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"... Thinking of these flocks, and at still further remove I
noted that my great namesake of Selborne defined 15 September in his
Neturalists' Calendar with the few words: 'Ivy fl., Starlings
congregate.' And so they did. The Starlings and felts were
already in their congregations, and as Rooks were, thus causing many
short-sighted shooters to wonder if the second of them were not
coveys of Partridges. But note the verb he used. Starlings
'congregate’. One could be struck into e kind of muse, thinking
thet Starlings have been upon the face of the earth longer than man
has been, and wondering what kind of yearly business is transacted
at these moots, sc much more ancient than the witangemoot from which

we trace our dying human parliaments ...."

From 'The Goshawk' by T. H. White
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(iii)

This study set out to investigate the roosting behsviour of the
Starling at rural roosts and in particular to examine the mechanisms of
roosting. It was hoped that insights into the function and selective
advantage of the socicl roosting habit would be gained through an under-
standing of the mechanics of roost entry and departure.

Estimates of the sigze of Qajor winter roosts were obtainea regularly.
tandom samvles of birds were shot, from within one roost, in order to
determine the age, sex and origin of the roosting population. Emphasis
was placed on the measurement of the light regime together with the
observation and timing of roost entry and dispersal. HMultivariate
analysis was used to investigate the variation of several aspects of
roosting behaviour with respect to environmental factors.

Small Starling roosts, occupied during the early autunn, amalgamated
to form major roosts, which served large catchments, throughout the winter.
At that time of year the resident population was swollen by the arrival of
Continental birds. These Continentals constituted 50% of all birds shot
at the one roost exzamined and the sample contained fewer males than did
the sample of British birds. The pettern of roost entry varied according
to light and weather conditions. The time of entry also varied, being
later relative to civil twilight in the middle of the winter. Departure
from the rcost in the morning was earlier when daylength was shorter.
loreover, departure vaves were legs numerous and of smaller total duration
at that time of year.

The various hypotheses on communal roost functions have been examined
in the light of the information gained during this study. The mechanism
of wave dispersal, from the communzl roosts of Starlings, does offer the

opportinity for roosts to act as "information centres" for food finding.
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SECTION ONE

INTRODUCTION

A. THE BACKGROUND

Epinas (1878) was one of the first to suggest that feeding
aggregations, through an increased ability to perceive and escape
danger, vere an adaptation to increase security. Furton (1968) found

that solitary Wood Pigeons (Columba palumbus) spent more time looking

around than flock birds. He interpreted this finding as individuals
looking for conspecifics., Lazarus (1972) has guestioned this inter-

pretation since in flocks of White-fronted Geese (Anser albifrons),

containing between 100 and 300 birds, individuals in the larger flocks
still spent less time alert. In such large flocks it does not seem
likely that birds are looking for conspecifics, since they are
surrovnded by so meny. Powell (1974) found that the amount of time

individual Buropean Starlings (Sturnus vulgaris), subsequently referred

to simply as Starlings, wvere vigilant declined as flock size increased.
Although each individual bird in the flock had more time in which to
feed (or carry out other activities), the flock as a vhole was quicker
to detect and react to danger.

Two important consequences of flocking are thus that: (1) more
time is available for non-alert activities and (2) flocks cen detect
and react to dangers more rapidly than individuals. lioreover, several
mathematical models (e.g. Hamilton 1971) have suggested that the
detection of prey by & predator is less likely if the prey are in flocks.
The advantage of grouping increases as the probzbility of an individuel
being detected increases. Even once a flock has been detected, it is
8%ill advantageous to remain closely grouped since clumps are more
difficult to attack (Lack 1954, Crook 1960, Hamilton 1971).

Given that, in terms of reduced predator risk, forming aggregations
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has such advantages, it is surprising that all species do not group.

In recent years,increasing favour has been placed on the idea that
sociality has evolved as a strategy for exploiting food resources,
since dispersion systems are more divergent than one would exﬁect
solely on the grounds of predation (Crook 1965, Lack 1968). Iurton
(1971) has pointed out that being in a flock can influence the food
selection of individual Wood Pigeons and therefore the individuals
feeding efficiency. Krebs, MacRoberts and Cullen (1972) have shown
ezperimentally that Great Tits (Parus major) in flocks feed more
efficiently than individuals; Kruuk (1972) and Schaller (1972) state
that groups of predatory mammals are more effective in catching prey
than individuals. Murton therefore talks of food being the "primary"
reason for flocking, but Lazarus (1972) rightly points out that this is
a simplistic view and that both fectors are undoubtedly important.
Predation is a unifying force all the time, but the faect animals do not
always aggregate does not mean that it is less important than feeding
efficiency, vhich as a selection pressure, could act to promote or
discourage flocking.,

The dispersion pattern, and prey response of food items, may mean
that aggregations are incompatible with profitable feeding, For example,
Goss~-Custard (1970) has suggested that limicoliné waders, which rely on
tactile clues to obtain their food, can feed at high densities since
having other birds nearby does not alter the density of availeble prey,
or the birds ability to respond to cues. In "sight" feeders, however,
not only could the prey response to high densities of predator cause a
reduction in available prey, but the mere presence of other birds could
interfere with an individual's response to cues. Both "touch" and
"sight" feeders form large flocks at high tide roosts when the feeding
disadvantages to the "sight" feeders no longer operate.

Much of the speculation concerning the gregarious habit has




centred on aggregation one step removed from the food source; that is
to say, either at communal breeding or roosting sites. At first it
wvas argued that breeding colonies were sclely an adaptation to reduce
predation since no direct link between these gatherings and feeding
strategies could be seen. It was emphasised that the remarkable
synchrony within the breeding colony wvas an adaptation to ensure breed-
ing at the "correct" time and also to swamp predation (Ward 1972).

One adventage of flocking, with respect to predation, is that
flocks are more difficult to locate than evenly dispersed individuals
(Hamilton 1971). This of course assumes that flocks of prey are
mobile; 1if they are static for long periods of time, as are breeding
colonies of necessity and many communal roosts by choice, then one of
the main advantages of grouping would seem to be lost, The predator
would always know where to find some of its prey and clumping would be
a positive disadvantage.

Crook (1965) and Lack (1968) both have pointed out that, with only
one or two exceptions, birds which feed in flocks tend to breed in
colonies. They suggest that sociality has evolved as a strategy for
exploiting food resources vhich are spatially and temporarily dis-
continuous, Such an explanation does, however, require the breeding
colony to have a positive influence on food finding.

Several possible advantages of birds adopting the communal, as
opposed to solitary roosting habit, have been suggested. Kalambach
(1932), Rowan (1938) and Delvingt (1961) considered temperature to be
an important factor in Starlings. Both choice of roost site, and the
clustering together of animals, serves to reduce heat loss by radiation

and convection. Some species, such as the Yren (Trqglodytes troglodytes)

and the Tree Creeper (Certhia familiaris) (Armstrong 1955, Lohrl 1955),

cluster together to roost in cavities during the winter end this is

almost certainly an adaptation to reduce heat loss.



Many species vhich feed in flocks ~lso roost comminally, Fogden
(1970) has showm, for certain species of bird found in the Sarawak rain
forest, that those species which feed in flocks also roost socially.
Those species feeding solitarily, on an evenly dispersed food supply,
roost singly. Since predation and shelter present a somevhat unitary
selection pressure on dispersion, all species might have been expected
to roost communally.

The close correlation of feeding and roosting dispersions seems
to indicate that roosting might also have evolved as a strategy for
exploiting food resources. Again it reguires some positive influence
of behaviour at the roost with the subsequent location of food.

YJard and Zahavi (1973) have suggested a mechanism by which
individuals at a breeding or roosting aggregation could derive inform-
ation on the distribution of fcod. Individuals which know the location
of suitable patches of food will leave the aggregation purposefully.
Individuals which do not know the location of suitable food will hang
back. They will see the direction in which successful individuals
depart and will in consequence follow, thus locating food., As the
gpatial distribution of a patchy food changes, so the need to change
direction to new feeding grounds will be produced. Evidence for the
information centre hypothesis is aainly anecdotal or indirect and much
further work is needed in its confirmation or discredit.

Krebs (1974) tried to test this hypothesis as directly as possible

at a breeding colony of the Great Blue Heron (Ardea herodias). His

findings do not contradict Ward and Zsghavi's theory, but neither do they
give it much positive support. He states that neighbours in the colony
are more likely to be found feeding in the same area than one might
expect and that departures from the colony occur in clumps. The fact
that harons are attracted to other herons on the feeding grounds, and

that feeding success increased with increasing flock size, coula
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function to enhance the exploitation of an ephemersl food supply without
requiring colonial nesting.

In Great Britain the Starling is probably the species with the most
highly developed social roosting habit. Not only are its roosts
extremely large, but the pre- and post-roosting behaviour is highly
developed and shows many adaptations. The Starling therefore seems the
most logical species to study in order to answer fundamental gquestions

on the function and mechanics of communal roosting.

B. TIHE STARLING AWD THE SCOPE OF .THIS STUDY

The Starling breeds in most of Europe except for Snain, southwest
France and western Greece, vhere it is replaced by the Spotless Starling
(S. unicolor). In Britein, southern and western Burope, the Starling
population is predominantly resident. Birds breeding in Scandinavia,
northern and eastern Europe do however move south and west to winter
(Goodacre 1959). At this time the Starling population in this country
reaches an estimated 37 million birds, about five times the breeding
population (Potts 1967).

During the last century the Starling was regarded as an uncommon
species in much of Great Britain. Both Harvie-Browm (1895) and D'urban
and Mathew (1895) record it as a rare species, and largely unknown as a
breeder, in Scotland and Devon respectively. Similarly, in nuch of
tfales the Starling was uncommon and regarded as a winter visitor
characteristic of snow and cold weather (Davies 1949). Since then it
has not only extended its range northwards and vestwards,but has elso
colonised much of North America, after its initial release in Central
Park, New York in 1897.

It has been suggested that the major factor contributing to the
rise of the Starling population is the increasing number of birds
wintering on their breeding grounds or between their breeding grounds

and their previous wintering areas. Some, but not all, first summer




female Starlings are capable of breeding whilat fev
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are pyysiologically able to breed. Bxperiments have shown that
increased proportions of male and female Starlings breed in their first
summer and th?t birds more than two years old show significantly
premature gonadal cycle if migration fails to take place. The reduction
An the level and extent of migration in the Starling over the past
century has therefore, it is claimed, resulted in an early increased
number of breeding first year birds and second broods in older birds
(Berthold 1968). Coulson (1960) was unable to demonstrate any
gignificant shift in the adult mortality rate between 1926 and 1952.
It therefore seems likely that the increased breeding potential of
resident populations could heve contributed to the increased population
density and distribution of the Starling in both Europe and America.
Starlings may nest solitarily, but more commonly form small loose
colonies of from 2 to 10 pairs (Kessel 1957). Hegts are usually
situated in holes or crevices. The first clutch is laid in early April
and contains from four to seven pale blue or white eggs. This is
usually followed by a second smaller clutch in late liay (Dunnet 1955).
The Starling is predominantly an insectivore and its bill is well
adapted to probing the ground for prey. Duunet (1955) found that,
during the breeding season, over 80% of the food obtained by Starlings
consisted of "leather jackets" (the larvee of Tipulidae). Then insects
became difficult to obtain in the autumn, when lavae had hatched, or
during the winter, when snow cover or frosts could reduce prey
availability, alternative foods such as grain were turned to (Dunnet
1956). The Ministry of Agriculture (Anon 1966) conclude that, in terms
of the food eaten, the Starling is of net benefit to egriculture, but
can cause local damage during the summer to fruit crops such as cherries.
To date most descriptions of roosting in the Sturling are of an

anecdotal nature. It is not until observations have been vlaced on a



quantitative basis that behavioural variztion can be assessed and comment
made on the selective advantage of sociel roosting. This study could
have hoped to shed only a little light on the more fundamental questions
but was intended to describe, in qualitative and cuantitative terms,the
pattern of roosting behaviour in the Starling and to investigate some of
the factors influencing its variation, The following brief review of
the literature on the roosting behaviour of the Starling aims to identify
the gaps in our present knowledge and to outline the aims of this study.

Fuch of the early work on Starling roosts was carried out by
Marples (1934). During the winter of 1932-33 he organised & survey of
the Starling roosts of Great Britain. Local observers were asked to
complete a questionnaire as to the size, locatior and period of
occupation of roosts used by Starlings that winter. A total of 285
roosts, each containing more then 500 Starlings, were reported. All
roosts, except for five, were situated in areas below the 183m. contour.
Many of the roost sites had been used in previous years; 107 had been
occupied for more than ten years snd some had been in existence, with
only minor breaks, for as long as 100 years. Season variations were
apparent in the roost sites chosen by Starlings. Reed beds and decid-
uous trees were favoured during the autumn, but were usually deserted
for evergreen shrubs or coniferous trees in the winter months.

The roosting together of large numbers of Starlings in sheltered
voodlands (often conifers) can result in damage to timber, which is often
being grown for commercial reasons. The layers of droppings wvhich form
are high in nitrogen and can result in a reduction in the quality of
timber and the growth rates of trees, as well as scorching vegetation
and smothering ground cover. The sheer weight of numbers of birds
perching can also damage branches and distort future growth. To avoid
danage attempts are frequently made to disrupt roosts. The methods

employed are often expensive and,to be successful,need to be carried



out over a long veriod of time (Brough 1969).

Several species of bird, including the Starling, normally fly
from distant feeding grounds to their roosts in straight lines
(Marples 1932). This enables roosting sites to be readily located
and the catchment area which they serve to be defined (Wynne-Edwards
1929 and 1931).

Symonds (1965) made regular counts of a Stazrling roost at Felpham,
Sugsex, over three winters. His data indicate that the roost was
occupied from September through to April, with peak numbers present
between December and February. Potts (1967) gives the seasonal
variation in size of eight urban roosts. Five (Birmingham, Bristol,
Nevicastle, Liverpool and Manchester) conform to the pattern found by
Synonds. Three (London, Dublin end Huddersfield% hovever, contained
most birds in the early autumn and then declined progressively over the
winter period. The increased number of birds at roosts during the
vinter probably results from the arrival of Continental birds from
Scandinavia and eastern Europe from autumn onwards. A possible reason
for the difference between the London roost and the others can be found
in the results of Cramp, Perrinder and Richards (1957). On the basis
of ringing returns they concluded thet London roosts did not contain
large numbers of Continental birds.

It is not clear to what extent Continental Starlings use the same
rural roosts as resident Sterlings and if seasonal changes in roost size
could be explained solely in terms of reproduction and immigration.
lioreover, since Ilarples data on changes of roogst locetion were derived
from questionnaires, they might in part be due to observer bias. There
wvas a cleer need for the roosting sctivities of Starlings to be followed
throughout the year in one area.

Delvingt (1963) described the stepwise progression of Starlings from
their feeding grounds to their roosts. He stated that initially

Starlings congregated in gmall flocks near their feeding areas. They




then moved along regular flight lines, stopping ot secondzyy cnd
tertiary g.thering points a2long the wey where they were joined by other
flocks. Finally Starlings assemble into large flocks or preassemblages
near to the roost before actually entering the roost (Wynne-Edverds 1929,
Bastwood, Isted and Rider 1960). Davis and Lussenhop (1970) provided
data on the light levels associated with different stares in the
Starlings' progression towards the roost. Although 1light was not
clearly correlated with arrival at the roost,a function of light and
time did cause birds to stop feeding and btegin to move towards the roost.

Preassembled flocks often perform erratic flights near to the roost
and 'lynne-3dwards (1962) believed that these were of an epideictic nature
and stimulated the zdjustment of population levels. ard and Zahavi
(1973), however, advocate that these displays serve to advertise the
precise location of roosts.

Symonds (1961) studied some thirty roosts in Shropshire over an
eight yeer period and was able to classify them in terms of final entry
behaviour and size. At roosts containing less than 20,000 birds, entry
vas made immediately on arrival, small flocks and groups dropping
directly into the roosting cover. In roosts exceeding 20,000 birds, but
containing less than 250,000, Starlings preassembled nearby until around
sunset when they entered by what Symonds called a "to and fro" method.
Roost sites serving more than 250,000 Starlings were entered from the
éreassembly points by a continuous stream of birds.

Although many earlier workers investigated the effect of single
environmental factors on roost entry none were able to demonstrate sig-
nificant relationships. It was decided to investigate this problem
further using a multivarizte approach. In addition, differences in
various aspects of arrival behaviour at the preassembly points and on
entry to the roost were examined. Since there is no published

information on the behaviour of Starlings within a roost, an attempt was




made to cescribe certain behavioural aspects of roosting in the Starling.
To date little quantitative work has been carried out in the worning
dispersal of birds from their communal roosts. lynne-kEdvards (1931) and
Boyd (1932) were the first to state that Starlings leave their roosts in
discrete groups or departures; several departures going to form the
complete exodus. Using radar, Elder (1957) and Ligda (1958) were able to
note point echoes which expanded to form an annular "ring of pearls" and
to associate these "ring angels" with the morning exodus of Starlings and

Red-winged Blackbirds (Angelaius;phoeniceus).

Attempts to correlate the time of dispersal with environmental
factors have only met with limited success. Eastwood, Isted and Rider
(1962) were able to explain 21% of the variation in the time of expansion
of the first departure weve in terms of cloudcover. They were of the
opinion that light intensity measurements would have been a better
correlate but were unable to obtain this information. Vlynne-Edvards
(1962) believed that each departure was a persistent social unit. He
investigated the timing mechanism governing departures and concluded that
it was a compromise between a light intensity trigger and a physiological
rhythm, The variation in the size of departures and their temporal
spacing has previously received little attention and this study was
expanded to study the variation of these phenomena with respect to
environmental factors, using a multivariate approach to their analysis.

This study sets out to fill some of the gaps in our present
knowledge of the roosting behaviour of the Starling and in particular to
invesiigate the mechanisms of roosting in the Starling, It was hoped
that insights into the function and selective advantage of the social
roosting habit would be gained through an understanding of the mechanics
of roost entry and departure and a knowledge of the factors influencing
these aspects of behaviour. Although during this investigation a total

of 173 roost entries and 181 roost departures were observed, the data
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collected has been limited by two major practical problems. First,
during the last two winters of the study the major roost was situated

in an area in which it was not possible (due to lack of co-operation
from the landowner) to carry out the desired observation and sampling
programme, Secondly, working at roosts containing many thousands of
birds poses certain difficulties in observing and sampling the population
at a sufficient intensity. Thus it was not usually possible to carry
out more than one task and collect more than one type of information on
each visit.

C. THE STUDY AREA

This study wes carried out between October 1969 and September 1972
within two study areas in the counties of Durham and Northumberland.

Initielly the study was based on the "Durham" study area which
extended for some ten kilometres around Durham City (liap 1). The
valley of the River VJear crossed the area in a NE/SH direction.
Although the river bed itself was less than 100 m. wide in this section,
the valley was two kilometres or more in width for much of this length.
To the west of the Wear valley the land rose rapidly, attaining a height
of some 200 m. at the edge of the study area. In contrast, the slope
to the east of the valley rose more gently, reaching.approximately 150 m.
Underlying coal measures provided the major industry of the arca until
the decline of the mines in the 1950's. Arable crops oi barley, oats
and vheat dominated the low lying section of the study area, together
with some dairy farming. Livestock rearing was, however, the
predominant agricultural activity on the higher ground to the east and
west. Woods occurred rarely in the study area, being mainly deciduous
trees in the valley bottoms, and coniferous plantings on the more open
sites,

Due to certain difficulties in carrying out some asgpects of the

work in the Durham study area, half of the last winter's field season



MAP 1

THE "DURHAM" STUDY AREA

Major Starling roost sites occupied between
October 1969 and November 1971:

1. Cornforth

2. Croxdale

3. Hett
4., Lambton
5 Newton Aycliffe
6. Plawsworth
7. Sherburn
8. Sherburn Quarry
9. Viewly Grange

10. West Rainton
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was spent in Northumberland. The "Northumberland" study area (Map 2)
extended some 20 kilometres to the north, and 10 kilometres south of

the town of 3elford, and stretched some 10 kilometres inland from the
coast. The seaward, low lying, edge of the study area consisted of a
coastal plain wvhich varied in width from two to four kilometres. Inland
from this plain the ground rose gently into hill land bhetween 75 and

100 m., in height. Barley, oats and turnips formed the main agricultural
crops of the coastal plain, but these soon gave way to sheep grazing on
the hills further inland. Deciduous woods were almost non-existent in

the area, but several coniferous woods and shelterbelts had been planted.



MAP 2

THE "NORTHUMBERLAND" STUDY AREA

lMajor Starling roost sites occupied between
November 1971 and liay 1972:

1. Bradfield Kaims

2. Cheswick

3. Newham
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SECTION T30

HETHODS

A, ROCST OCCUPATION WD LOCATION

The direction of flight in the evening was used to locate roosts
within the study area. A vantage point within the study area was
taken up approximately one hour before sunset. The direction of all
moverents of Starlings (and flock sizes) were noted. If any obvious
movement of birds occurred early in the observation period the observer
moved to another site, in order to obtain an additional bearing on the
roost. By plotting the direction of flight lines noted on several
evenings on a 1:63360 Ordnance Jurvey map it was possible to locate the
general area in which the roost was situated and to define the catchment
of each individual roost. T~e precise location of each roost was deter-
mined by observations made at the focus of the converging flight lines.

The method adopted in counting the number of Starlings occupying
a roost wvas dependent on the size of the roost. At small roosts of
less than one thousand birds it vas possible to count individuals as
they entered the roost. 4t roosts containing more than one thousand
birds the numbers entering at any one time was too large to count
directly and a method of estimation had to be adopted. A "block" of
10 or 100 birds (depending on the size of the flock being estimated) was
counted and the size of the flock estimated by comparison of the area
covered by the flock with thazt of the block counted. Counts at the
major winter roosts were made at anproximately fortnightly intervals
throughout the period of roost occupation.

In order to link changes in roost size to the migretion and breeding
cycle of the Starling, samples of birds were shot in the evenings inside
the roosts. Due to lack of co-operation from the owner of the major

winter roost site in the Turham study area samples were only obtained

from one roost; at Cheswick, Northumberland (Hap reference NU 017472),




on nine dates between 27 January end 12 April 1972, A double
barrelled .410 shotgun with 2" No. 7 Cartridges was used. Larger
shot or cartridges caused too much damage to bodies, Large numbers
of birds could be obtgined quickly by firing at concentrations of
perched birds. It was felt that obtaining samples in this way gave

a random and unbiassed sample of the population. In order to minimise
disturbance at the roost, samples were collected at approximately fort-
nightly intervals.

After collection, birds were taken back to the laboratory where
they were labelled, weighed and the colour of the bill noted
(especially the extent of any yellow on the upper and lowver mandibles).
After this preliminary examination, birds were placed in polythene bags
and deep frozen. Subsequently, further notes on plumage and
measurements of wing, bill, tarsus and the extent of iridescence on the
throat hackles were made, Birds were then dissected, sexed and their
gonads measured. Using the information given by various authors
(Bullough 1942, Dunnet 1956, Davis 1959, Delvingt 1961 and Perdeck
1967) combinations of factors were used to categorise birds on age, sex
and origin (British or Continental). Length of iridescence on the
throat hackles was used to age Starlings sexed internally. Irales with
hackles iridescent for 11-15 mm. of their length were considered adults,
those between T7-10.5 mm. juveniles; similarly females between 7-10mm.
were classified as adult and between 2-6.5 mm. as juveniles. In the
spring resident 3ritish Starlings mature earlier than Continentals,
this is reflected in changing mandible colour. During Jenuary and
February those birds with more than half of their upper mandible
yellow were considered to be British. In March and April only those
birds with more than half of their lower mandible yellow were considered
to be British.

B. ARRIVAL AND ROOST ENTRY

General observations on arrival and entry behaviour were made




using Zeiss 10 x 50 binoculars and either noted directly into = field
notebook or dictated into & Philips portable tape recorder for
transcription later. Estimates of the heights at which birds arrived
at the roost were made by comparison with objects, such as telegraph
poles, of known height.

At each visit to a roost a note was made of (i) cloudcover in
octeres, (ii) cloud type, (iii) wind direction, (iv) estimated wind
strength on the Beaufort scale, and (v) occurrence of precipitation.

In addition more detailed weather data were obtained from Durham
University and from R.A.¥. Acklington depending on the study area being
used.

Light intensity measurements vere made using an Bel photometer
directed at the zenith, either (i) by the observer noting scale readings
at approximately minute intervals, or (ii) by continuocus monitoring on
a Rustrack chart recorder of the potential difference across the
photometer head. The latter method reduced the number of tasks
required of the observer. The apparatus is described in Appendix I.

In order to obtain accurate timings of the arrival and entry of
birds into the roost a position which gave a clear view over the roost
was chosen. Several such pogsitions existed end the one used on a
particular evening was chosen to give a good view of the roost and the
me. jor preassembled flock. The time of entry of individual flocks was
noted to the nearest thirty seconds using a wrist wetch which was checked
daily egainst the Greenwich time signal. liore accurate timings were
not possible since the size of individual flocks was being counted or
estimeted.

C. ROOSTING B:HAVIOUR

Because of the nature of the vegetation used as roost sites, it

was not possible to observe the behaviour of birds within the roost

for most of the year. However, for a short period in the autumn, when



the leaves of deciduous trees were being shed, and before these roosts
were abandoned for sites in conifers, it was possible to make some
observations and to measure certain aspects of behaviour within the
roost.

sample trees within the roost were chosen on the basis that they
vwere clearly visible from outside the roost, thus eliminating the need
to enter the roost and disturb birds. The numbers of birds in
different vertical and horizontal divisions of the trees were noted at
regular time intervals. Two horizontal cetegories were used, the
individual perch branches being divided into irner and outer halves.
Vertically each tree was divided into three equal height divisions
(upper, middle and lower), from the highest to the lowest branch.

On two occasions the nearest neighbour distance of a sample of
birds was estimated in bird widths (50 mm.) at regular time intervals.
On three occasions the numbers of birds engaged in each of five
distinct, and readily identifiable, behavioural categories were noted
at five minute intervals. The activity classes used were as follows:
singing, resting, stretching, preening and sleeping (eyes closed or
head under wing).

Several people have remarked on the considerable amount of noise
created by Starlings at their communal roosts (e.g. Bastwood 1962).

In orcder to monitor the noise production at roosts a piece of equipment
based on an amplifier and microphone was constructed (see Appendix 11).
It was powered by a twelve volt car battery and a potential difference
proportional %o volume was recorded directly on a Rustrack chart

recorder. In addition tape recordings were made of the noise produced
in the morning and evening at a roost. A Sony portable tape recorder
was used and the recordings were subseguently analysed, with respect to

frequency and amplitude, using a Kay Electremics Sonograph.



D. ROOST DEPARTURN

The methods used to study the behaviour of Starlings leaving their
comnunal roosts were similar to those adopted for roost arrival and are
described above for roost entry.

In order to obtain accurate timings of departures an observation
position wvhich gave a clear view of the roost was selected. Usually
several positions around the roost geve such & view but one at which a
horizontal view across the top of the roost trees onto a clear back-
ground was chosen. Use of such an observation point enabled cepartures
to be measured quickly and accurately. The same observation point was
used on all visits to a particular roost when quantitative measurements
were made,

The time of departure of each dispersel wave (the time when the
first birds were seen above the roost) was noted to the nearest five
seconds. Light intensity measurements were made using one of the two
methods described above.

In order to avoid meking several simultaneous measurements at
departure time, the length of departures were timed "over the observer".
A stop watch was started when the first birds of a departure wave passed
overheed and stopped when the last birds passed beyond the observer.
Sipce the radial speed of expansion of each departure in e particular
direction would be constant, this measurement woula be identical to that
obtained by timing birds "over the roost". For similar reasons
departure lengths would remain comparable from one roost to another,
even if the observer was stationed at different distances from each roost
focus. Because the circumference of the wave increased with distance
from the roost, the density of birds over the observer is dependent
partly on the distance from the expansion point. This measurement is
therefore of little use in the comparison of departure patterns from
different roosts.

The time of departure of successive waves has enabled the "gap"



time between departures to be calculated by subtraction.

In order to detect any physical differences in birds leaving the
roost in different departures, samples of birds were shot as they left
the roost. Initielly a .410 shotgun was used, but the density and
spread of shot was not sufficient for the purpose. A double barrelled
12 bore using lo. 7 shot was found to be more successful but even then
»it wvas very easy to put shot between the birds in a departure. The
Starlings collected were processed in the same way as that described
above for birds shot at the roost in the evening.

On a number of occasions departures were observed some miles from
the roost to try and establish if birds flew differential distances
from the roost as suggested by Boyd (1932). The number of Starlings
from each departure wave which dropped out to feed, and the number
flying directly over a particuler feeding area, was noted.

E. THE IULTIVARIATE ANALYSIS OF ARRIVAL AND DEPARTURE DATA

In order to detect complex relationships between the phenomena
observed during roost entry and dispersal and environmental factors a
multivariate approach has been adopted in the analysis of data. Three
basic groupings of environmental factors, plus one group of roost
factors have been considered in the analysis. Zach group of variebles
is discussed below and a definition of each individual variable used is
given.

(i) Group one: Increase of light intensity.

Under cloudless conditions the time at which light intensity
starts to increase (or stops decreasing) each day depends on the time
at wvhich the sun reaches a certain position below the horizon (the
position which first allows light to reach the observer through
deflection). The time of Civil twilight (the time of first or last
daylight)is defined as the time at which the centre of the sun is 6°

below the horizon. The rate at which light intensity increases or



decrecses will, hovever, vary from day to day, even under cloudless
conditions, since the angular ascent or descent of the sun varies
seasonally. The sun rises and sets at a nore acute angle relative to
the horizon during the summer, being at its most acute on the summer
solstice. Cloudcover has a modifying influence on the light regime of
a particular day, delaying the time of first light and reducing the
rate of increase or decrease of light intensity. In order to analyse
the behaviour of Starlings with respect to the light regime a simple
linear correlation and regression analysis of the light intensity/time
values has been carried out, Logarithmic transformations have been
used on both derendent and independent variables in order to obtain
lineer relationships. FPigure 1 shows graphicelly exanples of the
results of this type of analysis for both clear and cloudy days. The
correlation and regression coefficients for each day have been used as
independent variables, expressing "Increase of light intensity", in the
multivariate analysis of Starling roost arrival and departure.

(ii) Group two: Time of year.

This group of variables consists of those linked with season,

For example, daylength, duration of twilight, time of sunset and so on.
(iii) Group three: Veather.

Teather factors can act in two ways. First, indirectly by
influencing light intensity itself and thereby bird behaviour. This
component is taken into account in"group one" varisbles. Secondly, by
acting directly on the behaviour of the birds.

(iv) Group four: Roost parameters.

This group of fectors includes variables such as roost size, entry
duration, departure duration which express the characteristics of the
roost and roosting behaviour on a particular day.

The following are the definitions of each individual variable,

from the four groups, used in all multivariate analyses:
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FIGURE 1
EXALIPLES OF THE LINEAR REGRESSION LINES, BETWEEN
LOG LIGHT INTENSITY AND LOG TINE RELATIVE TO CIVIL
TWILIGHT, OBTAINED FOR CLEAR AND CLOUDY IIORNINGS

AND EVENINGS.
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Group one:
Intercept - the constant or intercept term resulting from the
linear regression of log light intensity (in 1ux) on log time
relative to civil twilight (in minutes).
Slope -~ the slope temm resulting from the linear regression of
log light intensity on log time relative to civil twilight.
Correlation coefficient - the correlation coefficient resulting
from the linear regression of log light intensity on log time
relative to civil twilight.

Group two:
Daylength — the length of time in minutes between sunrise and
sunset,
Civil daylength - the length of time in minutes between morning
and evening civil twilight.
Nautical daylength - the length of time in minutes between morning
and evening nautical twilight.
Sunrise - the time of sunrise (G.M.T.) exprassed as the number of
minutes affer 04.00h. G.M.T.
Sunset - the time of sunset (G.M.T.) expressed as the number of
minutes before (negative) or after 16.00h, G.H.T.
Civil twilight - the duration of time in minutes between sunrise
and civil sunrise, or sunset and civil sunsef.
Nautical twilight - the duration of time in minutes between sunrise
and nautical sunrise, or sunset and nautical sunset.
Day number - the number of days between the day in question and
the previous summer solstice.
Day number squared - the square of day number,

Group three:
Maximum temperature - maximum air temperature in degrees centigrade

recorded at 09.00h, G,.M,T. for the previous twenty-four hours.
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Group three (Contd.):
Finimum temperature - minimum air temperature in degrees centigrade
recorded at 09.00h. G.li.7. for the previous twenty-four hours,
Grass minimum - minimum ground temperature in degrees centigrade
recorded at 09.00h, G.M.T. for the previous twenty-four hours.
Rainfall - rainfall in millimetres recorded at 09.00h. G.H.T. for
the previous twenty-four hours.
Snowfall - snowfall in centimetres recorded at 09.00h., G,M.T. as
having fallen in the previous twenty-four hours.
Snow lying — the amount of snow in centimetres still lying at
09.00h. G.M.T. but not having fallen in the previous twenty-four
hours,
Cloud - the amount of cloud cover in eighths at 09,00h, G.HM.T.
find speed - the mean wind speed in knots recorded at
09.00h. G.H.T. for the previous twenty-four hours,

Visibility - the visibility at 09.00h. G.M.T. coded as follows:

0-1 40-100m, 6 4-Tkm,
2 200m, 7 10km.
3 400m, 8 20-~3%0km.
4 1000m. 9 40km.
5 2000m.

State of ground - the state of ground at 09.00h. G.H.T. coded

as follows:

00 dry 12 ground muddy
03 ground dry but grass wet 30 ground frozen
11 ground wet 40 glaze or ice on ground

50 snow or hail covering less than half ground
60 snow or hail covering more than half ground

70 snow or hail covering ground completely



Group three (Contd.):
Wind direction - a total of eight variables indicating the presence
of a wind from within 22.5o of
N.N.E., E.N.E., K,S.E., S.5.E., S.5.%., W.s.V., W.N.W. and N,N.¥.
at 09.00h, G,M.T,

Group four:
Roost size - the number of Starlings using the roost.
Departure number -~ the total number of departure waves occuring on
a particular day.
Total departure - the total length of all departure waves, in
seconds, on a particular day.
Average departure - total departure divided by departure number,
Total gap - the total duration of all gaps between departure waves
on a particular day in minutes.
Average gap - total gap divided by the number of gaps.
Time of first departure - the time (in minutes), relative to civil
sunrige, at which the first Starlings left the roost.
Time of first entry - the time (in minutes), relative to civil
sunset, at which the first Starling entered the roost.
Time of half entry - the time (in minutes), relative to civil sunset,
at which 50% of the Starlings had entered the roost.
Time of last entry - the time (in minutes), relative to civil sunset,
at vhich the last Starling entered the roost.
Duration of entry - the length of time (in minutes) between first
and last entry.
Preassembly - the occurrence of preassembly; 1 = complete
preassembly, 0.5 = partial preassembly (in which direct entries
accounted for an appreciable proportion of the late birds),

0 = direct entry (no preassembly).




The multiple regression enalysis used in this study selects the
combingtion of independent variables, significant on the "t-test"
basis, which give the best fit to the data,. The results of each
analysis are given in tabular form and the information is given as
follows. The first two columns contain the names of each independent
variable and the groups to which they belong. The third column conteins
the regression coefficient (f’) and the fourth column the Student's
t-statistic associated with each variable,. The partial correlation
coefficient of each variable with the dependent variable, assuming other
independent variebles in the regression set to be held constant, is
given in column five. Column six contains the multiple correlation
coefficient for each variable in the regression set, after the next
iteration, if that variable were eliminated from the regression set
during that iteration. The bottom row in each table contains the
sample size, the intercept or constant value and the multiple

correlation coefficient for the entire regression set.



SECTION THREIE

RESULTS

A, ROOST OCCUPATION AI'D LOCATION

1. Annual Roosting Cycle

a. 1969-70
In October 1969 an intial survey of the study area
revealed several roost sites being used. The location,
size and habitat type for each of these roosts was as
follovs, At Vlest Rainton (Map Reference NZ 328487)
1,500 Starlings roosted in "llows (§§li§ spp.) and Hawthorn

(Crataegus monogyna), a further 2,000 birds occupied

Hawthorn and Blackthorn (Prunus spinosa) at Sherburn Tuarry

(M.R. NZ 329415). At Croxdale (M.R. NZ 247378) 4,050 birds

used a mixed plantation of Scots Pine (Pinus sylvestris),

Larch (Larix decidua), Norway Spruce (Picea abies) and

Sycamore (Acer pseudoplatanus).

In addition flight lines indicated the existence of at
least a further two roosts; one to the north and one to the
west of Durham,

Starlings seen at the coast, flying in off the North Sea
on the 11 October, marked the beginning of the arrival of
Continental birds., As a consequence, the rcost at Croxdale
gradually increassed in size, reaching over 5C,000 in early
November and over 100,000 by late Hovember. By this time
all other roosts around Durkem in deciduous trees had been
abandoned in preference for the conifers at Croxdale.

Regular counts of the numbers of Starlings using the Crozdale
roost were made throughout the winter and are showm
graphically in Figure 2,

A comparison of the estimstes of numbers obtained at
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FIGIRE 2
THE VARTATION IN SIZE OF THE CROXDALE ROOST BETWEEN OCTOBER

1969 and HARCH 1970.
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the seme time by two independent observers were within 3,5¢

A1

in & total of ca 9,000, This is well within eccepteble
limits of erroir and bies is, moreover, likely to be con-
sistent for an individual observer. It was therefore felt
that differences in the estimates of roost size were a true
reflection of the numbers of Starlings using a roost.

By early MHerch the roost at Croxdzle was declining
rapidly in size and no birds at all were present on the
evening of the 9 karch. At this time no other major roost
was being used in the study area, although small groups of
residents were known to be roosting near to their nesting

sites in thick and sheltered vegetation such as Holly bushes

(Illex aquifolium) and Ivy (Hedera Belix) covered walls.
1970-71

The roosting of resident Starlings was centred around
the nest site until early June, vhen the first broods of
young were fledged. Initielly family groups foraged near
to the nest site and roosted either in the nest hole itself,
or at sheltered sites nearby. By the second week of June a
lot of the first broods were able to feed themselves and
several femily groups coalesced to form larger feeding flocks.
These flocks were more mobile, had a wider feeding range than
family flocks, and seemed better able to cope with short term
local abundance of food. As family flocks coalesced so did
roosts, the resulting communal roost usually being fairly
small and of limited catchment. For example, on the 8 June
five young and two adult Starlings were roosting in a Holly
bush on Finchale Banks (l.R. NZ 297464). The next day the
same birds flew towards Plawsworth (I..R. NZ 274487), where
a roost of some 200 Starlings had just been established in

gsome coniferous (50 birds) and deciduous (150 birds) trees.



The Plawsworth roost increased repidly in sire, so that by
the 24 June €,830 birds were present and wvere being drawn
from & catchment of some four miles in radius. The next
day the roost was disrupted by the local gamekeeper and,
although initially only moving to Viewly Granse (I.R.
NZ271473), scon broke up completely (other tenporary roosts
were established for a short time at Cherburn Tuarry,

West Zainton and Hett (H.R. ¥2Z 292360).

No roosting movements of any scale were seen until
early August and it appeared that nearly all the Starlings
had left the study area, probzbly moving to the coastal belt
and to the hills, vhere pasture land was more plentiful.

The agricultural land around the 'Jear Valley consisted
mainly of arable crops of wheat, barley and potatoes; such
fields were only available as feeding sites after harvest,

In early August roosting movements were again detected,
when a roost of some 700 Starlings was discovered in Hawthorn
bushes nezr Sherburn (H.R. NZ 312426). At the same time
200 birds were using the plantation at Croxdale as a roosting
site. By September these, and several other smell roosts,
had amalgamated to form one roost in some Hawthorn bushes at
the base of a disused cuarry at Hett. The Hett roost con-
cinued to increase in size (Figure 3) until late October,
at which time birds started to roost in a wood on the Lambton
estate (M.R. NZ 294527). The Hett roost rapidly declined,
only 200 birds were present on the 10 November, and soon
aftervards it was deserted completely.

The Lambton roost was situated in a plantation of Tm,
high Scots Pine and was occupied for the rest of the winter

(Figure 3). Attempts to displace the roost in early
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THE VARIATION IN SIZE OF THE HETT AND LARKBTON ROOSTS BETWEEN
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January only succeeded in shifting the concentretion of
birds to two adjacent plantations. There was some indication,
from the counts, that some birds roosted elsevhere for a
short time during the period of disturbance, but that these
soon returned when scaring was abandoned.

The winter roost broke up in easrly April and on the
evening of the 5 April no birds were present. Resident
Starlings roosted st or near their nest sites until June,
when the first broods of young were fledged.

1971-72

In early June Starlings began to roost at Plawsworth,
as in the previous year. Birds were also found roosting
at Hett (500) and Newton Aycliffe (100) (M.R. NZ 275257).
These roosts remained in existence until late July, when
they were abandoned, and a new roost site at Cornforth
(M.R. N2Z 304345) was occupied by 2,500 birds. The numbers
at Cornforth gradually increased, shifted site to that at
Hett used the previous year, and reached a peak of 6,700
(Figure 4) in September. This roost then declined rapidly,
whilst that at Lambton increased to 150,000,

Because of limitetions pleced on the work which I was
allowed to ccrry out at Lambton, observations in the Durham
study erea were abandoned. A new study area near Belford
in Northumberland was adopted vwhere a roost of some 25,000
Starlings was known to exist at Newham (IM.R. NU 169313).

The counts made at the Newham roost are shown in
Figure 5, The roost was situated in a wood of Larch,

Ash (Fraxinus excelsior) and some Norway Spruce (mainly dead)

but was later abandoned for & site in a Scots Pine

plantation at Cheswick (K.R. NU 017472). At the time of



FIGURE 4
THE VARTATION IN SIZE OF THE HETT AND LAMBTOW ROOSTS BETWEEN

JULY AND NOVEMBER 1971,
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FIGURE 5
TAE VARTATTON IN SIZE OF THE NEHAKN AND CHESWICK ROOSTS BEIVEEN

NOVELBER 1971 and AFRIL 1972,
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the change over Bradford Kaims (Ii,R. IT 162318) wog usced
as a roost site for a month by up to 10,000 birds. The
same change of roost site took place on the 21 December

the previous year (P.C. Smith pers. coum, )

Despite attempts to scare the roost at Cheswick only
swall movements from one adjacent plantation to another
occurred. Starlings were present in this roost complex
until the latter half of April wvhen it was abandoned
completely,

General pattern of Roost occupation

The sequence of roost occupation and size variation
vas observed during the three years of the study. From
these observations it was possible to derive a general
annual pattern of rural roosting in the Durham and
Northumberland region.

During the late spring resident Starlings established
nest sites. At this time they usually roosted at the nest
site or sometimes in a sheltered tree or copse nearby.

Initially the newly fledged young returned to their
nest hole to roost. Soon, however, they gathered in large
feeding flocks during the day and roosted communally in a
small wood (often of Hawthorn or scrub), near to the feeding
grounds, at night. As autumn approached seversl such roosts,
each serving relatively small catchments, coalesced to form
one large roost, drawing birds from & radius of up to ten
miles,

In each year of the study the major roost used
inereased rapidly in size in late October anc early November.
As leaf fall occurred several roosts in deciduous trees

declined and amalgamated to form a larger roost in conifers.
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Also at this time of year large numbers of migrant
Continental Starlings arrived in this country (Lack and
nastwood 1962); some remained in the area whilst others
meved further south and west, In zddition it seemed prob-
able that some British birds from higher grovnd or from
further north might heve swollen the local roosting popul-
ation at this time.

Roosts remained fairly constant in size throughout the
rest of the winter but, as spring approached, so the number
of birds using the communal roosi declined. Residents
took up territories and nest sitese and rewsined there over—
night. Continental birds began the return migration to
their breeding grounds in Scandinavia and Russia.

Roosting Population

Age and Sex Composition of Roosts

Because permission was not granted to shoot Starlings
at the Lambton roost, samples of the roosting population
were only collected from the Cheswick roost in Forthumberland
between January and April 1972, The number of birds in each
age, sex and origin category, together with the sample size,
are given for each sample date in Table 1. Since sample
sizes were smzall the dsta have been grouped for the purpose
of analysis.

The numbers of British and Continental Starlings shot
each-month are shown in Table 2. The proportion of
Continental birds in the population changed during the three
nonth sample period (Homogeneityfﬂ32 = 18,03, p 4.0.001).

Mo difference can be detected in the proportion of 3ritish

and Continental Starlings in the period early January to

early March (‘Kiz = 0,0001, p > 0.99). 7The proportion of
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TABLE 2

THE PUERCENTAGL OF 3RITISE AND CONTINENTAL

38 -

STARLINGS SHOT EACH IONTH AT THE CHESWICK ROOST

Hid Jan. Mid Feb, Mid Mar.
to to to Total
mid Feb., mid Mar. mid Apr.
% British 41.4 41.% 64.4 50.0
% Continental 58.6 58.7 35.6 50.0
Total 87 138 135 360
2 * ,
N 2.59 4,17 11.27 18.03
P > 0.1 <« 0.05 < 0.001 |  0.001

* PXB calculated on the Null Hypothesis that samples were

taken from a homogeneous population




British and Continental birds chot et the roost in the lest
month is however different from that in the previous two
(%f = 18.03, p ¢ 0.001): the proportion of Continental
birds in the roost has declined, as has the total roost
count (see Mgure 5). This appears to be due to Contin-
ental birds returning to their breeding grounds.

The numbers of sdult and juvenile Continental Starlings
shot each month are shown in Table 3. No significant
change in the age ratio occurred over the sample period.
Table 4 shows similar velues for British birds; although
no heterogeneity could he detected,the last month does show
a different age ratio to the previous two months
(Sﬁ,i = 6.01, p < 0.02); these were not significantly
different from each other (’Xi = 0.0003,p > 0.98). The
proportion of adults at the roost declined in the last month
as more adults deserted the communal roost in favour of
roosting at or near their nest sites.

The decline in British adults at the roost seemed mainly
due to a reduction in the number of adult males present, as
shown by the change in the adult British sex ratic in Table 5.
Adult males would presumably be the first birds to remain
near to their nest site in order to establish and maintain
territories. There was no significant difference between
the sex ratios in the first two months (wai = 1.139 P > 0.02),

but that for the last month was different from that of the

2

first two (FA’I

= 11.879 D £ 0.001), fewer males being shot
in the sample.
The numbers of Continental adult male and adult female

Starlings shot each month is shown in Table 6. Xo

significant variation in the sex ratio could be detected.
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TABLE

THE PERCENTAGE OF ADULT AND JUVENILE
CONTINENTAL STARLINGS SHOT EACH MONTH AT

THE CHESWICK ROOST

Mid Jan, Mid TFeb, Mid Mar.
to to to Total
mid Feb. mid Mar. mid Apr.
o :
% Continental
adults 60.8 48,1 37.5 48.9
o .
% Continental
juveniles 33.2 51.9 62.5 51.1
Total 51 81 48 180
2 *
xS 2.89 0.02 2.49 5.40
P >0.05 > 0.80 > 0.1 > 0.1

*'XJZ calculated on the Null Hypothesis that samples were

taken from a homogeneous population.




TABLE 4

CHESWICK ROOST

TEE PERCENTAGE OF ADULT AND JUVENILE

BRITISH STARLINGS SHOT EACH ONTH AT THE

Mid Jan. Mid Feb, Mid Mar.
to to to Total

mid Feb. mid Mar. mid Apr.
C’/’ > =
7 Egﬁtzh 80.6 80.7 64.4 72.8
% British
! jiieizles 13.4 139.3 5.6 el.3
Total 36 57 87 180

*

'7(_2. 1.10 1.81 3,11 6.02
P >0.2 >0.1 > 0.05 > 0.1

* 1%3 calculated on the Null Hypothesis that samples were

taken from a homogeneous population,




TABLE

THE SEX RATIO OF ADULT BRITISH STARLINGS

SHOT EACH HIONTH AT THE CHESWICK ROOST

liid Jan, Mid Feb. Mid Mar.
to to to Total
mid TFeb. mid lar. mid Apr.

% British
adult 89.7 80.4 56.4 T72.3
males

% British

adult 10.3 19.6 43.6 27.7
females

Total 29 46 55 130
2 *

A 4.36 1.52 6.98 12.86

P < 0.05 > 0.2 £ 0,01 £ 0,01

* ixf calculated on the Null Hypothesis that samples were

taken from a homogeneous population.



TABLE 6

THE SEX RATIO OF ADULT CONTINENTAL STARLINGS

SHOT EACH MONTH AT THE CHESWICK ROOST

Mid Jan. Mid Feb. Mid Mar.
to to to Total
mid Feb. mid lar. mid Apr,
% Continental -
adult males T4.2 59.0 55.6 63.6
% Continental
adult 25.8 41.0 44.4 3644
females
Total 21 29 18 88
2
xXE 1.49 0.37 0.51 2.37
D > 0.2 > 0.8 > 0.8 = 0.3

* fo calculated on the Null Hypothesis that samples were

taken from a homogeneous population.



Similerly no heterogeneity in either the Britigh or
Continental juvenilc sex ratios was apparent (7ebles 7 and 8).
The sex ratio of British juveniles was not significantly
different from that of the adults, betwveen Januvary end larch,
before the adult sex ratio changed (Table 9).
Coulson (1960) stated that the differential moriality between
the sexes took place in the first breeding season, but from
the data presented in Table 9 it seems thet in the British
Starling it has already taken place by the late winter of
the first year of life. In the juvenile Continental
Starling the sex ratio was Stgniﬁcunﬁgjdifferent from that of
the adult (Table 10) and approximates to the eqgual sex ratio
found at fledging (Coulson 1960). In the case of
Continentals the differential mortality between the sexes
did not eppear to have taken place by this stage. liore-
over, if one compared the adult sex ratio of British and
Continental birds, not as great a differential mortality
appeared to have taken place (Table 11). Alternatively,
it may be that there was a differential migration of the sexes

in Starlings as has been found in Blackbirds (Turdus merula)

by Drost (1935) and Krueger (1940).
g. leights

Mo significant difference in the weights of each age,
sex and origin class of Starlings shot at the Cheswick roost
were found during the three months. The results for all
months have therefore been combined and the mean weight,
gtandard error, and sample size are showm in Table 12, for
each class of Starling.

In the case of both 3ritish and Continental birds the
same gradation in weight was found, from adult male to

juvenile male to adult female to juvenile femgle (although




TABLE T

THE SEX RATIO OF JUVENILT BRITIOH STARLINGS

SHOT EACH MONTH AT THZ CHESWICK ROOST

l4id Jan. id Feb. 1id Mar.
to to to Total
mid Feb. mid Mar, mid Apr.

¢ British
juvenile 100.0 81.8 67.7 75.5
males

% British

Juvenile 0.0 18.2 32.3 24.5
females
Total 7 11 31 49
| *
} G 2.26 0.24 1.01 3,51
|
p >Ool > 005 g 003 >003

* hX? calculated on the Null Hypothesis that samples were

taken from a homogeneous population.
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TABLE 8

THE SEX RATIC OF JUVENILE CONTINENTAL STARLINGS

SHOT EACE INONTH AT THE CHESWICK ROOST

]
1id Jan. l4id Feb. Mid Mar.
to to to Total
mid Feb. mid Mar. mid Apr.
% Continental
juvenile 45.0 52.4 46.7 48.9
males
9 Continental
juvenile 55.0 47.6 53.3 51.1
females
Total 20 42 30 92
o %
¢ 0.12 0.20 0.06 0.39
P > 0.7 > 0.5 > 0.8 > 0.9

* Y2 calculated on the Null Hypothesis that samples were

taken from a homogeneous population.
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TABLE

A COMPARISON OF THE SEX RATIOS
OF ADULT BRITISH (First two months only) WITH JUVENILE

BRITISH STARLINGS SHOT AT TH® CHESYWICK ROOST

British Adults | Juveniles | Total |
% Males 84.0 75.5 80.6

% Females 16.0 24.5 19.4
Total 5 49 124
Y 1.37

)Y >0.2

*'XE calculated on the Null Hypothesis
that sex ratios were similar for

adults and juveniles.
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TABLE 10

A COMPARISON OF THE SEX RATIO OF ADULT AND
JUVENILE CONTINENTAL STARLINGS SHOT

AT THE CHESWICK ROOST

Continental | Adults | Juveniles | Total
Males 63.6 48.9 56.1
Females 36.4 51.1 43.9
Total 88 92 180
fo ¥ 3.96
p < 0.05

*Xf calculated on the Null Hypothesis that
sex ratios were similar for adults and

juveniles,
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TABLE 11

A COMPARISON OF THE SEX RATIO OF ADULT BRITISH
(First two months only) WITH ADULT CONTINENTAL STARLINGS

SHOT AT THE CHESYICK ROOST

Adult British | Continental | Total |
% lales 84.0 63.6 73.0
% Females 16.0 36.4 27.0
Total 75 88 163
~ * 8.52
D <« 0,01

* 'X? calculated on the Null Hypothesis
that sex ratios were similar for

British and Continentals.
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B.

overlap oceurred) . For British birds; adult males were
significantly heavier than adult females 2nd juvenile
females; and juvenile males were significantly heavier
than Jjuvenile females. For Continentals; adult males were
significantly heavier than juvenile females, but not from
adult females or juvenile males.

No significant differences in weight can be detected
betveen British and Continental Starlings of the same age

and sex class,

ARRIVAL AND ROOST ENIRY

Arrival behaviour

As wag stated earlier, the method by which roosts were
located relied on the direct flight lines used by Starlings to
fly from their feeding to their roosting areas. During the
obgservations, whose primary purpose was to locate roosts, it was
possible to confirm Delvingt's (1961) observations on pre-

roosting behaviour. Towards late aftermoon, usuglly about an

.hour before sunset, Starling flocks stopped feeding and

gathered in groups in trees adjacent to their feeding grounds.
Their normal activities were to preen and rest for some while
before setting off in the direction of their roost. Along the
route to the roost they would freguently join or be joined by
other resting flocks, thus producing a stepwise progression
towards the roost. The emount of time spent resting en route
to the roost seemed to be reduced under dark and stormy
conditions, so that birds flew direct towards the roost without
stopping. As soon as roost sites were located observetions

in the roost catchment were reduced.

Through observations at all the roosts located during the

study it was possible to build up a generel picture of the



- 52 -~

beheviour of birds just prior to roostins.

Birds crrived in flocks &t the roost site along radial
flight lines. orrally no systemstic bias in the time of
arrival from different directions occurred. Hovever, under
windy conditions birds flying towards the roost with a tail
wind tended to arrive earlier than those flying into wind. Cn
arrival at the roost, birds would fly directly over the site
normally occupied; their subsequent behaviour would depend on
whether any birds had already entered the roost and were
calling. If this was the case they too would enter directly.
If other birds had arrivedand not entered (presumably because
certain environmental thresholds had not been reached) then the
flock would join these birds. Large flocks would soon develop.
Sometimes the preassembled flocks would feed in an adjacent
field but more usually would rest and preen in fields or in
trees in an open situation nearby. Floclks of birds arriving
from the feeding grounds, which would have flown over a
preassembled flock before reaching the roost site, would not
normglly continue to the roost itself but join the preassembly
direct.

Although the height at which Starlings arrived ot the roost
varied from day to day, depending on factors such &s the wind
conditions, on & given evening the errival height also varied.
Those birds erriving early did so at = greater height than those
arriving subsecuently. For example, on the 2% August, 1971,
at Hett, the first birds were at a heipght of 45m. a2bove ground
level vwhen they flew over the roost to join the preassembled
flock, but thirty minutes later those arriving were only 15m.
above ground level. Despite there being large differences

between the height at vwhich Starlings arrived at the roost on



different evenings, it wag »ogsihle to demonstrote a significant

0.

correlation betueen arrival height and errivel time. Pigure 6
shous the relationship betwveen the heights at which flocks
arrived at the Hett roost and their time of arrival (classified
into early, mid and late arrivals) for six days in August 1971,
The correlation is highly significant (r = -0.58, n = 50,
D 2 0.001) and the gradient of the regression line is
significantly greater than zero (slope = =-25.54, S.E. = 5.18).
Occasionally groups of birds from the preassembly, or the
whole preassembled flock would fly to the roost site, circle it
and then return to their original position. Ag the time of
final roost entry anproached,this behaviour vould be more
frequent and it was at this time that the remarkable aerial
menoeuvres noted by several observers occurred. During these
aerobatics one or more flocks would weave back and forth over
the roost; the actual roost site itself secemed to form the
focus of this display. The entry of birds fror the preassembled
flock into the roost could take several forms. On somne
occasions, flocks would detach themselves from the preassembly
and enter as individual units with considerable gaps between
each flock, Sometimes, birds would form an almost continuous
stream of entry, end on still other occasions, would rise as one
flock and enter in a "to and fro" fashion as described by
Symonds (1961). The distinction between divect entry and
preassembled entry was not an absolute one dependent on roost
size as suggested by Symonds (1961), but seemed to form the two
extremes of a continuum, The method of entry on a particular
evening seemed mainly to be dependent on environmental factors

(see below), such that direct entry might be seen on one rainy

and dark evening and yet preassembled entry occur the next
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FIGURE 6
THE RELATIONSHIP BETWEEN ARRIVAL HEIGHT AND ARRIVAL
TILE OF FLOCKS OF STARLINGS ARRIVING AT THE HETT

ROOST ON SIX EVENINGS IN AUGUST 1971.



4
Bt
) ® o 8o I
9 W -
o
_..N._
o
° 8 o moow 8 mm
B
° 8 o M m ° m © o m
®
] 1 _ ] _ | ! ]
O O . O O O O O
O wn < ™M (g -

|2A2] punosb 2a0qD S2432W ul biay pAlILY

time

Arrival




evening At tha anme roost under clesr hright conditions.

sntry Pattemn

In between the two extremes of direct entry end preassembled
entry, a great veriety in the degree of preassembly occurred.
Starlings might arrive a2t the roost and gather in a flock for
some time and then enter; all subsequent arrivals makiﬁg a
direct entry. The resulting temporal pettern with which the
number of birds in the roost built up can be seen if the
proportion of the whole roost present et different times during
the entry sequence is plotted against time. Although in the
nature of a continuum certain types of arrival can be discerned
and examples of these for specific days are shown in Figure 7.

Preassembly of the whole roost snd a rapid entry of more or
less one flock is illustrsted in 7 (a). 7 (b) shows the
preasseubly and entry of the majority of the roost in one
group, but some direct entry of late errivals, producing a
gradual tail off in the entry. Cradual entry of small flocks
from the preassembled group, followed by a rapid entry of the
majority and direct entry of late arrivals is given in Figure 7 (c).
A similar type of pattern can be achieved with more than one
burst of rapid entry; for example, 7 (d) shows two rapid
increases in the numbers of birds in the roost as two different
preassembled flocks enter. Direct entry of Starlings into their
roost can vary in the time it takes; 7 (e) shows a fairly rapid
entry over a period of some twenty-five minutes, whereas TIigure
7 (f) shows an entry taking over forty minutes. Roost size
appeared to have no influence on entry patltern. Figure 8 shows
the relationship between roost size and entry type for 40
evenings in which the entry pasttern fell into the categories

described above. No significant correletion was apparent
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IIGURE 7
EXAINPLES OF SIX DIFFERENI' PATTERNS OF ROOST EMTRY, EXPRESSED
AS THE PERCENTAGE OF THE TOTAL NULBERS PRESENT IN THE ROOST

AT DIFFERENT TILES DURING THE ENTRY.
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. FIGIRE 8
THE RELATIONSHIP BETWEE: ROOST SIZE AND EWIRY
TYPE FOR FORTY EVENINGS IN YHICH THE ENTRY PATTERN

FELL, INTO ONE OF SIX CATEGORIES (see Fig. 7).
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(r = 0.15, n = 40, P > 0.1).
3. Preassembly

Preassembly did not occur on every evening at the roosts
studied. Since it appeared that environmental factors had a
governing influence over preassembly an attempt was made to
analyse this relationship. The dependent varigble, preassembly,
was divided into three categories (1, 0.5 and 0) on the basis
of: observations at the roost revealing complete preassembly;
partial preassembly (in which direct entries accounted for an
apprecisble proportion of the late birds); and direct entry uith
no preassembly.

Table 13 shows the three independent variables significantly
related to the occurrence of preassembly; together they account
for 42.9% of the variation found. Although light intensity
factors were not found to be significantly related in the
multiple regression the variable rainfall will have conteined
components related to both cloudcover and light intensity.

Rain, and therefore cloudcover, was negetively correlated with
preassenbly, Starlings entering the roost directly on wet dark
evenings when, although arriving at the roost at the same time
or earlier than on a clear evening, the birds would nevertheless
be late relative to light intensity. The occurrence of frozen
ground also induced direct entry. It seems likely that cold
weather could both increase food reguirements and reduce food
availability (either through reduced prey activity or
aveilability) and thus increase the need to stay on the feeding
grounds longer and arrive at the roost later. Similarly
preassembly was less likely to occur during the midwinter period
vhen daylength was at its shortest.

4. Tlock sizes

If some of the petterns of entry illustrated in Figure 7
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are further examined in relation to the size of flocks

entering cover particular time periods it becomes clezr that the

different rates of entry can be attrivuted to differences in

the sizes of flocks entering. For example vigure 9 shows the
percentage of birds entering in different sized flocks on six

days in which entry (1) vas direct, (2) from preassembled flocks .
days in which entry was (a) from preassembled flocks, ¥
(b) from preassembled flocks early, but direct later

and (c) direct. Four flock size categories were used..

(1) between 1 and 100, (2) between 101 and 500, (3) between |
j
501 and 1,000 and (4) between 1,001 and 5,000. '
throughout the long entry “ut with a slight increase in flock
size halfway through the entry. “hen vertizl preassenbly
occurred initially the flocks entering would mainly be of lerge
size but would be followed by a number of smell flocks when the
later birds entered directly on srrival, Complete nreassenrbly
was followed by the entry of moderately sized flocks initially
and a high percentage of lerge fiocks later. fizure 10 shows
the percentage frequency of occurygence of the four different

flock sizes over the eniire entry period for ithe same sixz days.

of entry are =gain aoparent.

Time of -ntry

The time at vhich birds first snter the roost was very
veriable. Pigure 11 shows this variation in entry time
graphically in relation to date. Times between 148.8 and 12.8
minutes before civil twilight were recorded during the study
(mean = 66.2, 5.E. = 4.25, n = 67). An sttempt was made to

correlate the time of entry of birds into their roost with
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FIGIRE 9
TH: PERCENTAGE FREQUENCY OF OCCURENCE OF DIFFERENT FLOCK
SIZES AT DIFFERENT TIIES DURING ENTRY (a) PREASSEBLED

ENIRY (b) PARTIAL DIRECT EUTRY (c) ENI'IRELY DIRECT ENTRY.
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FIGURE 10

THE PERCENTAGE FREQUENCY OF OCCURRENCE OF DIFFERENT
FLOCK SIZES DURING THE ENTIRE ENTRY PERIOD

(a) PREASSEWBLED EWTRY, (b) PARTIAL DIRECT ENTRY,

(¢) ENTIRELY DIRECT ENTRY,
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FIGIRE 11
THE VARIATION IN THE TIME AT WHICH THE FIRST
STARLING ENTERED THE ROOST (in minutes relative

to civil twilight) IN RELATION TO TIME OF YEAR.
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various environmental factors using multivariate techniques.
A total of 80.3,. of the variation in the entry time of the first
bird into the féost could be explained by variation in other
fectors (Teble 14).

"Time of year" cppcared to be the most important group of

factors; entry being initiated late relative to civil twilight

towards midwinter. Light intensity parameters influenced time
n
of first entry, it being earlier on darker ev%éngs. Snowcover,

presumebly by influencing the availability of food, retarded
entry. “he occurrence of preassenbly retarded entry relstive

to civil twilight but made it earlier relative to light intensity,
since it itself only occurred on relatively brisht evenings.
Preasserbly was effectively bifds waitinzg for the correct light
intensity threshold to be reached, since had it been a lot

darker birds would have entered directly on arrival.

iultiple regression analysis on the time at which 50 of
the roost had entered and on the time at which all birds had
entered the roost was also carried out. The results are shown
in Table 15 and 16.

Similar factors influence the time at which half the
population has entered the roost as effect first entry. The
time of entry of the last bird did not seem to be effected by
the occurrence of preassembly. This is, perhaps, what one
vould expect, since there nearly always appeared to be one or
two birds vhich arrived late and entered the roost directly.

In addition to the influence of time of year and light intensity
on arrivzl outlined above low temperatures appeared to retard
final entry. Cold weather ig likely to increase food
requirements and make its colliection more difficult; the need

to remain longer on the feeding grounds would therefore
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increase. Similarly rain, associazted with cloudy and warmer
conditions, would provably reduce food recuirements and increase
the ease uith wvhich food could be collected through bring insect
larvae to the surface of the ground and allowing easy penetration
of the substrate by the Starling.

The total duration of the eniry period was not related to
roost size but wvas dependent mainly on the time of year
(Table 17). Entry was shortest during the midwinter period
when daylength, and thus feeding time, was shortest. reduced
visibility can eppreciably lengthen the duration of entry on a
particular evening. Indeed, under very foggy conditions it
seems likely that some birds did not reach the roost at all

but formed a2 sub-roost nearer to their feeding grounds.

C. ROOSTING

1.

Behaviour within Roost

For the reesons mentioned sbove few opportunities arose to
look at the behaviour of birds within roosts. However, the
roost at Hett was situated in Hawthorns at the base of disused
quarry and did permit a limited number of observations to be made.

Preliminary observations appeared to indicate that,
initially, birds were distributed mainly on the upper and outer
portions of the trees, but that as it became darker they moved
towards the centre of the trees to roost, On the 18 and 19
October, 1970 one branch vas observed closely and the number of
birds on its inner and outer half counted at five minute
intervals. The results for the first (early) and subsequent
(late) fifteen minute periods are shown in Teble 18, It was
not possible to demonstrate statistically a shift in the number

of bird occurrences from the outer to the inner half of the

branch duri : . .
ng the observation period. The sample size was
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increased on the 21 and 2% Qctober by observings twve hranches.
The movement towards the centre of the tree during the second
quarter of an hour of observation then became significant,
(Table 18).

On the 21 and 23 October the numbers of birds in the upper,
middle and lower portions of two trees were noted at five minute
intervals. On each occasion, there was a significant movement
of birds down the tree to the middle section in the latier half
of the observation period (Table 19). Wo birds were ever seen
in the lower section of the trees.

The movements of birds within coniferous trees could not be
guarntified, since most of the perches were obscured by foliage.
Birds could not usually be seen from outside the roost and
observations from inside usually resulted in disturbance. The
general impression, however, was that the secuence of behaviour
was similar, Birds landed in the top two vhorls of the conifers
but moved dowm to the third and fourth whorls to roost (this vas
at a height of 4-5 m. in trees €6-7 m. high). The selection of
perch sites in the roost might, in part, have been a function of
perch width, but it was not feasible to investigate this
possibility.

One further opportunity arose to look at behaviour within
the roost. This occurred at Bradford Kaims, a small roost,which
was occupied for some time during the transition from Newham to
Cheswick. The roost was centred on several conifers (Norway
Spruce), vhich were surrounded by deciduous trees of Ash and
Hawthorn (with an under storey of Bramble (Hubus spp.» also used
as roost trees, In the evenings a contraction of the area

occupied by bhirds occurred before they went to sleep. This was
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TABLE 19

A COLPARISON OF THE PERCENTAGE OF STARLINGS PERCHED ON THE
UPP:R, INIDDLE AND LOWER BRANCHES OF TREES XARLY AND LATE IN

THE EVENING ON TWO DATES AT THE HETT RCOST

Dete 21.10.70 23.10.70 Total

Time period | Barly | Late Barly | Late | Barly | Late

% on upper

branches 75.0 36.4 51.9 17.6 61.7 26.3

¢ on middle

branches 25.0 63.6 | 48.1 82.4 | 38.3 73.7

% on lower

branches 0.0 0.0 0.0 0.0 0.0 0.0
Total 20 a4 | 21 51 | 47 95
L 8.22 9.93 22.80
P <0.01 < 0,01 < 0,001

* PK? calculated on the Null Hypothesis that the proportion
of Starlings perched on upper snd middle branches

vere similar early and late.
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accompanied by & reduction in the distance bLetween birds. The
reverse appeared to occur in the morning; birds spread out on
individual branches and occupied nev trees before the departure
commenced. On the cvening of the 3 December birds started to
enter the roost at 16.15h. G.I..T., the last birds entering at
16.40 h, G.ILT. At 16.50 h, G.l.T. the area occupied by birds
contracted to that occupied overnight. The nearest neighbour
distances in bird widths were estimated for a sample of birds
before and after the contraction, The mean nearest neighbour
distance (+ S.1#.), vhich was different for the two samples, is
shovn in Table 20 (t=6.82,p 0.001).

Similarly on the following morning the numbers of trees
occupled by birds increased between 07.33 h. G.L..T. and the
first departure at 07.42 h. G.L.T. The estimetes, in bird
widths, of the nearest neighbour distance are shown in Table 20.,
egain the mean values were significantly different for the two
time periods (t=3.84,p 0.002),

On the morning of the 3 December the numbers of birds in
a sample engaged in each of five activities vere noted at five
minute intervals. The results are showm in Table 21, As
birds awoke they initially preened and stretched, and then
rested. Some birds sang but these appecred to be only adult
males (see below). The awakening was ﬁot synchronous and some
birds remained asleep several minutes later than others.

Table 22 shows similar results obtained on the evenings of
the 4 and 5 December. Singing only took place early in the
sequence of behaviour, and was missed on the second set of
observations dve to birds being obscured early in the observation
period. Preening seemed to be an important activity prior to

sleeping.
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3.12.71

Bvening

liean nearest neighbour
distance in bird widths
between 16.40 and

16.50 h. G.M.T.

liean nearest neighbour
distance in bird widths
after 16.50 h. G.M.T.

3.55

(s.E. = 0.%8)

1.90

(s.8., = 0.30)

4.12.71

liean nearest neighbour
distance in bird widths
before 07.%3 h. G.ILT.

liean nearest neighbour
distance in bird widths
between 07.3%3 and

07.42 h, G.H.T.

Morning

1.70

(S.E. = 0.56)

3.00

(S.E. = 0.38)

THE MEAN (+ STANDARD FRROR) NEAREST NEIGHBOUR DISTANCE

OF A SAHPLE OF TEN BIRDS OBSZRVED ON TVWO OCCASIONS AT

THE BRADFORD KATlS ROOST
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TABLE 22

THE PERCENTAGE OF BIRDS EWGAGED IN EACH OF FOUR BEHAVIOURAL
ACTIVITIES ON THE ZViNINGS OF (a) 4.12.71 and (b) 5.12.71 AT
THE BRADFORD KAIMS ROOST (time of first asrrival 16.09h. and

16.14h. G.N.T. respectively)

(a)
Time Singing | Resting | Preening | Sleeping | Total
16,13 | 13.0 65.3 21.7 0.0 2%
16.22 15.4 76.9 7.7 0.0 26
16.25 5.5 67.3 18,2 9.0 55
16.30 7.2 75.5 10.1 7.2 69
16.735 1.8 63.7 14.5 20.0 55
16.40 0.0 40.0 22.2 37.8 45
16.45 2.4 19.5 17.1 61.0 41
16.50 0.0 5.9 23.5 70.6 34
16.55 0.0 2.3 16.7 81.0 42
17.00 0.0 5.3 7.0 87.7 57
(b)
16.35 10.0 50.0 40.0 0.0 10
16.37% 0.0 100.0 0.0 0.0 5
16.40 0.0 57.9 42,1 0.0 19
16.42%] 0.0 50.0 43.3 6.7 30
16.45 0.0 52.6 26.3 21.1 19
16.47% 0.0 77.5 25.0 %7.5 16
18.50 0.0 16.7 0.0 83.3 6
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Although en attempt was made to monitor noise levels coming
from several roosts using a microphone ena amplifier this proved
to be unsucceasful. ““he ecuipment developed was not sufficiently
sensitive; had it been, the interference of backzround noise
would probably have been a problem, unless an expensive filter
system vas used.

Tepe recordings of the sound produced by Starlings at the
Wewvham roost, both morning and evening, were analysed on a
sonograph and the results are shown in Tigure 12,

Certain difficulties arose in the analysis of the noise
since it was being produced by several thousand birds at once.
Certain differences in frequencgzghowever, apparent during the
peak of noise produced morning and evening. Four pezks of
amplitude were discernable at 1, 2, 3.5 and 5.5 Filohertsz.
Hartby (1969) gives the frequency distributions of the calls
of the Starling. Attack and aggressive calls have peaks at
2 and 3.5 Kilohertz, the flight call was of low frequency
(1 Kilohertz) and the high frequency vwhistles, common in the
song of the Starling, occurred at around 5.5 Kilohertsz.

Initially in the evening the low freguency flight calls
were given as birds arrived. Birds fought and bickered over
perches but did not sing to any great extent. Once all birds
have arrived,no further flight calls were given and noise was
limited to song and aggressive calls, The pattern was reversed
in the morning, singing occurring only early om and no flight
calls being given at all.

lhen Starlings were observed in the roost it was very
noticeable that very few actually sang. These were apparently

all adult males, Judging by the fully yellow bill and long
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FIGURE 12
THE AMPLITUDE AMD FREQUENCY DISTRIBUI'IONS OF NOISE
RECCRDED AT THE NEWHAM ROOST, (a) EARLY EVENING,

(b) MID EVENIKG, (c¢) LATE EVENING, (d) EARLY MORNING,

(e) MID IORNING AND (f) LATE MORNING.
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iridescent hackles uvhich all birds seen singins possessed.

However, birds of 211 types of plumcge gave short calls.

ROOST DEPARTURE

1.

Behaviour

Through non~systematic observation, at all the roosts
located during the three years, it was possible to build up a
general picture of the behaviour of Starlings immediately prior
to and during departure. As wes stated earlier, as Starlings
awoke they started to move to the upper and outer regions of
trees and in addition occupied new trees at the edge of the
roost crea. During the asynchronous awakening noise gradually
increased as birds started chattering and calling.

Just prior to the first, and all subsequent departures,

the noise suddenly stopped. Birds started to fly out from the

© roost, in radial paths, forming a circular wave which expanded

from the roost focus into the surrounding countryside. There
vas a tendency for those bvirds on the newly occupied periphery
of the roost to form the departure. That is to say, the birds
which were first to disperse radially within the roost wvere
first to disperse radially from the roost. Hven after several
departures some birds could usually be seen still asleep. As
soon ag each departure had left the noise level increased once
more until the hush of the next departure.

Under calm conditions the behgviour of birds leaving the
roost in all directions in the expanding departure vave was
usuvally similar. Birds gradua’ly gained height, until at
approximately 400 m., from the roost they were 75-100 m. above
ground level. From then onwards, they flew in level flight

towards their feeding grounds. If there was a strong wind,



- 80 -

however, those birds flying into it did not gain as much height.
In addition, they flew slower and those with a tail wind
correspondingly faster. Vhen flying into very strong winds
Starlings flew only a few feet above ground level and "hedge
hoppedh any obstacles.

Frequently the last birds of a departure would return to the
edge of the roost, having flown out from between 50 and 150 m.
The birds which dropped back into the roost would often do so
in a low, fast, irregular, zigzeg flight, giving a "bell-like"
call. Similar behaviour was noted in Starlings arriving at the
roost‘very late in the evenings. These returning birds seemed
to form the nucleus of the next departure. 'og increased the
proportion of birds re-entering the roost and also delayed the
whole departure pattern. For example, on the misty morning of
the 29 August, 1971, the third departure from Hett contained some
300 Starlings, of which approximately 75 returned to the roost
trees. During the comparable departure on the clear morning
of the 31 August no birds returned to the roost. kHoreover, the
third departure on the 29 August took place et 18.31 h, G.L.T.,
whilst that on the 31 August occurred at 18.02 h., G.H.T. A
ground mist on the morning of the 6 September, 1971, reduced
visibility laterally but was not sufficiently deep to change
the light regime. Some Starlings, from the second, third and
fourth departure, dropped back into the roost on the
6 September, whereas on the previous day (a clear one) none had
returned. The departures did, however, take place at almost
identical times and light intensities.

The large amount of flux in the roost prior to dispersal,

and the re-entry of birds, is similar to behaviour noted at an
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urbaii roost in Ddinburgh (Churman, unpublished).,  “his would
support the idea that birds were in a2 conflict situation,

dravn between several urges. Urges vhich were in turn dependent
on factors such as the time of day, the weather and the
proximity of other Starlings.

Dastwood, Isted and Rider (1962), in their observation of
ring engels, noted several cases in wvhich waves of dispersal
from different roosts overlapped. In response to scaring of
the roost at Lambton,a number of sub-roosts were established
nearby. ¥requently two, but sometimes three such sites were
used concurrently. On several occasions, during the morning
dispersal of these roosts, departures would leave two sub-roosts
simultaneously. On no occasion was interference between
departure waves noted. However, several times birds from a
departure vave from one roost would re-enter the other roost
as the wave passed over it. These Starlings were usually those
from the tail end of the departure uave.

Two unusual observations were made at the Lambton roost.

On the mornings of the 21 and 28 January, 1971, after heavy
overnight rain in both cases, the fields surrounding the conifer
plantations contained a large number of pools of standing water.
The Starlings flew direct from the roost to these fields, which
soon became black with birds. Initially, 211 the birds were
gathered around the pools preening and bathing, but after
approximately ten minutes in this activity, some started to feed.
After a further ten minutes, birds started to disperse in a
series of departure waves, It was possible that the Starlings
plumage was so dishevelled, because of the overnight rain, that
preening and bathing had to take place before the birds were

able to disperse. This possibility was supported by the fact

that several interactions between Starlings, in which the breast
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of one bird was pressed onto the tail and mumw of another, wvere
seen. In each case, tnc contact was followed by vreening on
the part of the former bird. Preen gland secretion may have
been "stolen" in these interactions.

One further observation is worthy of note. On the morning
of the 2nd Iarch, 1971, a 2.5 - 5 cm. layer of snow covered much
of County Durham. During the third of the five departure waves
noted that morning, one group of several hundred Starlings
changed their dispersal direction. These birds banked through
180° and joined birds leaving the roost in the opposite direction
to their initiel dispersal. Vard and Zahavi (1973) have
suggested that comounal roosting enables birds to exchange
information on the distribution of an uneven food supply. They
envisaged that unsuccessful individuals, needing information,
might hang back and follow more successful birds, vhich set off
purposefully from the roost. Under conditions of snowcover many
food sources normelly utilised by Starlings would no longer be
available and only a limited number of sites would be suitable
in which to feed. The need for information would therefore
be high and one might expect redirection to occur more frequently.
The observation at the Lambton roost might therefore lend some
weight to 'lard and Zahavi's hypothesis on roost function.

In the short term the number, size and specing of departures
vas usually relatively steble, provided weather conditions were
not too variable, However, if more than a few days were con-
sidered appreciable variation in the departure pattern occurred.
This variation is considered in greater depth in the appropriate
section.

Timing

The time at which the first birds left the roost was very
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variable. rigure 13 shove this varistion ;rephically in
relation to date. Times betwveen 4.6 and 61.4 minutes after
civil twilight were recorded during the study

(meen = 23.58, 5.5. = 0.72, n = 129). .. considerable proportion
of the variability (62.3%) could, hovever, be explained by
variation in envirommental factors. The veriables included as
significant in the multiple regression analysis, using time of
first departure as the dependent variable, are shown in

Taeble 23 together with their regression coefficients, 't'
stetistics, partisl correlations and multiple correlations.

"Increase of Light intensity" appeured to be the most
important group of factors influencing time of departure.

Both the time =% which it began to get light, end the rate of
increase of light intensity, viere negotively correlated with
time of first departure. That is 1o say, the gooner &and more
rapidly it began to get light, the earlier the birds left the
roost.

A seasonal component was apperent in the variation in time
of departure. The time of departure was earlier, relative to
civil twilight, in the midwinter months, as shown by the
gsignificant negative partial correlations of three factors in
the "{time of year" group.

Over and above the effect of weather conditions on the time
of departure accounted for by "group one" factors, certain
wveather conditions influenced departure time in their own right,
Both increased cloudcover and maximum temperature delayed
departure. Presumably the necessity to leave the roost early
in search of food on overcast varm days is reduced, either due
to a reduced overnight energy consumption, or to increased food

availability. Similarly reduvced visibility advanced departure
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FIGURE 13
THE VARIATIOHN IN THE TINSE AT ‘HICH THE FIRST

STARLING LEFT THE ROOST (in minutes relative

to eivil twilight) IN RELATION TO TIE OF YEAR.
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time, except under the very foggy conditions noted above vhen
navigation become difficuls. Because such extreme conditions
were infrequent they were not positively correleted with late
deperture. Snovcover wes negotively correlzted with departure
time, by reducing the availability of food it presumably
necessitated early depzrture.

Roost size did not influence depvarture time significontly.

Departure Pattern

The departure pattern congisted of several constituent
parts. The number end size of departures wce varioble from
day to day, as were the number and size of gaps betveen
departures. Cach component has been considered separately.

a. Departure number

There vas no significant relationship between the total
nunber of departures going to form the total exodus on a
particular day and roost size. Departure number wvas,
however, positively correlated with daylength
(r = +0.5080, n = 27) as shown in Figure 14. Similar
information is presented in Figure 15 which gives the
percentage frecuency of occurrence of different departure
numbers for the months iugust to April. As each individual
year showed similar patterns the results for all winters
have been combined. “he mornths of December, January and
February have fewer devartures forming the total exodus
from the roost. Similarly multivariate enalysis of all data
on departure number showed significant relationships with
factors linked with time of year (Teble 24), the midwinter
months showing 2 reduced number of cepartures.

b. Departure Length

The monthly values of the Percentgge frequency of



FIGURE 14
'HE RELATIONSHIP BETWSEN THE NULMBER OF DEPARTURE WAVES (MEAN

FOR HALF LIONTHLY PERIODS) AND DAYLENGTH (MINUTES BETVEEN SUNRISE
AND SUNSET).
r = 0.5080, n= 27, P« 0.0l

Slope = 0.0115 (S.E. = 0.0038), Intercept = 0.1526
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FIGURE 15
THE PRRCENTAGE FREQUENCY OF OCCURRENCE OF DEPARTURES
CONTAINING DIFFERENT NUMBLRS O DEPARTURE WAVES FOR

EACH MONTH.
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C.

different departura lengths hove heen corbined for each yerr;
since they shoved siniler patterns, and cre given in
histogram form in Mgure 16. There was a chenge in the
frequency distribution with time of yezr; the winter months
of December, January and February have fewer short departures
and a corresponding increase in long departures.

Fonthly mean values of departure lengths for the first
and &ll subsequent departures have been calculated and are
showm in Figure 17. The general pattern wvas of the first
devarture being small,folloved by several large depariures
end the exodus pattern ending with one or more small
departures. Agein the months of December, January and
February have & changed distribution, in this case towards
a more even pattern of departure length.

Total departure length (the combined lengths of all
departures on a particular day) de¢clined towards the middle
of winter (Figure 18). One would have expected that as
roost size reached a maximum,s0 total departure length would
show a similar trend. Yo significant relationship was,
however, found with roost sigze. In contrast mean departure
length was correlated significantly with roost size, being
larger when the roost is larger (Figure 19). Although the
total departure was shorter during the months with the
highest numbers of roosting birds, a corresponding decline
in number of departures had the net effect of increasing

mean departure size at this time of yeer.

Gap length

The monthly values of the nercentage frequency of

different gap lengths have been combined for each year since

they showed similar patterns anc are given in Figure 20.
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FIGURE 16
THE PERCENTAGE FREQUENCY OF OCCURRENCE OF DEPARTURE UVAVES

OF DIFFERENT LENGTHS FOR EACH MONTH.
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FPIGURE 17
THE MEAN LENGTH OF SUCCESSIVE DEPARTURE VAVES

FOR EACH MONTH.
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FIGURE 18
THE RELATIONSEIP BETWEEN TOTAL DEPARTURE LENGTH (MEAN
FOR HALF FONTHLY PERIODS) AND DAYLENGTH (MINUTES
BETWEEN SUNRISE AND SUNSET).
r = 0.4042, n =27, p « 0.05

Slope = 0.3547 (S.E. = 0.1574), Intercept = 7.5363
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FIGURE 19
THE RELATIONSHIP BETYEEN NEAN DEPARTURE LENGTH (NEAN

FOR HALF MONTHLY PERIODS) AND ROOST SIZE.
r = 0.5406, n = 27, p(0,0l

Slope = 0.1695 (S.E. = 0.0517), Intercept = 22,1236
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FIGURE 20
THE PCRCENTAGE FREQUENCY OF OCCURR:NCE OF GAPS BETVEEN

DEPARTURE WAVES OF DIFFERENG LENGTHS FOR EACH lONTH,
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Long geps wvere less frequent during the midwvinter period.
Similarly mean gap lengths for each gap number heve been
calculated for each month and are shown in Figure 21. The
percentage frequency of occurrence of these gap numbers was
similar to that shown in Figure 15 for departure number.
lHean gap length becomes smaller and less variable towards
midwinter. Neither total gap length, nor mean gap length,
was correlated with roost size but IMigures 22 and 23 show
the corresponding significant relationships with daylength.

Both declined with decreasing daylength.

4. Departure Composition

Q.

Age and Sex Composition

TFor two reasons the data in this section is limited.
First, permission to shoot was refused for the Lambton
roost; collection of birds was therefore confined to the
Cheswick roost, between January and April, 1972. Secondly,
because of the small size of the first few departures, no
birds were shot from them. The later departures, being
thicker, did, however, enable some birds to be collected,
provided they were not vertically out of range. Shooting
Sirds was therefore most successfuvl on cloudy, windy deys,
when birds flying into wind did not gain height rapidly.

If the birds which left the roost early were in any way
different from those which left later, then the sample shot
in the mornings should be of different composition to the
random "total" sample of the roost taken in the evening.

The number of the birds shot leaving the roost in the
morning which belonged to each age, sex and origin category
are given in Table 25, for each date together with the sample

sizge. Because the samples were small, the data have been
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FIGURE 21
THE MEAN LENGTH OF SUCCESSIVE GAPS BETWEEN DEPARTURE '/AVES

FOR EACH IiONTH.
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FIGURE 22
TEE RELATIONSHIP BETWEEN TOTAL GAP LENGTH (MEAN FOR HALF
MONTHLY PERIODS) AND DAYLENGTH (MINUTES BETWEEN SUNRISE
AND SUNSET).
r=0.6881, n =27, p « 0.001

Slope = 0.0596 (S.E. = 0.0123), Intercept = -116,3492
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FIGURE 23

THE RELATIONSHIP BETWEEN MEAN GAP LENGTH (MEAN FOR HALF
MONTHLY PERIODS) AND DAYIENGTH (MINUTES BETVEEN SUNRISE
AND SUNSET).

r = 0.5908, n = 27, p <« 0.01

Slope = 0,0037 (S.E. = 0.0010), Intercept = 0.9329
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grouped for the purposes of comparison with evening samples.

The numbers of British and Continental Starlings shot
during the morning departures each month are shown in Tables
26, 27 and 28, together with the corresponding evening
values. No significant differences were found in the
origin composiiion between morning and evening samples for
the first two months. Neither were these months signifi-
cantly different from each other (“%52, =1.38, p » 0.20),
nor as a two month sample from the corresponding evening
sample ("%LZ, = 2.6%, p > 0.10). A significant difference
was, however, found in the proportion of the different
origins in the last month. The percentage of Continentals
being higher in the mornings; that is to say, relatively
more British birds left the rocost in the early departures.

Tables 29, 30 and 31 show a comparison of the age ratio
of Continental birds shot morning and evening for the three
months (since the evening ratio did not vary between months) ,
together with the component monthly values. The differences
in the overall ratio were due to an increased proportion of
juveniles shot in the morning in the last month. Adults
appeared to disperse from the roost earlier in the last
month but not in the previous two months.

The proportion of adult and juvenile British Starlings
shot each month are shown in Tables 32, %3 and 34, Again
the last month showed an increased percentage of juveniles
shot in the mornings compared with the evenings. A
disproportionate number of adult British Starlings left the
roost in the early departures of the last month.

The juvenile British sex ratio did not vary significantly

in the roost &s a vwhole through the sample period. Table 35,

( 12 JAN1978

aecTion
LigrARY
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TABLE 26

A COLPsRISOI OF TiE P-RCENTAGE OF COLTINHNTAL AND BRITISH
STARLINGS SHOT ! ORNING AND EVENING AT THW CHuSYWICK ROOST

BETVEEY MID JAITUARY AWD RID FEBRUARY

Mid Jan.
to Lorning svening | Total

mid Feb.
¢ British 0.0 41.6 40.2
¢. Continental 100.0 48.4 49.8
Total 3 89 92

2 *

e 2.09
D > 0,05

* "X? calculated on the Null Hypothesis that
the proportion of British and Continental
Starlings shot morning and evening were

similar.
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TABLE 27

A CONMPARISON OF THE PERCENTAGE OF BRITISH AND CONTINENTAL
STARLINGS SHOT HMORNING AND EVENING AT THE CHESWICK ROOST

BETWEEN MID FEBRUARY AND LID LARCH

¥Mid Feb.
to Horning | Evening | Total

mid Lar.
¢ British 31.9 41.0 38,0
¢ Continental 68.1 59.0 62,0
Total 69 139 208

*

06 1.63
p > 0.2

* “XE calculated on the Null Hypothesis
that the proportion of British and
Continental Starlings shot morning

and evening were similar.
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TABLE 28

A COLPARISON OF THE PERCENTAGE OF BRITISH AND CONTININTAL
STHARLINGS SHOT 1L.ORKWING AND SVENING AT THi CHESWICK ROOST

BETWEEN kID MARCH AND MID APRIL

.
Lid lLar. ‘
to ltorning | Svening Total
mid Apr.
¢ British 46.7 65.4 58.8
% (ontinental 53,73 34.6 41.2
Total 75 136 211
»*
06 7.03
P Z 0,01

* Fxg calculated on the Null Hypothesis that
the proportion of British and
Continental Starlings shot morning and

evening vere similar.
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TABLE 29

4 COLPARISON OF THE AGE RATIO OF CONTINENTAL STARLINGS
SHOT F.ORNING ANMD EVENING AT TH# CHESYICK ROOSYT BETUEEN

I:ID JAITGARY AND LID FEBRUARY

lid Jan.
to Morning | Evening Total

mid Feb.
S Adults 66.7 60.8 61.1
o Juveniles 33.3 39.2 38.9
Total 3 51 54
G 0.04
P >0.8

*
”XE calculated on the Mfull Hypothesis that
the proportion of adult and juvenile
Continental Starlings shot morning

and evening vere similar.
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TABLE 30

4 CORLPARISON OF THE AGE RATIO OF CONTINENTAL STARLINGS SHCT
HORNING AND EVENING AT THE CHESWICK ROOST BETVWEEN

I.ID FEBRUARY AVD LID Ii4ARCH

Hid Feb.
to liorning Evening | Total
nid lar.
¢ Adults 51.1 48.1 49.2
% Juveniles 48.9 51.9 50.8
Total 47 81 128
*
0% 0.10
P >Ot5

* rX? calculated on the Null Hypothesis that
the proportion of adult and juvenile
Continental Starlings shot morning

and evening were similar.
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A CORPARISOI OF THE AGD RATIO OF CONTIWENTAL STARLINGS
SHOT LORMNING AND EVENING AT THE CHESWICK ROOST BETWEEN

1ID LARCH AND WMID APRIL

I.id Liar.
to Lorning | Evening | Total
1iid Apr.
¢ Adults 14.0 37.5 26 .4
% Juveniles 86.0 62.5 73.6
Total 43 48 91
*
06 6.48
)Y < 0.02

*"XE calculated on the Null Hypothesis that
the proportion of adult and juvenile
Continental Starlings shot morning and

evening vere similar.
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TABLE 32

A COMPARISON OF THE AGE RATIO OF BRITISH STARLINGS SHOT
LORIING AWD EVEJING AT THE CHESWICK ROOST BETVWEE LID

JAWUARY AND LID FEBRUARY

liid Jan.
to Horning | Evening Total
mid Feb.
% Adults 86.4 80.6 81.7
% Juveniles 13,6 19.4 18.3
Total 22 93 115
2 *
X 0.39
P > 0.5

S W{? calculated on the Mull Hypothesis that
the proportion of adult and juvenile
British Starlings shot morning and

evening were similar.
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TABLE

A COMPARISON OF THE AGE RATIO OF BRITISH STARLINGS SHOT
LORWING AND EVENING AT THE CHESWICK ROOST BETWEEW INID

FEBRUARY AWD MID MARCH

hid Feb.
to morning | Evening | Total

mid llar.
<. Adults 87.4 80.7 82.3
% Juveniles 13.6 19.3 7.7
Total 22 57 79
g 0.35
P > 0.5

2

¥ X calculated on the Null Hypothesis that
the proportion of adult and Jjuvenile
British Starlings shot morning and

evening vere similar.
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A COMPARISON OF THZ AGE RATIO OF BRITISH STARLINGS SHOT
LORIING AND EVENING AT THE CHMSWICK ROOST BETWEEN 1. I D

MARCH AND MID APRIL

Mid liar. (
to Horning Evening Total
mid Apr.
% Adults 34.3 64.4 55.7
o Juveniles 65.7 35.6 44,3
Total 35 87 122
+*
fﬂ? 9.16
p < 0,01

*"{? calculated on the Mull Hypothesis that
the proportion of adult and juvenile
British Starlings shot morning and

evening vere similar.
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TABLW 35

A COI’P/KISON OF THE JUVENILE 3RITISH SeX RATIO OF STARLIVGS
SHOT LORNING ID EVAMING AT THE CHWSWICK ROOST

DET.ZEID I'ID JANUARY AND LID APRIL

id Jan.
to i'orning Evening Total
mid Apr.
¢, Lales £0.8 75.5 77.3
¢, Pemales 19.2 24.5 22.7
Total 26 49 75
*
~? 0.27
p > 0.5

2
* A calculated on the Null Hypothesis that
the proportion of male and female
Jjuvenile 3ritish Starlings shot morning

and evening vere similar.
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shows the total proportion of cach sex shot in the woruings
compared with that of the evenings. No significant
difference could be detected. Similarly, the first two
months adult British sex ratio has been combined and is shown,
together with that for the last month, in Tables 36 and 37.

No differences between the sex ratio of birds shot morning
and evening could be detected.

Both adult and juvenile Continental sex ratios remained
constant in the evening samples throughout the three months.
The combined results of age ratio for all the samples are
therefore shown in Tables 38 and 39, for both adult and
juveniles respectively. In neither case did the ratio vary
from that of the whole roost.

Weights

No significant differences in the weights of each age,
sex and origin class of Starlings, shot in the mornings at
Cheswick roost, were found during the three months. The
results for all months have therefore been combined and the
mean weight (+ S.E.) is shown in Table 40 for each class of
Starling. Comparison of these values with those for
Starlings shot in the evenings (given in Table 12) indicate
that all classes of Starlings bar British juvenile females
were significantly lighter in the late morning departures.
The comparison is, however, being made with evening shot
birds with full stomachs. By morning Starlings have not
only emptied their guts but have also metabolised some
energy to maintain body temperature and function.

Taitt (1973) gives the mean overnight loss in weight (exclud—

ing gut contents) of samples of Starlings shot morning and
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TA3LE 36

A COLPARISON OF THE SEX RATIO OF ADULT BRITISH STARLIKGS
SHOT EORITING AND EVENING AT THE CHESWICK ROOST BETVWHEN

LID JAFULRY AND LID FARCH

Hid Jan.
to llorning | %vening | Total
mid lar.
¢ Lales 89,5 84.0 85.1
¢ Pemal es 10.5 16.0 14.9
Total 19 75 94
¥*
TX? 0.36
P 70.5

*TX? calculated on the I'ull Hypothesis that
the proportion of male and female adult
British Starlings shot morning &nd

evening vere similar.
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4 COLFARISON OF TEE SEX RATIO OF ADULT BRITISH STARLINGS
SHOT MORNING AND EVENING AT THY CHESWICK RCOST BETWEEL

LID LARCH AID HID APRIL

.id lar.
to Horning Dvening | Total
mid Apr.
‘. Lales 66.7 56.4 58.2
‘. Temales 33.3 43.6 41.8
Total 12 55 67
3*
’7@ 0.43
D >0.5

*’xg calculated on the Null Hypothesis that

the proportion of male and female adult
British Starlings shot morning and

evening vere similar.
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TABLE 38

A COLPARISON OF THE SEX RATIO OF ADULT CONTINZITAL STARLINGS
SHOT LORNING AND BVEWING AT THE CHES'ICK ROOST BETWEEI IMID

JANUARY AND hLID APRIL

L.id Jan.
to Liorning Evening Total

mid Apr.
¢, lales 58.1 6%.6 62.2
% Females 41.9 36.4 37.8
Total 31 88 119

, *

X2 0.30
P ~0.5

]
¥ Y7 calculated on the Wull Hypothesis that
the proportion of male and female adult
Continental Starlings shot morning and

evening were similar.
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TABLE 39

A COMPARISON O THE SEX RATIO OF JUVENILE CONTINENTAL
STARLINGS SHOT I-ORNING AND EVENING 4T THE CHESVICK

ROOST BT.EEL! LID JANUARY A¥D MLID APRIL

liid Jan.
to Horning | Evening | Total

mid Apr.
¢ Lales 56,3 48.9 51.9
% Females 43.7 51.1 48.1
Total 64 92 156
12 3
N 1.50
p >0.2

*PX? calculated on the Null Hypothesis that
the proportion of male and female juvenile
Continental Starlings shot morning and

evening were similar,
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evening at a roost as 8.49 gms. Tf gut contents had been
included this difference would have presumably been
larger. The results presented here are well within the
normal predicted overnight weight loss. There was
therefore no evidence to suggest differences in condition
between early and late departures, as might have been
expected from Vard and Zahavi's theory of roost function
(1973).

Dispersal to feeding grounds

Only 17 observations of departures flying over the feeding
grounds were obtained. Due to the large differences in dates
when these observations were made few conclusions can be drawn.
If, however, the percentage of birds leaving departures for the
four closest dates are examined,a certain consistency of pattern
emerges (Figure 24).

The sites used at Cheswick (M.R. NU 014468) and Detchant
(M.R. NU 090366) were one and seven miles from the Cheswick
roost respectively. Each was a rich feeding site and almost
alvays had Starlings feeding at it during the day. The
Detchant site was a field, devoid of grazing in which sheep
were fed on "artificials". That at Cheswick was a partly
covered stockyard in which cattle were fed in a similar way.
Neither site was on the same bearing from the roost focus and
although this might account for some difference between the size
of comparable departures,it is unlikely to have influenced the
proportion of birds leaving each departure wave.

A larger proportion of birds dropped down to feed at the
sample site further from the roost. From the third departure

onwvards almost no birds flew on directly to more distant feeding
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FIGURE 24
THE PERCENTAGE OF STARLINGS LE.VING SUCCESSIVE DEPARTURE WAVES

TO FEED AT ONE AND SEVEN MILES FROM THE ROOST (CHESWICK AND

DETCHANT RESPECTIVELY).
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grounds. At the near observetion site all birds from the
last departure stopped but few from the previous vaves stopped
to feed. On the 31 January all birds in the third departure
vave stopped, It was, hovever, a very cold day. Under such
conditions it is possible that a greater proportion of birds
are likely to feed in the near ranges before continuing to

more distant feedins grounds.
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SECTION FOUR

DISCUSSION

The Starling has a highly developed communal roosting habit and
therefore provides an opportunity to study the mechanics of social
roosting. With one or two exceptions, the majority of previous
information collected on the roosting behaviour of the Starling has
been of a very qualitative nsture. Before the more fundamental
cuestiong of the function and selective advantage of communal roosting
can be approached a sound knowledge of roosting habits must be gained.
This study has set out to collect basic information on the roosting
behaviour of the Starling. Because of the size and catchment served
by Starling roosts, and the major problems of observation and sampling
these pose for one research worker, emphasis has been placed on the
mechanics of roosting. |

Although several people have speculated on the function of the
behaviour of Starlings on arrival and entering their winter roosts, little
of this is based on systematically collected information. For examvle,
Symonds (1961) believed that the mode of roost entry adopted by Starlings
vas largely dependent on the size of the roost and thus the need to
adopt an ordered entry. During this study the three methods of entry
described by Symonds have been seen at both large (containing over
100,000 birds) and small roosts (containing under 1,000 birds).

The variation observed in the time at which the first Starling
entered their roosts was correlated mainly with the time of year.
kntry took place later, relative to civil twilight, during the midvinter
period. Direct entries took place earlier (in terms of time relative
to civil twilight) than preassembled entries, but at a lower light
intensity. This showed that birds entering direct were 'late' relative

to the light intensity. When preassenbly occurredyStarlings entered
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the roost leter than on comparable evenings when no preassenbly
occurred, but at a higher light intensity. Preassemhbly was, perhawps,
birds waiting for their light intensity threshold to be reached.

olthough feeding did, on occasions, take place in the preassembled flock,
it did not seem to constitute a significant intake of food and birds
usually merely rested. Similarly -eare, Dunnet and Patterson (1974)

concluded that pre-roost gatherings of Rooks (Corvus frggileggg) vere

not primarily to feed.

The occurrence of preassembly in the Sterling was closely linked
with weather factors and +thus the light regime. On clear evenings,
vhen birds arrived at the roost at high light intensities (although
possibly at a similar time to a dark evening), they first flew direct
to the roost. If no other virds had entered, they then flew to join
other flocks nearby, or formed their ovm preassembly. The height at
which flocks flew over the roost was directly related to the light
intensity; the derker it became, the lovwer birds flew and also possibly
circled the roost. If flocks arrived and some birds had already
entered the roost then they too entered. The noise emanating from an
occupied roost seemed to be very important in determining the behaviour
of arriving birds.

Preassembled birds usually formed large flocks and perched either
on the tops of nearby trees or in open fields. Tord and Zahavi (1973)
suggested that preassembly takes place to advertise the locetion of
roosts, This seems rather unlikely in the Starling, since on dark
evenings, when no preassembly took place, Starlings located the roost
wvithout difficulty. l.oreover, the stepwise orogression of flocks
along regular flight lines to the roost and the traditional nature of
wany roost sites would seem to make advertisement unnecessary. “lard

and Zahavi(l973) cite several cases where birds took up conspicuous
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positions during preassembly; these positions do, however, secem to be
those vhich would offer the best all round vision and therefore were
the saflest in terms of the early detection ¢nd avoidance of predators.
Turthermore, the erratic flights of Starlings over and near the roost
could be forms of “prote:n defence" as described by Bumphreys and
Driver (1967); Teare et al. (1974) were of the opinion that this vas
80 with Rooks, Humphreys and Driver (1970) point out that these
erratic flights could be advantageous even if no predators were
apparently present, if the predators used surprise in their attacks.

One noticeable fact about the erratic flights of Starlings seen
during this study was their concentration near to the roost site itself;
frequently flocks would vass back and forth over the roost trees.
In a situation where birds were present st the roost before some critical
factor (possibly light infensity) was at the correct level to t-igger
entry, natural variation in the response of birds would be expected.
+ithin one flock some birds would be ready to enter the roost, vhilst
others would not be so for several minutes. Given that individuals
would also be influenced b: the reactions of other birds in the flock,
it is not difficult to envisage a situation in which the conflict
betveen different groups of birds within & flock would produce a
pattern of erratic flight between roost and preassembled birds. This
was precisely the behaviour observed at roosts during this study.

The pattern of entry into the roost seemed largely dependent on
weather conditions and thus on whether preassembly had teken place.
The total duration of entry seemed to be influenced more by the time of
year; entries in the middle of the winter took less time, despite
conteining more birds. 'he size of entering flocks was, however, very
dependent on the occurrence of preassembly. On dark evenings birds

entered in small flocks as they arrived, forming en almost continuous
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stream of entries. In contrast, preecssembled birds, wvhich. have
arrived eerly, entered in large flocks.

During this study of Starling roosts, shifts in roost
occupstion from deciduous to coniferous trees have been observed,
Similar changes in roost site were noted by rarples (1934). On the
basis of cuestionnaires, he showed that the majority of roosts occupied
in the autumn of 1932 were situated in deciduous trees, however, in the
wvinter months which folliowed roosts in coniferous trees predominated
(%f = 12.55, p < 0.001, Full Fypothesis that the proportion of roosts
located in deciduous trees during the avtumn end the winter wvere similar).
merples suggested thet these chenges in roost site were prompted by
the seeking of more sheltered mositions. The shifts in occupation
observed in this study did occur approximately et the time of leaf
fall and it might have been that, until this time, deciduous trees
offered better insulation than conifers. This seews unlikely, since
the gaps betwveen Hawthorn (10 out of 12 autumn roosts) trees in roosts
‘are usually large. Altern: tively, it might have been because of
their thorns and growth form, thet Hawthorns offerﬁed good protection
against predators, at least as long as leaves were present.

In December 1970 and 1971, at the Tarbton and Cheswick roosts
respectively, attempts vere made to disperse the roosts. In both
years, a small reduction in roost size was achieved but numbers soon
recovered vhen scaring was abandoned. Both Elgy (1972) and
Cameron-Yilson (1972) state that, provided scaring starts within one
or two days of roost establishment, dispersal is feasible. Once
established, considerable effort and e:imense is required to echieve
satisfactory results. This is certainly borne out by zttempts at
disrupting these two roosts. At the Cheswick roost, brashing of one

gsection of the plantation did deter Starlings from using that particular

part. The temperature regime and shelter effect of the wool would have
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cheanged and therefore influenced its suitability as a roost site.

In the early autumn of all three yeors of observation several small
roosts were found. In the Durham area, in October 1969, the three
roosts, at Croxzdale, Sherburn and “est Reinton, contained over 7,000
birds and in addition a further two small roost locations were lmown
to exist. Since four of the roosts were later ebandoned in favour of
Croxdale, only part of the increase at the latter was due to the arrival
of Continental birds. Similarly, for the other two years, at least
part of the roosting population, of the major winter roosts, consisted
of resident Starlings which had previously been using smaller local
roosts. Besides the obvious similarities in the rete of build up of
the Croxdale and Lambton roosts in 1969 and 1971 respectively, their
ultimate sizes were of o very similar megnitude. In 1970 the build
up at Lambton was far slower and only reached approximetely half the size
of the major winter roosts in the other two years. Wone of these roosts
conformed to the patterns, of stable numbers or of a late summer peak,
found by Potts (1967) at eight urban roosis. It might well be that
urban roosts do not normally contein Continental birds (as has been
demonstrated for the London roosts).

Symonds (1965) gives graphs of the build up anc. evacuation of a
country roost at Felpham, Sussex, for the winters 1961-62, 1962-63 and
1963-64. 4 similar pattern of build up and evacuation has been found
during this study but the period over which this change in roost size
occurred wvas very difierent; the roost in Sussex was occupied for a
far shorter period. Sumples of Starlings shot in the evenings at the
Cheswick roost (a random sample of the roosting population) showed
birds of both .ritish end Continental origin to be present in
approximately ecuzl numbers. Although it was not possible to dewonstrate
any weight differences between British and Continental Starlings of the

game age and sex, the sex ratio of the two groups were very different.
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nc somple of adult Jritishi Lirds shot Lewween mid Juruery and mid
larch contained 845 males, but declined to 56% betueen mid liarch and
mid ipril, presumably as males took up breeding territories. The
sarple of adult Continental Starlings, howvever, contained 645 males
and did not change significantly in the three months. Although it is
possible that the differential mortality between the sexes might be
different for the two groups, it seems more likely thet a differential
migration of the sexes, as found in Blackbirds (Drost 1935,
Krueger 1940), accounts for these differences. Similarly, the almost
egucl sex retio in juvenile Continental birds (49}'males), as compared
with 76% males in the British juveniles, could be produced in the same
vay.

A relationship between roost size and the number of deys it takes
a roost to build up or evacuate was found by Symonds (1961, 1965).
The number of days taken to evacuste the major winter roosts in the
three winters of this study were 20, 41 and 30 days respectively.
According to his relationship values of 14, 10 and 12 days would have
been predicted. There seems to be no reason to helieve that the
relationship is of general application. Symonds derived his
relationship from counts at several roosts during one winter. The rate
of build up of major winter roosts probably devends on several factors.
Jactors such as: the period of time over which autumn leaf fall occurs
and temporery roosts in deciduous trees are abandonedjand the timing
and duration of the arrivel of Continental migrants. may be important.
Because of seasonal and regional variation in climate, it is unlikely
that the rete of build up of roosts will be consistent from area to
area or from year to year.
Little published information exists on the behaviour of Starlings

within their roosts, Vynne-Edwards (1962) states (on the basis of one
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clbino bird observed by '}agnall—Oalaley (1959)) that individual Sterlings
use the secme perches each evening; this did not seem to be borne out by
the linited observations made in this study. The actual position of
the roost often varied from eveming to evening and frecuently vhole
trees, &s well as verches, were not occupied on consecutive nights.
lhovenent within a roost wood could have been due to chenges in weather
conditions, such as wina direction, which in turn chenged the most
sheltered position within the wcod. It was not feasible to test this
possibility. The distribution of Starlings, within each tree end
within the roost site as a wiiole, changed s the birds settled to
sleep. Starlings came closer together, moved towards the centre of
trees and reduced the overall number of trees which they occupied. The
fact that birds did not spread out more then was necessary could be
taken to indicate that grester spreading of birds would have led to
increased precdation or energy loss.

"he sequence of behaviour noted prior to sleeving, or after
awakening, showed no special features related to social roosting and
vas similar to that expected for a solitarily roosting species. Spectral
anelysis of tape recordings of the noise created morming and evening
confir_ed the observetion that sowe birds were singins. This singing,
carried out by adult meles morning and eveningz, avpeared to have no
function, since territorial estsblishment and defence took nlace avay
from the roost. A flight call of low frequency, vas given early in
the evening as flocks entered the roost. Kuch of the noise procduced
at Starling roosts was merely bickering between birds. This
chattering and bickering continued, at a very reduced level, throughout
the night, from which it can be concluded that some birds were
sufiiciently aware of danger to alert their neighbours.

Both Yastwood (1962) and Charman (unpublished) noted that noise

always stopped being produced, by birds within the roost, vhen each
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deperiture wave left the roost. Thies has esgain been observed in the
present study, but the reason is still not fully epparent. The numbers
of birds awake ani calling would, of course, be greatlyv reduced vhen a
denarture wave occurred. Hovever, many aweke birds remained and the
noise rapidly increased, such thet this could not be exnlsined solely
by new birds walins and celling. Starlings already awveke, calling and
singing, but not destined to lerve -Adith the next departure wave, must
have stopped vocalising =nd then rectarted.

It has long been knowvn thet Starlings leave their communal roosts

in discrete groups or departure waves (Wynne—ﬂdwards 1929). Similar

behaviour hes been noted at large “uelea (cuelea quelea) roosts

(v ard 1965). These clumps of birds, so to speak, could be interpreted
in the same way as Mrebs (1974) has interpreted ithe clumped dispersal
of herons from their breeding colonies; namely thst they represent
birds following others to feeding grounds. They could, however,

be interpreted in quite a different way. 'ithin a population of
starlings responding to a simple light intensity o: time trigger, one
would expect there to be natural variation in the »nopulation and there
to be a range of light, or time, over vhich they would respond. If
onto this pattern one imposed a response to bird density, as one might
expect in a species that flocked, such that birds eclready pessed their
threshold would cdelay depertire until other -irds we e willing to leave.
Yet other birds, not yvet at their threshold would go before reaching
their threshold, if others were z2lready going. in oscilleting
departure pattern would result. St present insufiicient inforretion is
aveilable to test this hypothesis. However, the tact thet birds return
to the roost from the tail end of some departure vaves, would sugrest
that tney are not ready to depart. The observation thet these birds
then form the beginning of the next departure wave, would also support

the letter, rather than the former, explenation.
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{rebs (1974) found that neighbouring herons were more likely to
leave the colony together for the feeding grounds. Similerly, it
has been found that those Starlings wvhich disperse radially within the
roost and occupied the outer trees usually left together. These,
however, are not necessarily adjacent roostin birds; in fact the
presence of birds still asleep throughout the roost suggests that they
are probably not neighbhours. Loreover, individual flocks entering
the roost at night do not appear to occupy one area of the roost but
spread themselves out amongst other birds.

sastwood, Isted and Rider (1962) attempted, with little success,
to correlate the time the first deperture wave left geveral Starling
roosts with cloudcover. Cloudcover is, however, a poor index of
light conditions, since equal amounts of different types of cloud can
give totally dif+erent light regimes. In this study, the use of
multiple regression techniques and a more realistic representation of
the light regime has enabled 62,7%% of the variation, in time of first
departure, to be explained in terms of environmental factors.
Viynne-gdvards' (1962) analysis of Starling roost departures were based
on measurements made some miles from the roost and, on these grounds,
his conclusions related to the ractors influencing departure do not
seem to be justified. Tovards midwvinter the time of departure becomes
earlier relative to civil twilight, this may, in part, be an attempt to
compensate for the shorter daylength. Hamilton and Gilbert (1969)
assumed this would be so but, in fact, found the reverse at a Starling
roost in California and suggested that this could be for three
reasons, (1) Peeding effort earlier in the winter could be successful
in increasing fat reserves and therefore reduce subsequent energy

requirements. (2) Food could become increasingly available.

(3) Experience in feeding in an erea permitted the requirement to be

T
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obtained more rapidly. Their results szem to be the excepntion, since
most other species studied do emerge from their roosts earlier vhen
daylength is at its shortest (e.b. Dunnettand HZinde 1953).

Certein weather {actors also had an influence on departure time,
probably either by increasing overnight energy consumption or reducing
food availability and thus necessitating a longer time in which to
collect sufticient food. Similarly, Kuroda (l961> found that rising
ambient temperature was correlated with early roost entry in the Grey
Starling (S. cingzgg§).

"he number of departures, their size and spacing, varied from day
to day and the major factor vhich influenced this variation apneared to
be daylength. During the midwinter months depertures were fewer and
wers, Oon average shorter, indicating that the beheviour was more closely
synchronised. oince the sun rises at a greater angle to the horizon
(i.e. nearer to the vertical) as the winter solstice approaches, light
intensity will change more rapidly at this time of year. The time over
which critical chenges in light intensity occurred would be shorter and
therefore the departure morc synchronous.

¥rom a comparison of the samples of birds shot from the late
morning departﬁres and a random sample from the whole roost, it was not
possible to detect any general difrerences. The larger dispersal of
adult male British birds in the early departures in the last month can
be adequately explained in terms of breeding behaviour.

Boyd (1932) suggested that those Starlings which left the roost
early flew to the more distant feeding ranges, but he gave no evidence
for this belief. The limited data collected in this study did suggest
thet ¢ greater proportion of early departures stopped at feeding ranges
further from the roost vhen compared with closer ranges. The results

are, however, for from conclusive. llamilton and Gilbert (1969)

present data to show that in-transit stops sre longer on overcast days.
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Similerity in the range of time over which Sterlings arrived et different
distances from the roost did not suggest depnarture vaves flewv different
adistances.

It can be seen from the sbove discussion that this stuvdy hes filled
some of the geps in our knowledge of the roosting behaviour of the
Starling.

The enswer to the cuestion "that is the function of communal
roosting?" is neither simple nor certain, Scveral authors have expressed
their views on the adaptive significance of this form of social behaviour
and these vill now be discussed, in the light of information gained
during this study.

“"he choice oF roost site and the grouning together of birds could
serve to reduce heat loss and is undoubtedly an importont factor in some
Species. Yor examnle, the groups of Urens aond Yiee Creepers (both small
species uith high surface to volume ratios) found clustering together in
holes and crevices during cold weather apnear to be an adaptation to
conserve energy and raintain body temperature. In the Starling,
elthough birds cluster together linearly along perches, the dispersion
of perches themselves means that the large distances between birds, in
the other two planes, will negate any effect clustering will have on the
ambient temperature of the roost. Under calm conditions the loss of
heat vertically, and in windy conditions horizontally, would be
considerable, horeover, energy savings would have to be considerable
when weighed against the additional expenditure of flying 30 kilometres
or more to and from the roost. similarly, Yeare et al. (1974) point
ovt thet the dispersion of Hooks within their roosts mokes it unlikely
thet ther con_iegate for varmth. “his, of course, does not ncan ths
the roost site itself is not chosen on the basis of the shelter from the

veatter thit it offers. Zalambach (1935), .owan (19%8) and Telvingt (1961)
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rightly considered tewpornture to be cn luporte

f

ait factor deterwining
the precise locotion of wintex rooste. leny onaerently suitable
roost sites are not used by Storlings cnd birds fly many miles to reach
others which, to tie human eye, ere no different. Hovever, in view
of the occurrence of communagl roosting in some tropical species
(Jard 1965, “ogden 1970) and of Starlings in the late summer and early
autun it seems unlikely thet energy conservation is the major selective
acvantage responsible for the widespread phenomenon of social roosting.
It has long been realised that flocking cen increase the awareness
of danger and reduce the individuals risk of piedation. I1f, however,
the wger:gation is fixed in space for any length ol timc some of the
anti-predator advanteges of clumping cre lost. Tven wvhen a clump of
vrey hcve been located by a predator it is still edvanicgeous to remain
in a group., Meill and Cullen (1974) have showm that the "capture time"

of prey items by Pike (ssox luvius) was ¢grecter vhen the prey were in

groups, they attribute this to confusion on the part of the predator.
Llternatively, fear of collision (Tinbergen 1951) or the provision of
cover by the group (Williams 1965, Hamilton 1971) could have been
responsible. Starling roosts are used for considerable lengths of time
vithout shifting site; opredators will alvays knov the location of a
food scurce. Some have suggested, for this reason, that roosts attract
predators. Liarples <1934) quotes & case, of en estate in Devon, where

Sparrov Hewks (hccipiter nisus) had previously been extermincted by

keepers, but where a further 11 were shot in 25 days after a Starling
rooct vas established. Hérd end Zahavi (1973) correctly point out the
striking anti-predator adaptations seen ¢t rcosts. They emphasige,
however, thst this does not indicate that the main funmction of social
roosting is t0 reduce predation since solitary species often show
similer adaptations.

It has been suggested, by “ynne-_Ldvards (1962), that communal
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roosting performs certain social functions wvhich have selection value.
He believed that much of the behaviour of Starlings at their roosts
functioned as a Torm of epideictic display. l.ost of the facts upon
vhich this hypothesis is based do, however, have alternstive, far simpler
explenstions. The occurrence of preassemblies and different modes of
entry seem mainly to be a function of the light regime. "The ancestral
nature of wany roosts, far from being a definite indicstor of social
function in roosting, is a type of conservatism common in many animal
populations. Aerial displays near to the roost site could be of anti-
predator function, or merely a vroduct of naturel variation in the
regponse to critical factors. Similarly, the morning dispersal waves,
emanating from roosts could result from the interacting influences of
light intensity and bird density.
Lack (1968) has suggested that sociality in birds has evolved as

strategy for exploiting food resources, The graszing ungulate:é of
the sfrican plsins, vhose food tends to be unpredictable and patchily
digtributed, aggrezate in large herds. Browsing species, whose food
tends to be stable and uniformly scattered, live in smell groups or
pairs (Jarman 1974). In addition, two closely related species of

monkey (Colobus badius and C. ggereza_) have been ghoun to have differing

social orgenisations,which agair reflect the spatiel and temporal
nature of the food supvnlics they utilise (Zlutton-3rock 1974}, The
general correlation between flock feeding, on a patchily distributed
food suoply, and socisl row ting has led to the belief that communal
roostins has also developed to enmhance the efficient exploitation of
food. This, of course, requires the roosting sgsregrtion to have a
nositive influence on food finding. “Jard and Zahavi (1973) have
suggested a method by which certsin getherings of enimals could operate

as information centres. They believe that individuels thet have been un-

guccessful in searching for food follow successful individuals out of
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the colony or roost on forsging trips. Their interoretation of the
function of aerisl displeys and preassembly at roosts is open to cuestion.
The method of worning dispersal of roosts in the Starling, and several
other species, does, however, offer the opportunity and mechanism by
which information on food distribution and abundance, within a roost
catchment, could be achieved. The fact that this study could not

detect any differences in weight between early or late departures

canmot be taken as evidence against the operation of the information
centre hypothesis since sampling and comparison was difficult.

Similarly, the single occurrence of redirection during these observations
is, perhaps, less than one might have expected if this was a major
function of communal roosting. +11 three winters of the study were

mild and it might well have been that snovcover and frosty conditions
vere not sufficiently severe, or prolonged, to limit food availability.
lieasurements, similar to those of this study, made over a period of
several days cold weather may be all that is needed to demonstrate the
differences in weight, and changes in direction of dispersion, required
as evidence in support of YWard and Zahavi's hypothesis,

The adjustment of the distribution of Starlings, in relation to
changes in food zbundance, could occur not only within each roost
cctchment but also between different roosts. Vard and Zahavi do not
propose a methbd by which information on food could be exchanged other
than on a single roost catchment basis; neither has this study thrown
any light on the way this might be achieved. It is interesting to
note, however, that radar films have revealed migrant Starlings returning
to the Continent direct from roosts (Eastwood 1962). These migrational
departures took the form of a series of departure vaves leaving the roost
in one dircction, Cold we: ther movements might well also tske place

direct from the roost itself; however the basis on which the decision
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on the timing snd direction in whicn Lo move Lo new {eedily grounas is
unknown.

It is now possible to point out four major areas which warrant
further investigation.

A logical consequence of the "information centre" hypothesis is
that birds that leave rooste early should be heavier than those which
follow them. The comparison of weightis in this study was rcther
unsatisfactory. Yiith more time and effort, it should be possible to
make a better ccomparison and to develop methods of obtaining large
samples from early and late sections of individual departure waves.,

In order to discover more about any differential dispersion of
departure waves it would be necessary to carry out simultaneous
observations at several ranges from the roost focus. lioreover, such
monitoring would enable the effect of changing distribution of food
(both netural and artificial) to be related to any changes which might
occur in the departure pattern.

Because of the nature of most rural roosts, it is not feasible to
study behaviour within the roost. Urban roosts in which Starlings
perch linearly along ledges would, however, seem to offer a good
opportunity to examine in detail the interactions between birds and
changes in their behaviour. If the roost chosen was sufficiently small,
or if a group could be established in a large aviary, it would be
feasible to mark and watch known birds within a roost.

Shooting or trapping Starlings at a variety of roosts and
classifying the samples on the basis of age, sex and orisin would give
a great deal of information on the distribution of Continental Starlings
in Great Britain. It is not kmown whether Continentals form their ovn
roosts at 8ll or if there is a generel mixing with the resident

population, It a:pears that urban roosts may be comnoged solely of
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residents. Collection of samples from several sites could -uickly
confirm, or reject, this possibility.

The knowledge gained during this study has been examined in
relation to iard and Zahavi's "information centre" hypothesis of
communal roost function. Several areas exist in which their
interpretation of facts seems to be suspect and alternctive exnlanations
acpear more likely. These points are, however, minor and do not
contradict their main theme. The results of this study, although not

of positive support, do not lend any weight to the rejection of their

hypothesis,
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APPENDIX I

Range changing equipment for light intensity measurement

In order to reduce the number of tasks required of the observer
an automatic light monitoring system was developed. This consisted
basically of a 24 volt, two channel (one channel used for light
intensity, one for noise 1eve1), Rustrack chart recorder (maximum scale
deflection 8.4mV.) and the light sensitive head of an Eel Photometer.
The range over which it was necessary to make measurements of light
intensity and the sensitivity required necessitated the construction
of a complex triple scale relay systen. It vas essential that this
relay system would operate in both directions such that increasing or
decreasing light intensities could be recorded. The diagram overleaf
shows in detail the scale changing relay circuitry.

The most sensitive scale recorded, via R the potential

1
difference across the photometer head. As light intensity increased
a photo-conductor activated the range relay, bringing the shunt
resistor (R2) into the circuit. This made the recorder less
sengitive, Further increases in light intensity activated an addi-
tional range relay through a further photo-conductor and brought shunt
resistor R, into the circuit msking the recorder even less sensitive.

3

Adjustment of resistors R1, R2 and R_ enabled each individual scale

3

sensitivity to be varied and in each case R6 set the light level at

which each relay would operate.
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APPENDIX I (Contd.)

THE CIRCUIT DIAGRAWM OF THE AUTOLATIC RANGE CHANGING

EQUIPHMENT DEVELOPED TO RECORD LIGHT INTENSITY
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APPENDIX II

The microphone[amplifier equipment for noise level recording

ith the second channel of the Rustrack chart recorder it wvas
intended to monitor noise levels. The signal from a dynamic
microphone was converted to give a O-1mA. D.C. signal by means of a
battery operated audio amplifier. The diagram overleaf shows in
detail the circuitry used. Unfortunately the system developed was
not sufficiently sensitive to detect the noise prodvced at the
Starling roosts studied. More sensitive equipment would have been

expensive to produce.
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Appendix II (Contd.)

THE CIRCUIT DIAGRAM OF THE MICROPHONE/ARPLIFIER

EQUIPMENT DEVELOPED TO RECORD NOISE LEVEL
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