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INTRODUCTION 
Co-ordinated flying displays by flocks of Starlings Sturnus vulgaris 
are often a feature at pre-roosting areas, but the most spectacular 
displays occur at the main roost, when very large numbers of birds 
fly together, prior to final roosting. On many evenings, however, 
the Starlings may quickly enter the roost on arrival, or give only a 
brief flying display. 

At roosts in central London which are occupied throughout the 
year, mass evolutions occur only from mid-July to late March 
(Cramp et al. 1957), but according to Spencer (1966) aerial evolu
tions are independent of season and size of roost and are at their 
best when high winds make it difficult for flocks to alight, and when 
the Starlings react to the presence of a Kestrel Falco tinnunculus or 
similar predator. However, Bickerton and Chappie (1961) observed 
that on very windy or wet evenings Starlings flew straight into their 
roost, often without rising more than a metre or two above ground; 
and Wynne-Edwards (1929) observed that Kestrels and Buzzards 
Buteo buteo moved off when caught near the roost by incoming 
flights of Starlings. In the absence of a satisfactory explanation for 
the Starlings' complex flight behaviour at the roost, Wynne-Edwards 
(1962) said of their aerobatic display: 'it seems quite irrational to 
dismiss what is certainly the starling's most striking social accom
plishment merely as a recreation devoid of purpose or survival 
value, and wiser to assume that a communal exercise so highly 
perfected is fulfilling an important function'. 

In order to obtain further information about Starling flight 
behaviour prior to roosting, and the apparently spontaneous changes 
in location of the roosting site, evening observations of Starlings 
were made during the winter of 1970/71 at a rural roost near 
Edinburgh, in the old county of West Lothian. 

ROOST SITE 
During September 1970 Starlings moved from their usual roosting 
site on the Forth Road Bridge and established a roost almost two 
km inland on Dundas Hill, a rounded outcrop of wooded land which 
rises from a coastal strip of undulating farmland (see fig. 1). Dundas 
Castle stands approximately 80 metres above sea level, surrounded 
by mixed coniferous and deciduous trees which were used by the 
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Starlings as their main roosting site during the winter of 1970/71 
(see roost A in fig. 2), and in this position, nearly 20 metres below 
the summit, roost A was protected from winds blowing from direc
tions between the approximate compass bearings of 1600 and 
2560. As protection was given from prevailing south-westerly winter 
winds, this directional segment will be referred to in the account 
which follows as the 'normal-shelter zone'. 

Fig. 2. Topography of Dundas Hill, Lothian 

POPULATION CHANGE AND ASSEMBLY 
The number of Starlings using roost A increased steadily during 
winter, from approximately 30,000 at the end of September to 
almost 75,000 at the beginning of February; the total then rose 
quickly to around 150,000 before the mass departure of birds from 
the study area at the end of February (Brodie 1974). 

Fig. 1 (oppoaite). Topography of the land around Dundas Hill, Lothian 
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During October, November and December, Starlings assembled 
above their roost on arrival from distant pre-roosting areas, but at 
the beginning of January an intermediate pre-assembly area was 
established I km north-east of Dundas Castle. This disrupted the 
usual flight behaviour, as many flocks displayed in the pre-assembly 
area and flew back and forth between this area and their final 
roosting site. From the end of January until the roost broke up on 
23rd February all the birds gathered together on farmland 3 km SSE 
of Dundas Castle, where they formed great swarms that milled about 
the sky and fields. Large scale display at the roost site was almost 
absent during this period as mass flight took place in this new area 
and departure to roost was made as darkness fell, with a steady 
stream of flocks flying almost directly into the roost. 

The analysis of flight patterns presented in this paper is therefore 
based on the results of observations made during October, Novem
ber and early December, when roosting assembly was of a direct 
nature, i.e. pre-roost to roost. 

METHODS 

Details of flight patterns were recorded from a point 1 km north of 
Dundas Castle, and observation began about one hour before sun
set. A comprehensive account of weather conditions prevailing in 
the area of the roosting site was obtained from the meteorological 
station at neighbouring Turnhouse Airport. 

Initially, flight displays were grouped according to the duration 
and intricacy of the spectacle provided, but when these groups were 
related to prevailing conditions of wind speed, temperature and 
vapour pressure no relationship could be established to show that 
any one or combination of these factors exerted a controlling in
fluence on the Starlings' behaviour. However, when it was noticed 
that wind direction influenced the Starlings' performance, the 
topography of the roosting site was then considered and it became 
apparent that wind currents in the immediate area of the roosting 
site could be related to four major categories of flight behaviour 
(see results), namely (I) mass aerobatic display over the roost, 
(II) mass aerobatic display over the roost, followed by division 
into large ranging flocks, (III) brief display by individual flocks, 
and (IV) no flight display. 

For the purpose of analysis, wind directions have been converted 
into positive or negative values by designating winds outwith the 
normal-shelter zone (1600 to 2560) as positive, and those within the 
zone as negative. Dividing all possible directions into two sets, by a 
line bisecting the angle made between 1600 and 2560, then allowed 
all kinds to be referred to these compass bearings, e.g. 2760 = + 20, 
140° = + 20, 2360 = —20, 1800 = —20. 
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RESULTS 
Category I 
Mass acrobatic displays over the roost. Various flight patterns were 
formed when Starlings flew in and out of different air streams pro
duced by south-westerly winds flowing over the contours of Dundas 
Hill. The usual type of display (la in table i) consisted of large 
flocks flying in long, low, streaming movements above the roost 
with small detached flocks flying in tight formation, and nearly 
half the total number of birds flying above the others in a high 
column, the overall effect (reminiscent of a 'ten-gallon-hat') 
reflecting the flattened 'head and shoulder' contour section of the 

Table I. Summary of distribution of observations and weather conditions 
relating to flight categories I to IV (all results expressed a s mean values) 

An explanation of the category sub-groups a, b and c is given in the text 

Number of 
observations 
Temperature in °C 
(dry bulb) 
Vapour pressure 
(millibars) 
Wind speed 
(km per hour) 
Rainfall 
(l / io mm) 

Wind direction 

a 

5 

9« 

97-a 

21.4 

_ 
- 2 9 . 6 

I 
b 

rapid 

2 

10.4 

106.0 

38.5 

-
- 3 6 . 0 

FLIGHT 1 

C 
slow 

2 

2.6 

65.6 

4-5 

-
— 16.0 

a 

4 

8.7 

74.8 

24.8 

-

35-5 

3ATEOORV 
II 

b 

2 

10.9 

110.0 

26.0 

— 
—31.0 

I I I 

3 

8.8 

81.7 

" • 3 

-

69.33 

IV 
a 

4 

9-6 

109.8 

29.0 

4.8 

- 1 8 . 5 

b 

1 

9-5 

85.0 

57-o 

-
4.0 

hill. On other occasions the birds flew together in one vast cloud
like column, the top of which was just visible at a great height above 
the roost. Within such a cloud, Starlings were observed flying very 
rapidly on windy evenings (lb), or very slowly on calm evenings 
(Ic), and in both cases formation-flying occurred only shortly before 
entry to roost. It is noticeable that slow-flying cloud formation 
occurred when wind speed and temperature were both low. Also, 
wind speed on 'rapid-flying-cloud' evenings is higher than on sub
group la evenings and so it is possible that as wind speed increased 
the sheltering effect of the land mass was reduced and 'streaming 
movement' Starlings were obliged to soar on upcurrents with the 
others. 
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Category II 
Mass aerobatic display over the roost, followed by a division into 
very large ranging flocks. When winds blew from a direction out-
with the normal-shelter zone, Starlings gathered above their usual 
roosting site, roost A, until nearly all had arrived, and then the 
whole mass split into two or three very large flocks which flew in 
great ranging sweeps, low across woodland and/or over to the near
by Forth Road Bridge (used as a roosting site earlier in the winter, 
and in previous years), before returning to roost in some sheltered 
area or areas of woodland (Ha). This large scale searching flight was 
observed to a lesser extent on a few other occasions when wind blew 
from within the normal-shelter zone. On these latter occasions 
(lib) the Starlings had spent the previous night roosting at an 
alternative site to roost A, and their apparent indecision about 
returning to roost A resulted in a great deal of flying back and forth 
between both sites. 

Category III 
Brief display by individual flocks before flying in to roost. On some 
occasions an alternative roosting site to roost A was quickly entered 
on consecutive evenings when Starlings arrived at the roosting area 
with wind still blowing from a direction outwith the normal-shelter 
zone. Possibly owing to lack of favourable wind currents, the birds 
did not fly about for long before entering the roost. In this group, 
and in category II , occasional minor resettling movements across 
tree tops were observed a short time after the birds had apparently 
settled for the night. 

Category IV 
No flight display. When Starlings arrived at the roost with rain 
falling and strong winds blowing, they flew straight in to roost, 
and when rain began to fall during an aerobatic display they dived 
quickly into their roost (IVa). Very strong winds produced a similar 
effect, the birds entering their roost almost directly on arrival (IVb). 

In order to consider the individual importance of several factors 
which might simultaneously affect flight display the evening obser
vation results were examined statistically by the method of analysis 
of variance. The results of this analysis are shown in table 2, and it 
is evident that the only statistically significant (P = < 5%) factors 
affecting flight performance were rainfall, wind speed and wind 
direction. These results support the observations that (a) rainfall 
and very strong winds inhibited display and that (b) winds of vary
ing speed blowing from different directions relative to the roosting 
site were largely responsible for the flight behaviour described in 
categories I to III , for the period October to early December. 
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Table 2. Results of an analysis of variance with data relating to observations 
of flight behaviour of Starlings Stumus vulgaris described in categories I to IV 

CATEGORIES I TO III CATEGORIES I TO IV 
INCLUSIVE INCLUSIVE 

(degrees of freedom 5 X 12) (degrees of freedom 7 x 15) 
Variance % probability Variance % probability 

ratio of variance ratio of variance 
(F) being due to (F) being due to 

chance (P) chance (P) 

Temperature (°C) 
Vapour pressure (in bar) 
Wind speed (km per hour) 
Rainfall (1/10 mm) 
Wind direction 

2.07 
2.01 
3-95 
-

5-4° 

> 5 
> 5 
< 5 
-
< i 

1.14 
'•44 
5-75 
5-98 
4-97 

> 5 
> 5 
< i 
< i 
< i 

CHANGES IN LOCATION OF T H E ROOSTING SITE 
Minor changes in location of the roost were frequently observed and 
each move was associated with a change in wind direction which 
made roost A unfavourable because of exposure to wind. Flight 
behaviour on such occasions is described in category II, and 
examples of the alternative choice of roosting site are given below: 

(i) 3.10.70. No rain and wind direction 2800. The Starlings divided into two 
small flocks and one large flock. The small flocks moved into lower trees south
east of roost site A, and the large flock moved into lower trees slightly north-east 
of roost site A. 

(ii) 20.10.70. No rain and wind direction 3200. The Starlings divided into two 
flocks of unequal size, the smaller of which roosted in lower trees to the south of 
roost site A, while the larger flock established a roost at the east end of the woodland 
(roost B in fig. 2), approximately 600 metres away from roost site A. 

(iii) 5.11.70. No rain and wind direction 2900. A large-scale move from roost 
site A over to the Forth Road Bridge (approximately two km away) where several 
thousand Starlings roosted for the night, but the great majority of birds returned 
to roost in sheltered lower trees a little to the north-east of roost A. 

During February the number of Starlings roosting on Dundas 
Hill increased greatly and roost A was eventually abandoned in 
favour of a succession of new roosting sites in areas C, D and E 
shown in fig. 2. Changes in wind direction were not associated with 
these moves, which took place amid great agitation before the birds' 
departure at the end of February. Similar erratic changes of roost 
site were observed by Wynne-Edwards (1962) at a roost near Bristol 
shortly before it broke up around mid-March. 

METHOD OF ENTRY TO THE ROOST 
Entry to the roost was in no way hampered by strong winds as 
suggested by Spencer (1966), and throughout winter Starlings 
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showed no regular method of entry which would allow calculation 
of their number, as suggested by Symonds (1961). The methods of 
entry to the roost each evening were: 

(1) Directly in small groups or streams on arrival (see category 
IV). 

(2) Continuously dropping from large flocks above the roost in 
'showers' over a wide area. 

(3) Rapid blanket-like drops over a wide area, 
(4) Funnelling down from the main swarm, which swung in 

pendulum-like motion above the roost. Up to three funnels at one 
time were observed. 

DISCUSSION 
Display was a feature of roosting activity throughout winter, al
though the area where display took place changed from the im
mediate vicinity of the roosting site to more distant areas around the 
roost as the number of Starlings increased and their method of 
assembly altered. These communal manoeuvres may possibly 
provide Starlings with an opportunity to assess their numbers for 
dispersionary purposes, as postulated by Wynne-Edwards (1962), 
but the nature of the flight behaviour observed at this roost suggests 
that the primary function of display may simply be to provide the 
birds with an important visual marker which will facilitate their 
detection of the roosting, or pre-roosting, mass of Starlings. 

The indicative nature of display was evident when changes in 
location of the roosting site were made (see category II). Starlings 
first displayed en masse above the previous evening's roost site until 
nearly all had arrived, and then they formed detached ranging 
flocks which bunched into display patterns over 'possible' alternative 
roosting sites, until one (or several) of these locations then became a 
focal point for mass gathering of the ranging flocks prior to their 
roosting at this spot. 

The involvement of display as a marker, rather than as an oppor
tunity for population assessment, was perhaps most clearly demon
strated on evenings when unfavourable weather conditions pre
vailed at roosting time. On such occasions each flock displayed above 
the roost only until the arrival of the next flock, whereupon the 
later arrivals displayed while the earlier arrivals entered the roost 
(category III) . On favourable evenings it was also common for 
many Starlings to detach themselves from display flight and enter 
the roost long before the total roosting population had arrived. A 
further demonstration of display marking was also observed during 
the pre-migration increase in numbers, when small roosts from the 
Forth Railway Bridge and Rosyth Dockyard flew over to the 
vacant area of roost A, where they circled briefly, then quickly 
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flew south-east to join the mass of birds which were displaying in this 
'new' area. Similarly, Starlings flying to roost were observed to 
change direction and fly back to join pre-roosting flocks after the 
latter rose off the ground in brief formation flight. 

As a visual signal there can be no doubting the effectiveness of 
flight display, which is often mistaken at a distance for smoke. 
Tight aerobatic formations continually alter the opacity of the 
display and create changes in the swarm shape, thus increasing the 
chance that the display will be noticed. North American Indian 
smoke signals embody similar principles. 

In the central London area roosting Starlings were not observed 
to change their position on buildings in response to changes in wind 
direction (S. Cramp in litt.), but, as demonstrated in the section 
dealing with changes in location of the roosting site, protection from 
wind is an important factor which must be considered by the birds 
when choosing their roosting site. This is perhaps evident when one 
considers that protection from wind is the only common factor 
provided for by the many diverse roosting sites used by Starlings 
during winter months, e.g. reed beds, woodland, cranes, bridges 
and buildings (Potts 1967), and strange places like the barrel-
shaped beacons which marked the sailing channel of the River 
Clyde (Stewart 1928), or on the ground in tunnels formed in thick 
grass (Kennedy 1929). 

ACKNOWLEDGEMENTS 
I wish to thank M . J . Richardson and J . M. Todd of the Department of Agriculture 
and Fisheries for Scotland, East Craigs, for advice and helpful comments given 
during the preparation of this paper. 

SUMMARY 
The flight behaviour of Starlings Sturnus vulgaris prior to roosting, and changes in 
location of the roosting site, are described and related to prevailing weather 
conditions. It is suggested that the primary function of flight display may be to 
provide Starlings with a visual marker which will facilitate their detection of pre-
roosting or roosting areas. Consideration is also given to the importance of'shelter 
from wind' as a factor influencing the Starling's choice of roosting site. 
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P L A T E 5. Above, pre-roost swarm of Starlings Sturnus vulgaris, Kirkliston, Lothian, 
1970/71 {photo: James Brodie). Below, a huge mass of Starlings blacken the sky, 

Shropshire (photo: H. R. Sykcs) (pages 51-60) 



P L A T E 6. Starlings Sturnus vulgaris near Rhostic, Llanilar, Dyfcd, 1966 (photos: 
A. 0. Chater). Above, dense swarm display similar to the figure-of-eight pattern 

(page 55); below, a ranging flock 



P L A T E 7. Above, pre-roost flock of Starlings Sturnus vulgaris rising and falling, 
Kirkliston, Lothian, 1970/71 (photo: James Brodic). Below, Starlings assembling 

before flying to roost, Suffolk, 1950 (jilioto: Eric Hoskin«) 



P L A T E 8. Above, Starlings Sturnus vulgaris gathering together before going to 
roost, Suffolk, 1950. Below, Starlings at roost in a tree on the Embankment 

near Waterloo Bridge, London, February 1951 [photos: Eric Hosking) 
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