed. Previous measures of such distributions have been
based largely on direct measurements of prey densities, obtained from soil cores (e.g.
Tucker 1992). Such measurements can provide an accurate picture of the numbers and
types of invertebrates present in the soil, but they give no indication of the proportion
of these invertebrates that are actually available to the birds. Hence, measurements of
absolute prey densities on their own are of restricted value for gaining a better
understanding of how predators respond to the distribution of their prey (Goss-Custard
1984). I will refer to absolute prey densities as prey 'abundance’. This contrasts with
prey 'availability', which I define as that proportion of total prey which can be obtained
by foraging birds.

I obtained measurements of prey availability by recording the foraging

behaviour of individual starlings. Such obscrvations cannot be made casity on
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individuals feeding in a flock (see Chapter 5), but close observations can be made of
captive birds, held in small cage enclosures (Im x 1m x 0.5m). Such a technique has
already been used successfully by Tinbergen (1981), and my own experience with this
experiment showed that the starlings soon adapted to feeding in such enclosures. By
using the birds themselves as a bioassay, it was therefore possible to get an accurate
measure of the prey that was available to the starlings in a range of habitats.
Furthermore, not only did the enclosures allow me to sample prey availability in those

habitats preferred by the starlings, but also in fields not normally visited by the flock.

3.2 Methods

3.2.1 Flock census

Although data were already available for the flock's habitat preferences (Chapter
2), this experiment was conducted in the winter (1992/93) following that in which the
original census data had been collected (1991/92). Therefore to control for any changes
in the flock's pattern of habitat use, which may have been affected by year-to-year
differences in environmental conditions or changes in land use, the census was repeated
using a similar technique as in the previous year. The census was conducted twice a
day for seven days prior to the experiment (described below), at approximately 90
minutes after the flock emerged from its night time roost (09:30 hrs) and again at 14:30
hrs (approximately 90 minutes before the flock returned to the roost). No census data
were collected during the experimental phase, but after this time the censuses were
continued for a further seven days, in order to check for any effect of date on the
availability of prey which may, in turn, have influenced the observed foraging densities
of the starling flock. The resulting foraging densities (mean number of starlings per
hectare) were calculated in the same way as those calculated 1n the previous chapter.

The flock used the same fields in the winter of 1992/93 as in that of 1991/92 as
well as using a grass ley field that had been resown in November 1991 and only

became established in the second winter of this study. The absence of starlings from
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arable fields meant that year-to-year changes in the cropping regimes of these fields did
not affect the observed habitat preferences. Table 3.1 shows which fields were
selected, on the basis of their observed flock foraging intensities and similar distances

from the farm buildings, for the measurement of prey availability.

Table 3.1: Mean flock foraging densities (starlings per hectare) in the six fields chosen for
experimental measurements of prey availability.

Mean foraging density Mean distance from

Field Field type (starlings per hectare) farm buildings (km)
12c Winter wheat 0 0.302
16 Old grass ley 0 0.195
23 Old grass ley 0.25 0.479
13 New grass ley 6.35 0.347
2b Old grass ley 7.29 0.484
3 Old grass ley 7.53 0.450

3.2.2 Measurement of prey availability using enclosures
a) Experimental technique

Six adult starlings (five males and one female) were caught from the resident
population and held in outdoor enclosures (2 m long x 2 m wide x 1 m high) for the
duration of the experimental period. As with all later exclosure experiments, each
individual was used in only one experiment before being released back into the wild.
Food (Turkey starter crumbs, Orlux softbill pellets and mealworms Tenebrio molitor)
and water were available ad lib. throughout this period, and a nest box in one corner of
the enclosure provided shelter and a means of catching the birds from the enclosure.

For test sessions, the birds were transferred to test enclosures (1 m long x 1 m
wide x 0.5 m high). Once the birds were settled and feeding freely in these enclosures
(usually after a maximum of 10 - 15 min) I started the test sessions. The birds were
food-deprived from 16:00 hrs on the day prior to testing, and trials were started at
08:00 hrs the following morning. Each bird experienced only one 10-minute trial on

any day. Once the trial had been completed the birds were returned to the holding
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enclosures and given ad lib. food until 16:00 hrs. Training was started on 28th October
1992 and all testing was completed by 16th November 1992.
b) Experimental design

Each of the six fields to be tested was divided into nine regions of
approximately equal area, of which six were then chosen at random. Within each of
these regions one site was randomly allocated, allowing each bird to be tested once in
each of the six fields. In allocating these experimental sites I assumed that those areas
of the fields I would be sampling were representative of those areas actually visited by
the wild flock. Although the flock may have actually favoured certain areas of each field
over other areas (pers. obs.), for the purpose of this, and subsequent enclosure
experiments, I was interested in dealing with differences between fields rather than
within fields.

All six birds were tested on each day and so to minimise any effect of time of
day on prey availability, the birds were split into two groups of three, which were
tested simultaneously by two observers. Birds and fields were allocated randomly

between the two observers on each of the six days.

3.2.3 Data collection and analyses

The birds' foraging behaviour in the enclosures was recorded on video-tape,
from a hide positioned a few metres from the enclosure. Data on numbér of surface
pecks, number of exploratory probes (these were distinguished from deeper probes,
which were directed repeatedly at the same site when the bird had located a prey item
and was attempting to extract it from the ground), time and prey type for each prey
capture were collected from the video-tapes at a later date using an event-recording
programme. Due to the resolution of the videos and the size of prey types, these were
categorised only as earthworms (Lumbricidae) or arthropod larvae (mostly
leatherjackets). The behavioural data were then used to calculate prey capture rate (slope
of cumulative number of prey captures divided by time in trial), search effort (slope of
cumulative number of probes divided by time in trial) and reward rate (slope of

cumulative number of prey captures divided by cumulative number of probes).
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Comparisons of these variables were made between fields using repeated-measures
ANOVA, with bird (n=6) as the subject. These prey availability measurements per field

were related to flock foraging densities using Spearman Rank Correlations.

3.3 Results

Within individual foraging trials I observed no effect of satiation, as shown by
the linear relationship between number of probes made by each bird and time during the
trial (Fig. 3.1a). Any non-linearity in rates of. prey capture would therefore have
reflected changes in the availability of prey, rather than changes in the birds'
motivational state, but the significantly linear relationship between the number of prey

caught with time (Fig. 3.1b) indicated that any depletion of prey could be considered to

be negligible.
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Figure 3.1. Example plots for one bird of a) rate of searching, expressed as the cumulative number
of probes made with time, within a single representative feeding trial (y=-8.812+1.187x, r?=0.998,
P<0.001); b) rate of prey capture, expressed as the number of cumulative prey captures with time,
within a single representative feeding trial (y=1.648+0.06x, r>=0.986, P<0.001).

Prey capture rates were significantly different in each of the six fields
(Fs575=3.365, P=0.019) and were correlated with the mean flock foraging densities in
each of those fields (Spearman rank Rs=0.928, n=6, P=0.038). However, there was

also a significant difference in search effort between the fields (Fs25=4.534,
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P=0.004), which showed an almost significant correlation with the ranked foraging
densities of the six fields (Rs=0.870, n=6, P=0.052). A re-analysis of the capture rates
controlled for these differences in search efforts by expressing the prey captures as a
rate per probe rather than a rate per second of foraging, to give reward rates. There was
no significant difference between the resulting reward rates in the six fields
(F5,25=1.414, P=0.254) and there was a positive but non-significant trend between
flock foraging density and reward rate (Rg=0.754, n=6, P=0.092). Therefore, it seems
that much of the difference in prey capture rates between fields could be explained by
higher search rates in the preferred fields. For analyses presented below I return to
expressing the birds' foraging success in terms of capture rate (captures per unit time)
rather than reward rate (captures per probe), so that I may then estimate how many prey
the wild birds can capture from each of the fields during a day's foraging.

Separating the total prey into the two main prey types revealed highly significant
differences in the numbers of each type captured in the six fields. The capture rate for
larvae differed between fields (Fig. 3.2: F575=3.78, P=0.011) and was found to be
correlated with the observed flock foraging densities in those fields (Rg=0.928, n=6,
P=0.038). In contrast, although there were significant differences in the numbers of
worms captured per unit time between the six fields (Fig. 3.2: F525=6.495, P<0.001),
there was no correlation with the foraging densities in those fields (Rg=-0.116, n=6,
P=0.795).

Plotting the experimental capture rates against the actual flock foraging
intensities in each field, rather than their ranked values, revealed a marked dichotomy in
their distribution, with fields either being very rarely visited or visited frequently (Fig.
3.3a). To explore this apparent 'foraging threshold', the amount of energy obtainable
from invertebrates in each of the fields was calculated. The energy provided by each of
the two main prey types was estimated by nutritional analyses (Appendix I: earthworms
= 24.63 kJ/g dry weight; leatherjackets = 23.76 kJ/g dry weight). These values of
energy per gram of dry weight were converted to energetic values per prey item using
mean dry weights of each of the two prey types, collected from soil core sampling

Chapter 5 & 6: Earthworms = 41.0x10-3g £ 1.3x10-3; Leatherjackets = 6.9x10-3¢ +
(Chap : ¢
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3.4 Discussion

Analyses of the foraging data support previous studies (Tucker 1992; Waite
1984) which have shown that pasture fields contain higher levels of invertebrate prey
than arable fields. More importantly, the results presented here demonstrate that not
only is a starling's choice of field linked to the amount of prey available, (e.g. Barnard
1980a; Goss-Custard 1970a; Waite 1984), but that is the availability of arthropod prey
which influences this choice. Earthworm availabilities apparently had little effect on a
starling's field preferences.

This conclusion assumes that the types and proportions of prey captured by my
experimental birds were a representative measure of the prey captured by starlings
feeding in the natural flock. As a result of being held in captivity the experimental birds'
feeding behaviour and prey selection might have changed (e.g. regular provision of an
artificial diet might have changed the birds' energetic and nutritional requirements). As I
pointed out at the beginning of this chapter (and see Chapter 5) it is not possii)le to get
sufficiently close to the wild birds to get accurate measures of their feeding behaviour.
Hence, had sufficient time been available, an alternative comparison of 'natural' and
'experimental’ prey captures would have required faecal analyses (e.g. Chough
Pyrrhocorax pyrrhocorax, McCracken et al. 1992).

Relating the field preferences to estimates of energy availability showed an
apparent 'foraging threshold' such that the starlings would only visit thos€ fields from
which they could obtain a certain amount of their DER from leatherjackets, rather than
earthworms. Starlings devote a considerable amount of time each day resting or
preening (C. Feare pers. comm.), but even if they had fed for the maximum possible of
eight hours, none of the fields would have been able to meet all the birds' DER from
leather;j arckets. An examination of the diet of starlings (Feare & McGinnity 1986) found
that they required 60% of their diet to comprise invertebrates, and the rest could be
made up from other, high-energy, sources of food, such as barley. My own
observations showed that the flock did not stay in the same field all the time (Chapter
2), but spent some time feeding in the farm buildings, or on flood meadows over the

river and beyond the range of my study site. Thus, although they concentrated the
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majority of their feeding effort in the preferred fields, the starlings gained further
contributions to their daily energy requirements from less preferred sites. Feeding on
high-energy animal feeds for some of the time may reduce the time necessary for
foraging and permit the starlings time for other behaviours, as well as reducing the time
they have to spend in areas where they may be at a higher risk of predation (Barnard
1980b).

Investigating the starlings' apparent preference for leatherjackets over
earthworms as a source of energy requires more controlled experiments. Nutritional
analyses (Appendix I) do not show any marked differences in the nutritional or
energetic quality of the two prey types. However, these analyses are based upon
invertebrate samples collected during the summer. The nutritional quality of the prey
may change at different times of year, and so the possibility of such nutritional
differences being an underlying cause of winter feeding preferences cannot be ruled
out. Goss-Custard (1977a) described a similar prey-type preference in redshank Tringa
totanus, in which the preferred prey were of less energetic value than other, less-
preferred prey. Although several mechanisms for this preference are discussed, Goss-
Custard concluded that the basis for it had yet to be determined. Further consideration
will be given to a preference by starlings for leatherjackets over earthworms in the next
chapter, in which other possible reasons for such a preference will also be discussed.

In addition to the availability of invertebrates and their contribution to the
starlings' DER, an additional factor influencing where the starlings preferred to feed
became apparent during experimental trials in the arable field. The high clay content of
the soil, combined with heavy rainfall during the experimental period, meant that the
starlings' beaks rapidly became clogged with wet soil which also stuck to their feet and
belly feathers. Foraging trials in this field were very fragmented as the birds allocated
time to attempts to preen themselves. I concluded that this would deter the starlings
from feeding in arable fields, particularly during wet periods, and in newly ploughed or
recently sown fields in which the soil structure is loose. In contrast, the more compact,
vegetated soil of pasture fields would seem to provide a more favourable foraging

substrate.
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3.5 Summary

I provided evidence in Chapter 2 that the starlings' field preferences could be
linked to physical features of the fields, but in this chapter I have also explained the
observed habitat preferences in terms of the availability of prey. This was quantified by
studying the foraging behaviour of individual birds allowed to forage in small cage
enclosures which were erected in a sub-sample of the fields available to the flock. The
experimental birds' capture rates in each of the fields were found to be significantly
correlated with the observed ﬂock foraging densities. This correlation was a prey-
specific effect, the flock showing higher foraging densities in those pasture fields
where the availability of larval prey types rather than earthworms was higher. This field
preference was also compared to the amount of energy obtainable from the two major
types of invertebrate prey. How changes in these prey availabilities might influence the

starlings' movements between feeding areas will be considered in Chapters 5 & 6.
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Chapter 4

Do starlings have a prey-type preference?

4.1 Introduction

In the last chapter I demonstrated a correlation between the fields used by the
foraging flock, and the availability of larval prey in those fields. The invertebrate
larvae were predominantly leatherjackets (Tipula paludosa), and although large
numbers of earthworms (Lumbricus spp.) were also available in some of the ﬁelds,
there was no correlation between their availability and the starlings' habitat
preferences.

The observed correlation between prey type availability and field preference
may have been due to a common preference of starlings and their prey for particular
soil types, which provide both a favourable environment for the larvae, and an easy
substrate for the starlings to probe. Alternatively the starlings may have had a dietary
preference for larvae, a possibility which can be explored more easily (e.g. Tinbergen
1981) than the more complex question of interactions between prey types and their
environment.

Prey choice can be influenced by a number of parameters which include
energetic and nutrient constraints (Goss Custard 1977b), handling time (Elner &
Hughes 1978) and encounter rate (Krebs et al. 1977). All these factors may explain an
observed prey preference, and will influence an individual's foraging strategy
(Stephens & Krebs 1986). However, before examining their role in diet selection it is
necessary to address the simpler question of whether a diet preference actually exists.

I decided to explore diet preference in the laboratory where birds, which had
experienced both prey types in their natural situation, could be brought into a more
controlled environment. A classic technique of examining diet selection and diet
composition has been stomach or gizzard-contents analysis (e.g. Al-Joborae 1979:
Dunnet 1956), but in measuring seed selection by pigeons Brown (1969) instead
advocated the use of controlled preference tests. He observed that indirect measures

of food-choice behaviour reflected limitations of the environment as much as the
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birds' preferences; thus, although Tinbergen (1960) was able to establish diet
preferences of tits Parus spp. by recording the prey items brought by adults to their
nestlings, the observed food preferences were still influenced by the availability and
abundance of particular food types. By exploring diet preference in the laboratory, I
was therefore able to eliminate all other correlates of prey type (e.g. availability in the
environment; soil penetrability), control the amount of recent experience of each prey
type received by the birds, and attribute any preference for one prey type over the

other to characteristics of the prey themselves (e.g. palatability, digestibility).

4.2 Methods

4.2.1 Subjects

Eight adult starlings were trapped from the Wytham population immediately
prior to the experiment. During the experimental period the birds were housed
individually in cages (0.78 m long x 0.55 m wide x 0.53 m high), in which they were
in visual but not auditory isolation from one another. Apart from during experimental
sessions and during preceding food deprivation periods the birds had free access to
food (turkey starter crumbs, Orlux softbill pellets and mealworms Tenebrio molitor)
and water. The same mixture of food was used as reinforcements during training
sessions. The reinforcements used in the experiment were natural prey types
(Earthworms, Lumbricus sp., and Leatherjackets, Tipula paludosa), collected from

the field and presented to the birds individually.

4.2.2 Prey

Live prey were collected from a permanent pasture field at the University
Farm, Wytham. Turves of soil 0.3 m x 0.3 m were cut to a depth of approximately 50
mm. These were then inverted onto large Tulgren funnels, constructed from sheets of
I5 mm gauge chicken wire placed over the end of sheet-metal funnels (diameter 0.5

m). These were positioned beneath 400 W greenhouse lights as a source of low
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intensity heating. As invertebrates emerged from the turves they were collected in
plastic pots, lined with damp paper, placed beneath the funnels. Each turve was left in
place for 24 - 48 h and the collecting pots were checked daily for invertebrates. The
invertebrates were then maintained in soil cultures at 4°C until needed for the
experiment. Immediately prior to being used in an experimental session wet weights

of each prey item were taken.

4.2.3 Apparatus

Experiments were conducted in the house cages. The end panel of each of
these cages could be replaced with an operant panel (Fig. 4.1a), which was put into
place for training and experimental sessions. At the centre of the panel was a
transluscent perspex pecking key (35 mm diameter, Campden Instruments) that could
be illuminated with white light from behind. A magazine for delivery of food was
positioned on either side of the key, at a distance of 28 mm. Each magazine (Fig.
4.1b) had a small rectangular dish for holding the reinforcements, access to which
was gained via a transparent perspex door through which the starlings were able to
see the prey. The door was hinged from the top and could be locked in the closed,
vertical position by an electromagnet, thus denying the birds access to the dishes. A
light bulb above each dish could be illuminated to indicate when the magazine door
was unlocked.

The operant panel was linked to an Acorn Archimedes microcomputer
running the Arachnid experimental control language (Paul Fray, Ltd.). The computer
controlled the presentation of stimuli and the reward contingencies, as well as

recording the birds' performances on training and test sessions.

4.2.4 Procedure
a) Magazine training

Prior to the start of training, the birds were given two days to settle in the
experimental cages, after which they were taught to feed from the magazines. Initially

the magazine doors were propped open, giving the birds free access to food in the
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Figure 4.1b: Magazine for delivery of food.
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dishes. Once they were feeding from the open magazines (usually after several hours)
the doors were gradually lowered so that the birds had to use their beaks and heads to
open them fully. By the end of Day 2 of training most of the birds could open the
doors and feed from the magazines, although some required an additional day of
training to become completely adept at this.

Once the birds had learnt to feed from the magazines, they were exposed to
the association between the magazines being lit and the doors being unlocked. Each
bird received three sessions of 40 trials each day for two days (Days 3 & 4). Before
the first session of the day, the birds were food-deprived for approximately five hours.
The birds were deprived again for about 45 minutes between each session. After the
third session the birds were given free access to food and water until the following
morning, when they were deprived again.

During trials the light in one of the two magazines came on for a reward time,
and the door was unlocked accordingly, giving the bird access to the reinforcement.
At the end of the reward time, the light extinguished and the door re-locked, denying
the bird further access to the food. After an inter-trial interval (ITI) one of the
magazines was illuminated again and the -door unlocked. The order in which the
magazines were lit was randomised. Initially the length of access to the magazine was
10 s and the ITI was 10 s. Over the course of the 6 sessions the period of access to the
magazine was reduced gradually to only 4 s and the ITI increased to 30 s. As the birds
learnt the schedule they became progressively quicker at gaining access to the
magazines and tended to feed for the maximum time allowed, therefore it was
necessary to reduce the reward time to prevent the birds becoming satiated too

quickly.

b) Conditioning
For the next three days (Days 5-7) each bird received two sessions of 30
conditioning trials each day. As before, the birds were food deprived for

approximately five hours prior to the start of the day's sessions, and were further
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deprived for about one hour between each session. Again they were given ad lib. food
and water once the day's sessions had been completed.

The schedule for each trial was programmed as follows. A trial began with
presentation of the stimulus (a white light) on the pecking key. A fixed interval (FI)
schedule was programmed on the key such that the first peck made by the bird on the
key, after the FI had timed out, extinguished the stimulus. There was also a maximum
time limit after which the light extinguished independently of the behaviour of the
bird. After this maximum time limit, or earlier if the bird had pecked the key, the light
was extinguished and the light in one of the two magazines lit to indicate that the
magazine was unlocked and therefore available to the bird. After a programmed time
interval this light was extinguished and the magazine door re-locked. This was
followed by an ITI during which no stimuli were presented. In summary, if the bird
did not peck the key, as was the case at the beginning of training, it experienced the
full period of the stimulus followed by reinforcement. Once the bird pecked the key
this pecking behaviour was reinforced by the food being made available sooner.

For these trials the FI was 0.5 s and the maximum time limit 11.5 s (i.e. the
schedule would expire after a total of 12 s unless the bird pecked before this time), the
length of access to the magazine was 4 s and the ITI was 60 s. All the birds

autoshaped to pecking the key and learnt the schedule of reinforcement.

4.2.5 Experimental design

The last two days (Days 8 & 9) were test days. One prey type was allocated to
each magazine such that half of the birds received leatherjackets on the right and
earthworms on the left, and the remaining four birds received them on the opposite
sides. Each bird received one test session per day, and was food-deprived for five
hours prior to testing. Each session comprised 12 blocks of three trials. The schedule
for these trials was the same as for the conditioning trials, except that there was no
maximum time limit. Hence the bird did not receive any reinforcement until it had
pecked the central key. The first two trials of each block were forced choice trials so

that by pecking the key the bird gained access to only one of the magazines. On the
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first trial it was able to open the magazine on one side of the pecking key, and on the
second trial the reinforcement on the other side of the key was made available. On the
third trial the birds were given a simultaneous choice, such that pecking the central
key illuminated and unlocked both magazines simultaneously. However, as soon as
they opened one magazine, the light in the other one was extinguished and the door
locked. If the bird had failed to open either door by the end of the four second reward
time, both lights were extinguished and the doors relocked. The order of presentation
of forced trials Was alternated between blocks, and after the sixth block the side on
which each prey type was presented was swapped in order to control for any side
preference the birds may have had.

On Day 8 the birds were given a choice between whole leatherjackets (mean
weight = 0.058g, C.V. = 57.5%) and whole earthworms (mean weight = 0.651g, C.V.
=72.9%), but on Day 9 the earthworms were cut into pieces (mean weight = 0.048g,

C.V. =53.1%) of a similar size to leatherjackets.

4.2.6 Data analyses

Prey type preference was quantified in two ways:

1) For each bird, the number of times the leatherjacket magazine was opened during
each choice trial was expressed as a proportion of the total number of choice trials.
These proportions were then compared in a one-sample t-test with an expected
proportion of 0.5, which would have been observed if the birds had shown no
preference for either of the prey types.

In conducting the above analysis, I assumed that the birds had learnt
immediately the position of each of the prey types. However, it is more realistic to
assume that they required some time to learn these positions, and so I repeated the
above analysis , using data only from blocks 4, 5 & 6, and blocks 10, 11 & 12, i.e. the
last three blocks in which leatherjackets were presented on the left and earthworms on
the right, and the last three blocks in which leatherjackets were presented on the right

and earthworms on the left.
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2) For each bird, the number of trials (forced and choice) on which it ate a prey item
was expressed as a proportion of the number of times it had an opportunity to do so
(i.e. the number of times it gained access to the reward by opening the magazine
door). These proportions were compared for leatherjackets and earthworms in a
paired t-test.

In both cases, separate analyses were done for the two types of choice (whole
leatherjackets versus whole earthworms, and whole leatherjackets versus pieces of
earthworms). Arcsine square-root transformations of the data were performed where

necessary to normalise the data.

4.3 Results

Of the eight experimental birds, only seven completed testing. Although the
eighth bird was successfully trained, it failed to respond during test sessions and was
excluded from the experiment. Therefore, for statistical analyses the number of

subjects was seven.

4.3.1 Proportion of choices as a measure of prey preference

When presented with a choice between leatherjackets and whole earthworms,
analyses of all the trials did not demonstrate any significant difference between the
proportion of times leatherjackets were chosen (53.6%) and the proportion expected
(50%) if the birds had been choosing at random (1=0.743, n=7, P=0.484). Similarly,
the birds showed no choice preference (leatherjacket choices = 56%) for either prey
type when presented with leatherjackets, and pieces of earthworm of a comparable
size (t=0.975, n=7, P=0.367).

In contrast, restricting the analysis to the last three blocks of each of the two
arrangements of prey revealed a significant preference for leatherjackets (73.9%) over
whole earthworms (Fig. 4.2: t=2.985, n=7, P=0.025). When presented with
leatherjackets and pieces of earthworms, the birds showed no preference

(leatherjacket choices = 52.3%; Fig. 4.2: +=0.217, n=7, P=0.835).
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4.3.2 Number of prey eaten as a measure of prey preference

Analyses of the number of trials on which the birds actually ate each of the
two prey types revealed a highly significant preference for leatherjackets over whole
earthworms (Fig. 4.3: t=18.715, n=7, P<0.001). Indeed, observations showed that
only one earthworm was ever actually consumed. When presented with leatherjacket-
sized pieces of earthworms, the birds ate more of these than they had of whole
earthworms, but they still ate significantly more leatherjackets (Fig. 4.3: t=3.513, n=7,

P=0.013).

4.4 Discussion

Initial analyses of the proportions of leatherjackets chosen during the
simultaneous choice trials did not provide evidence for a prey-type preference, but
restricting analyses to later choice trials did reveal a preference for leatherjackets. A
lack of preference during early trials may have been due to it being over-ridden by the
birds' hunger, such that the larger earthworms were chosen until the birds were
sufficiently satiated to be able to exhibit their preference. However, the very small
number of earthworms eaten provides weak evidence for this as an explanation and it
is more likely that the initial lack of preference was due to the birds having to learn
about the positions of the prey.

Despite the evidence for this preference, elucidating the cause of it is beyond

the scope of the experimental data, although certain possible causes can be discussed.

4.4.1 The size of prey

The increase in the number of earthworms which were chosen and eaten when
presented as pieces, rather than as whole items, suggests that the size of prey item
may be a factor contributing to the starlings' choice of prey. Larger prey will be more
profitable, but this may be counteracted by the extra handling time required. My own
observations of birds feeding in the field have shown that they may spend several

minutes wiping a worm on the grass, possibly to break it up into a more manageable
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size. Larger prey items may also create a 'digestive bottleneck’, a possibility which is
discussed in more detail below.

A more controlled test for this effect of size would have been achieved by also
cutting up the leatherjackets, but the small size of many of these prey made it difficult
to do so effectively. A more direct test of the effect of size would have been to present
the birds with different sizes of the same type of prey. However, despite some natural
variation, the range of sizes of leatherjackets was too small to provide a suitable
sample with which the birds could be tested, necessitating the use of earthworms
instead. From observations made during the experiment, it seemed that the birds were
very reluctant to feed on earthworms, despite being food-deprived for a considerable
length of time, and it is doubtful whether the birds could be encouraged to feed on
them sufficiently in order-to obtain the necessary observations. Although artificial
food could have been used it would have been very difficult to mimic the
characteristics of natural prey which make the handling of larger prey items more

awkward.

4.4.2 The quality of prey

Prey preference may have been due to nutritional factors, but analyses of
samples collected from soil cores during the winter showed both prey types to have
water contents of approximately 80% (Appendix I), and specimens collected during
the summer breeding season did not show any significant differences in the energetic
or nutritional content between the two prey types (Appendix I). Despite this lack of
differences, Wright et al. (unpublished data) found that starling chicks which received
a greater proportion of earthworms in their diet fledged at lower body weights than
those achieved by chicks fed on a similar biomass of larval prey. Therefore, it appears
that earthworms are in some way an inferior quality food item, possibly owing to the
relatively large quantities of soil in their gut, or to their mucus coating, both of which
may also make them less palatable. Tinbergen (1981) showed a similar result of

feeding inferior quality food to chicks, but in his study it was the leatherjackets which
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were the less preferred prey, the starlings preferring to take caterpillars of the Antler
Moth Cerapteryx graminis.

One possible consequence of these nutritional differences is a difference in
digestibility. Kenward & Sibly (1977) explained a feeding preference in woodpigeon,
Columba palumbus, by a digestive bottleneck when the birds fed on brassicas.
However, an analysis of breakdown rates of food ingested by starlings (Coleman
1974a) showed that earthworms disappeared from the gut more rapidly than the other
food items in the experimental diet, which included adult and larval beetles, spiders,

weevils, Lepidopteran larvae, and wheat grains, but not leatherjackets.

4.4.3 Previous experience of prey types.

Given that the individuals used in this experiment were wild-caught, their
choice in the laboratory may have been a reflection of the amount of experience of
each prey type they had received in the field. If, for example, they had had more
experience at handling leatherjackets, they may have learned to deal with them more
efficiently than they could earthworms. Such specialisation for particular prey types
was shown by Goss-Custard et al. (1988) who demonstrated that oystercatchers
(Haematopus ostralegus) either became 'hammerers' or 'stabbers' of mussels and
selected an appropriate size class of prey type accordingly.

It is possible that encounter rates for earthworms are lower than for
leatherjackets. Soil core analyses have shown that leatherjackets are more abundant
than earthworms in one of the most preferred pasture fields, and this field certainly
yields higher capture rates for larval prey types. McCracken (pers. comm.) observed
that leatherjackets in his study area (Islay, Scotland) always stayed in the top 20 - 30
mm of soil whereas earthworms migrated up and down the soil profile. He proposed
that these behavioural differences may make leatherjackets easier to locate and more
consistently available to foraging birds than earthworms. These behavioural
differences may be particularly marked when the invertebrate prey are disturbed:
earthworms can retreat very rapidly down the soil column when attempts are made to

extract them from the ground (pers. obs.).
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Observations of the birds during experimental sessions showed that some
individuals were initially extremely wary of approaching the earthworms. Relating
this to the field situation, it is unlikely that the starlings encounter many whole live
earthworms above the surface of the soil. Those that do occur above the surface
during the day are likely to be moribund, and probably an unsuitable prey for the
birds. Individuals allowed to forage in experimental enclosures occasionally failed to
eat worms that they had extracted from the soil, although they usually spent some
time wiping them on the ground. This was also observed by East & Pottinger (1975),
who attributed this behaviour to attempts to remove the earthworms' mucus coating,
which may be a deterrent for the starlings. Although starlings may spend some time
also wiping leatherjackets on the ground, possibly in order to break the skin
(Tinbergen 1981), these prey were always eaten once they had been extracted from

the ground.

4.5 Summary

A choice experiment, conducted in the laboratory, provided strong evidence
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