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ABSTRACT

ation about the birdstrike hazard at coastal aerodromes suggests that the
of the hazard and its severity may be different from that inland.

given to airfields in the

U.K. is largely based on research carried out
inland sites,

4Per presents data from a study commissioned by the U.K. Civil Aviation
ity into the nature and severity of birdstrike risk on coastal sites in

esented on how two factors, Tide and Wind, influence bird behaviour

| 1l airfields.

first

shows the problems encountered in the statistical analysis of time-
ind offers an alternative approach based on rule breeding computer

show that tide state, height of the high tide, wind strength and
on can all influence the numbers of birds on airfields but that the
factor varies between sites and bird species. Comparatively

1s of extremes of several factors are identified as most likely
2 birdstrike risk.

mmends that awareness of the way that environmental factors
our at coastal sites should be raised so that bird
ct the combinations of factors likely to result in
risk at their own airfields.
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1. INTRODUCTION

t the MAFF Central Science Laboratory has been involved
in research into the birdstrike hazard in the UK over the past 25 years. The
bulk of this work has however, been conducted on inland airfields (eg., Allan &
Watson 1990, Brough 1969, 1987, 1988, Brough & Bridgman 1980, Milsom 1990,
Horton 1987, Horton et al 1983) and there are reasonable grounds for supposing
that the hazard is different, and potentially more severe, on airfields near the

coast (see below).

The Aviation Bird Unit a

There is much evidence that the number and species of birds which frequent
airfields are influenced by the surrounding environment as well as by the
habitat on the aerodrome itself. Airfields in agricultural areas are surrount
by bird species which are adapted to take advantage of open country and are
likely to use flocking as a method of avoiding predators. Such species are
likely to use airfield grassland to feed or rest and their flocking habit ma
them especially dangerous to aircraft. In contrast, airfields situated in lar
tracts of woodland are surrounded by bird species which make less use of ope
grassland to feed and rely on the use of cover to evade predators (ABU

unpublished). Such species are likely to make little use of airfields.

In the UK most coastal airfields lie next to agricultural land and so the 0]
country species (gulls, plovers, corvids and pigeons) are augmented by those
birds adapted to life on the coast, particularly shore waders and waterfowl
(Prater 1981, Bowes et al. 1984, Evans 1984, Owen et al. 1986, Moser 1987.
Like the inland agricultural species, coastal birds are adapted to life in
areas and rely principally on flocking behaviour to avoid predators. They
also be extremely numerous during autumn and winter (Lack 1986, Thom 1986,

Hutchinson 1989).

Very few comprehensive data sets are available concerning the birds that
frequent coastal aerodromes in the UK. The best is from RAF Kinloss in
Scotland. This shows that the bird species which use the airfileld corres
with those which as a result of ornithological census work are known to be
present in the general area. Those species which occur commonlly on aerodt
throughout the UK such as gulls, lapwings and plgeons are joined by others
such as Oystercatcher, Curlew, Dunlin, Redshank, Pink-footed and Greylag Gee
which are scarce at or absent from airfields inland.

ird behaviour on or near the shore is stron

Unlike the situation inland, b
influenced by wind and tide. Birds are often thinly dispersed at low tide,

accumulating in denser groups closer to the shore as the tide rises and form
large roosts over high tide (Hale 1980). Thus, the risk at a coastal airf
may vary within and between days as the birds’ behaviour changes in response
cyclical changes in the time of high tide, tide height and less predictable
factors such as wind strength and direction.
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jfl'i There is some evidence to suggest that the risk of birdstrikes involving flocks

Blike to ls greater at coastal sites, but it is not possible to carry out valid

urvey, to comparisons because of variability on reporting standards and bird control
thusiasztie efficiency betweeen airfields (Milsom 1990).

ake counts G

Military 1 In the light of the above, the UK Civil Aviation Authority commissioned a
trol staff study to examine the relationship between the birdstrike hazard and aerodrome
for over a 1 location and to determine how maritime environmental factors influence the

nature of the hazard and the level of risk at coastal sites. 'This paper
Presents a summary of the findings in respect of two factors, tide and wind, and

suggests how this information might be incorporated into advice given to bird

controllers and managers on coastal airfields,
n involved

rs. The 2. METHODS

., Allan & !

1990, 21 e Choice of Sites for Detailed d
supposing

ds near the ‘The data gathered in a general survey of coastal aerodromes (Fig. 1) were used

In the selection of sites for detailed study. Sites were chosen for a

ombination of scientific and operational reasons. Firstly, it was necessary to

quent OL a representative range of sites which reflected the variety of

the uations encountered in the general survey. Factors such as whether an
surrounded ‘airfield was on an open coast, an estuary or a cliff bound site and its

nd are more ographical location in the British Isles (significant variations are found

tween bird populations from the north to the south of the country (Prater,
abit make #01, Lack, 1986) had to be considered. Secondly, reliable data collection by

ed in la Tdined observers was essential on those sites where ABU staff were not able to
ollect data in person.

ields were selected for detailed study by ABU staff. These were British
Military Aircraft Division's aerodrome at Warton on the Ribble Estuary
ire and the nearby Blackpool Airport on the Fylde coast (Fig. 1). The
these airfields allowed a detailed comparison of estuarine and open
ituations to be made between airfields only 10 km apart and where the
pool of bird species was likely to be similar.

IS were also made by staff from Airfield Wildlife Management Ltd, a

ol contractor, at a further five airfields: RAF Lossiemouth, RAF

S, RAF Leuchars, RAF Machrihanish and RAF Chivenor. Of these Lossiemouth,
hrihanish are on open coasts, whilst Leuchars and Chivenor are

tuarine. The location of each airfield is given in Fig. 1. Thus,

even airfields were studied at locations from Devon to Morayshire,

g habitat types from exposed open coast to muddy estuary.

lection Techniques

iitor how bird numbers and behaviour fluctuate within the tidal
coastal sites, ABU conducted detailed counts at set time intervals at
tton. Counts were undertaken once per week at each airfield
nd were timed to cover the high tide period (thought from
:ence to be the time at which birds were most likely to frequent
_counts were conducted at either hourly or two hourly
qual length of time before and after high tide. A standard
ite was covered for each count in order to ensure uniform
ecies, numbers and behaviour were recorded on each habitat

sites as well as meteorological data and information on tide
e.t.CO!
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Woodpigeon
‘Feral Pigeon
Swallows and Swiff

At Warton, the survey was mot conducted on the airfield itself, but on Warton
saltmarsh, which lies immediately beneath the western approach.

Few birds frequented the airfield as a result of a good sward of long grass but,
in common with a number of airfields close to estuaries, the approaches pass :
over areas of saltmarsh and grazing marsh which are managed as wildfowl refuges
or nature reserves and where birds are numerous. This poses particular
problems to bird controllers since scaring is frequently not permitted outside
the airfield boundry (a similar situation exists at RAF Chivenor and at John F
Kennedy Airport on New York; the latter has a particularly severe bird problem
as a result (Seubert 1990)).

‘Small passerines

Data Analysis

It was therefore thought more worthwhile to study the factors influencing the
numbers and behaviour of birds in these approach areas at Warton. Counts were
conducted on the aerodrome itself at Blackpool.

2.3 The Bird Species Studies

As coastal airfields are frequently close to both agricultural land and urban
areas as well as the shore, they are likely to be used by an extremely wide
variety of bird species. Some of these species may only frequent coastal sites
whilst on migration, and may, therefore only occur on a particular airfield
very infrequently. Although these species may pose a birdstrike hazard they
not suitable subjects for an intensive study of this type. This project
concentrated on those bird species which occur on coastal airfields throughout
most of the year, and particularly those of medium to high weight, which )
habitually form flocks and are thus regarded as the most dangerous to aircraft
(the 'Priority Group’' species (Milsom 1990)).

Numbers of the following priority group species were recorded at all of the
study airfields:

Small Gulls (Larus sp.)

Common Gulls (Larus canus)

Black Headed Gulls (Larus ridibundus)
Large Gulls (Larus sp.)

Herring Gulls (Larus argentatus)
Great Black Backed Gull (Larus marinus)
Lesser Black Backed Gull (Larus fuscus)
Oystercatcher (Haematopus ostralequs)
Lapwing (Vanellus vanellus)
Golden Plover (Pluvialis apicaria)
Starling (Sturnus vulgaris)
Curlew (Numerius arquata)
Rook (Corvus frugilegus)
Jackdaw (Corvus monedula)
Carrion Crow (Corvus corone)

In addition to the priority group species, aumber of other species or species
groups which were either especially numerous at a particular site or whose
behaviour was thought to be particularly influenced by such factors as tide
wind strength were also recorded. These species were not necessarily present

‘ every study site. They were:

Greylag Goose (Anser anser)
Shelduck (Tadorna tadorna)
Mallard (Anas platyrhyncos)
Redshank (Tringa totanus)
Teal " (Anas crecca)

94




rton . Woodpigeon (Columba palumbus)

Feral Pigeon (Columba livia)
: Swallows and Swifts (Hirundinidae and Apodidae)
5s but, Magpie (Pica pica)
ass Grey Partridge (Perdix perdix)
refuges -Ra_ptor species (Accipitriformes and Falconidae)
Small passerines (Passeriformes)
tside
shn F 2.4 Data Analysis and Presentation
oblem g
In order to build a comprehensive picture of the bird hazard at coastal sites it
.S necessary to collect extremely large data sets, which cover the wide range
the environmental variables, such as tide state, height of the high tide, wind
were ngth and direction, rainfall, atmospheric pressure, cloud cover, season of

ar and time of day, which might combine to affect the behaviour of birds at
rticular coastal airfields. The situation is further complicated by the

/ ility that the environmental factors could affect different bird species

| different ways. To address these questions the data set needs to be large to

rban a sufficient number of all of the relevant combinations of environmental
e tions to allow meaningful statistical analysis.
sites

ent all of the data (a total of almost 1,500 possible combinations of
onmental factor, bird species and habitat type for each site) is neither
sible nor desirable in a paper of this nature. This paper therefore
on the effects of two factors, tide and wind, on numbers of Lapwings and
eaded Gulls, the two most frequently struck species in the UK. A
discussion of the full data set will be published elsewhere.

1 analysis of data of the type collected in this study poses
The relationships between bird numbers and the environment
measured are usually rather weak and, because none of the
1 variables acts in isolation, a complex and noisy data set
Problems with nonlinearity and autocorrelated errors mean that
ression techniques are not valid for use on most of the data set,
the -a__j:propriate transformations. The use of principal component
considered but rejected because it was felt that linking variation
to artificially created components of environmental variables
' particularly meaningful to bird controllers and aerodrome

se problems the BEAGLE (Biologically Evolving Algorithm
1 Expressions) algorithm was selected (Forsyth, 1987). BEAGLE

¢ developments in the fields of artificial intelligence to produce
lich describe a particular facet of a data set and then tests the
over of the rules it has generated using discriminant analysis

- imply, BEAGLE can be asked a question (eg., when are there
""Igs on a particular airfield) and it will use the variables
2 set of rules which best describes when the condition is
8 are over 25 kts and there is less than 1 hour to high tide
It also calculates how accurate the rule set it has
g its predictions against a subset of the data removed
rules were generated and determining how many times its

in

intage that it makes no assumptions about data structure,
St importantly it works in a similar way to the bird

d Insofar as it can formulate a set of rules about when

L severe problem in an airfield. One of the

d control is that the bird controller should formulate
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the sites as secor

a similar set of rules for their airfield. The rules need not be formal
of Warton, high sg

mathematical ones, but to produce them requires the officer concerned to be
aware of all of the environmental variables likely to affect bird behaviour and
then to determine how those variables interact to influence bird numbers at the

particular aerodrome concerned.

3.2 The Effect of

The height of the
particularly in es
saltmarsh. Probl
spring tides inund
displace birds ont

3. THE INFLUENCE OF TIDE AND WIND ON BIRD BEHAVIOUR
3.1 The uen of T State

The effect of the tidal cycle on the distribution and behaviour of shore birds
is widely understood by ornmithologists. However, surprisingly few of those
responsible for bird control at the civil airfields visited during the general
survey were aware of the importance of this factor.

On a spring tide o
de and gulls mov

The tide might cause birds to move onto an airfield for two reasons. Firstly,
by covering the available intertidal feeding areas causing birds to move onto
the airfield in search of food or a place to roost, and secondly, by inundating
shoreline or saltmarsh roosts, thereby forcing birds to move onto the airfiel
to find an alternative roosting site (Goss-Custard et al. 1977, Furness,
1973). The numbers of birds moving from the shore to an airfield to feed will
be influenced by the availability of food in comparison with the surrounding
area, and the numbers using it to roost by the degree of perceived risk on the
airfield compared to alternative sites nearby.
The following figures show examples of how tide state affects the way in which
Black-headed Gulls and Lapwings use Blackpool Airport and the approach area
B.Ae Warton for both feeding and roosting.

Figs. 2(a) and 2(b) show data for Black-headed Gulls at Warton. There was a
clear relationship between the numbers of both feeding and resting birds a
state of the tide. The highest numbers usually occured at high tide, but on
most days no birds are present whatever the tide state. This suggests that
other factors were combining with tide state to cause birds to move onto th
study area. In this case, the height reached by the high tide was the crit
factor (see 3.2 below).

Figs. 2(e¢) and 2(d) show the data for Black-headed Gulls at Blackpool. Her

the pattern was slightly different from that at Warton. The highest numbers
birds were present on the rising tide, but numbers decended rapidly as soon
the tide began to fall. The pattern observed suggests that birds were be

displaced from intertidal feeding and roosting areas by the rising tide and
then returning to feed on the newly exposed mudflats as soon as the water 1
falls. Early departure after high water would be favoured in order to max
the time available to collect whatever food is left by the falling tide.
fact that few birds fed on the airfield throughout the tidal cycle indicated
that the airfield grassland was a poorer feeding site for Black-headed Gulls
than the intertidal areas nearby.

5

Figs. 3(a) to 3(d) show corresponding data for Lapwings. At Warton, there wa
tendency for more birds to feed at high tide, but the trend was much weake!
that shown for Black-headed Gulls. More resting birds were present at hig
than at other times. The situation at Blackpool was similar, with a weak
relationship between feeding bird numbers and tide state, and a tendency for
more resting birds to be present at high tide. The difference between Spé
at the two sites is indicative of the ways in which birds make use of the |
areas. Lapwings use both sites as preferred feeding and resting areas, wil
large numbers present throughout the tidal cycle, whilst Black-headed Gull
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the sites as secondary feeding and resting sites at high tides, and in the case
of Warton, high spring tides only (see below).

at the 3.2 The Effect of the Height of the High Tide

The height of the high tide can have a profound effect on bird behaviour,
particularly in estuarine areas with large expanses of intertidal mud and
saltmarsh. Problems for the airfield bird controller can arise when high
spring tides inundate the roosting or feeding areas of intertidal species and
displace birds onto secondary habitats such as coastal airfields.

.::r On a spring tide of over 9.8m the saltmarsh area at Warton is flooded at high
neral tide and gulls moved onto the area in order to feed on food items flushed out of
' ‘Vegetation by the rising water. As gulls are able to alight on water, they

e able to remain on the saltmarsh to rest even when it was fully flooded.
stly, e high numbers of both feeding and resting birds were, therefore concentrated
onto ely around the time of high tide (Figs. 2(a) and.2(b), but only on tides of
dating 9.8m in height (Fig. 4(a)). There was no similar effect at nearby
-field kpool during the day (although a clear effect was found to occur at night

g periods of strong onshore winds, see section 3.3).

i will

ngs numbers were significantly influenced by tide height at Warton (Fig.

) with large numbers present on high tides of 9.5m in height, but few birds
L on the highest spring tides when the saltmarsh was flooded and Lapwings
rced off to roost further inland. No effect of the height of the high
lapwing numbers was detected at Blackpool.

E rule sets which best predict when the total number of Black-headed
1 exceed 50 at Warton and when total gull numbers will exceed 200 at
ol illustrate this point. The best predictive rule at Warton is that the
high tide is less than the time since sunrise or that the time of
between February and September. The second best rule is that the height
tide is greater than 8.7m. Thus time of day, time to high tide,
year and height of high tide are all predictors of high gull numbers.
- is not a particularly good predictor in the is case, however being
of occasions when none of the rules are true. The rule set
en the total number of all gulls will exceed 200 at Blackpool shows
ronmental predictors of gull numbers as at Warton, except that
d wind strength enter the equation as significant predictors. As
an exposed coastal site it is not surprising that strong winds and
g rainfall will combine with tidal effects to cause birds to move
ld. As at Warton, the rule set is a relatively poor predictor,
0% of occasions.

height appears therefore to be heavily dependent on the kind
ding the particular airfield concerned, the bird species
ternative feeding and roosting sites available locally in high

of Wind Strength and Direction

‘strength of the wind might be expected to have a significant

' that coastal birds behave. It is difficult, however to

t of wind strength from that of wind direction at coastal
~wind will increase wind chill for birds feeding or

tposed shoreline, and may cause feeding or roosting sites to

to increased wave action. An offshore wind of similar

far less impact on birds occupying what is a
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comparatively sheltered shore. is most important. T
to birds displaced from other more exposed sites. - for generating rules
risk of birdstrike at

bird controller.

Such a sheltered area may, indeed be attractive

ch many bird controllers attach to wind strength
as a predictor of bird numbers, there proved to be surprisingly few instances
where either wind speed or direction was correlated with bird numbers. Wind One example of this &
speed itself rarely influenced bird numbers directly, but did influlence the highest spring tides

numbers of Black-headed Gulls resting and feeding at Blackpool (Figs. 5(a) and onshore) gales and he
Golden showed the wind direc

Considering the significance whi

5(b)). At Wartonm, wind direction influenced the numbers of Lapwings, _
Plover and Starling feeding on the saltmarsh (Figs. 6(a) to 6(c)). More birds numbers of gulls on !
East to South West ie., onshore than ‘were undertaken to de

were present when the wind was from North
at other times. )

Counts of the birds j
using an image inten:
tide. During this t
ground”zo kts on the
of tﬁé“high'tide:inw
bird numbers were 1
numbers was about 40
high tide.

The BEAGLE rule sets that predict when Lapwing numbers at Warton exceed either
500 or 1000 both contain rules which include wind speed of greater than 15 kts
and wind direction between North-East and South-East as predictors of high
aumbers of birds. The rule sets do not identify wind speed or direction as
predictors of Black-headed Gull numbers at Warton, but do show wind speeds of
over 25 kts to be a predictor of high Gull numbers at Blackpool.

=

3.4 Complex Interactions of Factors

mental factor has been treated separatel
It is obvious, however that none of them operates in isolation. The way in
which the various factors interact, and the relative importance of each one
will inevitably vary from one airfield to another. This can be illustrated by
comparing the BEAGLE rule sets which predict when Lapwing numbers will exc
500 at Blackpool and Warton respectively.

So far in this analysis each environ

The Rule Set for Blackpool is:

Rule 1 Wind direction is between South-East and North (ie., onshore), wind
speed is over 12 kts and it is not January or February. .

Rule 2 The height of the high tide is less than 8.8m.

This rule set correctly identifies 87% of cases of Lapwing numbers exceeding

500 when both rules are true.

The Rule Set for Warton is:

Rule 1 Wind speed is over 15 kts and the time of year is between Septem

and March.
Rule 2 Total day length is less than 10 hours.
Rule 3 Height of the high tide is more that 7.4m.

Rule &4 The wind is between East and South-East.

The rule set is 100% correct in predicting Lapwing numbers of greater than

when all four rules are true.

models based on data collected over 4
time period are relatively poor predictors of bird numbers is that simulta
occurance of extremes of several factors is comparatively rate and the e
may be swamped by the rest of the data set. The rare situations when extr
of environmental variables coincide are, however, the times at which

exceptionally high bird numbers are likely to occur and effective bird control

Part of the reason that statistical
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is most important., The BEAGLE algorithm is, therefore, particularly suitable
for generating rules to predict when bird numbers are likely to be high and the

risk of birdstrike at its greatest if appropriate action is not taken by the
- bird controller.

One example of this effect occurred at Blackpool during October 1990 when the

highest spring tides of the year coincided with a period of south westerly (ie.

~onshore) gales and heavy rainfall. Data collected during the general survey

showed the wind direction, wind speed and rainfall significantly affected the
ers of gulls on the tarmac areas at Blackpool during the day. Observations
€ undertaken to determine how such conditions affected behaviour at night.

unts of the birds present on the airfield were undertaken hourly each night
using an image intensifier for the five day period lup to the highest spring
. During this time wind speed was about 30 kts, for the first four days and
20 kts on the fifth day. Bird numbers increased each night as the height
e high tide increased until the final night when the wind speed fell and
d numbers were lower despite a higher tide. The timing of the peak in

S was about 40 minutes later each night coinciding with the time of the
ide.

6,000 gulls were present at the high tide count on the fourth night which
d have posed a severe hazard had the airfield been operational. The

ed effects of extremes of wind speed, tide height and tide state were not

.Iﬁed--by the general day time survey.

,_ the data are too few for statistical analysis and the generation of a
Hetive model, bird control officers who were aware of the factors

2ing bird numbers at coastal sites and who recorded bird numbers and the
ons of environmental factors which produce them, would be able to
ate future occurrences of similar situations.

USTON AND RECOMMENDATIONS

being familiar with bird dispersal techniques, a good bird control
ds to build a practical working model of how envirommental factors
their own airfield to cause bird influxes. This allows them to
e conditions when high bird numbers are likely to occur and to take
te action in good time to prevent the situation developing into a

d. 1In order to construct such a model, bird controllers need to

relation to the full range of
nditions encountered at the site. Particular attention should

tions when extremes of environmental conditions interact because
>se combinations of conditions that the highest bird numbers are

vey showed that the need for accurate recording of bird numbers
4s not generally appreciated. An awareness of these factors

Y to influence bird numbers on airfields was also frequently
shortcomings need to be addressed.

de the following recommendations:
llers at coastal airfields should be furnished with a set of

ab and encouraged to note any relationships between tidal and
-ﬁtf..@‘ns and bird numbers on the airfield.
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2. To facilitate 1) above, all airfields should be required to keep detailed MILSOM T.P. (1990)
logs of bird numbers. Regular counts through the day, along with notes on . Birdstrike Haze
weather conditions, tide state etc., will frequently bring to light patterns
in bird behaviour not previously recognised by bird control staff. Such

logs also prevent the loss of local knowledge which has been built up by one

bird controller from being lost if he or she leaves the post.

MILSOM T.P. (1990)
and Evaluate Ri
=

MILSOM T.P. & ROCH:
87015 Civil Av:

MILSOM T.P., ROCHAI
(Vanellus vane.
21:147-156.
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Figure 2. Scatterplots showing the numbers of feeding and resting Black-headed
gulls present on the saltmarsh beneath the western approach to BAe Warton (a)
and (b) and on the airfield grassland at Blackpool Airport (c) and (d) in
relation to the time to high

tide. Each data point shows the total recorded
for an hourly count. A series of such counts were made before and after high
tide at approximately weekly intervals for a year.
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Figure 4, Scatterplots showing the numbers of feeding Black-headed gulls (a)

and Lapwings (b) present on the saltmarsh beneath the western approach to BAe
Warton in relation to the height of the high tide. Each data point shows the
mean daily number present calculated from hourly counts. A series of such

counts were made before and after high tide at approximately weekly intervals
for a year.
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Figure 5. Scatterplots of the numbers of Black-headed gulls resting (a) and
feeding (b) on the grassland at Blackpool Airport in relation to estimated
speed. Data points show the numbers recorded on hourly counts conducted be
and after high tide at weekly intervals for a year.
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