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PREFACE

This Proceedings was prepared by PEER Consultants, Inc.
Rockville, Maryland, under Contract No. DTFA01-83-R-11287. It was
administered wunder the technical direction of the Safety and
Compliance Division, Office of Airport Standards, Federal Aviation
Administration.

The technical papers contained in this Proceedings were presented
at the Wildlife Hazards to Aircraft Conference and Training Workshop,
which was held at the Sheraton Charleston Hotel, Charleston, South
Carolina from May 22 to 25, 1984.

Publication of these Proceedings does not constitute Federal
Aviation Administration approval of the findings or conclusions
presented, nor does the Federal Aviation Administration endorse or
recommend any products mentioned in the individual author's papers.
It is published for the purpose of exchange of information.
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EXECUTIVE SUMMARY

The Proceedings for the Wildlife Hazards to Aircraft Conference
and Training Workshop represents the work of 49 authors contributing
39 papers. These papers communicate to the aviation community the

-risks of sharing airspace with birds and problems with frequent use of
airport operating areas by wildlife,

General information on wildlife hazards and statistics on bird
strikes of aircraft and engines are provided. Individual papers
discuss state-of-the-art techniques for identifying and monitoring

l hazardous wildlife and how animals can be controiled on airports.

Six papers discuss bird hazard problems created by man through
conflicting land wuse practices, specifically addressing bied
attractiveness and control at solid waste disposal facilities which
are located near airports.

Bird control programs at both c¢ivil military airports are
described as case studies on how aivport bird control programs can be
established and how airport personnel are effectively utilized ia
reducing wildlife hazards to aircraft.

I Legal 1liability considerations relating to airport hazards are
discussed in reference to Federal airport development grant assurances
and Federal regulatory requirements.

The recurrent theme throughout these papers 1is aviation safety
- through understanding and controlling wildlife hazards. The Federal
l Aviation Administration's purpose in publishing the Proceedings is to
- make available information on wildlife hazards to the aviation
A community and stimulate interest and better understanding of the
ﬁﬁ hazards pilots face when sharing airspace with birds and encountering
o wildlife on airports.

-------------
......
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| g BIRDS AND AVIATION
O V.E.F. Solman
‘:- . Associate
N | Thurlow & Associates
‘:) Environmental Control Consultants (1981) Ltd.
1:( ( P.0. Box 2425, Stn. D, Ottawa, Ontario, Canada KI1P SWS

o
UlBir:d collisions have caused serious damage to aircraft and loss of human
life. Most turbine engines are more easily damaged in bird collisions than
are piston engines. The extent of damage in a bird collision increases
rapidly as speed increases.

Birds are attracted to airfields by open space, food, shelter and wafer.

The attractionc can be reduced by environmental management. Scaring devices
can drive some birds away.

Bird movement can be studied by radar and periods ot heavy concentrations

of birds in the air can be obsarved. With experience concentrations and their
movement can be predicted and avoided.}\

N /

Aircraft have collided with birds almost from the begi) ning of aviation.
The first human life lost in an accident caused by a bird occurred in 1912,
From there on at intcrvals serious damage and loss of life have occurred in
military and civil aviation. Many of the incidents were considered in isola-

tion because they did not occur frequently. There was a tendency to forget
the problem between incidents.

Canada had the same experience as other countries. The problem cane
to my attention first in the early 1940's when an aircraft in which I was
a pagsenger struck a bird and suffered damage to the leading edge of the wing.
In my work as a biologist, I was involved in reducing the likelihood of
collisions between birds and aircraft on a few occasions in the late 1940's
and early 1950's. 1In each case, the study related to a damaging incident.

With the introduction of turbine engines and higher aircraft speeds the R
concern for bird strikes became more intense. In the late 1950’s and early e
1960's the airline, airport and military officials came to the Canadian
Wild'ife Service repeatedly to ask for help in dealing with that new problem.
Initially, we did not understand the problem clearly. We asked the interested
agencies to collect statistics for us. The information we wanted was ‘how
much damage is done', 'how many birds are hit?!, 'what kinds of birds', ‘'where PN
do strikes take place', 'what time of year is most important'. The data , ..
patterns that emerged showed that bird strikes were not very frequent - of the :
order of 6 to 8 per 10,000 movements of passenger aircraft and a bit more
frequent in certain military roles. Striwes take place in a variety of loca~ T
tions, many near or -.n airports. A large number of kinds of birds are jifs..,..;m
involved, but almos:t 507 of all strikes involve gulls. The strike rate in- T Ty
creases in late summer in the northern hemisphere when both young and adult
birds are flying and some are making long distance migration flights. There

is a pattern of strikes on aircraft related to the cross sectional area of ;ff“'
the aircraft.
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By 1962, it was apparent that turbine engines were particularly wvul-
nerable because they formed a large part of the frontal area of aircraft and
because they could be damaged by foreign object ingestion. Because many
strikes occurred near the ground, they could be very dangerous, particularly

those which occurred on or just after take-off.

In Canada no single agency had enough resources to deal with the problem.
The National Research Council, at the request of the Department of Transport,
called together the Associate Committee on Bird Hazards to Aircraft to review

‘the problem, suggest solutions, and work with airport and airline authorities

to try the suggested solutions.

Knowing what kinds of birds were being hit and where the strikes were
occurring, we looked for the things on the airport and in the airport environ-
ment that birds found attractive. Airports are largz open areas. They are
attractive to many birds because the birds can easily see in all directions

‘and thereby avoid attacks by enemies. The layout of airports tends to make

them attractive to birds. Other things are often extremely important. Birds
require food, water and shelter. Often one or more of those things is present
on or near the airport.

Water is often a problem at airports located on coasts or on islands.
It may be a problem even at inland airports if they are near rivers or ponds
or lakes or even if there are drainage systems in which open water is avail-
able for use by birds.

Food can be of a wide variety. The most common is that provided by a
garbage dump located either on the airport or near it. Other sources can
be improperly-handled food wastes at catering facilities on airports. The
growth of agricultural crops attractive to birds, and insects and earthworms

may all attract birds. The grass cover of the airport may support insects
and small mammals that are food for birds.

Shelter can be brushy areas, some crops, overgrown ditch banks, forested
areas, and improperly-designed buildings.

In all rnases, we must alter the environment to reduce the number of birds
that spend tiue on or near the airport. We need to get rid of all possible

food, water and shelter from the airport itself and from the surrounding areas.

Once we knew what we had to do we had to figure out how to do it, how long it
took, and how much it cost. We found great differences among individual air~
ports. Each one had to be studied as a unit, Recommendations had to be made
about getting rid of specific kinds of food, water and shelter. Then the
airport staff had to do the work in detail. In scme cases, changes in main-
tenance and management procedures were necessary. Ln other cases, large
capital expenditures had to be made to fill in low-lying wet areas, to cut
down forests, and to rearrange drainage systems.

The most effective work was done where the airport staff understcod
clearly what the problems were and became deeply involved in designing and
implementing innovative methods of solving them. In some cases, largeacreages
of tough thorny bushes and other difficult vegetation had to be removed to
Prevent birds from nesting and hiding in them. In other cases, large wet
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areas had to be removed to prevent birds from nesting end hiding in them. e
In other cases, large wet areas had to be filled with hundreds of thousands RSN
of cubic yards of earth. Sometimes fill was available from local construction :
sites. Occasionally, it could be secured at no cost. Labour was sometimes SRR
available through funds supplemented by special grants, Special seasonal -

empioyment programs heiped at a number of airports. RS

We finighed with a sgituation where many changes were made, many airports
looked different, and the number of bird strikes and the damage they caused
were both significantly reduced. As an example, in the first period of study
“from 1959 to 1963 inclusive, Air Canada's replacement costs for parts broken
by bird strikes averaged a bit less than 1/4 of a million dollars per year.
Our studies and recommended changes began in 1963. In the next five-year
period from ‘64 to '69, Air Canada's hardware-replacement costs dropped to
a bit more than half of what it had been in the previous five-year period. o
Since that time, in spite of inflation and an expanded fleet of aircraft, e s
the hardware replacement cost has remained at a lower level. Air Canada and - @ S
other airlines still have bird strikes. Things are still being done at a e
number of Canadian airports to reduce strikes further. Some major changes
on big airports require a long time-frame before the work is completed.

Sometimes, especially at military airports, it was possible to have the S
corrective work done rather quickly. s asae

It is desirable to review frequently the things that originally attracted
birds and to maintain a situation with the lowest level of attraction possible.
Plants grow, maintenance work changes with time, and changes occur in
personnel. Not everyone is enthusiastic about keeping bird numbers down and S
birds away from runways. It is necessary frequently to go back and to review ——
what has becen done, what changes have taken place, and what needs to be done
now to keep bird attraction at a8 low level. Nothing is static, least of all
the birds themselves. Even if you do a good job of reducing bird hazards
at one time it is important to keep checking and reviewing the work at
frequent intervals. Birds have all the time in the world to explore airports S
and find ways to meke a living on them. Our job is to make sure that only ®
the smallest possible number of birds can make a living at any time. We must REhE
continue our activities to keep that number low and decreasing.

As I mentioned earlier, the airport area itself is attractive because SRR
it is open and flat, Little birds cannot see very far if they are on the PR
ground among grass 15 cm long and so they will move away. Bigger birds that ®
can see over the grass feel sater from attack by enemies and will remain.
If longer and longer grass is grown to make more and more birds feel unsafe
on the ground. other problems may be created.

One is a build up to small mammals which may be very attractive to hawks e
, and owls that eat small animals. 1f a growing season is followed by a non- .9
- growing season, tall grass may die and become a fire hazard. In our areas '
we cannot let the grass grow as long as we might like. We have to maintain
a balance between discouraging birds of certsin kinds and encouraging small
mammals which attract birds of other kinds which are also struck by aircraft. RN
We use different grass lengths on different ajirports, based on experience, SRR
to keep down the kinds of birds which cause most of the strike problems. The e
whole operation is under review continuously. The cost of mowing grass must B
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be considered in relation to the cost of bird strikes 1f the grass is not
mowed in a certain way. There are usually problems of money and manpower.
We can never do all of the things we would like to do to reduce bird use of
airports. However, we must do enough to avoid the serious incidents which S
have occurred in some countries when very large aircraft have sustained e
serious damage or have been completely destroyed as a result of bird strikes.

Even when everything possible has been done to make the airport R
unattractive to birds, some birds will come simply becsuse they are passing '
by and need a place to land. For them a reception committee is required, RS
which will go out quickly and drive them away with whatever method works ®
best. Birds on an airport constitute an emergency and should be dealt with ‘
as such., Until the birds are out of the way, no aircraft landing or taking
off is safe.

In addition to the birds that cause problems on and near airports, there -
is another whole group of problems caused by birds that may not visit air- . e
ports at all,

By that, I refer to Lirds that travel short or long distances and pass
over airports and their approaches where they can cause collisions in the
air. e

In Canada, the United States, and Northern Europe - where 1 have had
much of my experience - there are spring and fall mass migrations of birds
from south to north in the spring and from north to south in the esutumn. e ]
In Canada those migrations involve several billion birds including up to : -
100 million ducks, 8 million geese, several hundred thousand cranes and
swans, and hundreds of millions of birds smaller than ducks. Much of the
migration occurs at night, at altitudes up to 15,000 feet. Although modern
airline travel is above that altitude, each aircraft has to go up and down
through the "feather curtain” on each flight,

There are also mass movements of birds between feeding and roosting
areas which may involve thousands of birds. I know of one situation in an -
European country in which more than 15,000 gulls feed each day on a large .
city garbage dump and, in the morning and evening, fly to roosting areas up T
to 50 kilometres away. On those flights they cross through the flightways RO
2f two major airports and two smaller flying fields where they create bird ST
hazards to aircraft and have caused damage to aircraft and death to zircrews. e

'

.. ot .
2t s, . '
B LYY WA W U S P

All of those bird movements show up well on A.T.C. radars, civil and
military. We have studied bird local movement and long distance migration
by radar. We have analyzed the radar data in relation to the physiological
conditions of the birds and the local weather patterns. In many cases, we 2
can predict when bird movement will create a serious hazard to aircraft that ®
can be svoided by changing the timing, routes, or altitudes of flights.

Our military programs have used those bird hazard forecasts to prevent
losing training aircraft for the past several years. Before using that
technique, they were losing one or two CF-104 aircraft per year on bird
strikes. Since using the forecasts and modifying the training program on a A
tew days and nights per year, they have not lost any. The same technique is -
now in uge in a number of European countries with similar success.

4

ERR

At e T -
LT RPN PR R i A



. — |, ——

o Bl

AP

[N

Te gt el g - » O . .« .
ARTDANFERIIRIN: *r+ JEN PRI TSP - LI

s b
=4

et
[ IR

"' N

‘
Veatn-laeln.ls

" “ * ""-

TR AR

 be vectored to miss the heaviest bird traffic.

.severity of the d.image considerably,
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We have also developed an electronic unit that will automatically count
bird flock echoes on a radar presentation, by quadrant per minute, and express
the result numerically. It can also do that by altitude band, if necessary.
With that equipment, which has been well-tested but is not yet in operational
use, an aircraft approaching an airfield during a heavy bird migration could

Another thechnique we use to reduce damage and improve safety during
heavy bird migration is to reduce aircraft speed. Impact damage is related
to the cube of the speed so even a small decreage in speed reduces the

When our airline pilots are told that bird density is high, they often
request, and usually receive, permission to reduce approach speed. They may
also use steeper - than normal - approach angles to reduce the time they
spend in the levels where most of the birds are moving.

I hope this presentation has given you an idea of the kinds of problems
we are dealirg with oun the airports and in the air en route. The relative
importance of the two problems depends on the kind of flying. Transport
aircraft usually have more problems at or near airports. Military training
and combat aircraft may have more problems en route because of the altitudes
and speeds at which they operate.

Whatever kind of aircraft and airports are used, there are always bird
problems that can be reduced by the techniques I have discussed.

Reduction of bird hazards to aircraft depends upon human motivatiom.
The necessary habitat control, bird dispersal, and migration hazard
forecasting, involve time consuming, rather dull work that is repeated at
prescribed intervals. Unless the work is always well done, bird-strikes on
aircraft will continue and human lives and aircraft will be lost.
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AVOIDING SERIOUS BIRD STRIKE INCIDENTS
by
Michael J. Harrison
Biologist

U.S, Federal Aviation Administration

AD-P004 178

Office of Airport Standards

Washington, D.C. 20591

\

\

\‘éird hazards to alrcraft can create serious inflight emergency conditions
if the pilot and crew are not prepared to handle the situation. As a pillot
who has experlenced two serious bird strikes that resulted in emergency land-
ings and as a blologist who has spent the last nine years working on bird
hazards to aircraft, some personal cbservations may assist other pilots in

dealing with a midair collision with birds.. C

Let's examinefgﬁme of the aspects of the bird-strike hazard, o.« Can;;f/_

T

Any bird, regardless of its size, should be considered a potential
hazard, especially when you are flying enrocute, The speed of the aircraft
dictates the force of impact - the faster you are flying, the greater the
impact forces. As speed doubles, the kinetic energy which must be dissipated
on impact increases by a factor of four., If you must descend into an area of
high bird concentrations, consider your approach speeds.

At what altitude are you safe from birds? Bird strikes have been
reported as high as 33,000 ft., and ducks and geese have been observed at and
above 20,000 feet Mean Sea Level (MSL). These altitudes are an exception

rather than the rule. Over 90% of all civil bird strikes in the U.S. occur
below 3,000 ft, above ground.

What altitude do you usually flight plan for and fly during the fall and
spring bird migrations?

The greatest risk from bird hazards occurs at the lower altitudes when
the aircraft is in airport environment. Most bird strikes occur during
takeoff and landing - the more critical phases of flight. How many times have
you nobserved flockes of birds on the airport, or worse, taken off through a
flock of birds sitting on a runway? Some pllots have tried, only to find out
too late that our feathered friends can bring down their aircraft.

TWO MAJOR RISKS

There are essentlally two major risks associated with birds - windshield
penetrations and engine ingestions. Pilots who have been killed, injured or
crashed their aircraft have been the victims of one of these two type of
strikes. Windshield penetrations generally occur on climbout or while flying
at higher speeds during cruise. Commuter or alr-taxi operators frequently
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fly at lower mltitudes where birds share the same airspace.

B typical cockpit penetration results in faclial lacerations, cuts on the .
arms and hands (pilots attempt to protect their face just prior to impact) and ° '
structural damage to the aircraft, o

Because electrical panels and circuit breakers are located behind the
pilot or copilot, electrical failures and electrical fires may occur. In air-
taxi operations, injury to passengers is also possible.

Wind blast through the hole in the windshield can make cockpit com-
munications impossible and radio communications unintelligible, The loss of
the ability to communicate can seriously compound any emergency procedure,

. It should be remembered that a spinning propeller in front of the
windshield is no protection from windsheld penetrations. In high-speed . ®
situations, pilots should consider initiating a climb to reduce speed and wind S
blast and climb above flocks of birds.

With the windshiekd missing, changes in airflow may affect alreraft
. controllability at slower speeds. Don't stall out the aircraft in the traffic )
! pattern because you falled to perform a controllability check at altitude. .‘?;'

ENGINE INGESTION

In an engine ingestion, damage can vary widely. On turbine and turboprop
engines, the moat common event is no damage or only slight damage to engine fan S
or compressor blades. Under more serious situations; however, blade damage can e
be sufficient to cause increasing engine vibrations, high exhaust gas tem- -
peratures, compressor stalls, englne fires or catastrophic failure, There was
one incident in which a rear fuselage-mounted engine on an executive jet
aircraft was ripped from its mounting following collison with a pelican.

i NS v
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Birds involved in engine ingestions frequently are flocking birds,
increasing the possibility of damage to more than one powerplant. Another
interesting occurrence is engines having their airflow choked off by bird "
remains, stopping the engine but resulting in no damage. 3;3f;:4

¢ ...

The most critical engine-ingestion scenario is a single or multipleengine )
ingestion causing power loss on takeoff. During this c¢ritical phase of ‘o
flight it is essential that the pilot properly recognizes the emergency e
situation and performs proper engine-out or crash-landing emergency proce- Sl
dures.

o Sed el T e

Many military pilots (who frequently fly high-speed, low-level missions) -
pre-brief emergency procedures, practice bird strike emsrgency scenarios in 9~”"
simulators and study their bird hazard environment before they fly., Too few S
civilian pilots recognize the seriousness of such a hazard. RS

R XN

BIRD-HAZARD CHECKLIST

Pilots are encouraged to consider the folilowing bird hazard checklist:s

AL Sl A S

. Review information in the NOTAMS and the Airpeort/Facility Directory con-
- cerning your departure and destination airports.

10
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‘Flight plan to avoid flying up or down rivers or along shorelines in the

Flight plan at an altitude higher than 3,000 ft. above ground level - the
higher the better.

Avold overflight of national wildlife refuges depicted on the sectional
charts. Many of these refuges support large numbera of birds.

fall and spring. Birds frequently follow these natural terrain features
during their migrations.

Thoroughly brief emergency procedures before departure, including proce-
dures to be followed if communications in the cockpit are lost.

During taxiing, watch for birds on the airport. If birds are observed,
request that airport management disperse them before takeoff,

Do not take off if flocks of birds are on or adjacent to the runway.

If an engine ingestion occurs on takeoff; abort if speed and remaining
runway will allcw, Tnspect the engines before attempting a second
takeoff. Several air carrier incidents have occurred when engine
fz1lures or high vibrations developed later in the flight becuase of
undetected engine damage.

If the takeoff must be continued, properly identify the affected engine
and execute appropriate emergency procedures.

If structural damage occurs or a windshield is penetrated, consider the
need for a controllability check before attempting a landing.

If a windshield failure occura, climb to slow the aircraft and reduce wind
blast as necessary.

Use sunglasses or smoke goggles to reduce the effect of wind blast, preci-
pitation or debris,

If the windshield is only cracked or delaminates, slow the aircraft and
wear sunglasses or smoke goggles to protect the eyes if the windshield
should subsequently fail.

During cruise, watch for flocks of migratory birds. Attempt to climb e
above observed flocks, ERSREN

During descent, use landing lights. While there is no concrete evidence
that birds see and avoid aircraft using landing lights, the lights do aid
the pilot in determining when he 13 penetrating through a flock of birds e
in low visibility and night conditions. ..

If flocks of birds are encountered on descent or on an instrument
approach, execute a missed approach, climb and go around to execute a
second approach., Since most flocks of birds are distributed downward in
the airspace, climbing will avoid the greatest number of birds. Birds
also will migrate in waves across a wide front. A delay in the approach
may result in clear airspace.

i
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. If high bird concentruations are encountered, slow the aircraft to minimize
impact forces,

. Upon landing, check the aircraft for any bird-atrike damage.

. Report all bird strikes on FAA Form 5200-7 (Bird Strike/Incident Report)
available through the local General Aviation District Office, Flight
Service Station or Airport District Office.

. Recognize that a h,lrd 13 a ballistic object, much like a bullet. Many
pllots never experience a bird strike, and only a third of all bird strikes
cause damage. However, awareness of the problem can aid in the proper
handling of an emergency situation.

These 20 tips are designed to prepare the pllot and crew for a bird
strike. Improved pilot awareness of potential hazards will result in a reduc-~
tion in the number of seriocus bird strikes. T encourage you to practice
engine-out procedures, especially prior to the beginning of bird migrations.

12
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DON' T FOWL OUT

By Harvey A. Shultz

Ppoplied Biology Program Manager
Northern Division,

Naval Facilities Engineering Command
Philadelphia Naval Base
Philadelphia, PA 19112

AD-P094 179

/

(This paper is the >.{}cond of a three rart series prepared for the Naval
Aviation Safety Review. )} Bird Strike Hazard Peports prepared after cecllisions
»n birds and Naval aircraft indicate that there are many measures
»le te pilots which can reduce the risk of future collisions. These
scheduiing flights around peaks of bird activity, avoiding bird
witrts, restricting cpeed at low altituces, lcokout vigilence, visor
alscipline, aircraft to aircraft and aircraft to control tower communicatien,
creflight biiefings, bird strike avoidance training, development of a Bird
Aircraft Strike Reduction Plan for each air facility, and good reporting.,\\
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o Last month we left poor Cal Rocdgers pinned under his Wright aeroplane -
- “the world's first bird-aircraft strike fatality. Calbraith Perry Rodgers was
N not your basic run-of-the mill pilot. He was a great great grardson of
. - Commodnre Perry. Socially prominent, he was a member of the NY Yacht Club and

was a former Columbia University football player. At &' 4" he was also one of
_the world's tallest aviators. In 1911 this dashing figure captured the
~ imagination of the entire nation, when he hecame the first ever to fly coast

by tc coast. Leaving Sheepshead Bay, NY on September 17th at an average air
s speed of 50 mph, his goal was tco complete the trip in 30 cays and win a
I ~ $50,000 prize offered by William Hearst. He became lost the first day,

however, wher he followed the wrong railroad tracks (the navigation system of
the days. Cn the seconu day he crashed into a tree ensuring that he wouldn't
get to California in a month. After extensive repairs he continued the trip
anyway. A subsequent landing site, which he thought was a field, turned out
to be a swamp. On another occascsion he shredded a prop nr a barbed wire fence
'I and later crashed trying to fly under some wires. Wnhen he landed in Pasadena,
et ~_ CA on November 5th to the cheers of 20,000 acdmirerers, all that remained of
his original aircraft was the vertical rudder and the dripping pan!

On April 3 1912, a gull became entangled in his external controls while he
) executed an acrobatic manuever 100 ft over Long Beach, CA. Seven thousand
i: people watched in horror as he plunged to the edge of the surf,

if It seems ironic that this well bred, well educated national hero who had
ol survived so many crashes would meet his erd due to a bird strike.

. Cal Rodgers had no way of learning about bird strikes from others - he was
Ii the pioneer when it came to fatal bird strikes, but we can try to learn
something from his probable mistakes which may have included:

- inadequate tird avoidance training

- inadequate bird lookout vigilence

- failure to consider habits of local birds

.! Cal Rodgers not only had inadequate bird avoidance training, he didn't

L have much training of any kinc¢. In fact, he had only been flying for three
o months when he departed on his cross country trip!

Furthermore, it is difficult to imagine that anybody attempting a "Texas
Tommy" in a primative airplane at low altitude over a beach had any spare time
to look for birds. Rodger's lookout vigilence probarbly was nil.

Unfortunately, these sorts of errors are still being made. In additional
to lives, the stakes ir ‘olved in Naval hird aircraft strikes also include
aircraft costing millions of dollars, ard important defense missions, But
there are positive steps each pilot can and should take to minimize the risk
of colliding with a bird and that's what this article is about.

The pilots report and the Commanding Officers comments found in General
Use Naval Aviation Bird Strike Hazard Reports, Limited Use Naval Aircraft
Mishap Investigation Reports speak eloguently on the subject of how not to hit
a bird. So lets allow their thoughts to reinforce the main points. (All
quotations below are extracted from recent reports.) T




Rlmost everyone has heard the world's biggest lie - the check is in the
mail. The world's second biggest lie (known cnly to a few Naval aviators and
found only on Bird Strike Hazard Reports) is "corrective action is beyond the
originator's capability." Sadly this defeatist attituce can become a2

... self-fulfilling prophecy. And what could the author have meant by, "Due to
infrequency of reported bird strikes...corrective action is not deemed
necessary at this time?" Of course corrective action is possible and
necessary. At risk are missions, lives and aircraft. The hazard keeps

_increasing too, as larger, faster aircraft (and more of them) fill the skies.
It 1s foolhardy to be lulled into complacency because strikes at a particular
location have been infrequent or minor. The stakes are too great. Prevention
of bird-aircraft collisions, like baseball, is a "game of inches." A six inch
difference in the point of impact may be the difference between a dead bird
and a dead pilot. And keep in mincd that one-third of all military strikes
involve engines. (Any time a bird enters an engine a catastrophe can occur.)
Said one hazard reporter, "had the bird impacted some cther portion of the
aircraft and not caused injury to the PAC, the incident would not have been a
mishap." Thet's like saying - if my Great Aunt Edna had had wheels she would
have been a Chevrolet. And if that loon had been a few inches to the left

R maybe it wouldn't have killed the co-pilot of a private jet near Cincimatti in

- 1983, And if that goose had been a few inches lower maybe the pilot of that

5 Republic Airlinmes flight wouldn't have lost an eye. And if those gulls were a

o few inches higher in September 1981 in Cleveland maybe the Commander of the

i Thunderbird Demonstration Team would be alive today. Lets keep the word "if"

i out of our bird-aircraft strike hazard vocabulary. Corrective action not

deemed necessary indeed!
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i There are many, many positive steps that air crews and air traffic
controllers can take to minimize the risk of a bird strike. There are no
magic wands or ray guns available and the problem will rever be elimipated.
But the odds of incurring a mishap can be reduced by following a few general
guidelines.

II For years researchers have heen looking for aircraft-mounted devices that
i will repell birds, but the pickings have been slim,

The use of wingtip-mounted strobelights reduced bird strikes marginally in

a study done at the Swiss Ornithological Station. In theory the more

B unnatural an aircraft looks, the more likely birds will notice it early and

;1 try to get out of the way. If ore believes that lights can't hurt anything,

~ then the idea is tc play the odds and have them on night and day when

S operating under 10,000 feet. The most successful, proven bird strike

reduction methods de not rely on technology, however, but rather on command
emphasis, training, good airmanship, and resolve.

Since most birds are found at low altitude, pilots have the law of
averages on their side by doing two things (when the mission pemits)

:{: 1. Mininmize flying below 6,000 feet AGL

e 2. Avoid bird habitats such as marshes and farms when low altitude flying
'y is necessary
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But strikes occur at higher altitudes also. In the words of one OINC
after an A~6E cruising to NAS, Cubi Point, RP struck a bird on 15 Dec '83,
"Bird strikes continue to plague naval aviation even at altitudes where one
might not expect them. Constant vigilance combined with professional
airmanship is the only sure way to minimize the mishap potential."

Nobody ever said it was easy to fly an airplane and watch for birds at the
same time. In between the mission, the piloting and the office work (reading
maps, checking instruments, keeping records), there isn't a lot of time left
for tird-watching. Military missions which require night flying, bad weather
flying, wing flying and high speed flying and combinations thereof don't make
it any easier. Compounding the protlem is the fact that most strikes happen

during take-off and landing when there is least opportunity for bird watching.

The Commanding Officer's comments after a CH-520 hit a bird during a
9 January 1984 troop lift near Camp Pendleton, CA sums this thinking up very
succinctly. "Birds will continue to be a hazara to the helicopter pilot. All
aircrew members must ke constantly aware of this problem and keep 2 good
lookout dectrine. Nothing can replace the value of several sets of eyes
constantly looking for hazards."

Stated another way after an A-& experienced a strike on 5 Decemter 1983
enroute to MCAS Cherry Point, NC, "“Our best and only defense against the
constant potential of bird strikes 1is awareness of the possibility,
professional preflight briefs of hazards and emergency procedures, and good
heads up flying."

Now let's talk about some avoidance and evasion techniques that can save
your life. An obvious step to consider when flying near concentrations of
birds is to slow down. At speecs below 250 KIAS, chances of seeing and
avoiding birds increase. So when speed is not mission essential, throttle
down, and give yourself and the birds some extra time to react. (The birds
don't want to be involved in a strike either.) And remember, the force of
impact is proportional to the square of tne speed of the aircraft. At
supersonic speeds a duck ncy do as much damage as a cannon round. By slowing
down, the impact force is reduced if a strike deoes occur. This thinking
applies also to taxl speeds.

Another prudent avoidance strategy is to limit formaticn flying when bird
activity is greatest. Wing and interval takeoffs sometimes lead to wingmen
hitting birds scared up by the lead. This is a dangerous time for the wingman
to encounter birds since he is concentrating on the lead aircraft and little
else. When birds make a sudden appearance during a takeoff roll it is up to
the leader to warn the wing. When bird activity is heaviest it may be safer
to depart in trail,

Another important technique is to keep sighted bircs in sight. To allow
birds to slip into a blind spot is to court disaster. For example, on a
UH-IN, the co-pilot's doorpost, the door and wincdow frames, the windscreen and
greenhouse frame, and the windshield wiper motor join together in the upper
left quadrant of the copilot's field of view to create a 113 sqg. inch
trapezoidal blind spot. This blind spet located twelve to seventeen inches
from the copilot hides an area (given a 125 knot closure rate with an object
three seconds from the aircratt) larger than six footbtall fields. Very large
birds could easily "hide" in such an area.
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If there ave a few seconds to attempt an avoidance manuever, and you're
not sure which way to turn, just remember that old song, "Clear the Loon" and
climb. Why? Because most birds are "programmec" to dive when they are trying

to avoid collisions.

Some btird avoidance strategies seem so obvious they may not seem worth
discussing. But some of the most obvious never seem to show up on hazard or
mishap reports. For example, what should a pilot do if he spots a bird 1000

~“dead ahead while cruising at 250 KIAS and no safe avoidance measure is
possivle with the aircraft being flown? If contrel can be maintained, the

answer is duck® This scenario provides 3 whole seconds to do something.

‘Ducking under the windscreen may not seem too macho, but it sure beats

decapitation (or loss of eyesight).

Visor discipline won't decrease the rate of bird stikes but it will
minimize the consequences. According to one study 20% of all strikes involve
canopies. (Seven percent are shattered.)

If you thirk the hazard is exaggerated, ask Icaho Air Natiomal Guard
pilot, Greg Engelbreit. In April 1982, while flying his RF-4C Phantom 17T
fighter at low altitude slightly below the speed of sounc, he smashed into 25
1b. whistling swan. The left panel of the windshield desintegrated.
Plexiglass ricochetted around the cockpit like shrapnel, carving up everythino
in sight including parachutes. Engelbreit was knocked unconscious, his left
arm shattered. The navigator (a non pilot) somehow landed the aircraft after
Engelbreit revived just long enough to lower the landing gear, flaps and tail
hook. Several hours of surgery and transfusions were required
to pull him through. He may never have full use of his arm, but his life was
saved by his visor.

These kinds of occurences are by no means rare in Naval aviation. On 20
March '82, while transitioning to a landing configuration into MCAS Beaufort,
SC, a T-2C struck ore of twenty birds crossing its flight path. The bird
penetrated the canopy above the pilots head and continued to the bulkhead
behind the rear cockpit ejection seat. The pilet in command ceclared an
emergency and made an immediate uneventfull landing. Said the Commanding
Officer, "A proper down and locked visor precluded serious, facial/eye injury
to the student in the rear seat."

On 30 November '82 a UH-IN enroute to MCAS Cherry Point, NC took an 8 1b
loon through the left windscreen. The pilot in command stabilized the
alrcraft at 400 feet and declared an emergency and landed safely. Uncle Sam
had to dish out only $529 for repairs, but the pilot was injured and and an
additional cost of $25,000 in lost workdays was incurred.

On 12 October '83, the IP of a T-34C entering a landing pattern at NAS
Whiting Field, Milton, FL was struck in the neck by a chicken hawk. A similar
strike there six weeks earlier resulted in both pilots being temporarily

knocked out. Fortunately, both of these dangerous incidents had happy endings.

Visor discipline is important; it saves lives, eyes and aircraft. If ever
tempted to leave a visor up just remember these words: a bird in your face is
a major disgrace.
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Another method of reducing bird stikes is to emphasize the subject during
pre-flight briefings. When blood and feathers were found inside a main wheel
well of an A-7E at NAS Cecil Field, FL durino a preflight inspection on 5 Dec
'83, the Commanding Officer was motivated to comment as follows:

"Episodes of this nature serve as a constant reminder that bird strikes
are a possibility in every phase of flight. Pilots/aircrew need to
continually brief their actions should a bird strike occur. Bird strike
emergency procedures always receive attentior during low level flight briefing
while...often neglected during briefings on take offs and landings.
Ironically, the majority of reported bird strike incidents have occured in
airport traffic areas. Although it is impossible to eliminate these incidents
we can take precautions to minimize their effects; i.e., know your procedures,
be prepared, anticipate it happening in any phase of flight."

Heed this good advise. B8ird strike hazards should he treated like weather
during  briefings. Just as missions have to be adjusted for weather
conditions, they may have to te modified to avoid bird migrations and other
concentrations of birds.

17 bird density is too high, pilots should be btriefed to change runways or
even fields. The checklist sliould always include potential problems, evasive
actions, engine failure procedures and visor discipline.

On 16 January '84, a CH=-53D collided with a gull while landing at MCAS New
River, NC. The crew was fortunate. The gull remains only got as far as the
port nose, gearbox 0il cooler and the port engine air particle separator,
Undoubtably the crew will continue to take seriously the bird strike awareness
training provided during the OPEVAL period.

Said one Commanding Officer, after ar A-& hit some birds during a 6
January '84 air to ground bombing run at MCAS Cherry Point, NC, "Bird strike
frequency continues to be high even though the intense migration pericd has
ended. Smaller non-migrating birds have continued to be a bird strike
problem... This hazard should be included in all preflight briefs."

Just as preflight briefings prepare pilots for the "big picture" on bird
activity, on-going communication on the subject provides constant update on
local conditions. Pilots must talk to each other and to the control tower.
The control tower must provide immecdiate information regarding the movements
of birds.

On the night of 1} February '81, a flock of gulls flew into the path of
Otis 10, a KC-120F making a visual approach landing at MCAS New River,
Jacksonville, NC. Multiple strikes were taken on all four prcpellers, on the
lower left portion of the windscreen, or. the vertical stabilizer approximately
mid way up, on the leading edge of both wings; anc on the starboard refueling
pod. The remains of &7 birds were found on or abcut the runway! The
corrective action in the hazard report read as follows: "It is recommended
that pilots reguest a report or. t5ird activity when cperating in areas where a
high degree of bird activity might te expected, for example, coastal regions.
It is recommended that the reporting of observed bird activity by pilots be
vigorously pursued. Otis 10 was not cautioned of any bird activty. There had
been noticed bird activity approximately one hour prior to the arrival of Otis
10."
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One-thousand birds took to the air as four TA-4's landed at NAF El Centro,
CA on 15 Nov '83. The next alrcraft to land, an F/A-18A struck six birds.

Could increased awareness and/or in-flight communication have prevented this
strike?

B Another potentially avoidable strike occurred on 23 September '82 when an
‘F-4S flying a full maintenance check at MCAS Beaufort, SC, hit a bird during
takeoff climb. The reporter remarked that "At the time of the strike multiple
aircrafts were in the touch and go pattern with no reported bird activity."

Transient crews have a special neec for local knowledge. When an SH-3D
hit a bird during a touch and go at NAS Jacksonville on 8 December '83, the
Commanding Officer said, "“The hazards of bird strikes will remain with us.
Communication flow between pilots and controllers concerning local bird
activity continues to be the hest method of transmitting knowledge of a known
hazard and avoiding active bird concentrations.”

Crews should not be shy either, By reguesting information on bird
activity they remind air traffic controllers to lock for birds. On 21
November '83 an 0V-10D aborted a takeoff after rolling through 15 gulls at
MCAS New River, NC (two dead gulls were found). The Commanding Officer
emphasized"...the necessity to cuery air traffic controllers about bhird
activity in the local operating area."

The role of the tower in alerting aircraft of hazards cannot be
over-emphasized. In many cases published warnings are necessary. On 1
October '82 a P-3 killed at least 21 birds 10-15 seconds after lifteff from
MAF Misawa, Japan. A three engine landing at 114,000 lbs was made after an
emergency declaration, fuel dump ard burndown. A NOTAM warning was issued.

On 18 January '84 an A-4F hit one of 30-40 black ibises at 600 ft. AGL,
and 230 KIAS during practice bombing. A six inch hole in the radome and 12-14
nicked compressor blades resulted. The recommended corrective action
included,"...NAS Fallon include the following in remarks section of IFR
supplement: "Caution - light to heavy bird activity vicinity airfield., All
aircraft use landing or taxi lights while in the airport traffic area."

The key is teamwork; on-going two way multi-media communication flow will

reduce bird-aircraft strikes. Silence is deadly, not golden, whon it comes to
communications on bird activity.

A classic principle of war is to know your enemy. This is not to say that
Navy pilots should become ornithologists, but rather that a basic knowledge of
bird behavior - especially migrations, roosting tendencies, and daily feeding
patterns can help in reducing strikes. This knowledge can be acquired by
sharing information and by observation. Seasonal bird migrations are a well

studied phenomenon. Altitudes, flighways, speeds, rates and densities are

l'nown., Consult the P.I.F. for VR/IR routes with high densities of bird
migration.

On 24 January '84 an E-2C hit a bird during a multiple touch ancd go at NAS
Norfolk, VA. Feathers and remains were removed from the starboard nil cooler
duct, the engine air inlet and the forward prop spinner assembley, which
luckily were replaced at a cost of only $45.30 and a half a manhour.




In his comments the Commanding Officer noted that, "as long as birds anrd
Naval aviators continue to vie for the same airspace the chances of collision
are ever present,.,." The suggested corrective action was as follows:

- "Awareness of. nesting communities and large concentrations of migratory birds
o should allow a Naval aviator to avoid the area if possible."

-a Sometimes the critter whose habits must be understood isn't even a bird.
oo At NAS, Cubi Point, Republic of the Phillipines, an A-7€ roaring through the
ll night on 5 May '82 during night bombing practice encountered an all too common

problem at that location. It was only won postflight download of an
unexpended MK76 that the remains of a large bat (28 inch wingspan) were
discovered. The MK76 was on the centerline aft of an MER lncated on ctation
2. The explosive charge was not actuated despite a direct hit of the bat's
body with its wings extending aft, enveloping the entire bomb. The aircraft
suffered no damage. The bat strike probably orcured during a GCA approach or
during aircraft climbout after takeoff.

In his comments the Commanding Officer stated, "“Command has taken measures
to avoid flight during the hours of peak bat flying." That is almost an
understatement because Cubi Point provides almost a texthook review of many of
the points presented thus far. Lets let the Bat Strike Hazard Report dated
Jan '84 [prepared after a momentary torch and 3 engine landing by a P-3B
(MOB)] do the talking:

———
’

"Postflight inspection revealed remains of a fruit rat in the number four
engine air intake against the inlet guide vanes. Subsequent required
maintenance on engine revealed no damage...Heavy fruit bat migratiom occurs in
the immediate vicinity of Cubi Point just prior to the rainy season. Bat
activity is heaviest at dusk when large groups fly through the airport traffic
area to their nighttime feeding grounds. Cubi tower routinely advises
aircraft of any known bat activity taking place in the area. Additionally
aircrews are warned of the hazard by a sign conspicuously posted in the flight
planning room and a warning in the enroute supplement. This squadron has
educated all pilots on the hazard and terminated all avoidable field work at
Cubi Point between the hours of 1800 and 1900 local until the bats have
departed the area."
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If the object of our attention was limited to just one bird we would pick
the gull. (There are actually forty-four species, each with its own

peculiarities.) The Air Force notes that 80% of all engire ingestions by
large birds involve gulls.

PR ‘
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_S When a gull was ingestec into a TA-7C engine at NAS Miramar, CA on 13 June
' '83, tentative identification of the debris was made as follows: "fishy oder
and grey and white feathers indicated the ingested bird was a seagull."

) Be aware, as the pilot of an A-#4 was at MCAS Cherry Point, NC on 15

- December '83 when he noted that, "During low ceiling and foul rainy weather,

- large amounts of seagulls are noticed inhabiting the many open fields and

P qgrassy areas nearby the airfield. Due to vicinity of the station near many
bodies of water, seagulls are a constant threat."




....................................

Discretion is the better part of valor after colliding with a bird. The
- pilot of an F-14A who hit a flock of English sparrows at NAS Miramar, CA on 3

o January '84 on his take off roll with 10,000 feet of runway remaining did the
I' correct thing - the only thing to do - he aborted. "A timely abort prevented
- . this incident from becoming a mishap." Even if everything seemed firme and the
W instrument readings were normal, he took the prudent course of action.

> There have been well documented cases of seemingly imnocous bird strikes
= causing serious problems later on. A minor dent in a wing may later lead to
I. fuel line or hydraulic failure. A minor bird strike on at least one occassion

caused a P-3 radome to disintegrate....hours later.

Sometimes the need to abort is obvious - like when a P-3C 1I rolled
through 100 gulls on 30 December 1983 at NAS, Moffett Field, CA. The take-off
was aborted when birds struck the windscreen and damaged the radome and
antennas.

The crew of an HH-46A witnessecd an "explosion of feathers" upeon takeoff
from OLF Imperial Beach, CA on 4 November 1983. Feathers were found in the
particle collector box of the numher 2 engine after a precautionary landing.

Another obvious abort situation developed when a pilot in a F-4S over NAS
Oceana, VA heard and felt a loud thump while decending through €00 feet and
150 kncts. An immediate climb with both engines in afterburner was initiated
with the port engine at 70%. An emergancy was declared. After a safe
landing, part of a mallard duck was removed from the first hinge section of
the forward camp assembly.

Sometimes the need to abort is more subtle such as when the crew of an
A-6E heard and felt a thud during a low level navigation/practice bombing
syllabus training sortie. Flying at 400 kts in night IMC conditions over the
Boardman Target in Pendleton, OR they commensed an immediate climb. With all
instrument indications normal they aborted the mission and made an uneventful
landing. Post-flight inspection indicated that a strike on the star-board
intake had FODed the engine.

The final step is for each pilot to integrate and internalize bird strike
training and briefinmgs...to prepare mentally for any eventuality. After a
TA-40 taking off from NAS Lemoore, CA struck a bird on 25 January '84, the
Commanding Officer stated that "a bird strike during the take off evolution is
one of those events over which the pilot has very little control; the options
for evasive manuevers/alternative procedures are extremely limited. However,
the procedures to be followed after the bird strike occurs can be well thought
out in advance., Bird migration and nesting in the vicinity of NAS Lemoore is
a fact of life. FEach pilot must establish and review & "what if" scenario in
order to prepare himself to face the problem."

On 2 December '83 an AV-8A ingested a bird passing 800' cn climbout cne
mile from MCAS Cherry Point, NC, The reporter noted that, "all a&ir
crews...must formulate a plan of action, both tc avoid bird activity and also

what to do .n case. Don't wait for an cmcrgency; think abeut bird strikes
now."
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* Another way to look at the cerebral aspect of bird strike prevention was
expressed after an A7E collided with either a large turkey buzzard or a black
i vulture on 1l January '84. It was during landing, on a drizzly night at NAS
' Cecil Field, FL that a loud thud followed by a bright flash was observed. The
engine was rejected to the the tune of $31,536 due to compressor camage.

The investigating board noted that, "™ishaps of this type can never be
! totally eliminated, however, the.. effects can be minimized through proper
. “briefings, bird strike awareness, and expecting the unexpected in every phase
of flight."

There are times when all of the bird strike avoidance techniques descrited

are inadequate. Thats the time to ask for help. When a P-3B hit a bird on 25

October °82 at NAS Barbers Point, HI, that marked the fourth such incidert in

» less than a week., A local ornithologist was consulted and tentatively

| __ identified the problem as migratory golden plover feecing in grass areas next
to the runway.

The services of the USAF Bird Aircraft Strike Hazard (BASH) team have, on

occassion, been requested by Naval activities. BASH has been very helpful on

" several occassions, but neither their mission, staffing, nor funding permits
i routine support for the Navy.

The first place to look for help is from the cognizent field division of

the Naval Facilities Engineering Command. Your Public Works Officer has at

: his disposal, Navy civilian ap?lied biologists working out of NAVFAC

t Engineering Field Divisions (EFD's) located at Honolulu, HI; San Bruno, CA.;
l Charleston, SC.; Norfolk, VA.; and Philadelphia, PA.

When 8 collisions between P-3's and gulls occured at NAS Brunswick, ME
during an 8 week period ir 1982, an Engineering Service Request (ESR) was sent
to Northern Division, Naval Facilities Engineering Command.

h An applied biclogist met on-site with air operations personnel and the

local U.S. Fish and Wildlife Service specialist. They developed measures to
A be included in a new bird-aircraft strike reduction plan. The primary purpose
5 of the plan was to identify methods of making flightlines, taxiways, runways,
. and surrounding areas unattractive to birds, and to establish responsibilities
and coordination

! Northern Division, Naval Facilities Engineering Command is currently on
: the distribution list for Bird Strike Hazard Reports. Information is enterecd
there into a computerized bird strike data base. Cognizent EFD's are notified
when serious strikes or developing patterns are noted. Coordination has alsc
been established with the Federal Avialion Autherity (FAA) anc with Navy
natural resources personnel who are responsible for land management planning.

Don't play, "I've got a secret" with bird strikes. The first step in
getting help when it is needed to report bird strikes faithfully, completely

and accurately. And don't follow the recommended procedures just because
OPNAV says so. Because if you don't, the next thing that goes bump in the

night could be fatal.
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Remember that old song, "Too close for comfort?" Well, there is no such
thing as a routine bird strike. Implied in each seemingly trivial occurrence
{s the realization that the difference between a mincr strike and a risaster
might have been the width of this page. It helps to be lucky, but you've got
to be good to be 1lucky. Luck occurs most often when preparation meets

-~ opportunity. So prepare now to prevent bird strikes and to react properly

when they cccur.
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ACCIDENTS AND SERIQUS INCIDENTS TO CIVIL AIRCRAFT
DUE TC BIRDSTRIKES

John Thorpe, Design Surveyor,
Civil Aviation Authority,
Safety Data & Analysis Unit,
Brabazon House, Redhill,
Surrey RH6 1SQ, Englard

ABSTRACT

—

Nu&he Paper contains detailed histories of accidents and serious
incidents e.g. double engine ingestion, holed airframe, for the years
1981 to 1983. An attachment contains a summary of all fatal accidents
due to bird strikes between 1912 and 1980. The paper is divided into
three groups;

/
-})transport aeroplanes over 5700kg (12,5001b) and executive jets
~\"Jaeroplanes below 5700k9) b

/4j)helicopters,

/

No attempt has been made to analyse the information although it
is apparent that for transport aeroplanes the critical area is engines
and for light aeroplanes and helicopters the windshield may be critical.

n

INTRODUCTION

Surprisingly the first fatal accident caused by a birdstrike was
when a Wright Flyer crashed after striking gqulls in 1912. Since then
there are known to have beer 18 fatal accidents to civil registered
aircraft and at least 34 aircraft destroyed. It is likely there are
more, as information is only accurate for about the last 20 years. Of
these fatal accidents, S involved public transport aircraft and 13 1involved
general aviation aircraft.

The number of fatal accidents to transport sized aircraft is thus

quite modest, and there have been no fatal accidents involving jet airliners.

The increased awareness of the problem, implementaticn of proper measures
at a growing number of airports around the world, and tougher airworthiness
criteria for aircraft and engines may account for this. However, there

have been some very near misses in recent years such as the Kennedy Airport
DC 10 and Belgian Boeing 737 write-offs when the occupants all escaped
from the burning aircraft. There have also been many cases of multiple
engine damage, fortunately with just sufficient power to return, or runway
length ir which to stop.

The author would welcome any new or additional information,
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Serious Incidents to Aeroplanes over 5700kg together with Executive Jets

Total Injury to

Date Adrcrafe Regn Operator Location Aboard Occupants
15.2.81 Fokker F2@ VH- - * - Derby Australia - Nil

buring take~off run struck a Nankeen night-hcron (Nycticorax caiedon:icus welght 750gm).
Take-off was abandoned after an uncontained failure ot engine 1. Compressor case holed by 2
blades, but cowling not penetrated.

25.2.81 bCl10o N- - New York JFK - Nil

During climb a flock of gulls was ingested in engine 2 & 3. There was medium damage to
engine 2 and major damage to engine 3.

25.3.81 B707(JT3D) - - Kanombe, Rwanda - Nil

During landing birds of prey were ingested in engine 1 and 2. Aircraft was imobilized by
engine damage.

29.3.81 B727 N~ - Nr New York JFK - 1 Minor
) During climb at 3,500ft geese wers atruck, inner and outer panes of first officers windshield
shattered, but bird dic not penetrate. Ficst ocficer received facial cuts Irom glass
fragments. Left wiig holed.

7.4.81 Lear 23 N400PG Private Lunken Executive 2 1 Killed
Cincinnati, USA 1 Minor

The aircraft was in & climbing turn e+ atout 400C0ft when the aircraft struck a Common Loon
(Gavia immer weight 3.7kqg). The bird penetrated the right windscreen and killed the
co-pilot. Windscreen debris damaged Jo 2 engine which had to be shutdown. The pilot's arm
was badly cut but a safe landing was made using the emergency brake ~hute and with no flaps.
The weather was good, the flight being at 11,35 local time. The pilot did not sec the bird.
The Lear 23 is of an age such that the windscreen was not requared to withstand a

bird of even dibs.

18.4.81 NAMC YS1lA N173RV Sced Pax sand Point, Alaska 39 Nil

The aircraft was on short finals when a gull struck the windshield centre post, the remains
seriousiy reducing the piiots visicn. 1ne piiot misjudged distance and aititude, the fain
gear impacted an embankment on the approach, both main gear wheels were knocked off and the
aircraft came to rest 1500ft reyond the threshcld. The damage was substantial,
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AJOOB F-BGEB Alr France Paris Orly - Nil

During the take-off rall at 110kts struck flock of wood pigeons (Columba palumbus weight
460gn) . Birds ingested in both engines damaging four fan blades on each one. Take-off
abandoned and stopped on the runway. Birds also struck wings, landing gear, fuselage and
smpennage.

[ VA% - - Johor Bahru, - Nil

~ Malaysia
‘Soth eangines were damaged during the take-off run.
B73? G-BNHG Air Burope Naples, italy - Nil

During the take-off run a flock of birds was seen to land on the runway about 100 yda ahead of
the aircraft. The birds, pigeons (Columba sp) took off just before the aircraft reached them

at about 120 kts (V) 125). Several impacts were felt s0 the take-off was successfully abandoned
using reverre thrust and brakes. Later some fusible nlucs blew. There was birastrike damage

to the nacelles, nosewheel steering cables and to both engines. Six LP compressor blad:s were
damaged in No 1 engine and 5 in No 2 engins. Both engines were chanjed.

DAOLl Mercure F-BTTG AMr Inter Ajaccio Corsica - Nil

During the climb at 3000ft 250kts the outer windshield \.as shattered after a violent bird impact.

DC10-130 N112wWA World Airways Gatwick UX - Nil

At rotation on take-off flames and smoke were seen from engine 3 and the aircraft returned with
the engine shutdown. The runway was inspectad and 80 or more pieces of engine were found,
toqgether with ssme bird remnants. The bird remains were identified as either Feral or Word
Pigeon. (Columba sp of weight 400 to SQOgmsg). The engine was seriously damaged with holed
caaing.

DCB-62 - - Thesalonika, Greece - Nil

Take-off was abandoned after striking pheasants (Phasianus colchicus weight 1.2 kg) on take-off.
There was s:vers damage to engines 2 and ). Repair cost was 145,000 US dollars.

L1011 G-BEAK British Airways Larnaca Cyprus 347 Nil
On take-off there was a loud bang at %0 kts, 80 the take-off was abandcned. Evidence of
bird ingestion in engines 1 and 3. Ground run revealed power loss on engine ). Ajrcraft

ferried to base.

o ap} ET-ABY Ethiopian Jigma - -
Airlines

Adrcraft suffered a birdstrike causing wing leading edge skin damage and five broken or cracked
ribs.

B7475P - - Wellingtor Nz - Nil

During take-off struck flock of gulls. Uncontained failure on engine 1. Aircraft diverted to
Auckland.

Fokker P28 SE-DGC Linjeflygq Rear Ornskoldsvik - Nil
Sweden
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12.9.81

24.9.81

i6.10.81

19.10.81

19.10.61

23.3.82

19.6.82

11.7.82

while flying at B0O0ft and slightly above 300 kts the aircraft struck an Osprey (Pandion
haliaetus, weight 1.5 kg). The bird penetrated the skin above the windsiineid damaging frames,
looms etc and entered the flight deck causing considerable mess.

B747 - - Delh{,India - Nil

buring approach struck vultures (Cathartidae). Engine 2 suffered uncontained failure holing
No 2 fuel tank as a result of flying debria.

B/37 - - Nagaya, Japsn - Nil

Abandoned take-off alter gulls were ingested in both engines. Blade damage was found in both l' ";*:~ f
engines. R

A3008 P~ Air Inter Parig, COrly - Nil

During approach at 150ft and 130kts struck a fiock of Stock Doves (Columba QOenas weight 350gm}.
Birds ingested in both engines.

DCB=-50 - - Makurdi, Nigeria - Nil

Bngines 1, 2 and 4 ingested birds wren the aircraft struck a flock during the take-off run.
Landing gear and 1ights alto struvk. Two engines repaired at base, once changed.

Ajocs F- Alr France Tunis - Nil . _.

struck flock of birds at 150 kts during take-off run. Both Engines, Puselage and wing struck.
Three fan blades were <Gdamaged.

B747 (JT9D-7) vT-EFJ Adir India Jeddah, Saudi Arabia - -

During the approach the al:zcraft passed through a flock of birds causing the pilot to shutdown °
No 1 engine and bring No 2 back to idle. After touchdown No 2 was shutdown due to vibration. [
Both engine nose domes and all fan blades were damaged. There were holes in the nose cowl of

No 2 engine and the tail cone was missing.

DC8-53 - - Yesilkoey, Turkey - Nil

Gulls ingested in engines 3 and 4 during landing run. Both engines changed.

‘B747 (JTID) G-AWNA British Airways Melbourne, 91 Nil -9
Australia

At about 75ft on take-off the aircraft struck s flock of birds, loud bang from engine 3 which

van 4down and was shutdown with high JPT. Engine 4 vibration warning came on so was throttled to o
i4le. Made immedjiate return, engine 4 shutdown after larding. Birds were racing pigeons "e
[Columbis 1ivia, wt 250 gm) roleased 100 miles avay and returning to Melbaurne. Kelieved 2.4
birde in engine 3 and 2-3 in No 4. The aircraft was at a very light weight. Both engines
changed.
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.B747°CF ) - -

"During the take

B737 G-BGDF British Airways Turin, Italy - Nil

-off 07.20 hrs the aircraft passed throuah a flock ot gulls at 50ft. Engine 2

e a vib This was shutdown

indicated a vibration waning. Air traffic reported flarmes from No 2 engine.

and the aircraft returned. Engine 2 was changed as it was severely damagea.

B707 G-BFEO Trauevinds Khartoum, Sudan - Nil

At 400ft on take-off the aircraft struck a large stork (Ciconiidae up to 3 kg). The left-nand
windscreen wae obscured by blood. The aircraft returned where it wWas found the radome had been
severely holed, with large radial crack. The ILS glideslope aerial was broken.

Luxemburg - Nil

-off engine 4 ingested birds resulting in fan and nose cowling damage after it
had been pievced by part of a fan biade. The aircraft returned.

nClo - - Entebbe, Uganda - Nil
puring the climb the aircraft encountered between 11 and 100 herors (Ardea sp, up to 1.8 kg),

which were ingested in engines 1 and 3. Engine 1 was shutdown.

B747(CF6-50) rH-BON KLM Amsterdam, 132 Nil
Netherlands

During the take-off run at 14.00 hrs GMT on runway 19L at about 1/3 of the runway at 135 kts

the aircraft struck a flock of 100 Lapwings (Venellus vanellus, weight 250 gm) suffering

multiple engine damage. The take-off was abandoned stopping with 800 metres left. The

passengers desembarked via stairs at the end of the runway. Engine 1 beyond economic repair

and changed, engine 2 had nine fan blades and some fan exit vanes changed, engine 3 had little

damage and engine 4 had one fan blade changed. Wing trailing edge flaps also damaged.

About 75 dead birds were found on the runway. Bird patrols were in continuocus use.

Lear 135 HB=VFO Pravate Paris LBG - 1 Serious

At about £.30 local thes aircraft abandoned take-off after V] as a result of striking a flock
of black headed gulls {(Larus ridibundus). The aircraft failed to stop and over-ran striking
the ILS installation, seriously injuring the co-pilot. The alrcraft was destroyed. The
engines were not in fact demaged and there was one birdstrike on the wing.

B7)? G-AVRN Britannis Manchester, UK - .. N
During the take-oft at about 140 kts the aircraft struck a flock of lapwings, which were

ingested in both engines. The aircraft returned. Engine 1 was changed, there was no damage
to engine 2.
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DMC-? LX-AHA Arika bov Airport - Nil
Tel Aviv

During a night take-off the aircraft struck flock of qulls, which rose off the runway at
rotation (B5kts). Vision completely lost through left windscreen and partially lost through

the right. No power was lost. After climbing to 1500ft, gear and flaps left down, the aircraft
""returned. Over 60 strikes were courted on the aircraft and S00 to 1000 dead birdsc were found.

The prop spinner was damaged beyond repair, two others damaged. No 2 de-icer boot dameged.

Bird remains found in all engine intakes, but no engines werc dauaged. Wing de-icer boots damaged.
One VOR & one ADF aeriai damged. Birds ingested in air conditioning system. Nose gear taxy

light smashed. One over-centre spring cable on main gear was knocked off it's pulley. Crew

praised aircraft's ability to cope with such a large flock with so little degradation of performance.
DC10 (CF6-50) LN-RKA SAS Copenhagen, Cenmark 160 7 Minror

During the take-off run a flock of qulls was struck as the aircraft rotated at 165 kts. An immediate
return was nade because of vibration and severe damage to engine 3. Overweight landing by 44 tons,
necessitated 10 wheels changed. Emergency evacuation caused minor injuries to seven people.

Engine 3 fan, nose cowl and pylon internal structure damaged. On bird passed through engine 1 fan.

Runway was wet, fuel jettison and reverse tiirust not used due to fire risk as ATC reported engine
on fire.

A3008B F- Air France Bordeaux, France - Nil

At rotation speed on take-off the aircraft passed through a flock of birds, which were ingected
in both engines. Take-off was abandoned act a speed almost equal to V2. The aircraft was
successfully atopped. on the runway. Both engines were changed. At least one bird had entered
each engine.

B737 G-BHVG Orion Bristol, Lulsgate, UK - Nil

At 50ft and 130 kts during approach struck flock of pigeons and gulls. Teleflex cable from landing
gear was damaged resulting in loss of ground/air sensor and associated systems.

-

8747 JT9D-7Q - . China Airlines Anchorage, Alaska - Nil

During a down take-off ducks (Anas sp, weight up to 1.5 kg) were ingested in engines 1 and 2.
The take-off was abandoned at 80 kts. Two fan blades on engine 2 exited the front engine cowl
causing Jamage to the wing leading edge devices. Engine 1 overtemperatured during reverse thrust

due to core damage, but no fan damage. Birds were flying low across the runway, probably on
migration.

V134 - Aeroflot Krasnodar, USSR - Nil

Struck flock of crows (Corvus sp weight up to'SSOq) on take-off, right-hand engine failed and
fuel pump knocked off. Climb rate reduced to 200 ft/min and aircraft made immediate return.

8707 CE-TBA Adr Portugal Birmingham, UK - Nil

Take-off was abandoned at 100 kts because of multiple bird strkes and small logs of power on
engine 2. No damage found but birds struck engines 1, 2, 3.

DCio 00~ - Ostend, Belgium - uil

During training touch and go large flock of birds were seen on the runway after takc-off
power kad been selected. Aircraft returned to Brussels. Inspection revealed damage to engine

fan with one blade separated, cowling holed and cabin window damaged. Engine 3 had signs
of ingestion but n> damage.

8737 G-BGYK Britannia Glagow, UK - Nil

At S0ft, 133 kte during landing round-out large flock of lapwings rose from the runway. Both

engines, the wing, fuselage and landing gear were struck. Engine 2 was changed due to blade
damage.

B747 (J19D) G-AWNE BA Huscat, Uman ¥y} Nil
At about 150 kts on the take-off run a small thump was felt and engine 2 Nl rpm started to
fluctuate, with vibration felt and indicated. The engine was shutdown. After fue)l was

jetisoned the aircraft diverted to a convenient maintenance facility. Engine 2 fan blades
damaged, nose cowl torn and accoustic lining holed. Engine changed.
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Serious

Incidents to Aeroplanes of 5700kg and Below

Date

25.4.81

--18.7.81

6.8.81

-.1.82

2.2.82

10.2.62

J..4.82

Total
Alrcraft Regn Location Aboard Injury Damage
cle2 C-FTKQ Near Cooking Lake - Minor Substantial :
Alberta, Canada -
Aircrafr struck a duck (Anas sp) which jammed in carburettor intake causing luss of power. -,
Aircraft forced landed 1nto trees. "
C152 G-BIOM Near Lerwick, UK 1 Minor -

While descending through 1000 ft at about 90 kts the aircraft struck a gull breaking the
windscreen. The pilot suffered a cut nose.

Cessna 402 SY-ATU Near Musiars, Kenya 1 1 killed Destroyed
Suffered birdstrike with a Ruppell's Griffor (Gyps rueppellii weight 7.5 kqg) which penetrated
the windscreen killing the pilet instantly. The pilot, the sole occupant was Killed and

the aircraft destroyed.

Microlight G- Nr Bolton, England - Nil -

A flock of gulls were encountered and the engine exhaust was knocked off (falling near a
house and going 3" deep 1nto the frozen ground}. The pilot glided to a safe landing.

Beech 200 E1~ Nr Nairobi, Kenya - - Substantial
While on final approach the pilot attempted to avoid u large flock of birds, but shortly
afterwards the pilot felt a large thump at the back end of the aircraft and it pitched up.
Ater recovering a normal landing was made. The bird, a Marabou Stork (Leptoptilos
Cruoeniferus weight up to 7 kg) strutk the £in lead:ng edge, crutshing the whole €in leading
edge back to the front spar. The fin attachment was not damaged.

€404 Maya Maya, Congo - 1 minor -
bDuring approach the aircrafi struck bats (Chiroptera) smashing the windscreen and slightly
{injuring the pilots face,

Cessna 172

F- Sarre Union, -

France

Nil -

Just before touchdown the pilot noticed two buzzards (Buteo sp) on the feginning of the rurnway
80 the pilot overshot and made a circuit. On his second approach both birds were in the air
and the pilot took evasive action to miss one of them. The aircraft landed tno fast, bounced

and the landing gear and propeller were damaged. The bird damaged the left-hand wing leading
edge.
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26.7.82
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31.10.8:¢

16.1.83

6.5.83

24.5.83

Piper PA2)] G-AYWF Amsterdam, Netherlands Nil -

While making a night landing a thump was felt as the aircraft descended through 15Cft., A
Grey heron (Ardea cinerea, weight 1.8kg) had damaged struck the wing leading edge damaginrg
ribs, stringers and holing the skin.

[N %3

Piper PA23 VH- - En route Australia - Minor -

An eagle penetrated the windshield, causing a deep cut to the pilots hecad and cuts to his hang.
The aircraft was landed satisfactorily. :

Wasmer Guepard F-BXCA Limoge, france 1 1 Serious -

While descending through 1800ft at 140kts the aircraft struck an Osprey (Pandion haliactus -
weight 1.9 kg)}. The windscreen was shattered and the pilot's head and face badly cut.

4

Piper PA24 - Bensbach, Papua - Nil
New Guinea

The right-hand windshield was broken by a cockatoo (weight up to 900gm).
Cessna 152 G-BFXG Middle wallop, UK 1 Nil Substant:ial

Loud bang at lift-off as the aircrait struck a bird. The pilct cecided to re-land duriny whroh
the nose wheel collapsed. Dead bird, probably lapwing found on the Jrass rurway.

Piper PA23 G-ASMN white Waltham, UK - Nil -
Aztec

Just after lift-off the aircraft struck a pigeon. The wing leading edqe was Dadiy damayed and
Yull rudder was required during landing.

Partenavia Péa SY-BDC Keekorok, Kenya - ' Nil -

During climbing turn at 400ft after rake-off a Bataleur Eagle (Terathcpius - weight .7 k9
gtzuck the left-hand stabiiator. There was severe leading edge gamage but no adverse contool
effects.
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Serious Incidents to Helidopters

£

2.3.81

3.6.81

2.1.82

24.2.82

13.4.82

15.7.82

16.7.82

1.7.82

..-.082

1.9.83

-.11.81

Total
Alrcraft Regn Location Aboard Injury Damage
Bell 206 cr- Vancouver State 4 Pour Destroyed
Canada Killed

The helicopter went miasing on a low altitude sheep count and was not found till Jun 8.
When found at least one raven (Corvus corax, weight 1.2 kg) had struck the plexiglass
front windscreen and probably entered the cockpit area. The helicopter crashed as a
regult, killing all 4 on board.

Bell 47 G~ Redhill, UK - - Minor
While in the hover the rot- damaged when a crow (Corvus sp weight S50 gm) flew into it.
Bell 206 G-P .les from Kelso - - Minor

8. .land

While cruising at 600 ft at Y0 kts the p.lot felt a slight yaw and simultaneous severe
vibration. He ghut down th¢ engine and made an autorotative landing in a field. The
tail rotor had been struck by a bird (leaving three small feathers) bending the leading
edge of a blade out of alignment, and resulting in tail rotor drive shaft damage.

SA34) Garzelle P-GAMK Marseilles, Prance - Minor -

While flying at 200 ft and 100 kts the aircraft struck a gull ‘smashing the window in the door
causing minor injury to the passengers.

SA J4. Gagelle G- New Seaton, UX - - Minor

At 1800 ft, 125 kts a jull was seen to pass over the rotor, no impact was heard or felt.
On landing the stabilizer "fibreglass™ fin skin was found to be cracked and had to be renewed.

AS 332 Tiger G-T1GG Nr Montelimar, France - Nl Hinor

While en-route at 145 kts, 2000 ft the aircraft struck an eagle, holing the radome and jamming
the radar scanner.

SAJ19 Allouette ) O France - Minor -

While flying at 1500ft and 200 kts a martin (Riparia weight 14 gm) penetrated the windshield
injuring the palot.

8A318 Allouette F- Lyon Satolas, Prance - nil -

While approaching to land at 500 £t and 6 kts the windshield was penetrated by a atarling
(sturnus vulgaxis weight 80 gm). .

Bell 206 N- Detroit, U.S.A. - Minor -

A Mallard Duck weighing S1bs broke the windscreen knocking the pilot unconscious and breaking
his nose. The helicopter was on autopilot (fitted at pilot's request) and the pilot came to
at 700 ft and 110 kts ovar Detroit.

SAJ16 Alouette P-BYCS Montpelier, France - 1 Minor -

Approaching the aircraft at 150 ft and 65 kts the helicopter cnllided with a gull weighing
1.2 kg and 4 ft wingspan. The windscreen was shattered, the remaing striking the pilot,
who retained control and landed safely, in spite of cuts on his hands,

Bell 206 - Sandakan, Borneo - Nil Minor

Large bird of pouy attached tha helicopter, the pilot managed to douyse the birds first Lttempt
but when the pilot looked up the eagle was again diving with wings folded. At the last second
the bird must have realised there was something odd about its "prey”, as it spread its wings
and attespted to torn away. The wing smashed  the nose bubble and the body holed the ‘honeycombe
belly structure. Bird was Brahming Kita (Haliastur indus, weignt: 520 qm)




Attachment A
BIRDSTRIKES 1912 to 1980

Fatal Accidents and Destroved Aircraft over 5700kg (125001b) iogether with Executive Jets

Date Aircraft focation Occupants Deaths Othor
h.10.60 1188 Elecira Boston, USA 72 62 9 serious injuries

Starling (Sternus vulgaris weight 85 gm) flock ingeated into 3 engines, aircraft
stealled and crashed.

15.7.62 DC3 Lahore, W Pakiatan 2 1 - aliils
®
Co pilot killed when vulture (Falconiformes) penetrated windscreen during cruise. S
23.11.62  viscount Haryland, USA 17 17 - ’f-"l-if
At 6000ft vhistling swan (Cygnus columbianue weight 8 kg) struck and removed left
tailplene, aircraft crashed. T
28.7.68 Jet Falcon Lake Erie, USA 3 Nil Aircraft ditched e
. ™
Gulls (larus spp) ingested into both engines on take-off caueing severe damage, ditched in S
lake. ST e
23.7.69  DC3 Nr Djibouti, E Africa 4 Nid Adrcraft desticyed .l

Cranss (Grus sp weight up to S kg) dlocked cart intakes on both engines, ditched in sea. Tl
26.3.73 Lear 2b Atlanta, USA ? ? 1 third party —et
. serious injury
Cowbirds (Molothrus ater weight 45 gm) caused demage on take-off and severs power loss
on both engines. Aircraft crashed into buildings.
12.12.7% Falcon 20 Norwich, UK 9 Nid

Gulls® caused severe damage to both engines on take-off, crash landed.
14.6.75 NA265 Sabreliner Watertown, USA 6 Nid 3 merious injuries

Frankiin's gulls (larus pipixcan weight 260 gm) ingested in both engines on take-off,
crash landed.

12.11.75 DC10 Kennedy NY, USA 139 Nil 2 serious injuries

culle* ingested in Eng 3 which exploded, causing severe wing fire, abandoned take-off,
aircraft burnt out.

20.11.75 RS125 °  [unsfold, UK 8 - 6 third party deaths M“.

Lepvinga (Vannellus vanellus weight 300 gu) ingeated inm both engines on take-off,
power losa, crash landed destroying car.

6.2.76 lear 24 Bari, Italy 2 Nil Adrcraft Deatroyed

Gulls ingested in both engines, power lost and crashed in field.

12.11.76 Falcon 20 Naples, Florida USA 1 Nil 11 sericus injuries
Ring-billed rulls (larus delawarensis weight 485 gm) caused both engines to fail just
after lift-off, causing aircraft to crash.

4.b.78 Boeing 727 Gosselies, Belgium 3 Ml Aircraft Deatroyed

Wood pigeon (Columba palumbus weight 450 gm) ingested during touch and go, abandoned
take-off acd over-ran. Burnt out.

25.7.78 Convair 580 Kalamazoo, USA b3 Nil 3 merious injuries e

Sparrov havk (Falco sparverius weight 120 gu) ingested in one engine on take-off, guto RN
feathsred, crashed in field. T

L

Common (larus cenus weight 400 gu) and Black-headed (Larus riditundus weight 300 gm)

+ Great black-backed (larus marinus weight 1.8 xg) Ring-billed (Larus delawarensis weight 5385 gm) and X )
Herring (larus argentatus weight 1.7 kg) ;
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Fatal Accidents to Aeroplanes of 5700 kg and Below

Date

3.b,92

10.2.29

“e=55

10.1,59

-.3.63

1.2.60

2.7.71

16.4.72

30.8.76

23.4.77

19.%0.79

Areraft location Occupants Daaths Damage
Wright Flyer long Beach,Calif USA 1 1 - Deatroyed

Struck gull while flying along the beach. Controls jamwed and aircraft crashed
drowning pilot. :

Arado Madras, India 2 4 Deatroyad

Bhortly after take-off struck large bird, aircraft crashed.
Cessna Aberdare Mtas, Kenya 1 1 Destroyed

En-route struck vulture, pilot attempted to avoid but bird hit wving tip jamming
ajilerons.

- Berengeti, Tanganyika 1 1 Destroyed
Struck s Griffon wulture (Gyps fulwua, 5.4 kg) an~ crashed. .
Beech 35 Bakersfield, Calif USA 1 1 Destroyed

Common loon (Gavia immer wt 3.7 kg) vhich removed right hand teilplane.
Turbulent Nr Belfast UK 1 1 Deatroyed

Spun in from low altitude after striking or avoiding gull. Dead gull found 60 yudl
awvay and avian blood on windscreen of open single seater aircratt.,

Cesana 180 British Columbia, Canada 3 2 Dostroy-d
En-route struck a Bald eagle (Haliaetus leucocephalus wt S kg).
Mitsubishi MU2 Altantic City, USA 3. 3 Destroyed

¥hile in climb struck flock of geease, windshield destroyed incapacitating oze or both
pilots. Uncontrolled descent into the sea.

Saab MFJI15 Nr Awvasea, Ethiopia 2 2 Destroyed

Climbing through 200 ft struck Vulture. Aircraft went out of control and crashed
vertically.

Aero Commander 690 Chicago, USA 4 4 Destroyed

Gull ingested in one engine, emergency procedures improperly executed and aircraft spun
into the water.

Swearingen Merlin Palo Alto, Calif USA - 2 killed Destroyed
1 serious

During approach a flock of birds clogged au eagite intake (engine not damaged). Pilot
attespted overshoot but lost control crashing inverted intc parking area destroying or
demaging 7 other aircraft.

Fatal Accidents to Helicopters

Nil
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ARALYSIS OF BIRD STRIKES REPORTED BY EUROPEAN AIRLINES 1976-1980

John Thorpe, Design Surveyor
Civil Aviation Authority
Safety Data & Analysis Unit
Brabazon House, Redhill
Surray RH1 1SQ, England

(\ ABSTRACT
' ' pirdsteikes reported world-wide between 1376 and 1580 by European Airlines
' from 14 countries have been analysed. The analysis of over 7500 strikes in-
K cludes the annual strike rate for each country, for aircraft types and
l alrports, all based on aircraft movements. It also covers bird species and
' weights, part of aircraft struck, effect of strike, and cost.

The paper shows that gulls were involved in over 40% of the incidents

; where the type of bird was known, and that only 1% of bird strikes involves
g birds of over 4 lbs. The major effects have been damage to over 330 engines
i and the loss of a Boeing 737 aircraft (value $4.5 million). Engineering costs

are estimated to be about 16 million US dollars excluding the Boeing 737.%y\

l INTRODUCTION

This paper contains a summary of birdstrike data reported by European
Countries for the years 1976 to 1980. It is similar to a paper using data from
1972 to 1975 which was presented at the Third World Conference on Bird Hazards
in Paris, October 1977,

For the following reasons, the detailed analysis only includes civil air-
craft of over 5700 kg (12500 1lb) maximum weight, except that all executive jets
including those of weight less than 5700 kg have been included:

(a) the airworthiness requirements relating to bird strikes are different
for the smaller class of aeroplanes,

- V-
o S
ot - RSN

(b) much more is known about the reporting standard, and movement data of
operators of transport types, and the movement data is more readily
available than that from air taxi or private owner aircraft,

)

TeT.4 .00 va
»

(c) the 5700 kg and less classification is, in general, a much slower aircraft i é':"
with a different mode of operation, requiring lesa airspace, and a - ’
noticeably different strike rate would be expected.

. i
. »

-
e e

Information has been obtained from a total of 13 European Countries, of
which cight have been able to provide full information every year.

The strike rate for each country is dependent upon two major factors:-

- reporting standard.
- bird strike problem within that country.
37
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DISCUSSION

Annual Rate / Country

The overall strike rate for tha 7608 {and 15 million aircraft movements)
incidents contained in the analysis is S.1 per 10,000 movements {two movements
per flight). This is somewhat higher than the rate of 3.5 rxcorded between
1972 and 1975,

Fig. 1 Annyal Strike Rate
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PIGURE 1 shows the annual strike rate for each year for the past nine
years. The UK data (which comprises about 25% of the European Data) is shown
for comparative purposes. There does not appear to be a clear trend, which
in any case could be 1nfluenced by variation in reporting standards.
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Fig. 2 Strike Rate by Country
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PIGURE 2 shows the rate for each country, Switzerland being the highest
and Norway the lowest. Although each country 18 reporting strikes world-wide,
a high proportion of its aircraft movements are within its own country and
its record will thus be affected by its own birdatrike problem.
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Aircraft Tyvpe

Fig. 3 Strike Rate, Jet Aeroplanes
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FIGURE 3 shows that aircraft which appear similar can have very different .
, rates for example the DC8 (used by eight countries) has a rate of 7.9 compared
; with the B707 (used by 9 countries) which has a rate of 5.2, Similarly the

DC10 (used by 11 countries) rate is 12.2, much higher than the L1011 (used by S

i only twc countries) rate of 3.6, Furthermore, the B737 has a rate of 6.9, ) o
| which is higher than the wide-bodied A300B Airbus rate of 5.8. It therefore

. appears that there is little meaningful correlation between aircraft type and
strike rate.

On average jet aircraft with three engines have a higher strike rate than
those with two or four engines, mainly due to the high DC10 rate. The group of
aircraft which are wide bodied have a strike rate of 7.5, which is above the
rate for all jets of 5.5. The rate for executive jets is 1.2, thus it appears

that frontal area does influence the strike rate. Concorde has a low bird
strike rate.

Turboprop and Piston Aeroplanes

TR, LA A a8 A . FEEER L. S esar aa

About 16% of movements are by turboprop aeroplanes, which have an overall
strike rate of 2.7. The rate for piston engined aeroplanes is similar at 2.8,
but this class only accounts for 18 of the movements.
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Helicopters

Because helicopters n‘iﬁly fly at low altitude where birds are most
frequently found, they are continucusly exposed to the risk of a strike thus
rates have been baged on flying hours. The rate for the 300,000 hours is 1.05

per 10,000 hours. This low rate may be due to the comparatively low speed and
high forwards noise levels.

Aerodromes

Aerodrome data is of particular importance as it may indicate where bird
control measures need to be taken. Some countries provided aerodrome movement
data for their nationally registered aircraft, so that a national rate can be
qu.ted., PFor others only the total number of strikes at each aerodrome, reported
by all European sources is available in the absence of movement data,

Aerodromes which have a high number of strikea or a high strike rate may
be influenced by some of the following:

- a very good standard of reporting.

-~ a large bird population (perhaps due to the aerodrome's geographic
location

a large number of aircraft movements.

incorrect or no bird control measures.

a difficult problem in spite of use of correct bird

scaring methods.

an influence which is beyond the control of the

aerodrome (&g a garbage dump).




Fig. 4 European Airperts, Suropean Qperators
Total Strikes, (Rate in brackets)
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FIGURE 4 shows the ten European airports which have the highest total S
birdstrikes. It should he noted that many of these airports have a high number —
of movemsnts and thus a very low rate. (See FIGURE !)
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Fig. §

Strike Rate (National’ Airlines) at Selected
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FIGURE 6 shows the non-Buropean airports with the highest total of strikes
reported by European Operators. Some of these airports are extensively used
by Buropean airlines. About 5% of strikes occurred en-route.

Fig. 6 Non-European Airports, Total Strikes
to European Airlines
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Birds

The birds involved were identified 2 S0% of incidents., The identifica-
tion standard ranged from examination of bird remains by a trained
ornithologist, to the fleeting glance of a pilot.

Fig, 7 Bird Species Struck
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FIGURE 7 shows that gulls account for 41.5% (53% ir previous period) of
incidents where the birds have been identified. Of these the black-headed gull
coaprised 7¢%. The next most frequently struck bird was the lapwing (Vanellus
vanellus) with 11,48, followed by swallows and martins (Hirundinidae) at 11.4%
and pigeons at 7.68. The decrease in gull strikes from the previous period
was offset by an increase in birds of prey and in swifts, swallows and martins.

FProm an airworthinesa point of view the breakdown of bird weights is a
most {mportant feature. Unfortunately qulls span a weight range from 300 gm
to 1.8 kg and fall irto three weight categories and have therefore been
excluded unless the exact gull type was Xnown.
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Fig. 8 Weight Oistribution of Identified Birds
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FIGURE 8 shows that 320 of birds struck weigh less than 110 gms (|/ilb),
50.7% 1lie between 110 and 680 gms (1/4 *to1k4 1b) and 14.1% 1lie between 14 and
2% 1b (681 gms to 1.13 kg). About 18 of incidents were known to involve birds
of greater than 1.81 kg (4 1lb).

Part Struck

Fig. 9 Part Struck
Fuselage
Windscraen 17% Wing
15% 14%

Empennage
Rodome 1%
9%
Nose .
224 L:mdl-l.'!g Gaor \
5% .
Engines
l6%

FIGURE 9 shows the nose and radome were struck in 318 of incidents,
followed by the fuselage with 17,58, Engine strikes accounted for 16% of
strikes, in which 1%, a total of 76 incidents, affected more than one engine,
and in 24 cases struck all engines. The multiple engine strike rate is about I
1 per 200,000 movements. The tail area was very rarely struck. These percent- f[;jﬂf-
ages are influenced by the size of bird involved, since small birds (below
1/ 'b)lare rarely reported as striking the engines, wing or landing gear, but
are more frequently reported on the nose and windshield. The figures are
similar to the previous period.
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Effect (FIGURE 10)

During the period covered by this paper a European registered Boeing 737

"~ 'was written off during a touch and go training flight. The three crew escaped

from the burning aircraft after take-off was abandcned at high speed resulting
in the aircraft crossing a major road.

A total of 338 engines were damaged such that repair or replacement was
necegsary (damage which has been dressed out has not been counted. Of the
338 casea, 152 were in twin engined aircraft. It appears that 30% of engine
strikes involves damage. Twelve windshields needed to be replaced, (only 1%
of the 1124 windshield strikes). None of these involved windshield penetra-~
tion. There were 45 cases of radome damage, out of 685 radome strikes (7%).
The radome was in most cases only delaminated, few cases are known where it was
shattered. The radome strength is usually determined by the dielectric
properties necessary for satisfactory operation of the weather radar.

Examination of the bird weights shows, not surprisingly, that only 2%
of small birds (below 1/41b) caused damage, whereas 40% of strikes with birds
of over 4 ibs caused damage. '
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Only a few countries have been able to provide information on cost. Using
this known coat the estimated engineering cost to European airlines for the
four year period ie¢ 16.1 million US dollars. In addition the value of about
$4.5 million for the Boeing 737 must be added.
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CONCLUS 10NS R

The overall strike rate for the 7608 strikes reported by European
operators from 1976 to 1980 is 5,1 strikes per 10,000 movements. This is
somewhat higher than the rate from the previous four year period.

There does not appear to be any close correlation between the strike rate
and the aeroplane type, however, the strike rate for the group comprising
wide-bodied aeroplanes does appear to be slightly above average.

Helicopters have a low strike rate.

Gulls were struck more frequently than other birds, being involved in
41% of incidents. Only 18 of strikes were believed to involve birds of
greater than 1.8 kg (4 1lb).

The nose section and radome were struck in 31% of incidents, followed
by the fuselage with 176 and engines with 164. About 1% of incidents
involved multiple engine strikes, a rate of about 1 in every 200,000
movements.

Apart from the loss of a Boeing 737, the major effect was damage to 338
‘engines, about ‘ond in every three engine strikes. There was little
windshield damage.

Based on informaticn provided by four countries the estimated minimum
engineering cost of bird strikes was at least 16 million US dollars.
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SERVICBS CENTER
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ABSTRACT

[

i

'&éince 1975, the Air PForce Bird/Aircraft Strike Hazard (BASH) Team,
located at Tyndall AFB PFL, has beun responsible for maintaining all Air PForce
bird/aircraft strike data. Ircormation for 1983 has been compiled and trends
. determined in order to better define the extent of the bird/aircraft strike
- ~_hazard potential. During the 1983 reporting period, there were over 2300
! reported bird strikes costing more than $4 million. 1In addition, one major
and several minor personnel injuries resulted from windshield/canopy penetra-
tions by birds. This presentation identifies trends in the Air Forces' bird
strike occurrences and emphasizes the continual need for reporting all bird
strikes.
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o INTRODUCTION

Since 1975, the Bird/Aircraft Strike Hazard (BASH) Team, located at
L Tyndall Air Force Base, Florida, has been responsible for maintaining all
l Air Force bird/aircraft strike data. The data base contains information as
s far back as the early 1960's; unfortunately, that data is fairly sketchy.
: one of the reasons for the lack of detailed information was the change of
. reporting criteria over the years. Only within the last few years have all
o~ Alr PForce bird strikes been reported. As aircrew members no doubt know,
pllots coming home after a long flight, perhaps to include a low-level ~
flying mission, have a hard time finding the energy to fill out one more -fﬁﬁfffT
report on a bird strike that did little or no damage to their aircraft. The e
crew chief of the aircraft wipes off the evidence and everyone presses on f{-#f,j;
with the mission. However., thls is not always the case, in that many air- Lo
crews realize the importance of reporting all bird strikes and do so SRR
according to the regulation. T T
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Tne BASH Team has suggested many ideas to increase BASH awareness of all
personnel involved with the bird strike problem. Air Force Regulation
127-15 requires that all bird strikes--those that cause $1,000 or more in
damage. as well as those that don't--be included in the overall statistics
to properly define the problem. Only when all bird strikes are reported and
L analyzed can we view the true nature of the hazards birds cause to our air-
D craft.

From 1980-1982 the BASH Team recorded over 3900 bird strikes to Air
Force aircraft. 1In 1983 over 2,300 strikes were reported. Either the All
Porce is hitting more birds each year; more organizations are reporting bird
strikes, or both. We believe that because of the increased emphasis on the

s ot
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importance of reporting strikes, more bird strikes are being reported.
Likewise, with increased low-level flying, we do expose our aircraft to
environments in which more birds are found. Thus, we could also be seeing
an actual increase in the blrd strike rate. Unfortunately. at this time,
critical information is not available in order to perform a proper quantita-
tive analysis.

BIRD STRIKES BY IMPACT POINT

TABLE 1

Percent of Bird Strikes by Impact Foint

Impact Point Percent
Engine/Engine Cowling 22.3
Windshield/Canopy 20.6
wings 19.3
Radome/Nose 15.1
Puselage 8.9
External tanks/pods/geatr 6.7
Multiple hits 5.2
Other 1.9

Table 1 shows all areas of the aircraft are potentially vulnerable to
birds. Of course, where a bird strikes the plane is a matter of chance
unless the pilot is able to see the bird and maneuver the aircraft in such a
way that the bird perhaps strikes the underside of the wing or radome.
Normally, engine and windshield strikes pose the greatest damage and are the
greatest threat for a crash or fatality. 1In reality, five percent of the
windshield/canopy strikes resulted in birds penetrating the canopy., but only
a few cases occurred where minor injuries resulted. FPortunately, in 1983,
the Air Force did not lose any aircraft or aircrew due to bird strikes; how-
ever, total cost in damage was on the order of $4 million.

TIME OF BIRD STRIKE OCCURRENCE

Most bird strikes occurred during the day (67%), but a large number
occurred at night (18%). Only 5% of the bird strikes occurred during the
twilight hours. Since most of our flying is during the daylight hours,
these statistics are not surprising. Unfortunately, we do not calculate a
bird strike rate for day and night flying since it is difficult, time con-
suming, and expensive to obtain exact flight times per hour of the day. We
do know, however, that birds are most active in early morning and late
afternoon hours and that many bases we visit restrict flying during these
times. Some bases restrict takeoffs and landings for an hour or more during
dawn and dusk to reduce the chance of a bird strike.

Bird strikes occurred during all months of the year: however there were

times of increased strikes. This 1increase coincides with the times of
migration for birds. As seen in Figure 1, the number of bird strikes peak
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i ‘An the spring when birds are migrating north to breed: however, we observe a
i much higher peak in the fall when adult birds and their offspring are making
) the journey south for the winter. Since most birds begin their migratory
; flights shortly after dusk, the number of night strikes greatly increase
! while the number of day strikes only moderately increase.
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By understanding the reasons why bird strikes increase during certain
times of the day and year, we can assist aircrews in avolding these higher
risk tiwmes. Ve ensure that our bird strike awareness programs receive

---emphasis before the fall and spring migration periocds by sending out mes-
-'sages that give pilots a “heads up.” When bird activity increases in the
early morning, the director of operations, at a base experiencing bird

, - str’kes, may delay takeoffs which could prove to be very prudent.
WHRRE BIRD STRIKES OCCUR
l ) ’ Pigure 2 shows almost half of the bird strikes occurred within the

traffic pattern of our bases (e.g., takeoff, landing, approach). Obviously,
by reducing the number of birds attracted to an airfield, we can effectively
reduce the risk of bird strikes. Therefore, airfield environments recelive
the greatest emphasis in attempting to reduce the occurrence of strikes.
Also., by increasing traffic pattern altitudes, we can reduce the chance of a
bird strike in the majority of the environments flown.

K M T P )
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The second most vulnerable phase of flight, with respect to hitting
birds, 1is during low-level operations. High speed. (350-500 knots) low-
level (1000-500 feet above ground level (AGL)) routes traverse the country
in rural, sparcely populated areas, many o° which are rear wildlife refuges
and reserves. Almost 25% of all strikes occurred in this Elying environ-
ment. Since windshield/canopy penetrations by biids are more 1likely to
occur while flying at these speeds, especlially for our fighter aircraft, the
risk of aircraft/alrcrew loss 4is greater during low-level operations. As
seen in Figure 3, most bird strikes occurred at or below 500 feet AGL.
Should a bird penetrate the canopy. pilots have little time to react due to
sudden loss of vision, possible lack of aircraft control and loss of engine
thrust or some other severe circumstance at these low altitudes and high
airspeeds., We recommend pilots increase low-level flight altitudes and
reduce airspeeds when operationally feasible.
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TYPES OF BIRDS ENCOUNTERED
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The BASH Team has an ongoing program to identify bird remains as a
result of bird strikes. Alr PForce safety Officers send feathers and other
nonfleshy remains to the BASH Team for identification. Of the 2300 strikes,
approximately 26\ are placed in a "bird-type“ category (e.g., shorebirds,
gulls). wWithout remains. another 220 are placed in a “"small, medium, or
large bird" category, depending on pllot observations. The remaining 52%
are unknown as far as the type or size of bird impacting the aircraft,
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TABLE 2

Types of Birds Involved in Bird/Aircraft Strikes

1983
Bird Type Number of Strikes
Starlings 39
- -Shorebirds 17
" Blackbirds 22
Horned Larks 21
‘Meadow Larks 29
Doves 41
Plgeons 19
Gulls 122
Bgrets and Herons 21
Vultures 46
Hawks, Falcons and Eagles 126
Ducks 52
Geese 10
Unidentified Birds
Small Birds 406
Medium Birds 38
Large Birds 50

By knowing the "bird-type" causing the problem, the BASH Team and other
experts can more specifically channel their suggestions. For example,
should the identified "bird-type" be a duck, there 1s less need to spray a
pesticide for insectivorous birds than there is to look for a source of
water to attract waterfowl. Raptors (vultures and hawks) and gulls continue
to give military flying the most problems; because of their large size, they
also pose our biggest threat.

AIRCRAFT BIRD STRIKE RATES

The wide variety of aircraft flown by the Air Force and the missions
they perform, create large differences between the bird/aircraft strike
rates for specific aircraft. As seen in Fiqure 4, fighter aircraft experi-
ence the most strikes. This 1s due, in part, to fighters flying more hours,
as well as flying more within the 500 feet AGL and below vulnerability
area. But, bombers and cargo aircraft also have a substantial low-level
flying mission and experience 7.9% and 28.4% of the bird strikes. respec-
tively. Trainers also receive a large amount of strikes with 19.1%. By
analyzing bird strike rates, we can provide information to alrcraft design-
ers so they can create a less vulnerable aircraft with respect to bird
damage. Probably, the most well known of these programs is the aerospace
transparency tests done by the Wright Reronautical Laboratory at Wright-
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Patterson AFB OH. By their efforts. incidents of windshield penetrations by
birds have been reduced. This has saved the Air Porce millions of dollars
in potential damage as well as aircrew's lives.

CONCLUSION

By continuing to collect and maintain bird strike data, the Air Force
has been able to channel its efforts toward reducing the risk of bird
strikes to specific areas. Since we know the “bird-types“ most frequently
hit, when bird strikes most frequently occur, and under what conditions they
occur, we can more effectively minimize the hazards caused by birds. Since
types of aircraft change, mission profiles change, environments are altered.
and personnel concerned with the bird strike hazard continue to move from
base to base at approximately three year intervals, the need for collecting
and maintaining bird strike data will be ever present.
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BIRD STRIKES BY ALTITUDE
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WOKLOWIDE BIRDSTRIKE STATISTICS OF LUFTHANSA GERMAN AIRLINES

Dr. Jochen Hild
Regierungsdirektor
Chairman of German Board for Birdstrike Prevention
D-5580 Traben-Trarbach

AD-P004 183:

l {f/, Summary

. Lufthansa German Airlines register an average number of 328 BRSO
birdstrikes yearly. The costs of repairs, disregarding subsequent costs ot
due to flight plan changes or cancellations, amount to 1 Mio DM yearly. BRI
4 According to a preliminary estimate damage costs are increasing strongly at o
l the moment. During 1983 the costs amounted to nearly 6.0 Mio DM./\\ i

1. TEN-YEARS STATISTICS WORLOWIDE —

During the last 10 years (1973-1982) Lufthansa German Airlines (DLH)
registered 3288 birdstrikes worldwide. The yearly absolute number of
incidents fluctuated between 250 and nearly 400, but the birdstrike rate
d?creased from 12.31/10,000 movements (1974) to 8.90/10,000 (1982) (Figure
1).

[ .0 L

The monthly distribution averaged over 10 years is closely related to
the bird migration (Figure 2), that is:

March maximum
May/June maximum
July maximum

spring migration

intermigration

full intermigration and beginning
of autumn migration (some species)
full autumn migration

COERE
]

October maximum
. The worldwide situation is the same as in Europe; only about 10% of DLH ¥ o
birdstrikes occur outside Europe. RSN

In rating absolute and relative birdstrike number as Lo the A
effectivity of bird scaring methods/procedures it must be taken into e

TRTEE b/ SEPERE

consideration that the effect of the reporting system depends on the

motivation of pilots from year to year. ;”f!- .
- 2. MONTHLY STATISTICS ON THE CONTINENTS
;ﬁ_ Since 1967 in Asia 229 DLH birdstrikes occurred with maxima similar IR
~ to those in Europe, but with a slight difference between the Near, Middle C Ty
». and Far East insofar as in the Western parts of Asia the birdstrike maxima - @ o
- occur in April and September, that means one month later or earlier than in o
o the other parts of Asia and Europe; this may be a function of migration. o
o (Figure 3) R
. In Africa 159 DLH birdstrikes occurred since 1967 equally distributed '.;;’
!{ over North, East ard Western Africa with nearly 33% each. The distribution — e

over the months is similar to Europe and Asia but in North Africa a long
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lasting maximum can be observed in springtime caused by continuous bird

migration from March until June, Moreover, a difference exists also

between east and West Africa insofar as the birdstrike maximum 1in
___springtime differs by one month in either direction, possibly as a function
—-of migration. : :

On the American continent there is a significant difference between

South and North America. On the southern continent (78 birdstrikes since

"1968) the April/May maximum is significant as it is in Africa, possibly
depending on the migration situation. From July until November the number .

of birdstrikes is nearly the same, but dincreases from December until Lot

"January -depending on summertime migrations which are irregular in South

America. On the western part of the continent bird density seems to be

-------

C ek —— . .

: higher because of special migration routes when compared with the eastern R
. coastal district where only 35% of the incidents occurred. The northern Do

I 7 "part of America (total number of birdstrikes since 1968 = 90) including IS R
; Canada and Mexico shows three birdstrike maxima in May, August, and RORRO

October, possibly depending on migration, as well.

" On the Australian continent DLH had only 7 birdstrikes since 1971 from
a June until August; this number is too small to have a statistical value.

3. TENDENCY OF BIRDSTRIKES ON GERMAN AIRPORTS 1980 - 1982 DLH

As to the evaluation of birdstrikes on German airports they are
subdivided into three types as follows:

| - Take off/landing/rol1/taxi (Table 1) within the airport area, f.i. -2
strikes above 200 ft GND at landing and below 500 ft GND at take off, DR

N " ECRLSRF R SE  PRTRRRPSRCRUN

)
[y

- Descent/approach/climb (Table 2) in the airport surroundings, f.i.
strikes above 200 ft GND at landing and above 500 ft GND at take off,

- Strikes in the airport area (Table 3) but without indication of flight
phase and height.

This subdivision is necessary in order to get more genuine values and
in order to analyse where the main problems with birds are, in the airport SRR
itself or in the surroundings. BENRES

As to the airports it can be ascertained that 44% of incidents
occurrea within the airport area and 38% outside (18% unknown); in some
cases incidents outside were higher than inside.

p 4. TENDENCY OF BIRDSTRIKES IN THE AREA OF SOME IMPORTANT EUROPEAN

] ATRPORTS 1973 - 1982 DLH

- Uuring the 1last 10 years (1973-1982) ODLH registered the most

= birdstrikes on the following European airports: AMS = 48, BCN = 24, BRU =

- 30, CPH = 30, IST = 26, LON = 39, MIL = 44, PAR = 67, VIE = 29, ZRH = 30.

é The rate situation regarding 10.000 DLH movements on the respective airport
was the following:




Airport/Year 1973 1978 1982

AMS 8.85 7.36 16.65
~-BCN 25.53 5.05 9.66

BRU 15.54 14.00 9.12

CPH 3.61 6.38 4.39

oo - IST 6.76 6.53 22,57
~—=-LON ' : 3.13 1.711 3.97
MTL ? ? 14.10

PAR 7.84 13.16 14.98

- VIE 7.85 11.31 0.00
ZRH 4.17 7.34 5.63

The main problems have been induced by gul’ ., lapwings, pigeons,

‘swift/swallows and herons. During the last 5 eirs (1978-1982) 17

birdstrikes in AMS, BRU, CPH, IST, MIL, PAR and ZRH shouued diamages whose
amount was nearly half a million DM. Birdstrikes DLH occurred since 1973
on 48 European airports.

5. TENDENCY OF BIRDSTRIKES IN THE AREA OF SOME IMPORTANT AIRPORTS OF THE

ASIAN, AFRICAN, AND AMERICAN CONTINENTS 1973-1982 DLH

In the Asian region birdstrikes DLH were increasing since 1976. The
most endangered airports seemed to be: ANK = 12 (average rate 8.20), BKK =
39 (31.56), BOoM = 7 (7.47), DEL = 55 (68.73), HKG = 9 (10.55), KHI = 8 (?)
and 7LV = 11 (?). The costs amount to nearly 350,000. - DM since 1973.
Birds of prey were the most dangerous birds because nearly 90% of the

incidents occurred with this group of birds.

In the African region the following airports were highly dangerous for
DLH: ADD = 6, CAT = 5, DAR = 4, DKR = 4, DKR = 32, EBB = 7, KRT = 8, LOS =
5, MBA = 5, NBO = 19 and TUN = 8 especially because of the high costs. The
species mostly involved were birds of prey, herons, cranes, ducks and
pigeons; the costs amount to nearly 1.2 Mio DM.

On the North American continent most birdstrikes happened in B0S (8)

and JFK (18) mostly caused by gulls and waterfowl with costs of nearly 0.6
Mio DM.

In South America the following airport seemed to be the most
endangered for DLH: GYE (11), LIM (11), RIO (6), SCL (14), and SAO (4);

birds of prey were mostly involved and the costs amount to more than 1 Mio
DMI

6. FLIGHT PHASES, AIRCRAFT TYPE, DAMAGES AND COSTS

Most birdstrikes in all continents occurred at take off (28.8%) and
landing (26.5%), during approach (31.8%) and during the climbing phase
(9.7%). Narly 71% of birdstrikes occurred during the daytime, 11% at dawn,
but nearly 20% during the night.
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ANl types of DLH afrcraft have been involved in birdstrikes and
perhaps it can be stated: the larger the aircraft the higher the relative
number of birdstrikes according to the following rates/10.000 movements: B
747 = 35.52, DC 10 = 14.36, B 707 = 11.19, A 300 = 10.4, B 737 = 7.93 and B
727 = 1.75 (average rates from 6 years).

As to the parts of aircraft struck (Figure 4) most incidents occurred

with the nose (20.01%), the fuselage §17.72%), the engine (16.74%), the

~ windscreen (14.70%) and the radome (13.13%); in 34 incidents engine
exchange was necessary.

Since 1973 DLH had to pay more than 5.0 Mio DM for birdstrike damages;
in 1983 the costs were exploding with more than 5.0 Mio DM for one year.
These costs are distributed among the aircraft types as follows: A 300/310
= 80%, DC 10 = 2%, B 747 = 5%, B 707 = 3%, B 727 = 1% and B 737 = 9%. They

_are distributed among the continents as follows: Germany = 78%, Europe =
2%, Africa = 15%, America = 4%, Asia/Australia = 1%.

The costs of repairs disregard subsequent costs due to flight plan
changes or cancellations.
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Tiy, 1: Nutter of Sirdstrikes CLH, 1930 - 1922 within the airport area of Cercan airzorts

1980 1981 1282

assolule rate a%selute rate ahso! ste rite
f. 3 6 11.23 3 4,08 6 17.30
woN k| 1.84 7 4.3 7 4,52
oy " 2.53 12 3.61 22 7.1
;! 19 2.02 15 1,48 16 1.87
=AM 10 .28 9 2.64 10 2.3
AJ 2 2,44 1 1.06 6 5.22
'uc 10 2.40 15 3.35 28 .52
*E 2 3.16 1 1.49 2 2.62
SIR K| 1.3 2 0.89 ) 2.713
platl - - - - - -
tetal 6 09 102
average
L ST 1. U £ VRSO .. SN

“ate s ‘uoter of dirdstriles zer 17,000 moverents of CLH,
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Tah, 2: Nuedor of Diedstrites DLY, 1280 - 1392, in the surraundings of German airports

L R . SR A M S A S e A e i i S St A T (4 .
’ - ' - . -t . . D - - - T . ,'.'.‘A‘.->'A’..'.'

1560 1€01 1582
absa! ute rate absolute rata absolute rate

g€ 1 1.87 2 3.26 0 0

ey 3 1.3 4 2.9 7 4,52
s 1 2,63 7 2.10 11 3.60
TRA 24 2.5 29 2.93 26 2.1
“AH 2.8 ) 1.89 10 1.23
Y] 1.22 3 3.18 2 2.00
NUC 0.48 12 2.67 8 1.86
ME 1.58 2 2.98 2 2.2
alR 1.1 2 0,99 6 3.28

W - N - O

SN - - - - . -
tatal 55 67 n

avrzare

r:le 1.74 2.23 2.8

fate = Nurber of birdstrines per 10,000 roverents of CLH,
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AP RS

12680 1981 1362

it tselute rate aSsclute  rate 1955 ute rite
,1 VE 3 5.63 3 4,98 2 1,50
N Gil 0 0 1 0.43 k| 1.%6
o s 2 c.68 5 1.51 1 4.26
o FA 8 0.86 1 1.16 ¢ 0.42
7 1AM 4 1.7 7 2.23 5 1.72
i Hid 1 1.22 3 3.16 5 5.07
= HuC 3 0,73 4 0.89 5 1.17
ME 0 0 0 0 0 0

= STR 0 0 2 0.89 3 1,65
- SCN . - - - - -

. lotal A 36 40

x average
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BIRDS AND AIRCRAFT ENGINE STRIKE RATES

V.E.F. Solman
Assoziate
. Thurlow & Associates .
knvironmencal Control Consultants (1981) Ltd.
P.0. Box 2425, Sun, D, Ottawa, Ontario, Canau. KIP SWS

AD-P004 184

! ' A recent Canadiar study involving the years 1977-1982 inclusive relates
o engine bird strike rates to differenr aircraft *ypes and to different engine
locatiuns on simil .. -sired aircraft,

' Incidents of engine damage, inciudirg simultaneous multi-engine strikes
- are related to aircraft types and engine locations. The data presented

. suggees high vulnerahility to bird scrikes, bird ingestion and related damage
2 in the case of large, quiet, underuing-mounted engines. They also suggest

D msch lower stirike, ingestion and darage ratea for small, noisy, rear-mounted
g engines. Where the same enginec sre used in boeth locations the strike rates
are more than fcur time: greater in the underwing location.

The implicatiars for modern aircraft using 2 laige, quiet, underwing-
mounted engines (B76], B757 and A300) are considered. s

!
;-

In "Birds and Aircrafe™, (1973), and "Birde and Aviation™, (1981), 1
discussed the history of Lird hazards to aircraft and the work done on that
subject ja geveral countries. Those presentations covered site selection and
design of airports and their puildings, air field maintenance techniques and
emergency bird scaring as methods of reducing bird attractions including
edible wast2 and sewage disposal areas, and agricultural crops directly or
indirectly attractive to birds. In "The Birds Were There Pirst and They Still
Are", (1978), I stressed the high vulnerability of executing jet aircraft
powered by small turbine engines and gave case higtories of some serious
engine bird strikes involving humaun injuried and fatalities.

In considering the special vulnerability of "executive'' jet aircraft
rclated to small engines, and the aircraft operational parameters, I was
forced to the conclusion that an examination of relative bird strike rates
for different kinds of jet engines should ke undertaken. In chat review
consideration would also be given to engine position and turward projection
of engine noisc. Conjecture on the effect of noise on bird strike rates was
put forwsrd in Birds and Aviaticn as a result of sowe work dome by E. Venturini

(pers. com, 1973) of the General Electric Co. Berger (1983) also referred
to the effects of noise on birds,

Thorpe (1976) had shown from European bird strike data that difterent
eugine locations on commercial aircraft were associated with different bird S
strike rates (per 10,000 aircraft movements and per 10,000 2ngine movements). @ L
HWe, in Canada, have had for years Canadian data that showed different total : .
aircraft bird strike ratcs at different airfields in Canada and in Europe,
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To carry out the review we proposed we needed total aircraft engine bird
strike data (including position of engine struck) from a group of airfields
used by a variety of commercial aircraft types for which complete aircraft
movement data were also available, With that type of data, a comparison of
engine strikc rates at the same airports and in the same time frame, related
to engine location and aircraft type became possible, Even though the data
.did not eliminate all the variables we faced it.gave us a chance to make
compavisens we had not previously been able to make., Because some engines
are used on different aircraft in different configurations we could also begin
to see from Canadian data the importance under Canadian conditions of engine
--location as Thorpe (1976) had suggested.

I wish to acknowledge the excellent co-aoperation I have receive. rum
Mr. A.J. Laflamme, Aviation Safety Bureau and Mr, W.P. McDonald, Airp *
Facilities Branch, Transport Canada in making engine bird strike and ai. «r
traffic data available for review,

" The Canadian data covered the period from 1977 to 1982 inclusive. Prior
to and during the period studied, strike data were reported by aircraft
pilots, by airport staffs (mainly controllers and field maintenance personnel),
and by aircraft engine maintenance units., The three-way system involved some
duplications which were eliminated in processing. The three-way system, we
believe, gave us reports on more than 80 percent of the bird strikes on
commercial carrier aircraft at the airports studied.

An aircraft movement involves either a take-off or a landing. An aircraft
engine bird strike rate of one per 10,000 movements means one bird strike
incident (involving one or more engi- s) per 10,000 aircraft movemerts. An
aircraft engine movement means :that . engine has participated in an aircraft
movement. On a 4 engine aircraft there are four engine movements for each
aircraft movement. On & twin engine aircraft there are two engine movements
for each aircraft movement. In tsole 1 the 234 engine bird strikes occurred
in relation to 3.4 million aircraft movements and 8.7 million engine movements.

Table 1 gummarizes data by year, by aircraft type, and by engine location,
It is apparent that engine strike rates, per 10,000 aircraft movements and
per 10,000 engine movements are related to enginc intake gize and are higher
with »igger engines as Venturini (1973) and Berger (1983) have suggested.
That may well be a result of the reduced sound warning time given by larger,
quieter engines and the greater distance-to-escape as I suggested (Solman '81).

When one examines the figures for the B727, B737 and DCY aircraft, all
of which use Pratt and Whitney JT8D engines (not necessarily the same model)
it is apparent, as suggested by Thorpe (1976) from European data, that tail-

mounted engincs have legs than half as many strikes as the sawe engines on
vnderving wounts.

Multi-engine strikes have been reported 17 times invelving 45 engines
in .le itudr perlod mainly (B2%Z) on underwing engines in a total of 3.4
million alvcraft movements. It mav be expectad that ir the next 6 years, if
the number of movements is similar to tha past 6 years, a similer number of
multi-engine strikes may occur. Recently the B767 aircraft has goue into
service in Canada with large, quiet, underwing engines. It is suggested
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that it may experience multi-engine bird strikes., There are reports that
multi-engine strikes have already occurred.on the A300 aircraft which has
similar-sized quiet engines and a somewhat similar configuration,

1f we compare the 4.3 million movements of underwing engines (191
engine bird strikes) with the 4.3 million movements of rear mounted engines

(43 engine bird strikes) we find a ratio of 0.44 to 0.10 or 4.4 bird strikes

on underving engines for each bird strike on a rear mounted engine,

In the future both aircraft manufacturers and aircraft operators may

_consider the relative costs of engine repairs, flight delays and public

relations implications caused by aircraft engine bird strikes as a factor in
deciding upon engine location on future aircraft.

The data we have suggest that reduction of bird hazards to aircraft at

airfields will become increasingly important as we move to a higher proportion
of aircraft with large, quiet, underwing engines.
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WIDE BODY TRANSPORT AIRCRAFT

by

Biologist

Federal Aviation Administration

AN 8 A AL B e e R i i e o

Te]
0
F
<
- 8 Michael J. Harrison
iy
Q
<

Office of Airport Standards Qfﬁ:ftf»i

Washington, D.C. 20591

R TS

\ - ' INTRODUCTION

\S(In January 1981, the Federal Aviation Administration's (FAA) Northwest
Region raised the issue of dual engine ingestion hazards to large, high

E bypass turbofan twin engine powered transport aireraft, The issue was
. whether dual engine failure was likely due to bird ingestions on twin engine
:4 aireraft equipped with high bypass turbofan engines. The Northwest Region,
o whose responsibility is certification of transport category aireraft, ini-
o tiated a survey through air carriers worldwide, identifving damaging engine
N ingestions. The FAA's New England Reglon, who has reaponsibility for engine
B certification, initiated a review of engine ingestion data. In April 1981,
an ad hoo team was formed to collect and analyze engine ingestion data. This *%vjlﬁw¢1

K paper presents soms of the data and offers some considerations on how bird . .
strike data should be collected and analyzed./\\ R
N .

N BIRD INGESTION DATA SET

!! Engine manufacturer data for the Pratt and Whitney JT9D, General

Rt Eleatrioc CF6, and the Rolls Royce RB211 were collected. Ingestion events for
K a period from 1969 through 1980 for the JT9D; 1972 through 1980 for the CF6j

and April 1972 through August 1981 for the RB211 were examined. For purposes
of data analysis, phase of flight was recorded. Where phase of flight wes

unknown, a proportional share of the unknowns were distributed amongst the . |
known flight phases, based on other Lird strike summary data from the British N A
Civil Aviation Authority and other sources whioch indicate that approximately el e
one-half of the bird ingestions ocour during takeoff/climb,

SR H‘ oo
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All ongine ingestion histories were reviewed to estimate tha number of
engines whioh failed. A failure wus defined as & condition which precluded
further uso of that engine for production of significant thrust. Fifty per-
oent thrust was & "rule of thumb" used for acceptability. An in-Clight shut-
down (IFSD) was not necessarily regarded as an engine failure unless other
information supported suoh & conclusion, Many IFSD's are precautionary. If
damage reports indicated the engine was capable of producing thrust had it ) .
been reguirsd, the event was not counted am a failure. ' 'e‘ E

.
.
.
’

Typiocal damage for the engine failure category {s a traverse fan blade
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orack with loss of a significant amount of the blade tip, repeated stalls,
elimbing exhaust gas temparature (EGT), or a 50 percent or greater power loss.
Typiocal damage which does not of itself indicate an engine failure is fan
blades bent or cracked with leading edge pleces bdbroken out, high vibration,
__or a single surge/stall with recovery.

Most bird ingestion events had little or no operational effect on the
engine. A few avents were obviocus engine failures., Some did not clearly
- indicate a faillure or nonfailure condition. This last borderline group had
. dngine damage, vibration and/or IFSD. Significant damage incidents were
discussed in detail with the engine manufacturer and a determination was made
. a8 to whether the engine could have produced thrust if it had been required
to do so. Thic was done by contacting the engine manufacturer who researched
the incident files and by comparing damage on known failures with damages
reported on these borderline incidents.

Based on these reviews, manufacturer estimates of engine capabilities
and FAA technical staff judgment, - tabulation of bird ingestion events, and
engine failures was compiled., Table 1 presents this information.

TABLE 1, Engine 8ird Ingestions By Flight Phase

Flight Phase

Other Than Unknown or

Engine Type Takeoff/Climb  Takeoff/Climb Not Reported Total
JT9D Ingestion Events 215 42 345 603
JT9D Failures 36 1 0 37
Failures/Ingestion 6.14%
CF6 "ngestion Events 134 82 105 -321
CF6 ‘ailures 14 2 0 16
Failures/Ingestion 4,98%
‘RB211 Ingestion Events 7 36 59 166
RB211 Failures 4 0 0 4
Failures/Ingestion 2,.41%
Total Events 420 160 510 1090
Total Failures 54 3 0 57

Applying a oorrectional faotor of 50 percent for the Unkmown/Not
Reporteds, these events were distributed between Takeoff/Climb and Other than
Takeoff /Climb,
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TABLE 2. Distributed Bird Ingestions By Flight Phase

Flight Phase (Estimated)

N Other Than
Engine Type Takeoff/Climb Takeof' f/Climb
JT9D Ingestion Events 388 215
JT9D Failures 36 1

_ Failures/Ingestion(%) 9.28% 0.u7%
CF6 Ingesticn Fvents 186 135
CF6 Failures 1 2
Failures/Ingeations (%) 7.53% 1.u8%
RB211 Ingestion Events 101 65
RB2111 Failures 4 0
Failures/Ingestion (%) 3.96% -

Of the 1090 events, U9 involved multiple ingestions, Multiple
ingestions are defined as ingestion of at least one bird into each of two or
more engines on an aircraft during a bird encounter event, Unknown or unre-
ported flight phase was distributed 50 percent to Takeoff/Climb and 50 per-
cent to Other Than Takeoff/Climb. Multiple ingestion events involving small
birds such as sparrows and starlings were excluded as not relevant to the
study since small birds do not substantially damage large high bypass turbofan
engines. These events were eliminated from the data set because the analysis
focused on estimating multiple ingestions on nonrevenue departures were
exoluded because cperations such a. crew training, ferry flights, and touch-
and-go tekeoff are not typical of normel aircraft use.

TABLE 3. Multiple Ingestion Data

Aireraft Type

B747T DC=10 A300 L1011
Service Period 1969-1980 1977-1980 1974-1980 Apr 72-Aug 81
Revenue Departures 2,430,000 2,020,000 420, 000 1,460,000
Takeoff/Climb
Multiple Ingestions 16 6 ) 2
Other Than
Takeoff/Climb
Multiple Ingestions 3 2 0 1
Unknown/Unraport ed
Flight Phase
Multiple [ngestions 15 0 0 0
Total 34 R 4 3
Hultiple Ingestions
per 10,000 Departures V.14 0,04 0.10 0,07

a




The BTUT ingestions included seven events in which three aircraft engines
vere affected and one event in which all four engines irgested birds, Table
3 treats these eight events as a dual engine ingestion event.

Table U provides aircraft fleet and engine combinations for aircraft and
distribution of r~wenue departures by engine type. This data is useful in
putting engine ingestion events into perspective,

[N
|
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i‘ o TABLE 4., Wide Body Aircraft/Engine Data (As of 1/1/81) RESENEN
g Aircraft Powered by Fngine Type R
. DC-70-30 3 o
BT7UT DC-10-40 DC-10~10 4300 L1011
o JT9D 390 38 0 3 0 NN
. . .CF6 7 6u 171 122 119 0 - 9 s
o RB211 20 _ 0 0 0 192 oo
- Total Aircraft 7y 09 22 122 192 el
e JT9D Revenue A
N Departure "istribution 0.894 0.105 0.000 0.001 0.000 RN
" Sl
ﬂ CF6 Revenue -~
Departure Distribution 0.042 0,330 0. 443 0.185 0,000 P
9 RB211 Revenue
. Departure Distribution 0.021 0,000 0.000 . 000 0.979
ll Approximately 89.4 percent of all JT9D departures were on B747 aircraft.
(: If a higher incidence of B7U7 bird strike events occurred, it would
1 correspondingly produce higher numbers of JT9D engine ingestion events, which
: from Table 1, is indeed the case. Likowise, if an alrcraft type such as the
. L1011 were operated in locations with low bird activities, RB211 events and

failures would be expected to be lower.

ATRPORT EIRD INGESTION FACTORS

The FAA's analysis of bird ingestion data resulted in calculating a
failure rate for each aengine. FAA was unable to consider exposure to bird
hazards based on historical data from 1969 through 1980 because of the many BN
variahies in data collection fi<m one country to another. Engine munufac o
turer data provided some information on Individual ingestion events, but cer- :
tainly not enough data to adequately describe all 1090 events.

The: alroraft's (or engire's’ e:posuare to the bird strike hazard must be ST
considered, Table 5 illust-utes he problem of geographic signiticance of el
the vir. atrike hazard problem, [t lists the top ten airpcrta contributing .. ®
to widv: %uiy alreraft engine ingentican. N
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TABLE 5. Engine by Airport (1975-1980)
JT9D, CF6, and RB211

Engine Engine Multiple Engine
Airport Ingestions Failures Ingestions
J. F. Kennedy ug 6 5
Toyko 38 3 2
‘Bombay 27 3 0
Schiphol 21 2 2 S
Delhi 20 1 0 RN
Heathrow 12 2 1 e
San Francisco n 2 1 RN
Paris Orley 10 1 2 R
Prestwick 8 2 1 °
Copenhagen 8 2 2
Total 203 2n 1€

Source: Engine Manufacturer Data (All flight phases included)

These 10 airports account for 16 of 49 multiple ingestion events and 24

of 57 failures, TImprovements in bird control would significantly improve the .
engine fallure rates. .

Engine failure rates, ingestion rates, and other treatments of the data
where the number of operations are factored into the ingestion data must also
be analyzed in relation to the exposure the aircraft has to bird hazard
risks. Since bird densities around airports are constantly changing, there
are periods of the year when bird hazards are at an absolute minimum, During
early spring and early summer, bird strikes decline while the number ¢f
operations increase. Likewise, on a gliven day, many of the U,S. air carrier
sarved airports exceed the number of daily operations of any foreign airport.
While Heathrow experienced a takeoff or landing every 5 to 6 minutes in 1979, -
scme of the larger U.S. alrports were moving aircraft at much shorterinter- [ )
vals. If more aircraft are operating at closer talkeoff and landing inter- o
vals, the increased airport activity scares the birds away, and at the same
time, bird control measures can be effectively employed to protect greater
numbers of aircraft. Many of the bird strikes experienced on U.S. alirports
occur when alrp 't operations are light, on takeoff or landing on other than e T
the primary runways, and during periods when airport bird patrols are not on o
duty., -

Another factor relates to daily and almost hourly changes in the airport
tird densities, Many bird specles hazardous to ailrcraft exhibit increased
flight activity near sunrise and sunset. Other birds like vultures and kites e
use midday thermal air masses to socar and glide in search of food. Many ®
flocking birds roost at night, not creating a bird hazard until they fly at
dawn from their roost to feeding areas near the airport. Most bird strikes
occur during daylight hours because of both increased bird activity and
increased numbers of aircraft flight operations.

Figure 1 depicts the time distribution of B4 worldwide hird ingestinns
on high bypasas turbofan engines wha2re the local time of the hi-d sLrike was
reported. These BU events occurrea over i cne year jerlod Le, {nning in May
1981, Using the time, date, and locati.n Lf the event, the ti. = o0
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midnight involved owls, Greater numbers of bird strikes occur near sunrise

oerurrence was converted to reflect hours before or after sunrise and sunset,
In those ingestion events whei'e the bird were identified, most of the birds
were species that roost at night. 1Ingestions which occcurred at and after

through sunset for all categories of aircraft.

Table 6 1ists the combined percen“age of B747, DC-10, L1011, and A300
revenue departures at selected airports which departed between the hour
before sunrise and the hour after sunset. These percentages will vary with
airline passenger seasons; however, most bird strikes occur from late August
through the winter months. Revenue departures during the month of September
1982 were used in Table 4, approximating departure schedules which would
exist through the fall and early winter months when the bird hazard risks are

greatest.
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. _3URE 1. Time Distribution of 84 Bird Ingestions
High-Bypass Turbofan Engines
Suyrces FAA Bird Strike/Incident Reports FAA Form 5200-7
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TABLE 6. Percen’ age of Departures
One Hour Before Sunrise to One » After Sunsetb

Airport Percentage ot Departures
John F. Kennedy 53.9%
Delhi 55.2
Bombay 59.3
Los Angeles 68.4a
Boston 70, U4
San Francisco Th.6
Miami T5.2
Paris Orley 767
Copenhagen B2.7
London Heathrow 8H,1
Schiphol RB.2
Tokyo-Haneda ae.s
Sydney Q2,1

Source: International Official Airline Guide, Seprember i, 1982
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Table 6 shows that most of these airports have their greatest number
ofrevenue departures during periods of daylight bird activity. Some air-
ports like John F. Kennedy International have nearly half of their departures
occurring after dark. At Kennedy, the predominant bird hazard problem
involves gulls which usually roost at night away from the airport. With air-
port bird strike rates being calculated by dividing the total number of bird
strike events by the total departures, an error is introduced in the rate
because the rate is not adjusted for the actual exposure to the bird risk. A
rate of 1.2 strikes per 10,000 operations at Jchn F. Kennedy corrected tc
eliminate night revenue departures would be 2.2 strikes per 10,000 opera-
tions, Flight scheduling significantly affects the bird strike risk at many
airports and should be considered when discussing bird strike rates and pro-
babilities.

Aircraft flight schedules and bird flight habits cannot be used in
agsessments of historical bird ingestion data because the bird strike
reporting systems did not report these factors. Any analysis of this data
necessarily estimates a worldwide 2H-hour average risk. The rates and
probabilities derived from bird strike data consider all revenue departures,
which is a greater number of departures than the actual departures exposed to
the bird hazard at many major airports. If revenue departures were adjusted
downward to more closely approximate bird hazard exposure, the computed rates
would increase sharply. Factoring out departures where bird hazard risks are
minimal could increase these rates by 20 to 30 percent at most airports.

CONCLUSIONS

While the FAA had taken a close look at historieal bird ingestion data
from 1869 through 1980, the ad hoc team also racognized the limitations ¢n
the data set., 1In May of 1081, the FAA's Technical Center initiated the most
conprehensive data collection program ever undertaken on bird ingestions,
Contracts were awarded to Pratt and Whitney, General Electric, and Rolls
Royce to respond to bird ingestion events and collect data. The contract
tasks included descriptions of damage, positive bird identification, date,
time, phase of flight, weather conditions, and from the bird identification,
bird weight. WNarrative descriptions provided information on engine perfor-
mance, damage, and numbers of birds. The data collection phase was completed
in July 1983 and the draft report 1s currently being coordinated within FAA,
In the 26 months of the study, 638 engine ingestion events on high bdypass
turbofan engines were recorded at 137 airports. Twenty-eight events involved
nultiple bird ingestions., Data contained in the Technical Center report will
be extremely valuable in ldentifying the nature of the blrd hazard risk to
large high bypass turbofan engines.
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ALRCRAFT TRANSPARENCY BIRD

IMPACT ANALYSIS USING THT.
MAGNA COMPUTER PROGRAM

k. E. McCarty
Flight Dynamics Laboratory
Alr Force Wright Actonautical lLaboratcries
Wright-Patterson AFB, Ohio, 1'SA

AD-P004 186

| AUSTRACT
L’%he history of United States Air Force involvemont in the development of
bird impact recistant transparent crevw enclosures for flight vehicles is
briefly reviewed. The decisior to develop aralytical methods for the design
of bird resistant transparencies is noted. The subsequent development of a
tinite element computer program called MAGNA is discussed and experience with
the application of this code to the bird impact analysis of a tactical
aircraft canopy 1is related., Results are presented which show MAGNA to be
capable of realistically simulating the canopy response to bird impact. The
strong dependence of the bird impact loading upon the dynamic response of the
canopy is pointed out, and the need to develop the capability to independently
account for the effects of this load-response coupling 1is stated;$\

!

INTRODUCTION

In recent years, United States Air Force Flight missiors have involved
more high speed, low altitude operations. Under these conditions, bird
impacts on aircraft transparent crew enclosures pose a significant hazard and
have rcsulted in unacceptable losses of aircraft and crewmembers. Between
the years of 1966 and 1977, the cost of Air Force aircrait alone lost to
confirmed transparency bird iwmpact exceceded S$80 million, Six crewmembers
lost their lives in these accidents. The total cost Iinvclved grows to a much
higher level when worldwide milirarv and commercial aircraft operations, and
the expense of replacing damaged transparencies on recovered aircraft are
taken into consideration,

The United States Air Force has been one of the leaders in reducing the
scope of this problem since 1972. At that time the Air Force Flight Dynamics
Laboratory formed the Improved Windshield Protection Advanced Development
Program Office (ADPO). Since that time a second group, the Subsystems
Development Group of the Crew Escape and Subsystems Branch, has also been
formed and together these two offices are charged with the development,
demonstration, and application of new technology for the design of improved
aircraft transparent crew enclosures.

The major bird impact protection programs accomplished by the Flight
Dynamics Laboratory to date have all involved the design of improved
transparencies for existing operational aircrafc, These retrofit programs
have made extensive use of full scale bird impact testing for the screening
of preliminary designs and the qualificaticn of final designs,”’
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Since high cost and considerable time were inherent in these empirical
methods, interest began to grow in the development of less cestly analytical
design tools. Tn 1975 the Air Force Flight Dvnamics Laboratory awarded its
first contract for the development of a computer program tc fill this

requirement. As a resglts aﬁcode named IMPACT was developed and delivered to
the Air Force in 1977, ° °°

IMPACT was discussed_at the 1978 Conference on Aerospace Transparent
Haterials and Enclosures. Tt was found to be inadequate for simulating the
bird impact response of a flexible tactical aircraft canopy due to the vervy
large deflections (& in.) observed during tests of the canopy. At the time,
it was presumed that 1MPACT could still serve as an analyvsis and design tool
for transparencies exhibiting smaller deflections jn respons2 to hird impact.

However, subsequent evaluation of IMPACT performed under an in-house
rescarch program in the Subeystems Development Group found the code
inadeqgate for the analysis o1 even a very stiff bomber-class windshield
panel, Even though the deflections observed in testing were less than C,5
in., they were still too large to permit successful analvsis.

FINTTE EiL.EMENT METHOD

The analveis method employed in the TMPACT computer program is knewmn as
the finite element methed. 71his meiuod was developed in the carly 1960's as
a structural analysis technique and has been successfully applied woldwide in
a variety of technicel disciplines since then,

The method is comprised of three basic steps. The first step involves
treating the structure of concern as a group of subsections or elements
instead of as a single entity. This representation 1s referred to as the
"finite element model" of the structure.

The second step involves the definition of loads which are applied to
the structure ~ bird impact loads in this case.

The third step involves the use of a (finite element) computer program
to calculate the response of the structure which has been medelled to the
loads which have been defined,

In general, when the deflections resulting from applied loads reach a
certain level, a nonlinear finite element code is required fer analysis of
the problem, The IMPACT computer program discussed in the last section was a
linear program, i.e., it was based on the assumption of very small
deflections everywhere in the structure. As previously mentioned, the
deflection of even very stiff aircraft transparencies (glass bomber
windshield) in response to bird impact Joads has been found to be "large" for
the purpose of finite element analysis. Therefore, it should come as no
surprise that IMPACT cnuld r-t ccrve as an offocrive transparency bird impact
analysis tool.
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MAGNA COMPUTER PROGRAM

In 1978, when the need for a nonlinear ccde had beern confirmed, the Air
Force Flight Dynamics Laboratory made a second contract award to obtain a
finite element program for transparency birc¢ impact analysis. As g result, a
nonlinear code named MAGNA was delivered to the Air Ferce in 1979.°

MAGNA can accurately analyze Jarge deflection problems9 and it is hoped
that 1t will eventually serve as a valuatle tool for the aircraft
trangparency design community. 7Yoward this end, the Subsystems Development
Grouy 1s under centract through 1984 for continued improvemeut of MAGNA and
the ADPO is vnder contrect to have MACNA used as ar analysis tool for some
.mproved trarsparencies,

The MAGRA code is installed on the scientific computers at
Wright-Patterson Air Force Base, and is avallable for use by anv United
States Guvernment office or anv firm under centra- ro such an office. At
the present time MAGNA is being evercised by its .. loper, the University of
Dayton Reseuarch Institute, Dayton, Ohio, and by s¢. : .1 US Air Force offices
and contractors,

The Subsystens Developmeunt Group is conducting a continuing in-hcuse
research program to evaluate MAGNA as the development of the .o proceeds
and to attempt to validate it via simulation of various ful) ecale bird
impact tests. The results oI these simuiations are being Compafedlﬁo stress,
strain, and deflection data acquired during full scale testing. '

During 1980, the Subsystems Development Group simulated the bird impact
response of a verv flexible canopy for a tactical aircraft. This is regarded
as a severe test of MAGNA because the deflections of the canupy are so large,

RIRD IMPACT ANALYSES

Figure | shows the fiunite element model of the cavnopy analyzed under the
Subsystems Development Group in-house study. Only half ¢f the structure has
been modelled because of the symmetry of the problem. 7The model contains
fifty finite elements,

FIGLRE 1. Finite Element model of Tactical Aircratt Canopy
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The shape of the loaded area over which the bird impact l?ads were
applied has been deternined experimentally fer rigid targets.’ That 1is, the
loading "footprint" corresponds to the case for which the canopy does nnt

- deflect during the impact event.

A simplistic apprecach was taker in calculating the loads which are
applied over this tootprint by the bird. Reference 8 discusses the same

approach tc rodelling bird impact loads, but in greater detail. After
impact, the compunent of the hird's initjal linear momentum, normal to the
canopy surface has been delivered to the caropy and is therefore equal to the
impuise. Again, it was assumed that no deflection of the canopy ecccurs
during impact. The average force applied tc the canopy during impact was
then determined by dividing the impulse delivered to the canopv by the peried
of the eveut. Since only half the canopy was modelled, only half this
average force is ucsed in the simulation. This description of loads is
referred to as "uncoupled” since it invclves the assumption that the bird
impact loads are irndependert, or "uncoupled," from the resulting deflection
of the canopy during impact.

Linear, Uncoupled Aralysis

MAGNA can be used to perform either linear or nonlinear analyses. For
the purpose of comparison with earlier studies of the same problem with
IMPACT, ° a linear analysis was performed first. The uncoupled description
of loads was used in conjunction with this analvsis. A 4,0 1b bird impacting
the canopy at 575 tps was simulated; the period of the impact event was 2.3
ms,

Figure 2 shows the results of this analysis. The solid lines represent
a profile view of the undeformed shape of the canopy along its centerline or
plane of symmetry. The dotted lines represent the deformed shape of the
canopy calculated by MAGNA. The small circles represent data reduced from
high speed film records of the actual test.

The r£3u}ts illustrated are similar to those of earlier linear studies
performed, ’ The computed deflections are much smaller than those observed
during the test. One of the reasons for such poor correlation is that the
simulation was not a large deflection analysis, It can be seen from the
experimental data that a very large depression formed in the canopy during
the test and moved aft over the structuvre. The linear analysis results also ~.
show the formation of a depression (of iuch less depth) which travels afe, :
but the speed of propagation is too high. At 10,4 ms, the linear deformation
has already reached the aft edge of the transparency and has been reflected
as an outward displaced wave while the experimentally observed depression has
only begun to travel slowly aft,
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Nonlinear, Uncoupled Analysis

Next a nonlinear (large deflection) analysis of the same bird impact
test was accomplished with MAGNA, Much anticipation accompanied this
analysis because it was the first nonlinear dynamic analysis of bird impact
on the aircraft transparency with MAGNA. 1t was hoped that taking into - -
account the effects of large deflections would prove to be all that was ’
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required in order to realistically simulate the test results, The uncoupled
description of the loads was used again as for the linear analysis. Figure
3 shows the results obtaired. The format is the same as for Figure 2.

F1GURE 2. Canopy Ceunterline Deflection, Linear Uncoupled Analysis
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It is apparent that the effects of large deflections are indeed very
significant for this problem. The displacements computed bv MAGNA are much
larger than those from the linear analysis, but something 1is still wrong.
The displacements computed at early times (2.4 ms) are too great and those
computed at later times are too small. Even though a relatively large
depression in the canopy is predicted by MAGNA, it doesn't travel aft over
the canopy at all,

The conclusion drawn from these results was that even though the effects
of large deflections are important, some very significant aspect of the
problem had apparently been overlooked in the analysis. Simi]arlq
disappointing results have been reported by other investigators. ~

Nonlinear Coupled Analysis

The aspect of the nonlinear uncoupled analysis which was most highly
suspect as the cause of the poor correlation seen in Figure 3 was the
assumption made that the canopv did not deflect during the impact event. To
cxamine the velidity of thie rigid target assumption, high speed film records
of the actual bird impact test were studied.




FIGURE 3. Canopy Centerline Deflection, Nonlinear Uncounled Analysis
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The area over which the bird impact loads actually acted was estimated
from a scuff mark left on the canopy after impact which was visible in the
test film, It was cbvious from the film that the surface area nof the canopy e
N loaded by the bird is very sensitive to deflection of the canopy during i .*:~;1
y impact. The size of the actual footprint was many times that for the rigid —a
l target case. i “*‘——*i
.

Next, an estimate of the actual period of impact was obtained from the
film records. The film from a camera which had been placed inside the canopy
during the test showed plainly the time at which the bird material stopped

i sliding over the surface and ceased to make contact with the canopy. The ° ‘

- film estimate of the period was 8.5 ms compared to 2,3 ms for the rigid S oo

: target case, so again the effect of canapy deflection durirg impact was very N
pronounced, K

From the analysis of the test film, a second definitior of bird impact R
i loading was derived. This definition will be referred to from here on as °
" "coupled loading" because it takes into account some of the effects of taraet )
N deflection during impact.

R Figure 4 shows the results of repeating the MAGNA nonlinear analysis but
i with the coupled description of loading, i.e., with the more realistic e
E footprint area, and impact period. The results are dramatically improved over P
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FIGURE 4. Cznor, e¢nterline Deflection, Nonlinear Coupled Analysis
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those from the nonlinear uncoupled simulation. The deflections grow slowly
at early .imes as in the actual test - a result of the lower average impact
force. The deflectione at late times are larger - a result of the longer
impact period. The size and shape of the depression in the canopy are
realistic at all times. The motion of the depression aft over the canopy is
very similar t» that observed during the actual test,
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In general, correlation with the data is excellent for the coupled case
especially in view of the coarseness with which impact loads were defined,
i Apparently, the most significant aspect of this problem is the strong
| coupling which exists between the impact loads and the response of the
‘ canopy. The response 18 very sensitive to the loads and vice versa.

It is important to note at this point that a priori knowledge of test
results was required before realistic simulation of the full scale test
became possible. High speed film of the test was used to define impact load
parameters for use in the MAGNA analvsis. This means that in accouwplishing
the solution to one problem, another has been uncovered, A computer program,
MAGNA, has been developed which is technically capable of realistically
sinulating the severely nonlinear response of a tactical aircraft canopy to
bird impact. This is the solution to the birdstrike analvsis problem which
the Flight Dynamics Laboratory has heen seeking since 1975. BRut it has been
learned in the process that the capability to accurately define bird loading
on flexible transparencies for use in MAGNA analyses is lackiug. The loads
depend so strongly upon the response of the canopy that estimates of the
loads made without a priori knowledge of the response (uncoupled description
of the loads) produce completely unrealistic results (Figure 3). This
defeats the use of the computer program as a transparency design tool.

Two new investigations are suggested by the results just discussed. Ome
is a work effort to perform more correlation studies with MAGNA but for
other, less flexibtle aircraft transparencies in hopes cf finding some for
which the effects of coupling may safﬁly be ignored. Some work along these
lines has already been accomplished. This work helps define the range of
target response over which an uncoupled or rigid target description of loads
remains valid. In general, it has been determined that an uncoupled or rigid
target description of loads remains valid for any monolithic or laminated
glass transparency design bec?Bse of the relatively small deflections
exhibited during bird impact.

The second investigation which is warranted in the light of results
presented here is one to develop the capability to ac:ount for the effects of
load-response coupling during a MAGNA bird impact analysis. This capability
would be internal to MAGNA and transparent to the user, It would require
only the definjition of some initial parameters related to the impact event
such as bird mass, bird velocity, and impact point. The internal workings of
the finite element solution would then compute, step by step, the appropriate
bird impact loading based on the instantaneous state of the transparency
structure as it deforms in response to impact loads. If such a capability
can be realized, then this tool should prove valuable in the design of all S
new bird-resistant transparencies. A contractual program currently in ST Ty
progress is intended to provide this capability in 1984, . ®

Since the aircraft transparency birdstrike problem requires large
deflection analysis and since the case treated in this paper involves the
"ar st deflections ever observed during Air Force full scale bird impact
test.ng, it may be stated that MAGNA is ready for use in post-test analysis .
for all types of aircraft transparencies. 1t may also be used at the present . .9
time in the design of those new bird-resistant transparencies for which the o
effects of load-response coupling may safely be ignored. (An Interim mechod
of handling moderate coupling has also been developed™ '.)
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CONCLUDING REMARKS

The MAGNA computer program is technicslly capable of realistically
simulating nonlinear dynamic structural rvesponsze of aircraft transparencies
to bird impact loadirg.

Tt {t not yet possible to accurately define a priori the loads rvesulting
from bird impact on very flexible alrcruft transparencies, This is true
bacause the magnitude of the loads as well as the surface area and period of
time over which they act depend strongly on the dynamic response of the
transparency. That 3s to =ay, for very flerlble aircraft transparencies, the
bi.d impect loads are strongly coupled to the dynamic response of the
transparency.,

MAGNA i3 ready for use as a post-bird-impact-test analysis tool for all
types of transparencies and even as a design tool for new, relatively stiff
transparencies, 1.,e,, transparencies for which the effects of load-response
coupling may safely be ignored or are only moderate,

It and wheu the capability to directly account for the effects of
load-~response coupling is implemented in MAGNA, it will provide valuable
service as a design and analysis tool for all types of bird-resistant
aircraft fransparencles, Significant savings in cost and time will be
realiced with such an analysis tool.

Use of MAGNA is not limited to aircraft transparency birdstrike analysis
but may be extended to the analysis of any problem involving the linear or
nonlinear response of a structure subject to static or transient loads. In
the particular area of aircraft transparency design, it may be used to
analyze the effects of cockpit pressure loads, in-flight aerodynamic pressure
loads, runway or in-flight temperatures, or supersonic aerodynamic heating
loads.
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BIRD IMPACT EVALUATION OF THE F/RF-4 TRANSPARENCY SYSTEM

Lt Robert Simmons¥
Flight Dvnamics Laboratory
Wright-Patterson Air Force Base

G. J. Stenger*x*
University of Dayton Research Institute

ABSTRACT

Birdstrikes to the crew cnclosures of USAF F/RF-4 aircraft have resulted
in major aircraft damages coupled with severe fatal pilot injuries. Analysis
of operational bird impact statistical data indicates that the trend of
damaging hird impacts of the F-4 is continuing to rise. Impacts to the F-4
transparency svstem also continue to rise resulting in a continued flight
safety risk to the aircraft and the aircrew. The Air Force Wright Acronau-
tical Laboratories, Improved Windshield Protection Office has initiated a
program to develop a transparency system for the F-4 ailrcratt which has four
pound, 500 knot bird impact capability. The tirst step in this program was to
experimentally determine the existing transparency system capability by bird
impact testing full scale flight hardware. Fight impact locations on the
windshield and forward canopy were tested to faillure with four pound birds.
Tests on experimental, laminated windshield side panels were also conducted to
investigate the capability of the windshield frame. The baseline birdstrike
test results are presented through the use of post test photographs and an
impact capability diagram,

INTRODUCTION

Due to the advancement in radar detection techniques as well as the
development and increased use of terrain following instrumentation, an in-
creased amount of high-speed flight time is performed at altitudes below 10,
000 feet, Many air force high~specd aircraft transparency systems were not
designed to meet the increased bird impact risk associated with this phase of
the flight operation. The F/RF-4, Figure 1, is but one example of an aircraft
which was not designed with a transparency system capable of surviving the
bird impact event. Analysis of birdstrike statistical data obtained from the
Alr Force Inspection and Safety Center at Norton AFB, California shows that
during the period January 1971 to March 1981, 30 of the 68 reported
birdstrikes against the transparency resulted in penetration into the crew
compartment. Assoclated with these penetrations were 12 injuries (some
permanently disabling) to aircrew personnel, loss of one aircraft, and one
pilot fatality. Recent birdstrike data continues to show an increase in the
number of impacts and, without significant changes in the mission requirements
that have resulted in this increasing birdstrike rate, an even larger number
of damaging birdstrikes may be expected for the F/RF-4 aircraft in the future.

*Program Manager, Air Force Wright Aeronautical Laboratories, Vehicle Equip-
ment Division
**Asgociate Research Engineer, Aerospace Mechanics Division
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to a windshield birdstrike in November 1980, the Improved Windshield Pro-

BACKGROUNL /OBJECTIVE
As a result of the loss of a USAF F-4E alrcraft and a pilot fatality due

tection Program Office was directed to develop an improved bird impact resis-
tant transparency system for the F/RF-4 aircraft, The initial phase of this

program included an experimental test series which was conducted to determine
the baseline bird impact capability of the current F/RF-4 transparency system.

The primary objective of this bird impact test program, conducted during
the periods August-Octcber 1982 and February 1983 was to determine the minimum
hird penetration velocity as a function of birdstrike location for the
vindshield and forward canopy. Secondary objectives of the test program were
to: (1) collect sufficient data (photographic, strain, and accelerometer) to
support the subsequent transparency system redesign effort; and (2) to inves-
tigate the capability of the windshield support structure tc absorb (and
transfer into the fuselage) the energies associated with the bird impact
event.

EXPERIMENTAL PROCEDURE

The bird impact testing of the F/RF-4 transparency system was accom-
plished at Range $-3 of the von Karman Gas Dynamics Facility of the Air Force
System Command's Arnold Engineering Development Center. Figure 2 shows the
test area arrangement. Capabilities of th S-3 Range are continued in
Reference 1. The basic procedure emplcyed in testing in the S-3 Range
consists of launching bird carcasses at specified velocities (using an
air-driven launcher) into predetermined impact locations on a test article,
For the F-4 baseline tests, six impact locations on the windshield and forward
canopy were investigated with the fuselage aligned at 0° pitch and 0° yaw
relative to the launch path., Side impact tests were conducted at one location
on the windshield side panel and one on the forward canopy with the fuselage
yawed at 15° relative to the launch path,

Test Fixture/Test Articles

To more closely simulate the actual bird impact response of the transpar-
ency and to get realistic load transfer, an F-4 forward fuselage section was
used as the test fixture (see Figure 3). All transparencies and related
hardware were actual aircraft structures removed from aircraft in storage at
the Military Aircraft Storage and Disposition Center at Davis~Monthan AFB,
Arizona. Test articles consisted of the forward windshield assembly (two
plexiglass side panels, laminated glass center panel, and supporting struc-
ture) and the forward canopy assembliy. The cross-section of each transparency
component is shown in Figure 4.

The windshield frame capability was determine by utilizing laminated side
panels which were designed, developed, built, and donated by Goodyear Aero-
sp..ce Corporation, Litchfield Park, Arizona. The laminated panel cross-
section may be seen in Figure 5. When a transparency failed in a test, it was
removed from the frame, the frame was inspected, and if no structural damage
had occurred, another transparency was mounted in place.
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Projectiles and Sabots

Projectiles launched during this test program were nominally four-pound
chicken carcasses. The birds were asphyxiated, quick-frozen, and stored at
0°F until needed. Prior to testing, the carcass was thawed in still air at
room temperature (75°F) for approximately 24 hours or until the body cavity
temperature was 70 :10°F. Adjustments to the bird carcass weights were
required to achieve the desired weight within 20,1 pound. These adjustments
wore accomplishted by clipping carcass appendages or injecting water into the
body cavity. In no case did the adjustment exceed 10 percent of the bird
weight.

The packaged bird was mated to the launch tube using a one-piece sabot yf
balsa wood construction. The sabot materials density was nominally 10 1b/f¢
providing a sabot weight of 1.7 1b and a total launch weight of 5.7 1b.
Separation of the bird and sabot after launch was accomplished with the use of
the tapered and threaded cylindrical sabot stripping section attached directly
to the vent section of the launch tube (Figure 2). As the launch package
entered the stripper section, the sabot velocity was gradually decreased by
the shearing of thin layers of sabot material, permitting the bird to exit in
free-flight,

Instrumentation

Instrumentation for this scries of tests was primarily designed to
collect data for use with analytical transparency analysis tools. Four to
five high-speed movie cameras were used to record the impact event. The
cameras were situated in such a manner as to gain an overall perspective of
the impact point (Figure 6). In addition to the high-speed cameras, still
photographic coverage was used to record pre- and post-test conditions,

A total of 20 strain gages were monitored during each impact. These
gages were located in such a manner as to record the load characteristics of
the transparency support structure during impact.

Two accelerometers were used to monitor the motion of the frame during
bird impact. X-ray shadowgraphs were used to moritor the bird position and
orientation prior to the impact (Figure 2). They were also used to verify the
impact velocity.

Test area temperature was measured by two thermcouples positioned near
the test transparencies.

Impact Location/Impact Velocities

The eight impact locations used may be seen in Figure 7. These locations
were chosen through the use of an angle of incidence study and represent areas
where the maximum energy could be transferred from the traveling bird to the
stationary structure., At least two impact locations on each transparency
system componenk weve investigated so that a2 capability map could be deveioped
for the entire system. Impacts at locations "A" through "G" were made with
the fuselage section aligned at 0° pitch and 0° yaw relative to the launcher
flight path. Impact locations "H" and "I1" were chosen to investigate the
transparency capability in the sill area. Impacts at these two locations were
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made with the fuselage yawed at a 15° (clockwise) angle so that sufficient
bird contact could be made with the test article.

The initial impact velocity was slightly below the expected failure
“velocity. Failure velocities were analytically determined at- each impact
location by employing the prediction methods found in Reference 2. Succeeding
impact velocities were increased until transparency failure at that location
occurred. The failure velocity range could. then be bracketed between the
“highest velocity at which failure had not occurred and the velocity at which : :
failure had occurred. T

TEST RESULTS " A

The baseline birdstrike capability for the F/RF-4 transparency system was o

defined with a total of 25 bird impacts at eight locations on the transparency . 9

- system, The results of these tests have been summarized in r capability IR
diagram as shown in Figure 8. This diagram presents the four-pound bird oA T
impact capability of the existing windshield system with the fuseclage oriented SR
at 0° pitch and 0° yaw. This diagram is based on the actual test data with
the areas being defined efter conridering the reccrded post-test ubservationms,
the high-speed movies, the strain data, the impact angle of ‘ncldence, and the e
proximity to the edge attachment. The values represent an apprd«imate thresh- - ‘
old of failure velocity (in knots) for various areas on the windshield and
canopy.

Windshield Side Panel

The most critical impact location was on the forward area of the
0.38-inch thick stretched acrylic windshield side panel, impact point "A."
The impact angle of incidence was 27 degrees at the target point. Impact
point "A" was initially impacted with a four-pound bird at 190 knots which
resulted in no damage. A subsequent shot at 200 knots resulted in about half
of the four-pound bird penetrating the transparency (see Figure 9). The
transparency frame was not damaged.

The aft area of the windshield side panel was tested at location'B'" and
was found to have a failure threshold of 210 knots. The small increase was
due to the reduced angle of incidence: 2] degress.

Windshield Center Panel

The 1.2-inch-thick laminated glass windshield center panel demonstrated
the highest capability of any part of the current transparency system. A
four-pound, 300 knot shot on the forward end of the glass center panel (lo- e
cation"D") resulted in a substantial amount of glass spalling off the inside N
surface; however, no bird penetrated. A shot .t 375 knots at location "D"
resulted in the failure of the glass center panel. This test was classified a e
failure because much of tiie lower half of the transparency spalled into the SO
cockpit, and the pilot would have been facing a considerable wind blast even S el
though no bird actually penetrated (see Figure 10). LT

A four-pound, 375 knot shot was made on the aft end of the windshield
center panel at location''C" and resulted in a small amount of the bird pene-
trating the windshield and canopy frames. Some glass was spalled into the
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cockpit; however, neither the glass nor the bird would have posed a serious
threat to the pilot, and this test was classified a pass.

A 450 knot shot at location ''C" resulted in a substantial amount of o o
spzlled glass. In addition, the center panel was pushed down, buckling the
windshield arch supports, and the bird impacted the forward frame of the
forward canopy. This failed the canopy frame and transparency, resulting in
several large pieces of spalled acrylic as shown in Figure 11. This test was s
clasgsified a failure because of the potential injury to the pilot. e et

One shot was made at 300 knots on the sheet metal panel forward of the
windshield center panel. Some bird penetrated the structure and the capabil-
ity was estimated to be 250 knots.,

Forvard Canopy o

The 0.30-inch thick stretched acrylic canopy was impacted seven times at
three locations ("F," "G," and "1"). The demonstrated capabilities were 240
knots at location"F," 220 knots at location"G," and 230 knots at location'"I."
A 300 knot area was added in the capability diagram to reflect the decreased RS
angle of incidence. No damage to the frame or support structure was found in e
any of the tests. The transparency, when failed, spalled several large pieces ?-:*’.;f
of acrylic (estimated at over 8 sq. in,), in addition to many small pieces. e
This spalled acrylic could cause serious injury to the pilot, Also, the pilot
would be subject to considerable wind blast and buffeting through the large
holes left in the transparency (Figure 12).

Windshield Frame

The capability of the F-4 production frame was determined by utilizing
laminated panels formed in the F-4 side panel shape. The panels were mounted
in the framework using aircraft grade bolts, Five impacts were made on the o
windshield structure with the laminated panels instalied, one at location "A" ot
and four at location "B." The impact at location A and the first impact at f*f‘lrﬁ:
location "B" were performed at 450 knots with catastrophic failure of the S
frame occurring in both Instances. The impact point "B" failure resulted in
parts of the windshield arch entering the forward cockpit, pusing a signifi-
cant hazard to the pilot (Figure 13). For this reason, it was determined to
perform additional tests at location "B," The three subsequent tests at e
locarion "B" resulted in a frame failure at a velocity of 375 knots. Failure N
at this velocity could have been predicted from a plot of the strain data SRR
taken at gage location GL4 (closest gage to the failure point) and the impact
velocity (Figure 14), Note how rapidly the stress rises with velocity in this
particular loading situation; the magnitude of the loads in the structure
appear to be extremely sensitive to velocity in the 350~to-375 knot range.
Frame baseline capability was accepted as 375 knots. - . ¢ -

CONCLUSIONS

The F/RF-4 transparency birdstrike tests have cstablished the existing
capability of the transparency system and have generated a useful data base
for designing and evaluating various bird impact resistant designs. In~field ---_"lﬂr
service has demonstrated the need for improved birdstrike protection and these e
teasts confirm this need.
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The data generated from these tests show that the acrylic side panels and
, forward canopy must be replaced with bird resistant designs which will provide
the degrec of protection required. Also, the tests indicated that a new or
l reinforced windshield frame is required.

A program currently undcr way will evaluate several alternative bird
impact resistant transparency system designs. The result will be an afford-
' able transparency system which will protect the F/RF-4 crew during high speed,
i ‘low level flight.
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Figure 1. F/RF-4 Aircraft.

Figure 2. AEDC Test Area Arrangement.
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Figure 4. Cross-Sections of Production Transparency System.
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Figure 7.

Impact Locations.

Figure 8. Bird Impact Capability Diagram.
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Figure 9. Post Test Damage, 200 Knot Side Panel Impact.

Figure 10. 375-Knot Impact Low on Center Panel.




Figure 12. 270-Knot Impact, Centerline of Forward Canopy.
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Figure 13.  Failed Wirdshield Arch Fragments.
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MICROSCOPIC IDENTIFICATION OF FEATHERS
IN ORDER TO IMPROVE BIRDSTRIKE STATISTICS
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l \‘!In the period 1960-1983, 1132 bird remains resulting from collisions
with aircraft were sent to the Zoological Museum Amsterdam. Before 1978,
these remains were identified macroscopically by comparing them with
feathers from bird skins. During this period the results strongly depended
on the skill of the examiner and on the condition of the feather remains.
On average, 26, mostly large remains, were sent annually to the museum, of

which 80% could be recognized. The remains received represented roughly 30% - s
i of the total number of reported birdstrikes. Thus birdstrike statistics R
s could be easily biased by over-representation of nearly complete bird Ry
; corpses. In order to improve the existing identification method, a micro- ISR

scopic key to the determination of feather remains was developed, and used BRI
. in combination with macroscopic methods from 1278 on. From 1976, airfield B
i' personnel were convinced of the importance of collecting even the smallest
- bird remains in and on aircraft. Consequently, the total number of remains
sent to the museum strongly increased to some 110 per year. Identification
results from 1960-1977 are compared with those from 1978-1983, and the
effect cf the introduction of the microscopic key on birdstrike statistics
is discussed.

" .
e ete Y

p

’

INTRODUCTION

NIRRT
LR

A g T

Feather remains from collisions between birds and aircraft can in the L
best cases be identified tc species, and even sometimes to the age and sex ® R
- of the bird involved. Determination at this level gives an indication of the C
weight of the bjird, an important issue in birdstrike analysis. Furthermore,
Ffi the identification presents information on which to base a biological bird
L control method. For these reasons, proper identification of feathers is
~ essential.

In the late 1950s, when the Royal Netherlands Aixr Force (RNLAF) was
confronted with some 90 birdstrikes in 4 years, the importance of species
recognition after collisions became evident. Since 1960, bird remains
e resulting from strikes with Dutch military aircraft were sent to the
. Zoological Museum Aagterdam (2MA}) for investigation. Such museums with large
b skin collections are invaluable in aiding in the identification of feather
remains. In later years, feathers were occasionally identified for civil
organizations too.
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The standard procedure was as follows. Feathers or feather remains were
examined on shape and structure in order to establish whether they were wing,
tail, or body feathers. Then they were compared with bird skins in the
museum collection on colour and size. In this way, tracing the bird species
involved is rather time consuming and the results of this macroscopic method
strongly depend on the skill of the examiner and on the presence of charac-
teristic feathers in the sample. Some birdstrikes leave the investigator
with more or less intact birds or with a number of easily recognizable
feathers, whereas in othe) cases the remains consist of totally destroyed
feathers or a mere smear of blood. As a consequence, the frequency distri-
bution of hidden species will be easily biased by the nearly complete bird S
corpses that can be recognized quickly. These largely intact remains are ,j;ﬁ},'”
generally found after collisions at the runway and not after “en route" T
collisions.

RNLAF initiated a study to improve the only existing microscopic identi~ "".
ficaticn key of feather remains (Day, 1966). This work resulted in a far more R
extensive and fully modified key (Brom, 1980). During the 14th Meeting of : |
the Bird Strike Committee Europe in The Hague, Brom & Buurma (1979) reported - .
on this identification method and its application to miniscule bird remains
found in engines and on airframes. Further, the consequences of the results
from the improved identification rate for RNLAF birdstrike statistics have ,..
been preliminarily discussed (Buurma & Brom, 1979). K

The quality as well as the quantity of identifications increased sig-
nificantly during the last 6 years on account of three reasons:
1) the intrcduction of the microscopic analysis as the first step of identi-
fication in difficult cases; ®
2) the improvement of the general reporting standard: bird control units IR
pursueing pilots and crewchiefs for data and remains (Buurma, 1977); RS
3) the skipping of all identifications by unauthorized persons because of the
high percentage of obvious uncertain data.

The effect of the first two points can be visualized by comparing the
identification results in the period 1960-1977 with those from 1978~1983. In
order to make a fair comparison, all remains, identified by several staff R
members of ZMA prior to 1978, were checked (macroscopically) by the auther RRTA
(all material is still preserved at 2ZMA), but corrections had to be made in S
only very few cases.

MICROSCOPIC KEY

In the microscopic key features are used that are found at the most :
i basal and downy portion of a feather (fig. 1). wWhen making preparaticns, ,V~!
only this part is taken. The downy barbs are cut off close to the shaft of :
. the feather and are sandwiched between an object-glass and a cover-slip,
: which are glued together along the edges. When feather remains are very
. dirty or greasy they are agitated in a container of warm water to which a
liguid soap or detergent has been added. After being washed, the feathers

i are rinsed and then dipped in alcochol fur a few seconds to speed drying. uigrn‘_
. Dirty or twisted feathers can usually be restored to their original shape '
by this procedure.
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The. downy barbules consist of a base and a pennulum, and it is here

that we find the features on which many groups or even species of birds

can

be distinguished.

FIGURE 1. 3ody feather of the Buzzard Buieo Putco showing the most basal

The
1)

2)

3)
4)

up

and downy portion.

following characters can be used:
The borders af the cells by which pennulaec are formed may be enlarged or
show prongs. On lower magnification, the barbules are clearly subdivided
into nodes and internodes in this way. Pigmented nodes vary from heart-
-shaped to round to elongated and prongs vary in length in the different
groups.
The position of the nodes along the barbules may vary from only at the
base to only distally. Some barbules show so-called multiple nodes. These
are built up by single nodes becoming loose and sliding along the inter-
nodes to the adjacent node. This proces may be repczted until B8-10 nodes
collect at one point.

The bases of the barbules may show villi (cutgrowths).

The length of the barbules as well as the number of nodes (or prongs) per
millimeter are distinctive for certain groups.

Feather preparations of some 350 bird species have been made to build
a reference collection and to design the microscopic key. A number of the

most cften encountered bird species is depicted here to illustrate the above
mentioned features (for a detailed description of the identification metnod,
see Brom, 1980).
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--the complexity of feather structures generally follows the taxonomic order

Microscopic identification of feathers is based on the theory that the
microscopic structuzres of feathers from each species of bird differ just as
do other characters. The more closely two species are related, the more alike
the feather structures avpear, and conversely. It has alsc been shown that

(Chandler, 1916; Brom, 1980), although the exact value of this set of charar-
ters for avian taxonomy still hac to be evaluated.
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! o =FIGURE 6. Mantle-feather of Pneasant FIGURE 7. Upper tail-covert of Black-

. Phasianus colchicus: -headed Gull Zarus ridiburndus:

multiple nodes, nodes rapidly decreasing in
size over short distance.

“elala, 4,

e

WL

LE DL I 4
o s

o

MR

12




il S Sh Sast Gute Satedus ik

; FIGURE 8. Rump-feather of Lapwing FIGURE 9. Belly-feather of Oyster-

Co Vanellus vanellus: bar- catcher Haematopus STl
bules clearly subdivided ostralecus: unpigmented R
into pigmented nodes and barbules. e

internodes.
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FIGURE 10. Breast-‘eather of Wocd- FIGURE 11, Belly=comov 0 v 50y
pigeon . clnmioy rorliomicar: DT T e el Long

barbules long with flat-
tened, plate-like nodes.

Applying the above mentioned method, most of the Lird arders can be
distinguished easily. Thus, here we have the first bia aldvantaie: within
a very short time one can establish the order in which one has to look
further (by microscope or macroscopically), saving ccrnsiderabie time spent
by comparing feathers by trial and error. However, the potential of this
identification method does not end at order level. Within mawy orlers or
families of birds (e.q. Passeriformes -~ perchina birds, Striciforres -
owls, Laridae - qulls, Sternidae - terns, Rallidaec - rails, Falconti‘ormes =
falcons) a tendency has been found to exist that larger birds possess
fewer nodes per millimeter than smaller ones. In this way an indication
of the weight of the bird can be often obtained without exactly kniwing
the species involved. For example, within the Passcriforres, ~rows can
always be distinguished from small songbirds. In a similar war o distinc-
tion can be made between ducks, aeese, and swans in the order Anseri‘crmes.

Whether we will actually reach the species level with this rethod is
yet not clear. Practical experience using this method will: imrroewe the
skill of the investigator as is the case with the macrosceric reticd. The
differences between families and espacially species are so small that
descriptions and quantifications in order to design a key at this level
have failed up till now. However, it is clear that a well trained person
can alsc successfully work at species level. This was shown for exarple
when microscopic rethods were usec for identification cf archecloaical
feather remains (Hargrave, 1965; Messinger, 19503).

Best Available Copy
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COMPARTISON BETWEEN IDENTIFICATION RESULTS FROM 1960-1977 AND 1978-1983

In the period 1960-1983, ZMA received 1132 bird remains to be identified.
Those sent in by the RNLAF came from strikes with all kinds of military air-
craft. In 3% of all cases the remains originated from civil aircraft. In
-total, 72 species were recognized belonging to 12 different orders.

From 1960-1977, 474 remains (= 26 cases on average per year) were exam
ined representing ro .ghly 30% of the total number of birdstrikes reported
during the period. In 90% of the cases the bird corder could be established
(fig. 12). From this figure one would conclude that Charadriiformes (gulls,
waders etc.) by far is the most frequently involved group (42% of all identi-
fications at order-level), followed by the Passeriformes (perching birds;
19.3%), Columbiformes (doves and pigeons; 16.3%), and Apodiformes (swifts;
9.4%) .,

In 80% of the cases the bird species could be established (fig. 13), : :
proving the Lapwing Vanellus vanellus the most frequently identified species. ;:Az!_,‘pi

After the introduction of the microscopic method as a routine procedure
. in analyzing bird remains, and the improvement of the general reporting BRRDRSSE
i standard in the RNLAF, 658 bird remains were received (= 63% of all reported [RE.ERNDRRY
birdstrikes in the period 1978~1983). In 97% of all cases the bird order .9
could be established, resulting in a completely different picture (fig. 14). coel
In the remaining 3% of the cases a birdstrike usually can be confirmed but
the material is not sufficient for further identification. Now we see that
the order Passeriformes is by far the most frequently involved order (46% of
all identifications at order-level), followed by the Charadriiformes (20.1%)
and Apodiformes (14.9%).

. . e ,
- Tl e

In 47% of the cases the species could be established. Of course, this
percentage is lower than in the perjod 1960-1577, as from 1978 onward also
miniscule bird remains were included. In contrast to the percentage of orders,
this percentage will always be strongly influenced by the ratio "intact bird
corpses/miniscule scrapings" (see figs. 16-19). Now we see (fig. 15) that the
top position is held by the Swift Apus apus (30.1% of all identifications at
species level), even though this bird is accident prone only 3-4 months ayear.

KD MINACACSY o

a low percentage of the total number. This is remarkable, considering the
geographical location of the Netherlands, with coastal zones and many wet low-
. lands. Of course this result should no- te interpreted as an indication that
3 gulls only constitute a moderate problem. It only means that these large and

. white, and therefore easily noticed, and well known birds tend to be over-

: -represented in general birdstrike statistics. The opposite occurs with small
" and darker bird species, as is reflectea by the order Passerifcormes (compare

) figs. 12 and 14) and the Swift Apus apus {(compare figs. 13 and 15). Only the

g Danish military statistics (Joensen, 197&) chow some resemblance to these

. findings and this is probably related to <he fact that in Denmark professiocnal

museum identifications have also been promoted.

ﬁ From figures 14 and 15 we can conclude that strikes with gulls form only

Besides the fact that the microscopic analysis greatly improves birdstrike
statistics (see e.g. Buurma, 1982, 1984). it «lso has a positive feed-back on :
the collecting of remains. Now that the airfield personnel have learned that S
identification of miniscule scrapings is often possible, they will start :
locking more consciously for even the smallest remains, And this, of course,
is essential for achieving complete and reliable birdstrike statistics.
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FIGURE 12. Identifications 1960-1977 in which birdorder couldbe established
(total number of identifications to order level = 100%).

Pelecaniformes (pelicans, gannet etc.), 2 = Ciconiiformes (herons, storks),
Anseriformes (ducks, geese, swans), 4 = Accipitriformes (birds of prey),
Falconiformes (falcons), 6 = Galliformes (pheasants, partridges etc.),
Charadriiformes (gqulls, waders etc.), 8 = Columbiformes (doves and pigeons),
= Strigiformes (owls), 10 = Caprimulgiformes (nightjars), 11 = Apodiformes
swifts), 12 = Passeriformes (perching birds).
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FIGURE 13. Identifications 1960-1977 inwhich bird species could be established
(total number of identifications to species level = 100%; only most
frequently identified species included).

1 2 3 4 8 6 717 & 9 v 1

1 =Mallard Anas platyrhynchos, 2 =Buzzard Buteo buteo, 3 =Kestrel Falco tin-
nunculus, 4 =Partridge Perdix perdix, 5 =Lapwing Vanellus vanellus, 6 =Black-
~headed Gull Larus ridibundus, 7 =Feral dove Col'mba livia, 8 =Woodpigeon
Columba palumbus, 9 =sSwift Apus apue, 10 =Skylark Alauda arvensis, 11 = Hcuse
martin Delichon urbica, 12 =Swallow Hirundo rustica.
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FIGURE 14. Identifications 1978-1983 inwhich bird order could be established
(total number of identifications to order level = 100%).
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For explanation of numbers 1-12 see figure 12.

FIGURE 15. Identifications 1978-1983 inwhich bird species couldbe established
(total number of identifications to species level = 100%; only most
frequently identified species included).
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For explanation of numbers 1-12 see figure 13.
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FIGURE 1l6.

Almost complete Lapwing s
Vanellus vanellus. . e

FIGURE 17.

Wing of Skylark Alouda
arvensts.

- FIGURE 18. ' 4

. Scrapings containing BRI

RS remains of Swift Apus -

¢ ) apus. s e =

i .8
o

|

FIGURE 19.

'. . Scrapings containing

- : -, o | remains of gull or tern ®
[ fam, Laridae/Sternidae.
1
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‘ ABSTRACT

\@his paper describes a mobile r *rh laboratory that has
- been developed for the Electric Pow. [ 2arch Institute (EPRI)
l to monitor local and migratory mover~ .nts of birds nexr

transmission lines during the day and at night. The nobile

: laboratory has two small marine radars: a fixed-beam type that
" can be directed vertically to measure the altitude of migrating
birds and a surveillance type that can be used to examine the
geographical patterns of movement within a range of a few
kilometers. —Phe laboratory -is-alsa_equipped with an image
intensifier for visnal studies of bird movements at night:~%a
closed circuit television system and a video cassette recorder
are used to record information from the fixed-beam radar and the
image intensifier. A 16-mm movie camera with an electronic
shutter control is used to record the display of the surveillance
radar. Although the mobile laboratory was designed to study bird
movements in the vicinity of transmission lines, it can also be
used to gather valuable information on the patterns of bird

movements in the vicinity of airports that have potential bird
strike problems./\

N
[

!

INTRODUCTION

Powerful weather and airport surveil lance radars can be used
to detect, monitor, and quantify migratory movements of birds
(see Eastwood 1967, Gauthreaux 1970, 1980), however these units
are not very useful in gathering detailed information on bird
movements within a few kilometers of the radar station. Moreover
the geographical distribution of these large, fixed-base radars
is such that a unit may not be located near a desired study site.
In contrast, small marine surveillance radars can provide useful
information on the movements of birds within a range of a few
kilometers, the units are relatively inexpensive, and they can be
mounted on a small truck or van and powered by a small 500 kw
gasoline generator (Flock 1972, Williams et al. 1972, Sielman et
al. 1981). 1In this paper I discuss the operational
characteristics of small marine radars and present two
applications that have been developed to study local and
migratory movements of birds.
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MOBILE LABORATORY

- .

A mobile research laboratory with two radars and
electro-optical devices (image intensifier, low light level
“television cameras, and other closed circuit equipment) was
developed and tested from mid-May 1980 through February 19383.
The development consisted of the modification of a 23.5 ft (7.2
m) Coachmen motor home, installation of equipment, and the
‘machining of parts that could not be purchased (e.qg., the radar
antenna pedestal for the fixed-beam radar system, and the
electronic shutter control for the 16-mm cine camera that records
the screen of the surveil lance radar). The performance of the
! mobile laboratory was evaluated at many different sites
: throughout the United States from March 1981 through April 1984.

RS CRE S ) S

I ’ The two radar systems in the mobile laboratory are operated
in totally different configurations. One radar has a modified
parabolic antenna that does not rotate in the conventional manner

N and is used primarily as a range finder. The other marine radar

- is used in the conventional surveillance mode.

I PR

Fixed-beam Radar

The marine radar (Canadian Marconi Company, LN 66) is a 10
kw, X-band (3 cm wavelength) and consists of three separate,
interconnecting units. These are: the antenna {(or scanner) with
its associated motor and gear box assembly; the transmitter/

l receiver (T/R) unit that contains the I.F. amplifier and power
supply:; and the display unit. The original antenna and gear box

were eliminated and replaced with a new antenna and pedestal that

permit stationary-beam monitoring in a horizontal or a vertical

* configuration (Figure 1).

I The new antenna is a 24 in (60 cm) parabolic dish with X-
band feed and a WR-90 flange input (Radio-Research Instruments
Co. Part No. 20-3-24X). The antenna is mounted on a pedestal

: that enables the entire antenna assembly to swing from a vertical

. position for fixed-beam horizontal monitoring to a horizontal

- position for fixed-beam vertical monitoring (Figure 1). The 3 cm

j radar waveguide from the antenna feed goes to an X-band rotary
joint, and a piece of flexible waveguide passes through the roof
of the vehicle and connects the rotary joint with the T/R unit of
the radar. Except for the waveguide, no electrical connection
exists between the antenna and the T/R unit. To prevent

o excessive scattering of radar energy from the shallow parabolic

- antenna, an aluminum collar (12 in, 0.31 m high) was designed to

b fit around the antenna. The collar is easily removed after a

. period of observation and before the vehicle is moved.

ve The transmitter has a peak output of 10 kw, a frequency of el
o 9345 to 9405 MHz, and pulse widths of 0.05 microseconds in the e
- 0.5, 1.5, and 3 mile (0.8, 2.4, and 4.8 km) ranges and 0.5 '
% microseconds in the 6, 12, and 24 mile (9.7, 19.3, and 38.6 km) T
. ranges. The pulse repetition is 1250 pulses per second in the 6, e
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FIGURE 1. Radar Antenna Pedestal.

A diagram of the radar antenna pedestal from a side
view (A) and a front view (B). The basic components
are (a) the supporting base, (b) the movable antenna
frame, (c) the large locking screws, (d) the brake
mechanism and screw, (e) the waveguide rotary joint,
(f) the power outlet box and coaxial cable connectors,

and (g) the antenna frame extension for the video
camera. The radar antenna is 24 in (60 cm) in diameter.

FIGURE 2. Vertical Radar and Image Intensifier.

The arrangement of the video camera and night vision
scope in relation to the vertically pointing radar beam
and spotlight. This arrangement is used for observing
birds flying overhead at night.
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12, and 24 mile ranges and 2500 pulses per second in the 0.5,
i.5, and 3 mile ranges.

The display unit has a 10 in (25 cm) diameter cathode ray
tube. The range scales available are 0.5, 1.5, 3, 6, 12, and 24
statvte miles (0.8, 2.4, 4.8, 9.7, 19.3, and 38.6 km). A
variable range marker gives a direct range reading for any target
on the Plan Position Indicator (PPI), and this reading is plus or
minus one per cent of the indicated range. The display unit has

adjustments for tuning, sweep amplitude, off-centering,

sensitivity time control (sea clutter and rain-fast time
constant), beam intensity, video gain, long or short pulse, and
panel lights. The input voltage to the radar is 115 volts AC,
2.1 amps, 50-60 Hz and this ics changed to 36 volts by power
supply. The power supply has reversed polarity protection and
has a transistorized series type voltage regulator,

During operation the sea clutter and rain-fast constant
(FTC) must be turned off, because these circuits reduce the
sensitivity of the radar. The radar can be tuned only when on
long pulse (0.5 microseconds).

The fixed-beam radar in the mobile laboratory can detect
birds flying overhead as well as the larger and more powerful
(500 kw) surveillance radars operated by the National Weather
Service (the WSR-57 radar) and the Federal Aviation
Administration {(ASR-5, 6, 7). When the fixed-beam radar is
operated on long pulse it is more sensitive but resolution is
lost and birds cannot be detected within 0.09 mi (0.14 km) of the
antenna. On short pulse, targets less than 27 yd (25 m) above
the antenna can be detected but sensitivity is reduced. Conse-
quently, a small bird (5 in, 12.5 cm) flying at a high altitude
(0.31 mi, 0.5 xm) would not be detected when the radar is
operated on short pulse, but it would probably be detected if the
radar were operated on long pulse and properly tuned. 1In general
single small songbirds cannot he detected at ranges beyond 0.75
mi (1.2 xm), but single larger birds (e.g., Ring-billed Gull,
Lavus delawarensis) can be detected out to 1.5 mi (2.4 km).

Although the fixed-beam radar can be operated with the
antenna locked at any angle between horizontal and vertical, most
data to date have been gathered with the antenna adjusted to
point vertically to monitor bird movements overhead. In this
mode the radar furctions as a range finder.

During the night a television camera coupled to an image
intesifier is directed vertically to observe the flight behavior
of birds through the radar beam (Figure 2). The night vision
device is the AN/TVS-5, a second generation crew served weapon
sight (model 9865) manufactured by Varo, Inc., Garland, Texas.
The video camera is always pesitioned so that the top of the
screen of the television monitor is toward the north, the right
18 west, and the left is east. A vertical light beam is used to
provide illumination when in areas where no ground lighting
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FIGURE 3. Closed Circuit vVideo System,

$=9
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1

. A diagram of the closed circuit video system in the

; mobile laboratory. (a) camera TC 1005/01, (b) image T
intensifier, (¢) camera TC 1005/HO01, (d) display unit °

of the LN 66 marine radar, (e) splitter/inserter TC IR

1470, (f) date and time generator TC 1440B, (g) video
recorder NV 8200, (h) video monitor TC 1217.

‘ reflects skywavd. The light beam has no detectable effect on the ‘
B flight behavior of the birds. T

By uging another video camera inside the mobile laboratory
to monitor the screen of the fixed-beam radar it is possible to
record birds passing through the visual field and the radar beam A
| simultaneously on the screen of a television monitor (Figure 3). . .
- This is achieved by having the signals from the two video cameras AR
go to a video splitter/inserter unit. The radar beam is R
displayed on the monitor in a narrow, vertical band on the
extreme left side of the screen while the view through the image
intensifier fills the remainder ¢f the screen. A date and time

: generator displays the date and time at the top of the screen. "o
W With this arrangement it is possible to record the flight RR
i direction of a bird overhead and see its echo along the radar .

beam at the same time (Figure 4). A video recorder i3 used to
record observations, particularly when bird flight activity is
great.

During daylight hours visual observations of the airspace in R
the vertical radar beam are made two ways. One procedure is to e
direct a 20x telescope or 10 or 20x binoculars up the radar beam e
such that flight directions of the birds can be recorded (see ERORtR
Gauthreaux, 1969 for detailed methodology). In this case the R
i altitudes of the birds are either recorded directly from the Y
S radar display by a second observer or the altitudes are recorded }
g on video tape for later analysis. The second procedure uses a
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) FIGURE 4. Split Screen of Television Monitor.
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- Two bird targets moving to the northeast can be seen
in the image intensifier portion of the screen. The
radar echoes, displayed to the left on the screen,
show that the birds are flying at different altitudes.

television camera with a 10x telephoto lens in place of the image
- intensifier used for night observations. 1In addition to the
radar-video information, simultaneous direct visual observations
can be dictated into a microphone to become part of the video

: tape record. In these instances the video tape contains a record
I of the radar and video camera information and a voice commentary.

The video tapes can be analyzed whenever time permits. The
following information is recorded on the data forms and entered
into computer files: time of event, direction of movement,
altitude of movement, type of bird(s), and the number of birds.
Special computer programs have been written to produce histograms
of altitudinal distributions and circular plots of the
directional data (Figure 5). On the circular plot, the solid
triangle indicates true north and the open triangle shows the
resultant vector (theta) of the circular distribution. The
radius is the maximum number of birds recorded for any given
direction, and all other vectors are plotted in relation to the
maximum value. R is a coefficient of directionality (a value of
one indicates that all birds are moving in the same azimuth
direction, and a value of zero indicates no directional
tendency).

PP AR

L
P

E Marine Surveillance Radar

The mobile laboratory has an unmodified Decca 150 marine

B surveillance radar. The Decca 150 is a 3 cm, 10 kw radar with
essentially the same specifications as the fixed-beam radar. The
major difference between the two is that the transmitter/receiver
unit of the Decca 150 is a part of the scanner assembly and
enclosed in a molded, fiberglass-reinforced plastic casing

mzr.r.

.
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FIGURE 5. Altitudinal and Directional Plots.
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A sample histogram of the altitudinal distribution from
the vertical radar (left) and a circular plot of the
dicectional data from the image intensifier (right).
Kocturnal migration, 1 May 1982, Lake Charles, La.

(Figure 6A). A rectifier produces an output of 32 volts direct
current from the 115 volt alternating current generated in the
mobile lab. The 32 volts DC drives the power supply and the
motor of the scanner unit.

The display unit contains all the circuitry necessary for
processing received echoes and displaying them along with
internally generated data (e.g., range marks) on the PPI (Figure
6B). To maximize sensitivity the anti-sea clutter and anti-rain
clutter dials (e and g in Figure 6B) should be in the off
position. Most data on bird movements have been gathered with
the radar on 3 nautical mile range for large birds (e.g., cranes,
waterfowl, flocks of migrating hawks) and on 0.75 nautical mile
range for small songbirds flying singly (e.g., warblers, vireos,
swallows).

Viewing bird movements directly on the PPI is difficult
because the echoes fade rapidly. When time lapse cine films of
the PP1 are made, the movements are much more obvious and careful
study with a motion analyzer is possible. To make & film record
of the bird movements on the display of the Decca 1£0, an
automatic cine filming system was developed. The system consists
of a spring-wound 16 mm Bolex camera with a solenoid shutter
control that is switched on and off by the heading marker signal
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FIGURE 6. Decca 150 Marine Surveillance Radar.
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A. Scanner unit (aerial, turning motor and drive
mechanism, transceiver and filter box). B. Display
unit: (a-c) heading; (d) tuning; (e, g) anti-clutter;
(f) gain; (h) range; (j) range rings; (k) brilliance;
(1) panel lights; (m) rotating cursor.

from the radar. A single frame of 16 mm film is exposed to one
entire sweep of the radar antenna, and the next sweep is not
filmed (while the frame is advancing). Thus every other radar
sweep is filmed. A light-tight hood attached to the front of the
display unit permits filming throughout the day irrespective of
ambient light conditions.
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A comparison of three marine radars can be found in Table 1.
The radars range from a small 5 kw unit with a 1.06 m antenna to
a larger 25 kw unit with a 1.82 m antenna. The T/R units of the
S5 and 10 kw radars are a part of the scanners. The T/R unit is
separate in the 25 kw radar. In Table 1, the lines showing pulse
lengths correspond to the lines in the listing of range scales
(e.g., for the 5 kw radar, the pulse length for the ranges 0.25,
0.75, and 1.5 is 0.08 micros-~~ond). Marine radars operating in
the surveillance mode can ' ed to gather valuable information
on the movements of bir- - in a range of a few kilometers.
Because of the low power . .atenna configquration, these units
are most useful in studies <i local and low~level migratory
flights.
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TABLE 1. Operational Characteristics of Small Marine Radars.

Characteristics Marine Radar

Raytheon 3400 Decca 150 Decca RM 926C

TRANSMITTER

Magnetron peak
power Skw 10kw 25kw

Radar frequency 9380-9440MHz (3cm; X-band)

Pulse length 0.08/3000Hz 0.08/1500Hz 0.05/3300Hz
(microsec.)/ 0.35/1500Hz 0.55/750Hz 0.25/1650Hz
pulse rep. 0.70/750Hz 1.0/825Hz
frequency

ANTENNA

Type (slotted
waveguide) end-fed center-fed end-fed

Size 1.06m (3.5ft) 1.22m (4ft) 1.82m (6ft)

Rotation (rpm) 26 23 28

Beam width
(Horiz.) 2.40 1.90 1.2°
(Vert.) 250 280 200

DISPLAY UNIT

Cathode~-ray
tube 178mm (7in) 216mm (8.5in) 229mm (9in)

Range scales .25,.75,1.5, .25,.75,1.5, .25,.50,.75,1.5,
(nautical 3,6,12, 3,6,12,24,48 3,6,12,
miles) 24,48 24,48,60

Minimum range

Range discrim.

RECEIVER
Type

IF band width
(pulse)

IF amplifier
center freq.

25m (<27yd)

20m (22yd)

25m (<27yd)

23m (25yd)

13.6m (15yd)

9.1m (10yd)

Gunn local oscillator with balanced mixer

10MHz (short)
3MHz (long)

38MHz

8MHz (short)
8MHz (long)

30MHz

18MHz (short)
5MHz (long)

60MHz

4
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ON THE ALTITUDINAL DISTRIBUTION OF BIRDS AND BIRD STRIKES
IN THE NETHERLANDS

Luit S. Buurma

ornithulogist
Roysl Netherlands Air Force
Air Staff - Flight Safety Division
Postbox 20703 2500 The Hague
THE NETHERLANDS
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_ SUMMARY
\:

Bird strikes, radar observations and visual counts are discussed and
used to reconstruct altitudinal distributions of bird movements over The
Netherlands. Bird density curves, particularly for the lowest 1000 ft, are
urgently needed with respect to solving the problem of a recent rapid in-
crease of bird strike rates due to the intensification of low level training
by RNLAF fighter aircr«ft. The long range surveillance radars, presently in
use to provide data for bird migration warning systems in several West Euro-
pean countries, fail to cover the lowest air layers. This gap may be filled
up by field observers and/or small radars. Parallel to visual observations
and time lapse film recordings at the long range surveillance radar in NW
Holland, a series of altitude measurements has been collected. This pre-
liminary study with a tracking radar of the type "Flycatcher" provided the
data to illustrate the problem and its possible solutions./p\

f
[}
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i

INTRODUCTION N

Several West European air forces face a growing bird strike problem. ST .f

This recent increase in the number of collisions between jet fighters and - ° R
birds occurred rather suddenly as far as the BNLAF is concerned. Thanks to coo 1o

the very accurate reporting even of the most insignificant non-damage bird
hits, the microscopic identification of minuscule bird remains (see Brom,
this conference) and the limited size of the air force, we were able to ana-
lyze the trend in detail (Buurma 1983). The main cause appeared to be the
recently agreed intensification of training at very low level. Different
bird strike rates could be traced back to the task of individual squadrons.
The rate of 16 collisions per 1000 flying hours for the Dutch recce F-104
Starfighters, a fourfold increase within two years, indicates that these
fighters face a sudden increase of bird densily by decreasing their flight
level.




FIGURE 1: Frequency distribution of RNLAF bird strikes per 200 kts speed
_class for the years 1977 - 1982; black parts of bars: cases with damage;
white parts: without damage; dashed line: similar distribution for the years
1964 - 1976; insert: percentage distribution for UK registered aircraft
(From Thorpe 1973).
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It has been known for a long time that low-level navigation is a major
factor causing the militery bird strike problem to be much more considerable
than the bird problem in civil aviation. In addition to bird strikes at or
near airfields all air forces experience collisions "en route". In order to
explain that thesc two types of bird strikes are incidents (and frequently
also accidents) of a very different nature figure 1 shows the relative distri-
bution of RNLAF bird strikes according to aircraft speed. For comparison civil

data have aiso been included. The bird strikes occurred during the period

1977 - 1982, while the dashed line indicates this distribution for the period

1964 - 1976. The proportion of damage incidents is given by the black parts of
the bers. It is clearly visible that "local"™ and "en route'" collisions be-
tween jet fighters and birds can be separated by simply taking aircraft speed
as a criterion. Considering that take-off and landing and possibly one or more
"touch and go's" or "overshoots" are only a few per cent of a flying hour, it
is evident that the bird strike frequency at or near the air base, at low
level, is many times higher than "en route". Mutatis mutandis, this means that
“"en route" bird strikes (over 300 kts) are not caused by high densities of
birds but by the amount of time spent in flying in relatively poor bird air
masses.

fhe question raised in this paper is how do the flying activities of air-
craft and birds interfere in space and time, in particular with respect to
altitude choice. This question should be answered in a quantitative way,
because thus realistic decisions on guidelines for avoiding dense bird air-
layers can be taken and optimal monitoring procedures and equipement can be
chosen or developed. One would wish that this is simply a matter of measuring
the spatial flight activity distributions of both parties. Indeed,for the
aircraft this 1s possible by asking thc pilots for estimates and, nowadays,
also by using modern flight dgata recordings. However, the knowledge of the
number of birds in the air under varying conditions is very limited, notwith-
standing the existence of highly sophisticated radar studies. In the second
part of the paper I shall deal with some direct measurements of the altitude
distributions of birds and with the problem of how to use them operationally.
First, I shall discuss the indications on bird altitude distributions produced
by the bird strikes themselves. A closer look at the altitude aspect of col-
lisions between jet fighters and birds might enhance in the first place mili-
tar flight safety, but, possibly, may slso clear the way for future civil
application.

ON THE USE OF BIRD STRIKE DATA

A serious objection to the using of bird strike data is that they usually are
evaluated differently according to amount of damage or to the conditions
under which the collision occurred. This may have an effect on the inclina-
tion to report bird strikes. We have solved the problem simply by asking to
report all bird collisions irrespective of the occurrence and amount of
damage. Our analysis (Buurma 1983) clearly indicated that an increased
emphasis on proper reporting since 1977 benefitted only the quality and com-
pleteness of the reports, not the quantity. The fighter pilots appeared not
to register any more hits than they already did, while the proportion of
bird strikes discovered after flight by ground personnel rose only from 9.1 %
to 14.1 %. Two findings strongly supported our conclusions. First, the per-
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FIGURE 2: The percentage of damage cases among bird strikes w;thin‘Four speed-
classes given separately for 5 groups of bird weights (RNLAF jet fighters S
1977 - 1982). e
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centage of damage incidents is extremely stable over the years and per air-
craft type. It was not at all affected by the increased emphasis on bird SO
strike reporting. The fiqures for the three fighters used by the RNLAF were .

F-104: 26 % (25 %, n = 533), F-5: 25 % (2 5%, n = 362) and F-16: 21 % (% 7%, R
n = 117). In the second place, we found that for birds weighing less than 100 e
grams there is a correlation between the chance of suffering damage and the -
aircraft speed, which sharply deviates from the curves in the case of heavier e
birds (figure 2). This indicates that mnst small passerine birds are not able -
to penetrate the compressed air in front of fast flying aircraft. Like snow
flocks, they rmust have followed the air stream around the highly tapered
fighter, perhaps not even touching the skin. When they did hit the aircarft
and produced a mere smear of blood mixed with a few minuscule parts of downy

136




l‘ I. I ' l I'I\Ii"J",.I,l 'u'l AN AR A A A A A AEA TR A St T A T A T SRS St S S R A S T

P S TS

M T SR

R ~ % LA

Nt

~i.

.

A

E e T T s T -h ST NS ST L P S PN

feathers, a microscopic examination at the Institute of Taxonomic Zoolegy in
Amsterdam revealed the bird order and sometimes the family or species name
and at least a weight indication. Without the application of a specially de-
veloped key (Brom 1980) we used to have practically no indication of the type
of birds involved in collisions "en route". To day, we do have a complete
picture and conclude from the perallel curves shown in figure 2 concerning
birds of less than 100 grams and the unknown cases that the bird strikes not
leaving macroscopically visible bird remains concern mainly small passerines
posing no real threat to flight safety at the moment. The fact that small
soncbirdsare underrepresented in bird strikes should be borne in mind when
using the altitude distribution of bird strikes as an indication for bird
activity in height,

ALTITUDINAL DISTRIBUTION OF "LOCAL"™ BIRD STRIKES

Since aircraft usually climb and descend at fixed angels to the earth's
surface, they cover equal distances in each 100 ft air layer below, approxi-
mately, 1500 ft, except just before touching down on the runway. Assuming
that speed differences within this altitude range and above take-off speeds
do not significantly affect the bird strike rate with respect to evasive
actions of the birds, the "bird sample size' taken by the aircraft is roughly
the same for each layer of air. As appropiate flight phases have been consi-
dered "take-off", '"climb", "final", "landing", "touch and go" and "overshoot" .
In all phases the bird strikes occurred at speeds below 300 kts. The propor-
tional distribution of these socalled "local" bird strikes is given in
figure 3 A. For comparison, a civil example is included in this figure {taken
from Thorpe,1973). One may have doubts about the assumption that evasive ac-
tions of birds in case of low aircraft speeds do not hamper this distribution ‘
and lead to a reduced strike rate. This could especially be the case in the
lowest 100 ft. On the other hand, the (flight)path is here somewhat longer,
which in turn might raise the number of bird strikes.

Using a certain caution for this lowest altitude class, we consider
figure 2 A as reasonably representative for the average altitudinal distri-
bution of the birds involved in bird strikes over the years. The main conclu-
sion is that the majority of birds fly around in the very lowest air layer
and indeed cause only an major problem to aviation when aircraft penetrate
this environment at very high speeds. On the contrary, bircds flying higher
appear to be distributed fairly evenly over a large altitude range.

It is now possible to explain the Gausian type of distribution of "local"
bird strikes per speed class in figure 1 as being formed by the decreasing
bird density with height (right side) and by the success of birds escaping
from the aircraft approaching them too slowly (left side). Note the remarka-
ble similarity between the military and civil distributions in this respect,
despite of the different average speeds.

Figure 1 and 3 give relative data. 1t is also possible to evaluate the
average bird density in a more absolute manner, by comparing the bird strike
ratios of aircraft with different 1ift: table 1. At a similar forward speed
the fighters with a large wingload , such as the F-5 and f .18, have a higher
vertical speed than the rocket-like F-104. Consequently, the last mentioned
jet fighter covers the longest distance within the bird rich lowest air
layers and reaches the highest score of "local" bird strikes.
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FIGURE 3: Altitudinal cdistribution of "local" (A) and "en route" (B) bird
strikes of Dutch jet fighters; shaded distribution in A: civil data taken
from Thorpe 1973.
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o TABLE 1 : Number of "local" bird strikes per 1000 flying hours for three

. types of jet fighters flown by the RNLAF

l -
’ type rate standard deviation n{years) n(bird strikes)

% F-104 1.88 0.55 7 178

e F-5 1.23 0.23 7 139

E F-16 1.25 0.44 4 30 0 5
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—that most bird strikes during the flight phases "low level en route" and

- -resulted in a rapidly growing number of bird encounters below 500 ft. It
- -should be noted that these "en route'" figures show a certain rounding off
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ALTITUDINAL DISTRIBUTION OF "EN ROUTE™ BIRD STRIKES

The altitudinal distribution of bird collisions "en route" differs
entirely from the "local" bird strikes: figure 3 B. A comparison learns

“cruise" (all st speeds of over 300 kts) do not occur in the dense bird air-
layers but in the first place at altitudes most frequently flown by the air-
craft. Indeed, the recent intensification of extremely low level training

towards full numbers of feet. The possibility that pilots fill in the planned
rather than the actual flight level also cannot fully be excluded. The
altitude distribution of "local"” bird strikes inmdicates that the number of
"en route" bird strikes at 500 ft increases fourfold wnen the flight level

is changed to 250 ft AGL.

The bird strike frequency not only increcases due to lower flights of
aircraft but also tu a higher flying by the birds. This becomes clearly
apparent from a graph compiled by the German Air Force: fiqure 4. The seaso-
nal and altitudinal variations of the bird strike frequency is indicated by
lines connecting points with equal ratios. As is the case for RNLAF fighters
the highest rates were found in August at low levels, which is when and where
mzny young and unaxperienced birds wander around. But the graph also reveals
distinct peaks in the monihs of March and Octouber, when migratory birds may
reach very high flight levels. :

ON THE USE OF RADAR AND ITS RESTRICTIONS

Sampling the spatial and temporal variations in the flying activity of
birds by means of aircraft might have its own advantages but it is time con-
suming and expensive. We would do better by measuring bird movements direct-
ly in order to prevent aircraft and birds from colliding. Moreover, we wish
to know the hourly and daily variations in actual bird distributions, in
stead of average figures because such knowledge might create the possibility
of minimi=ir~) the amount of flight restrictions while maximizing flight safe-
ty. Separation of aircraft and birds is rewarding, particularly,when the
density of birds ir the air has a strongly .fluctuating character. This makes
it possible to utilize certain poor bird conditions for low-level training
(of course persistent differences in bird density for different geographical
areas and localities are another matter which is not discussed here).

tumerous radar studies, as summarized by Eastwood (1967), might give
the impression that it is possible to quantify the flying activity of birds
accurately and over vast areas. Unfortunately, however, only very few authors
report to have succesfully related their radar measurements to absoclute num-
bers of birds aloft. Two important examples are the studies on nocturnal bird
migration of Nisbet (1963) and Gauthreaux (1977). Nisbet carefully measured
the rate at which bird echaes on the radar screen thin as the distance from
the radar increases. By extrapolating backward he estimated the bird density
above the radar station and translated his echo density figures into real
numbers of birds by parallel counts of birds passing the disc of the moon.
His dimensionless thinning rate was established empirically and includes
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; Figure 4: Lines connecting points with equal numbers of bird strikes pel
" 10000 hours of low level flying by the German Air Force: data versus alti-
s tude. Reproduced with kind permission of Dr J. Hild.
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several factors of an entirely different nature. Nistet therefore warned not
to transplant his results to other situations and other radar equipments.
However, the need for a distan-ze dependent correction of echo densities in
one form or another is apparent because radar screens soon become saturated
with bird echoes even in the case of only moderate bird migration. Gauthreaux
tried to solve this saturation problem by reducing the zensitivity of the
radar step by step until he reached a standard, measurable echo density at

a certain distance from the radar. He then used the attenusiion rate as an
measure for actual migration traffic rates (MTR, number of tirds passing

one nautical mile per hour) after calibration with direct bird counts against
the moon and in the beam of a ceilometer.

Nisbet's average MTR figures appear to be considerably lower than those
of Gauthreaux (table 2). This might in part be a geographical matter, but
could also be explained by the type of radar used. Nisbet filmed the screen
of a high powered long range surbveillance radar operating at 23 cm wave-
length, while Gauthreaux detected birds by means of medium powered 10 cm
weather radars at a much shorter range. There are serious reasons to believe
that the numerous small songbirds are totally invisible to 23 cm radar when
flying solitary in the resolution cell. On the contrary, radars with wave-
lengths shorter than 10 cm may even detect airborne insects at considerable
distances.

The wavelength effect and many other factore determining the bird
detection capacity of radars seriously complicate the interpretation of bird
echo patterns. Not only radar parameters but also size and even the behaviour
of the bird affect the results. Speed, angle of body axis to radar beam and
grouping behaviour are the best krown aspects. In addition, the flying height
of the birds may be a very critical factor, especially by day when, generally
speaking, bird migration occurs at lower levels than at night. The few quanti -
fication studies there are like those of Nisbet and Gauthreaux concern noc-
turnal bird movemerts. Attempts to do the same for diurnal bird movements are
even more scarce and unsuccessfull in so far as they claim to have included
all bird species en route.

This last statement is partly a personal view based on my own experience
with several types of radars operating in The Netherlands. The extreme flal-
n2zz  of our country favours radar studies of low-level bird movements.
Nevertheless, even here a comparison of radar and visual bird counts produce
totally contradictory results. It indicates that overlap in the altitudinal
coverage of radar and field observers is mostly totally zero. For Sweden
Mascher et al (19€2) came to similar conclusions using a medium powered air-
port radar near Stockholm. He and Evars (1966), both using 10 cm wave length,
described visible migration and bird migration detected by radar as comple-
mentary.

The relative density of the flying bird population at very low level
is shown indirectly by a comparison between "subsaturation" dens.ties of
bird echoes on the radar screens and average MIR's observed visually in the
field. Some radar data are reproduced in table 2. As an example of visually
observed bird densities, the daily early morning counts of broad front migra-
tion near Arnhem duringthe month september, october and november 1982 (Kwak
& Lensink 1983) may be used. The highly experienced observers included only
birds flying within 100 meters. Their rough classification of altitudes 1indi-
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cates that the majority of the birds observed flew below 50 meters. Given an
average ground speed of 45 km/hour, they got an average number of 35 flocks
and solitarily flying birds per square nautical mile, while on peak migration
days up to a ten times higher figure could be counted. Comparing these figu-
res with the "sub-echo-saturation" densities on radar screens (table 2) the
conclusion must be that the lowest 50 meters of air may contain more flying
birds than the entire air space higher up.

RECONSTRUCTION OF THE TOTAL ALTITUDINAL DISTRIBUTION
ON THE BASIS OF TRACKING RADAR MEASUREMENTS

The recent increase of bird strikes and the realization that a large
quantity of Jow altitude bird movements are missed by long range radar
caused the RNLAF to initiate a preliminary tracking radar study on flying

“heights of birds. The fire control radar used for this purpose is a product
of the Dutch firm Hollandse Signaal in Hengelo (type "Flycatcher"). This - o
radar combines a 3-cm search beam (vertical angle 19°) with a tracking beam Lo
operating in either X-band or kA-band depending on the quality of the track-
ing process. tspecially, the last featurc allowes for extremely good tracking
at low altitude. During daylight hours the objects locked on can be evaluated
visually on a monitor, fed by a video camera with a 400 mm lens parallel to O
the tracking beam, Our first objective was only to evaluate the bird detect-
ion capacities of the radar and the necessary modifications. But we could
also collect a reasonable sample of tracks by day and at night as well as
photcgraphic recnrdings of the search scope. During 5 mornings simultaneous
visual observations were carried out 47 nM to the SW, along the same track
of the broad-front stream of migrants. Simultaneous time lapse films were .
made at the long range surveillance radar in the NW o7 The Netherlands. Simi- S ~1
lar studies will be set up in other seasons in the near future VL

Here, we 1eport on the average altitude distribution reconstructed by :
combining the visual counts, the search photographs and the tracking results -
totalized from the recordings on 28, 31 october, 1, 2 and 3 november 1983.

Bird echoes on the search scope (figure 5 a) appeared to thin with increasing
distance from the radar in a comparable manner as in the studies of Nisbet
(1963): fiqure 5 b, How to fit this roughly exponential relation is yet unsure
because nocturnal observations indicate that near the radar the echo density
does not increase to the same extent with decreasing range as indicated by the
straight line. Therefore 1 included in figure 5 b a second curved l%ne and
arrived at two values for the absolute number of bird flocks per nM” between
which the real figure must lie, 35 and 110. As many echoes as possible were
tracked. Figure 5 ¢ shows the range and altitude uf those echoes and indicates
the performarce of the radar at very low altitude. The stability of the tracks
decreased of course when the bird flew very low, but the tracking system mana-
ged to lock on some birds flying below 100 ft at 1 - 2 nM. The sensitivity of
the tracking beam was such that a solitary flying song bird with wingbeat fre-
quency of 24 Hz "seen" in tailview could be tracked up to at least 1.6 nM.

The distribution of all birds tracked is indicated in figure 6. This distribu-
tion was considered to be indicative for the real situation as far as birds
flying higher than 50 meter are concerned. Visual observations at the station o
learned that notwithstanding the excellent tracking properties many very low @
flying flocks of song birds (below treetop height) were missed.
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The field observers in Arnhem claimed to have detected all birds passing within
100 meter and below 50 meter and they were also,registered as such. When we sub-
tract their average density of 16 flocks per nM® (calculated on the basis of

a average ground speed of 25 nM/hour) then, the remaining birds can be distri-
buted aver the altitudes according to the distribution of radar tracks above

50 meter.

FIGURE 5: Flycatcher tracking radar data from 5 mornings with weak - moderate
migratory activity. A: example of a time exposure photo (30 sec) with ground-
clutter (white patches), bird echoes (streaks) and 5 km range ring. B: thin-
ning of echo density with increasing range (after correction for groundclut-
ter blindness). C: range and heights at which bird(flock)s were locked on
after selection at random on the search screen.
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As a result we find two total bird altitude distributions as shown

in figure 6. With some reserve we may conclude that the field observers

saw 15 - 46 % of all birds (let us say one third), while the tracking

besm missed the lowest third to a certain as yet unknown extent. The alti-
- tude distribution for the 5 early mornings considered here is somewhat less

skewed to the very lowest air layer than the distribution of "local" bird

strikes in figure 3a. most likely due to the preponderance of migrants over

local birds. However, also figure 6 shows clearly the impartance of the

‘flying activity of birds in the lowest 100 meters.

FIGURE 6: Reconstruction of the average altitudinal distribution of diurnal
bird movements for 5 late autumn mornings (centered afound one hour after
sunrise). Birdflock/echo density figures given per nM“ for air layers of 50
meter thick. Calculated on the basis of the assumption that fieldobservers
counted all bird(flock)s within 100 meter and below 50 meter. A minimum
(shaded) and maximum (white) distribution is given according to the two extra-
polations in figure 5 B.
Open dots represent the percentage distribution of all birds tracked; black

dots indicate the altitude distribution as observed visually.
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THE PRESENT AND FUTURE OPERATIONAL USE OF RADAR WITHIN THE RNLAF

In common with several other West European air forces, since the
sixties the RNLAF uses a long range surveillance radar for operational bird
warnings. Before 1975 time exposure photographs were taken on the technical
screen of a 23-cm air defence radar in Den Helder. Since 1979 an electronic
counting system is used called KIEVIT (Kast met Integrale Elektronische
Vogeltrek Intensiteit Tellers) and installed at a 10-cm stacked beam radar,
also in the north western part of the ccuntry. From all of the beams in
the vertical plain only the lowest two show bird echoes. The raw video
signal of these lowest beams is filtered by a microprocessor in order to
select bird echoes from ground clutter and rain echo fields. The hit counting
includes a distance dependent weighing. Electronic quantification occurs
‘within 5 replaceable windows. Birds can be detected at distances of far
over 73 nM, our normal range setting for photographic recordings. Figure 7
includes some examples of time exposure pictures of bird movement patterns
and an overview of the simultaneous appearance of different major October
migration waves during the morning of 17 October 1979 as depicted from
a time lapse film. Figure 7 b illustrates a phenomenon already discoverd
in 1949 by fieldoberservers, namely the ascent of miqrating land birds
when setting out over sea (Deelder 1949; Klomp 1956). The implication of
this picture is that the same bird movement was totally invisible to the
radar above land! Broad front migration at low level is of particular
importance under headwind conditions. In certain autumns with prevailing
SW winds a low total passage is therefore recorded by radar. The autumn
of 1983 is an example of such an situation.

Without any doubt, the radar is perfectly able to detect the very
intense bird migration waves as such. It is also clear that clusters of
bird strikes occurring when pilots do not use the bird migration warnings
can be avoided by imposing more rigorous flight restrictions related to
the radar measurements. However, the recent increase in low level training
“‘and the simultaneous increase in bird strike freguency cannot be tackled
by the existing warning system. The distribution of bird strikes over the
year has changed since the intensification of low level flying. The peaks
during the migration seasons have become less pronounced and the day to
day variation in the number of bird strikes is less clustered. It is clear
that low level bird migration and local bird movements now cause an extra,
very serious bird strike risk. Procedures to separate aircraft from birds
by means of radar warnings now will only be accepted as rewarding if the
pilots find out that the radar bird warnings fit in with their experience
on bird encounters in the air. This implies that the system should include
detailed altitude information and be of much higher quality as far as low-
level bird movements are concerned.

We hope to improve the present system by means of the Flycatcher Sl
tracking radar studies recently started. Parallel to these measurements ) :
of sltitude distributions (concidering species and group sizes) we will Sl
continue in taking time lapse films at the stacked beam radar and perform Sl
visual observations. The Flycatcher data may help to upgrade the opera-
tional use of the large scale radar-bird-registrations and of the future

contribution of field observers (e.g. bird control units at airbases).
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FIGURE 7: Examples of patterns of bird migration over The Netherlands as
detectad by the lowest beam of a 10-cm stacked beam long range surveillance
radar in the NW of the country.

A: feirly strong WNW - SW migration by day at rather high altitudes and there-
fore visible up to the margin of the ppi (set at 73 nM);

B: WNW movements only visible above sea, not above land;

-C: schematic representation of different bird cohorts simultaneously in the
air during the morning of 19 October 1979; the figure includes the coastlines
of the Northern half of The Netherlands and the 50 nM range ring.




The improvements in the first approach include a rough 3-D interpretation
of the 2-D radar pictures and electronic counts, and, in addition, a better
use of the information gathered from the second radar beam. The inclusion
of visual observations in the operational warning system is possible only

. after verifying the varying limitations of the human eye to'detéct

different bird and group sizes under different environmental conditions.
whether field observations or small radars or a combination of both is the
best solution to the recent low-level bird strike problem remains to
-be seen.
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Abstract:\%&he Red-winged Blackbird (Agelaius phoeniceus) is the most
abundant pird in North America today. It is often joined in roosting
assemblages by Common Grackles (Quiscalus auiscula), Brown-headed Cowbirds
(Molothrus ater), and Starlings {Sturnus vulgaris). The combined populations
of these 4 species exceed 500 milTion birds during the winter roosting season
and increase to over 1 billion birds after the young are fledged in summer.
In spite of their abundance, they are invelved in only about 6% of the bird
strikes to aircraft, less than 1/7 the number of strikes caused by the less
abundant gulls (Larus spp.). However, the rather infrequent collisions
between aircraft and blackbirds or Starlings can be catastrophic, even
though these species have less than 10% the weight of most gull species.
Because blackbirds and Starlings are prolific and well adapted to modern
land-use practices, attempts to eradicate populations at airports through
killing will provide only temporary relief, The key to reducing blackbird
and Starling activity in the vicinity of airports lies in the elimination
of preferred roost sites through habitat modificapions and in the reduction
of food supplies through changes in agriculture. i\

{! e
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In the early 1800's the Passenger Pigeon (Ectopistes migratorius)
was the most abundant bird in North America with a pcpulation size of at
least 3 billion (Schorger 1955). With the clearing of forests in the East
and Great Lakes Region, fcod supplies and cover were depleted and the Pigeon
population declined rapidly. As the population concentrated in the remaining
forested areas, large-scale market hunting accelerated the inevitable de-
cline. The population was extinct in the wild by 1900 and the last
individual died in captivity in 1914.

Tne land-use changes that precipitated the demise of the Pigeon popu-
lation signaled a period of growth and expansion for populations of other
avian species. Members of the family Icteridae, particularly the Red-
winged Blackbird, Common Grackle, and Brown-headed Cowbird, were especially
adapted to the open agricultural land that replaced the forests. In
addition, the Starling, introduced from Europe in 1890, was also adapted
exceptionally well to this environment, and its population expanded rapidiy.
These four species, which often join together in large fall and winter
roosts, have replaced the Passenger Pigeon as the most abundant group of
birds in North America today.

Because these species roost together in large congregations and
closely associate with agriculture, they have long conflicted with farming
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activities (e.g., Meanley 1971, Dolbeer 1980). Another type of conflict
has evolved especially since World War II] with the tremendous growth of air
traffic and the development of jet aircraft. The sheer numbers of black-
birds and Starlings and their propensity to fly and forage in dense flocks

~ - in open areas can create hazardous conditions for departing and arriving
aircraft at airports. The objectives of this paper are to: (1) briefly
document the current status of blackbird and Starling populations in North
America, (2) summarize data on collisiuns that have occurred at airports
“between aircraft and blackbirds or Starlings, and (3) review information on
migration patterns and roosting behavior of these species relevant to their
management in airport environments.

POPULATION STATUS OF BLACKBIRDS AND STARLINGS

7 The Red-winged Blackbird is the most abundant bird in North America
“today (Table 1), nesting throughout the 48 contiguous States and most of
the 10 Canadian Provinces. Peak brceding-season densities are found in the
upper midwestern States of Ohio, I11inois, Iowa, and Wisconsin (Dolbeer and
Stehn 1983). Major reasons for the numerical abundance of Red-wings are
their adaptability to a variety of marsh and agricultural habitats and their
strony sexual dimorphism. Females weigh about 41 grams, only 65% the weight T
of males (Table 2). The two sexes often select different foods (McNicol e
et al. 1982), thus reducing direct competition. Conservately, the breeding- e e
season population of Red-wings in North America equals 220 million birds.

Starlings have increased from a few hundred birds released in New York
City in 1890 to become the third most abundant bird in North America today.
The breeding-season population is at least 130 millior birds (Table 1).
Starlings have dispersed throughout the continent, even to Alaska, although
their highest breeding-season densities are still found in the eastern United
States (Ohio, Rhode Island, New Jersey, Deiaware). Both sexes weigh about
80 grams, about 20% more than male Red-wings (Table 2).

Common Grackles are found throughout the United States and southern
Canada east of the Rocky Mountains, reaching their highest breeding-season
densities in Delaware, Maryland, Kentucky, and New Jersey. They are the
largest of the four species, the males averaging about 120 grams and the
females 97 grams (Table 2). Although their range is restricted to east of
- the Rockies, they are probably the fifth most abundant bird species in North SO
] America today with a breeding-season population of at least 110 million R
. birds (Table 1).

Brown-headed Cowbirds are the least abundant and smallest of the four
species with a breeding-season population of perhaps 45 million birds
(Table 1). The species is found throughout the United States and southern
Canada (with the exception of the extreme southeastern U.S.) with the
highest breeding-seasor population levels in the Plains States from
Oklahoma to North Dakota. Cowbirds are also sexually dimorphic; the female
(38 grams) weighs about 78% that of the male (Table 2). Cowbirds are
notable for being the only parasitic nesting bird in North America. The
female always lays her eggs in the nests of other birds, being incapable of
building her own nest.
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The combined breeding-season population of these four species is con-
servatively estimated at 512 million birds (Table 1). This population swells
to over 1 billion birds by the end of the nesting season in July of a typical
year. Between July and the nesting season of the following year, about
500 million blackbirds and Starlings die, returning the population to the
level of the previous year (Fig. 1). Adults have an annual mortality rate
of about 40% and hatching-year birds a mortality rate of over 50%. Thus,
there is a tremendous fluctuation in numbers and turnover in individuals in
the population each year.

Although blackbird and Starling populations have certainly increased
within historic times, Cowbirds are the only species currently showing a
significant increase in numbers in North America. The Cowbird population

~has increased by about 20% since 1966 (Table 3), the increases primarily
occurring in the Upper Plains and Southeastern Regions of the United States.
Red-wing, Grackle, and Starling populations, although stable on a continental
basis, have shown strong regional changes in the past 16 years (Dolbeer
and Stehn 1983). '

BLACKBIRD-STARLING COLLISIONS WITH AIRCRAFT

Seubert (1968) compiled a 1ist of all bird species reported in strikes
by commercial aircarriers in the United States from 1961-67. Blackbirds
and Starlings comprised 6% of the 609 identified birds compared to 35% for
gulis. In the United Kingdom, Rochard and Horton (1980) reported about 4%
of all strikes to civil and military aircraft, 1966-76, were by Starlings
(blackbirds of the family Icteridae are not found in Europe), and 42% were
by gulls. Joensen and Schneider (1976) reported a similar finding for
military aircraft in Denmark from 1966-73; Starlings comprised 5% of the
identified birds striking aircraft whereas gulls comprised 40%. Thus, in
spite of the abundance of btackbirds and Starlings in North America (and
Starlings in Europe), they consistently are involved in only about 4-6% of
the strikes, less than 1/7 the number of strikes caused by the less
abundant gulls (Table 4).

However, the rather infrequent collisions between aircraft and black-
birds and Starlings can be catastrophic, even though these species have less
than 10% the weight of most gull species. Blackbirds and Stariings normally
fly in dense flocks so any collisions usually result in multiple strikes
occurring almost simultaneously. Since 1960, there have been four bird
strikes to civilian aircraft at airports (during take-offs or landings) in
the United States that have resulted in human fatalities. Two of these four
incidences involved blackbirds or Starlings (Table 5). Thus, the management IR
ot these abundant species around airports should be a high priority item. PSR
The following discussion summarizes information on migration and roosting 7 A
of blackbirds and Starlings of relevance to their management at airports. e

......

MIGRATION PATTERNS AND ROGSTING HABITATS
Blackbirds and Starlings are generally sedentary during the nesting '_i

season, April-early July, when populations are widely dispersed. Little T
migration or roosting activity occurs at this time. By mid-July, blackbirds N
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and Starlings begin to concentrate, congregating in nighttime roosts usually
within 160 km of their nesting localities ?Do]beer 1982). The birds dis-
perse = ity w* to 80 km to forage (Meanley 1965) although most activity is

within 1 1 of the roost (Dolbeer 1980). Flightlines of birds are
densest whern 2 birds depart from the roost at daybreak and return in the
evening M- ummer roosts are only active for a few weeks, the birds
coalescing .. . fewer, larger roosts as autumn progresses (Caccamise et al.

- 1983). Migration usually occurs in early November when the birds gradually

move to the southern United States ahead of cold weather (Dolbeer 1982).
Winter roosts form in November and last until early March when the birds
begin moving northward.

Almost all blackbirds winter south of 38° latitude. However, many
Starlings, especially birds 1 year or older, winter north of 38° latitude,
often forming roosts under bridges, on buildings, or in parks in cities.
Blackbirds nesting south of 38° latitude generally migrate 200-400 km to
the deep south, being replaced in winter by more northern migrants.
Starlings nesting south of 38° latitude usually do not migrate. Cecause
there are differences in migration patterns among the four species and between
age and sex classes \.ithin species, populations from a given nesting area in
the north often become widely dispersed and intermingled with other popula-
tions in winter. Ind idua? bird: show little faithfulness to the same
winter roost site from year to year but strong site fidelity to their pre-
vious nesting location (Dolbeer 1982).

Although all U.S. States and most Canadian Provinces contain blackbird
or Starling roosts at some time during the year, the greatest concentrations
of these birds occur in the Mississippi Delta Region in winter. A survey
in the winter of 1974-75 ravealed at least 59 roosts with more than a
million birds each in Louisiana, Arkansas, and Mississippi. This survey
located a total of 723 roosts containing 537 million birds in 42 states,
including 137 roosts with more than a million birds each in 20 states
(Meanley 1976).

Sites chosen for roosting vary considerably with season, bird species
composition, and region of North America. However, all sites contain two
key factors: cover at the site itself and abundant food in the foraging
area around the roost. About 77% of 358 winter roosts surveyed in eastern
North America in 1974-75 were in deciduous trees, deciduous thickets, or
conifers (Table 6). The remaining roosts were located in man-made structures,
cane, bamboo, or marshes. Lyon and Caccamise (1981) found that the vege-
tation species were rather unimportant in roost-site selection; rather the
structure of the vegetation was critical. Blackbirds and Starlings gener-
ally preferred sites with high tree densities (700-3500 trees/ha) and
compact, enclosed canopies.

Most roosts are located in areas of agriculture where a dependable
source of food i1s available. Maturing corn, rice, oats, and sunflowers are
preferred foods of blackbirds in late summer, and waste girain in harvested
fields are staple foods in winter (Dolbeer 1980, Dolbeer et al. 1978,
Meanley 1971, McNicol et al. 1982, Linz et al. 1983). Feedlots, garbage
dumps, and fruit crops can also serve as important sources of food for
these birds (especially Starlings) as can a wide variety of insects and
weed seeds.
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CONCLUSIONS AND MANAGEMENT IMPLICATIONS

Blackbirds and Starlings are well adapted to modern land-use practices

" in much of North America, and as long as these practices remain in effect,

these birds will remain abundant. Thus, attempts to eradicate populations of
blackbirds and Starlings at airports though killing (e.g., surfactant applica-

___tions, Lefebvre and Seubert 1970) will provide temporary relief at best.
.-These prolific and mobile species will quickly replenish depopulated areas as

long as cover and food supplies remain (White 1980). Habitat management is

the key to reducing blackbird and Starling activity at airports in most

situations. Potential and actual roost sites can be eliminated or made less
desirable by habitat alterations (e.g., tree thinning) as discussed by Lyon
and Caccamise (1981) and Good and Johnson (1978). Foraging activity can be

-reduced in the immediate vicinity of airports by eliminating certain agricul-

tural crops (corn, oats, sunflowers, rize) and activities (feedlots) and by
prohibiting solid-waste disposal. These long-term practices, combined with
timely programs of bird harassment and dispersal whenever temporary concen-
trations of blackbirds and Starlings appear, will significantly reduce the
1ikelihood of bird-aircraft strikes in the airport environment.
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TABLE 2. Mean body weights of blackbirds and Starlings in Pennsylvania,
Apritl-June (Clench and Leberman 1978). Sample sizes are in parentheses.

o ' Mean Body Weight (q)

Female weight as

Species Male Female % of male weight
Common Grackle 120 (100) 97 (37) 81
Starling 79 (14) 80 (12) 101
Red-winged Blackbird 63 (14) 41 (191) 65
Brown-headed Cowbird 49 (89) 38 (586) 78

TABLE 3. Continental changes in numbers of Red-winged Blackbirds, Common

Grackles, Brown-headed Cowbirds, and Starlings from 1966-69 to 1978-81
based on a paired comparison of 1288 Breeding Bird Survey routes run in
both sets of years (Dolbeer and Stehn 1983).

Mean

Mean Mean diff.

birds/ birds/ (1978-81 Mean Ho.

route route hinus % of
Species (1966-69) (1978-81) 1966-69) change routes
Red-wing 49.3 46 .8 -2.5 -5.1 1288
Grackle 23.9 23.2 -0.7 -2.9
Cowbird 9.8 11.7 +].9* +19.9*
Starling 28.4 26.8 -1.6 -5.6

* = Pc0.05
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TABLE 5. Bird strikes of civilian aircraft during take-off or landing
resulting in loss of human life in the United States.®

Airport - Human Bird
Year Location Aircraft Fatalities Spacies
1960 Boston Electra 62 Starlings
1973 Atlanta Learjet 7 Cowbirds
1977 Chicago Turbo Commander 4 Gulls
1979 Palo Alto Swearingen 2 Gulls

arrom Solmon (1981) and A. J. Godin (Unpubl. Rep.)

TABLE 6. Roosting habitat for blackbirds and Starlings in winter in
eastern North America, 1974-75 (Meanley 1976).

Habitat Type No. of Roosts Percent of Total
Deciduous trees & thickets 147 4,
Conifers 122 34
Man-made structures 32 9
Bridges 17 5
Buildings 15
Cane or bamboo 29
Marshes 21 6
Live oaks 7 2
Total 358 100
.
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FIGURE 1.

Estimated average annual cycle of the blackbird (Red-winged
. ~ Blackbird, Common Grackle, Brown-headed Cowbird) and Starling population
=== %5 North America derived from a population model (Dolbeer et al. 1976).
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CATTLE BGRET HAZARD ASSESSMENT
2Lt Timothy J. Will, USAF
HQ Air lorce Engineering and
. Services Center
Tyndall Air Force Base FL 34403
e

ABSTRACT

Cattle kgrets (Bubulcus ibils) have become established in the
U.b., as a well-known species since their immigration trom South
America i1n the early 1950's. They have shown themselves to be
well-adapted to new environments, and have expanded into most
parts ot North America. The Air rorce has recorded several bird/
alrcratt strikes with Cattle bgrets, resulting in thousands of
doilars 1n damage and aircraft down time, Hehavorial aspects of
the birds such as reproduction and teeding, combined with large
populations, make Cattle Egrets a particularly bad problem in
some areas., Une particular Air Force location required extensive
measures be taken in order to eliminate a roost site adjacent to
an active airtield runway. These methods could provide scome
insight 1nto dealing ettectively with Cattle Egrets near air-

ports, _ ’
INTRODUCTION

Cattle bBygrets have been expanding their range since first
sighted in the U.S. in the 1Y50's, They have steadily moved
north alony the eastern seacoast even into Canada, and are now a
well-established migratory species in many inland states. They
roost in colonies in almost any low vegetation which has moderate
protection. When roosting near an airdrome, they pose a threat
teo aircratt by tlying over the runway and through the traftic
pattern, Birds may be 1ngested into aircraft engines, or collide
with the tramework, causing severe damage; or they may penetrate
the windshield/canopy and impact the pilot.

In the past eight years, the Air Force has experienced 23
contirmed Cattle bEgret strikes. This paper will discuss scme of
the characteristics ot Cattle Egrets, and why they are a threat
to aircratt, Information 1s hased on recent literature, Air

Force data, and observations made during a survey of a southern
¥lorida Air Force base,
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HISTORY

Cattle Egrets were first identified i1n South America in
1937, when a specimen was collected in British Guiana (Crosby
1972), Apparently they survived the transatlantic flight from
"their native Africa; although what caused them to make the flight
i1s unknown. After establishing themselves in the northern parts
ot South America, they began toc expand both southward and north-
ward, beveral sightings were made in the U.,5. in the late
194u's, but in 1952 a bird was photographed in Florida and a spe-
cimen was taken in Massachusetts, thus confirming both their
Jresence and range, Nests were recorded the following year. By
1956 Cattle bygrets had been collected or sighted in 15 states as
well as 1n Canada (Crosby 1972),.

BEHAVIOR
Nesting and Reproduction

The rapid spread ot Cattle Egrets throughout the New World
has caused many to investigate their tremendous reproductive suc-
cess. Studies have revealed unigue strategies which have enabled
more ottfspring to survive the nesting and juvenile periods. It
is interesting to note that when Cattle bgrets first came to
North America, they may have migrated north with groups of herons
and nested in similar areas. Crosby (1972), Burger (1978), and
McCrimmon (1978), found Cattle Egrets at two separate locations
nesting amony several other species of herons and egrets. Cattle
Egrets, however, arrive at nest sites later in the season than
all other species, thereby avoiding some of the early spring
storms which can destroy many nests (Weber 1975). They also
avolid the initial competition between species over preexisting
nest sites and materials for new nests. Apparently, upon arri-
val, they otten occupy and repair old or abandoned nests; how-
ever, Burger (1978) noted intense competition and fighting over
nests by Cattle Egrets with other species, perhaps due to the
small number of available nest sites in the study area.

McCrimmon (1978) observed that Cattle Egrets arrived at a heronry
over time in limited numbers, thus reducing the potential for
competition tor nest sites, When building their own nests,
Cattle bgrets were less selective and built smaller nests than
those of other species, and laid eggs soon after nest completion.

Nestiny periods tor Cattle Egrets are long, perhaps to reduce

the loss of all younyg birds trom a single event, such as a storm
{(Weber 1975), sStudies by Weber indicate that an average of 2-3
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eyys are laid at <Z-day intervals, followed by about 3 weeks of
Lncubat,.on, The chicks are ted in the order that they hatch; the
largesc chicks must he satistied betore the next can feed., In
many cases, a third or fourth chick will starve to death (weher
1975%), This strateygyy seems to insure that at least one or two
will survive the nest even in the poorest feeding areas.

reedlng

Cattle kgrets appear to be one ot the best adapted teeders in
Lthe heron ramily. oune only need point to their establishment
over the entire Western Hemisphere within the past 4U years to
contirm this. ~Normally, the birds leave their resting/roosting
slle early 1n the morning and fly to areas where food may be
tound, Within lU-2U0 minutes, an entire roost may disperse to
teed in arecas as ftar as 2U kilometers away (Custer and Osborn
1978), 7Thousands ot egrets may tly in long streams to many dif-
ferent rlelas where ygrass mowers or cattle will stir up 1ncects,
Cattle attract a variety of 1ansects which are preyed upon by
Cattle bkgrets, By teeding on the insects around cattle, they
also seem to have taken a previously unoccupied niche (Fogarty
and Hetrick 14Y73). Apparently, this technigque was brought from
Africa where egrets caught insects which were near or on grazing
animals. In the U.5., they teed largely on orthopterans (grass-
hoppers, crickets, etc.), tlies, and other species by walking
alonyg side yrazing caltle {Burns and Chapin 19692). Wwhen no
cattle are nearby, they are able to ftorage for insects in a vari-
ety ot areas such as pastures, garbage dumps, and caterpillar
intestations (Buryger and Gochtrield 1982),

Also, cases have been documented where, tor lack of cattle to
stir up 1nsects, egrets utilize a method of "leap-frogging" to
cause 1nsects to tly. While one group foraged, the other tlew
over the heads of the tirst, whipping up the grass with their
wings and causing 1nsects to stir (Fogarty and Hetrick 1973,
welse and Crawford 1974),

In addition to 1nsects, Cattle Egrets also feed opportun-
istically on vertebrates, such as small frogs, lizards, and
snakes (Jenni 1Y73). Thus, it 1s clear that Cattle Egrets are
adept at tinding whatever tood 1s available. Such successful
feeding behavior has led some to investigate means of habitat
moditication to exclude the birds from areas such as airfields,
Wwhitesell (1983), ror instance, examined the effects of ygrass
height on Cattle Egret fteeding. Many Alr Force bases presently
spray i1nsecticide or ailrfields to reduce bird-attracting insect
populations, A knowledge of Cattle tgret feeding habits would
certainly be helpful 1n determining methods of reducing their
numbers around alrports.
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POPULATION LEVELS

since -helr establishment in the early 1950's, Cattle Egrets
have moved lnto practically all sections of the U.5. Their num-
bers have increased signiticantly, and growth curves indicate
that until recently, they appear to have moved into a virtually
unlimited environment (Bock and Lepthien 1976). Christmas bird
count studies show that wintering populations of Cattle Egrets in

rlorida and along the Gulf Coast have ygrown exponentially until

1971, atter which there has been a decline (Larson 1982). Expla-

nations ot the reduced count are varied. Since Cattle Egrets
migrate south tor the winter to ygult states, deaths during
severely cold winters ot the late 1970's might be the reason for
the drop ott; or numpers may be reduced because of shifts in bre-
edinyg habits due to the drailnage ot wetlands tor commercial
development 1n Florida. Another suggestion is that there is no
decrease at all, but that the birds have merely migrated to South
America instead, to avoid winter population pressures (Larson
lyvZ, Browder 1973). This seems guite possible, as other survi-
val strategiles (e.g., breeding and teeding) reduce competition,
and Cattle bkgrets have the ability to migrate great distances.

It this 1s the situation, and egrets are indeed increasing, lar-
Jger tlocks will result, causing roosts to expand and more birds
tor aircratt to contend with. Airfields, with their large expan-
ses Oof 1nsect-intested yrass, may become significant attractants
to egrets looking tor tood. In any case, we do not yet know what
1s really happening to the birds; and as Larson (1982) points
out, Cattle kEgret population studies over the next 1U-20 years
should determine whether the population is decreasing or begin-
nlny to stabilize,

CATITLE EGRET STRIKES RECORDED ON AIR FORCE AIRCRAFT

The Threat

Air Force aircraft experience several thousand bird strikes
each year causing millions of dollars in damage and aircraft down
time. Pilots may also be threatened, if birds 1impact the wind-
screen or canopy. In addition to flying “normal" altitudes,
similar to commercial airliners, Air Force aircraft are tasked
with tlying along military low-level routes and low altitude
training areas., Speeds exceeging 400 knots at 100-50U feet above
yround level are not uncommon tor these flights. A lZ-ounce
Cattle kgret can do a great deal of damage at high speeds. For
instance, in April 1982, an F-1U6 Air National Guard aircraft
trom Jacksonville FL collided with a flock of Cattle Egrets while
tlying a low=-level route. At least one bird entered the cockpit,
1mpacting the pilot and causinyg injury. Other birds were 1nges-
ted 1nto the engine and i1mpacted parts of the plane, resulting 1n
a total damage cost of over $13,000.
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Another vulnerable time tor aircraft is during takeoff and
landing, when thrust and alr speeds are ilmportant to sustain
tlight. Cattle Egrets normally tly at low altitudes when moving
to and trom roosting/nesting sites, or when in search ot feeding

areas. Should a jet aircraft lose an engine during takeoff due
“to Cattle Egret ingestion, it is not likely that there would be
sutticient alr speed to turn around and land.

Airfields provide excellent habitat tor Cattle kgrets. Usu~

 ally they are built away from urban areas because of aircraft

nolse (to which bird habituate), and have large, uniform areas of
yrass, providing egrets with suitable habitat to search for
insects, bSeveral Air torce bases in the southern U.S, have docu-
mented Cattle Egret problems, mostly during the spring and fall
months, when they roost or teed on the airfield (Godsey 1977).

The Dbata

The Bird/Alrcratt sStrike Hazard (BASH) Team at Tyndall AFB FL
i1s tasked with maintaining records of all Air Force bird strikes
worla-wide., Between 1976-1983, 23 Cattle Egret strikes were
recorded, plus 3U suspected strikes, worth over $2.8% millicn 1In
damage. All but three of these were 1n southern U.S. bases; the
others were 1n Panama (1) ana Japan (2). 0Of these, 21 impacted
or were 1ngested 1nto the engine, and six hit the windshield/
canopy with two penetrations. All confirmed (Cattle Egret strikes
were at altitudes below 3,000 teet above ground level., Over halt
ot the recorded strikes were within the airdrome environment.
Takeofts accounted tor seven ot these. Eight strikes were loca-
ted on ranges or alony low-level routes,

With such a small amount of data, we can only speculate on
ways to deal with these birds, Cattle kEgret strikes are very few
when compared with gulls, for instance, which were involved in
70Y strikes tor the same time period. 5till, Cattle Egrets
account tor almost all of the strikes at some bases, and must be
managed. For these bases, egrets on or adjacent to the airfield
present a tremendous hazard to tlying. With almost three million
dollars in damage attributed to the birds, the Air Force has
cause tor concern.

CASE STUDY

Almost halt of all Air Force bird strikes occur in the air-
drome environment (Gillespie 1980, Kull 1983). With this in
mind, the BASH Team frequently conducts surveys, at the recuest
ot Alr torce installations, to aid in reducing the attractiveness
ot airtields to birds, We visited Homestead Air Force Base FL,
where personnel notitied us that thousands ot Cattle Ekgrets were
roosting adjacent to theilr runway, posing a ma)or threat to safe

o R - PR . oo
fiying activities.
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when we arrived on 8 Sept 82, we saw over 2,000 roosting
Cattle Egrets within 500-600 feet of the runway in willow trees
2U-30 teet high. The roost was located in water 2-3 feet deep
and in a 30U by 150 foot area. We observed egrets entering the
roost from two directions (010° and 230°) between 1745 and 1930
hours. They lett the roost between 0645 and 0730 hours using the
same routes. We did not determine why only two general routes
were taken. However, we assumed that farmers were discing their
fields and egrets were going out to feed in those areas.

At approximately 1700 hours on Y September, we began removing
trees from the roost with a chain saw. This process was very
slow, and by the time birds started to arrive at 1800 hours, only
a very tew had been cut down, owing partly to the difficulty in
our moving through the water in hip-boots. As birds arrived,
they were at tirst hesitant to land near the sound of the chain
saw, but they soon overcame this and perched about 50 feet away.
At that time we began firing l2-gauge scare cartridges at them,
which caused them to move to tall pine trees about 200 fteet from
the edye ot the roost and away from the runway. Jet aircraft
continued normal operations throughout the evening. As more
Cattle Egrets arrived at the roost, they became persistent in
trying to establish themselves, and more frequent firing of scare
cartridgyes was reyuired. We broadcast Cattle Egret distress
sounds with speakers from the top ot a truck, but by that time,
the noises of the uneasy egrets had drowned out everything but
the sound ot passing jet aircraft. Atter tiring about 300 rounds
ot pyrotechnics and successfully keeping the birds out of their
roost, we ran out ot scare cartridges and the egrets quickly
moved 1nto the roost. We killed a few birds to see if we could
continue to disrupt them, but they seemed to ignore us. Having
concluded that, with persistence, roost disruption was possible,
we gathered our equipment and departed as the egrets were
quieting down tor the evening.

In our statt assistant visit report (Kull and will 1982) we
recommended persistent harassment to disrupt tte roost. Wwe also
recommendead removal ot the trees trom the roost area. In Febru-
ary 1983, the trees had been removed from the roosting site along
the runway. In the Spring and Fall ot 1983 egrets changed roos-
ting sites to some unknown location (kushin 1983).
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SUMMARY

Cattle kEgret populations have increased tremendously over the
past 4V years, and they are well-adapted to survival ir the U.S.
Their numbers and locations pose a potential threat to ‘ir Force
alrcratt; however, only continued studies can provide aaything
conclusive. Brief observations and attempts at dispersal ofter
an lndication that roost disruption is possible using scare tac-

"tics; and roost removal can be successful using habitat modifi-

cation.
CONCLUSTION

This paper has presented a short overview of th: Cattle Egret
Sltuation as seen with respect to Air torce bird strikes. Cattle
bEyrets will continue to be attracted to airfields in their search
tor tood andg will continue to present a hazard to aircrafet.
lnsect control and habitat moditication offer partial solutions
ter airrdromes, but more study 1S needed to reduce egret hazards,
zspecially along low-level routes, Awareness is thce first step.
Through the combined ettorts of researchers and airfield person-
nel, these problems can be reduced.
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BIRDS ON AIRPORTS : THE REASON FOR THEIR PRESENCE

. Mr. Marc Laty

Biologist (Civil Avia)
Ser.Technique de la Navigation
Aérienne au C.R.N.A,S.E

21 Av. J. Isaac
Aix-en-Provence, FRANCE 13617

SUMMARY

This audio-visual setting is aimed at explaining the reason which
make airports attractive for birds. The factors considered are the pre-
gsence of food sources, shelter and relative peace. The setting is meant
for persons in charge of managing and maintaining airports.

Making airports and their surroundings inhospitable for birds that
is one of the goals pursued to reduce the risk of bird ingestion or bird
strikes on aircraft.

But the presence of birds on the airport grounds and in the vicinity
is never due to chance. It résults from the needs that they must satisfy
toc ensure their survival

The result is a situation of conflict, as well as encounters -
sometimes grave - which endanger the safety of aircraft, passengers and
crew.

Knowing the present causes for the presence of birds and forecasting
the future causes can make it possible to eliminate certain attractions
of the airport environnement for bird populations.

Airports present vast open spaces, free of all obstacles. This open
environnement is particularly suitable for certain birds species : Black-
headed gull, Lapwing, Buzzard, Starling, Black-kite, Partridge, Montagu's
harrier, Rook, Stone-curlew, Herring gull.

THE NUMBERS OF BIRDS PRESENT ON THE AIRPORT GROUNDS AT ANY ONE TIME e
DEPENDS UPON NUMEROUS FACTORS : e -i

]

The Season '
At Toulouse-Blagnac, the lapwings are prescnt from october to march. .
The Geographical Position )

®

From their grounds in the Camargue region, flamingos make frequent in-
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cursions into the Marseilles-Marignane airport.

The Environment

The proximity of a source of food, such as the upwelling of a sever dis-
charge, causes massive movements of Gulls across the runways of Nice-Cote
d'Azur airport.

Nature and state of the ground

Ducks and teals are attracted to the marshes of the poorly drained bot-
tom land at Roissy-Charles de Gaulle.

Meteorological conditions

In the presence of high winds and heavy rain, sea gulls move inland and
take refuge on airport grounds.

Airport activity

In the absence of traffic sea gulls land on, and remain on parking
aprons.

SOURCE OF FOOD, EXISTENCE OF SHELTER AND RELATIVE TRANQUILITY
PRESENCE OF BIRDS.

Source of food

The unused zones on the airport grounds are not subjected to agrosani-
tary (pesticid) treatments. Consequently rich in small prey, they attract
numerous bird species :

The starlings find larva and insects.
The buzzard captures small mammals.
During plowing, the soil's microfauna provides choice meals fcr gulls.

Insects, nested eggs, and small mammals are exposed by mowing ; birds
of prey profit 1~om this windfall.

Starlings are particularly on the lookout for the seeds of wild and do-
mestic plants., 4

The corpses of animals killed by aircraft attract crows and raptors.
Nocturnal insects killed by marker lights are apprecicted by crows.

Other insects are actively chased in flight by swifts swallows, and
black-hesded guils.

The pasturing of sheep t an increase in certain insect, populations,
which in turn draw lapwings, starlings, gulls, swifts, and swallows to the
airport area.
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Basins, ponds, marshes, and wet zones all are favorable to the presence
of birds.

Existence of shelter

‘The vast open spaces found on airport grounds offer preferred "rest areasd'
for certain bird species, such as the little bustard and the gloden plover.

~ The runways, the taxiways, the aprons, and fields in freshly plowed or
-seeded state, all are privileged landing zones for black-headed gulls and
hering gulls.

For species preferring cover, such as partridges and pheasants, grain RERRRRA
fields, including wheat, corn and sorghum, and colza fields are highly ap- LT
preciated. = R

¢ *«‘,x:..-;”-‘

Beacon poles, masts, and antennas ; power-supply shelters ; and fences L
all serve as slieltzars, perches, and lookout towers for nocturnal and diur-
nal raptors.

Finally, the airport buildings themselves often offer excellent shelter
to certain hawks, starlings, sparrows, and swallows, of course.

Relative tranquillity

This is evidently present for the birds, becouse the human activities on
the airport grounds are accomplished in vehicles on the roads and runways,
construction or agricultural machines, and aircraft, of course.

The presence of man as an isolated silhouette associated with a menace
for the birds 18 generally excluded, wich is not the case outside the air-
port environment,

All in all, the airport is almost a refuge for the species that are ca-
pable of rapidly adjusting to the visual and acoustic perturbations common
to airport activites.

However, the very presence of all of these birds on or near the runways S
must be considered as a veritable obstacle to safe operations. More com~ - °
plete knowledge of this obstacle will certainly make it possible to improve it
the safety conditions. C
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LA PRATIQUE DE LA FAUCONNERIE COMME MOYEN DE DISSUASION SUR UN AEROPORT

Mr. Marc LATY, Biologiste

Service Technique de la Navigation
Aérienne au C.R.N,A/S.E.

21, avenue Jules lsaac

13617 AIX-EN-PROVENCE CEDEX

RESUME

Les résultats obtenus sur la Base Aérienne d'Istres le Tubé avec
1'Autour des Palombes (Accipiter gentilis) contre les Goélands argentés
(Larus argentatus) et sur 1'Aércport de Toulouse-Blagnac avec le Faucon
pélerin (Falco péregrinus) contre les Vanneaux huppés (Vanellus vanellus)
montrent que la fauconnerie peut &tre employée avec succés comme moyen de
dissuasion sur un aéroport. Cela, & condition que sa mise en pratique soit
: conduite en fonction du cas particulier de l'aéroport considéré et de 1'es~
‘ péce d'oiseau indésirable,

e .. e

l La présence d'une espéce d'oiseau sur un aéroport peut &étre considé-
rée comme le résultat d'un choix entre différents sites possibles. Le jeu
des exigences biologiques spécifiques du moment place alors 1'aéroport au

3 sommet de la hiérarchie.

% L'attrait de la plate-forme aéroportuaive s'eserce au travers de

ﬁ l'existence de trois facteurs fondamentaux : la tranquillité relative,

o l'existence d'abris et la présence de nourriture. Du premier de ces trois _

B facteurs dépend 1'exploitation des deux autres. s

= En agissant sur le facteur primordial qu'est la tranquillité relati- B

cy ve, il est possible d'induire les ciseaux 3 rechercher hors de 1'aéroport A -

l: de meilleures conditions d'accueil., La fauconnerie peut &tre considérée e :

- comme un moyen de créer un tel cliwat d'insecurité. )

- Dans ce but, une section de fauconnerie & été mise en place sur la R

- Base Aérienne d'lstres-le Tubé et une expérience ponctuelle de 6 mois a été IR

.i tentée sur l'Aéropurt de Toulouse-Blagnac. RN

L]

R Ce sont les premiers résultats de ces deux axpériences que uovs al- L
long relater ici.
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RESULTATS OBTENUS A L'ENCONTRE DES GOELANDS ARGENTES SUR LA BASE AERIENNE
D'ISTRES. S '

Les Goélands argentés (Larus argentatus) sont des oiscaux puissants
dont le poids varie entre 800 et 1300 grammes.

A Istres ces oiseaux survolent la plate-forme au cours des transits
bi-quotidiens entre les dortoirs et la source de nourriture constituée par
une décharge d'ordures ménagéres.

A partir du mois de février jusqu'a la fin de juillet, les immatures
se regroupent en bandes et se posent, une fois repus, sur des endroits dé-
gagés. Ils affectionnent la base aérienne et il n'est pas rares d'en voir,
rassemblés, plusieurs centaines sur la piste ou les voies de circulation.

De nombreuses collisions se sont produites dans ces conditions.

Autour contre Goélands.

Afin de faire fuir et de dissuader les Goélands de stationner sur la
base, la femelle d'Autour des Palombes (Accipiter gentilis) s'est avérée
étre l'oiseau de fauconnerie le plus performant.

Dressé 3 jaillir d'ur véhicule en marche utilisé par le fauconnier,
1'Autour attaque les Goélands posés, les obligeant & s'élever et a fuir
pour se mettre hors de portée du prédateur.

L'Autour ne poursuit pas trés longtemps les Goélands et s'éleve peu
mais les attaques trés rapides et la soudaineté de son intervention provo-
quent un affolement caractéristique. La prise d'un Goéland par 1'Autour
n'est pas toujours la conclusion d'une attaque. Lorsqu'elle se produit, la
prise augmente considérablement 1'effroi du reste de la bande. La panique
se manifeste alors par un vol tourbillonnant, avec prise progressive d'al-
titude au-dessus de 1'Autour posé sur la proie, puis par le décantonnement
de la bande.

De fagon concomitante, la réaction de fuite accompagnée de 1'émission
de cris d'alarme par les oiseaux attaqués est pergue par les autres groupes
de Goélands posés plus lnin. Bien qu'ils n'aient pas subi d'attaque, ces
oiseaux alertés prennent leur essor et fuient. Des envols et des décanton-
nements en chaine sont ainsi provoqués & partir de 1'intervention de 1'Au-
tour.

Cette réaction de fuite a l'attaque de 1'Autour dressé a cet effet
est caractéristique du comportament des Goélands argentés : assutés de trou-
ver aux alentours de nouveaux endroits pour se poser, ils n'hésitent pas a
quitter la base sur laquelle ils ont ressenti une certaine insécurité,.

1

Avantage de l'utilisation de 1'Autour

~ taille ¢t puissance en rapport avec celle des Cnélands.
- tactique de protection généralemeunt adoptée par 1'Autour qui neutra-
lise la défense du Goéland en le saisissant par le bec et le cou,
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= rapidité d'utilisation et de reprise de 1'Autour aprés un vol d'at-
‘taque ce qui permet une grande souplesse d'intervention et une gran-
de mobilité opérationnelle sur la plate-forme,

- possibilité de dissuader les Goélands qui transitent, de se poser
sur la piste, en pratiquant des vols de rappel de 1'Autour prés des
wem o AKeS.

Mission du fauconnier sur la Base d'Istres.

- -+ - - La presence de Goélands étant fonction du lever ¢t du coucher du so-
" leil, de la saison et des conditions météorologiques, le travail du faucon-
nier est adapté en conséquence & l'activité aéronautique de la base.

~ chaque jour, vers 17 h, le fauconrier s'informe de 1'heure du pre-
mier décollage et des prévisions météorologiques du lendemain.

~ chaque matin, le fauconnier fait une inspection de piste préventive,
30 wn avant le premier mouvement d'avion.

-~ pendant la matinéde, il recherche, localise et harasse les Goélands
autour des Pistes et voies de circulation. Si besoin est, il poursuit les
oiseaux au dela de l'emprise aéroportuaire. Si aucune manoeuvre de dissua-
sion n'est nécessaire, le fauconnier entraine son Autour a la capture de
Goélands qu'il lache a2 son intention.

- durant la journée, le fauconnier fait une ingpection accomp:gnée
d'une dissuasion s'il y a lieu, avant chaque atterrissage ou décollage de
gros porteur et en particulier de ravitailleur en vol.

- pendant les trois derniéres heures de la journée, il recherche, lo-
calise et poursuit les rassemblements de Goélands qui auraient tendance a
se constituer en pré—-dortoirs sur la base.

~ 4 tout moment de la journée le fauconnier intervient bien évidem-
ment en tout point de la plate-forme & la demande du contrdleur.

Résultats obtenus.

Depuis la création en Mai 1980 de 1a Section de Fauconnerie, le nom-
bre de collisions a réguliérement diminué jusqu'a &tre nul en 1983, Pendant
la méms période, 1'activité aérienne de la Base d'Istres-Le-Tubé est restée
sensiblement la méme.

RESULTATS OBTENUS A L'ENCONTRE DES VANNEAUX HUPPES SUR L'AEROPORT DE TOULOUSE-
BLAGNAC.

Les Vanneaux huppés (Vanellus vanellus) constituent sur 1'aéroport de
grandes bandes pendant 1'hivernage. On a pu en observer jusqu'ad 8000 cer-
tains hivers aux conditions climatiques défavorables a l'espece, plus au
nord.
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D'un poids compris entre 200 et 300 grammes, ces oiseaux peuvent deve-
nir tres confiants sur l'aéroport lorsqu'ils n'y sont pas pourchassés. Dans
le cas contraire, ils acquiérent vite une grande méfiance.

Toutefois, le nombre de collisions sur ce terrain demeure relativement
" faible, compte tenu du nombre d'individus présents. Par contre, une colli-
sion aux conséquences catastrophiques est cependant & redouter. La compaci-
té des vols de plusieurs centaines de Vanneaux peut faire craindre de mul-
tiples impacts et une perte de puissaunce irrémédiable au décollage.

Ce sont les raisons pour lesquelles la fauconnerie a été expérimenté
sur cet aéroport a l'encontre des Vanneaux au cours de l'automne-hiver 1983-
84, :

Faucons pélerins countre Vanneaux.

1L'espéce proie connait de facon innde le vol d'attaque du prédateur.
Elle sait adapter son processus de fuite 3 cette manifestation.

C'est ainsi que les Vanneaux cantonnés sur 1'Aéroport de Toulouse-
Blagnac ont acquis la notion d'insécurité. Ils ont associé 1'approche du
véhicule de fauconnerie a celle d'un danger redoutable. De jour en jour,
leur méfiance a été plus grande et la distance d'envol plus importante. De
ce fait le handicap en défaveur du prédateur laché du véhicule de faucon-
nerie a été de plus en plus préjudiciable.

Une fois sur 1l'aile, les Vanneaux ont adopté comme procédure de sau-
vegarde de s'élever rapidement. Cela, afin de se sounstraire a 1'attaque du
prédateur.

Grace a leur surface alaire et 3 leur faible poids, les Vanneaux mon-
tent aisément, beaucoup plus vite que le Faucon pélerin (Falco peregrinus),
oiseau de haut vol. Ils se maintiennent ainsi hors d'atteinte de ce dernier
qui doit les dominer avant de les attaquer. Dans ce cas, le faucon perd
confiance dans la possibilité de conclure une attaque et abandonne la pour-
sylte.

Les Vanneau¥ restent cependant en vol et tourncient en altitude au-
dessus de la plate-forme sur laquelle ils seraient préts 2 se reposer sitdt
la source de perturbation éloignée.

L'adoption, par les Vanneaux, de cette position de rempli en altitude
peut étre considérée comme 1'étape transitoire dans le processus de dissua-
sion recherchée. En effet, une fois ce refuge adopté, la présence continue
des fauconniers et de leurs oiscaux en vol, entretient une pression de per-
turbation telle que les Vanneaux se sentent constamment agressés. Maintenus
en vol, ils sont dans 1'impossibilité de se nourrir et de se reposer.

L'aéroport a ainsi acquis un climat d'insécurité aux yeux des Vanneaux.
Les conditions d'accucil offertes 3 1'extérieur de la plate-forme sont dé-
sormaic acceptables. Les Vanneaux indésirables sur 1'adroport vont s'en ac-
comoder.
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L'attrait ‘ntrinséque & 1'aéroport, exercé par l'existence d'abris et
la présence ¢ icurriture, demeure cependant. Si bien que, pour perpétrer
les résultats po.itifs obtenus de jour en jour par la fauconnerie il est
nécessaire d'exercer une pression de perturbation continue.

La réalisation du scénario précédemment décrit a été réitérée chaque
jour & 1l'encontre des Vanneaux qui avaient tendance & s'installer sur la
plate-forme ou a y revenir. Cela a nécessité une présence opérationnelle

constante accompagnée d'une vigilance soutenue de la part des fauconniers.

La difficulté de pouvoir engager une poursuite dans de bonnes condi-
tions a conduit A 1'abandon de 1'Autour au profit du Faucon pélerin. Méme

parmi ces derniers, tous n'ont pas été d'un comportement utile & l'effarou-
chement des Vanneaux.

Les Faucons pélerins les plus performants sont ceux qui témoignent
d'une grande aisance pour monter rapidement et d'une grande opiniatreté
dans leur agressivité vis-a-vis des Vanneaux.

Résultats obtenus.

A titre comparatif, la Base Aérienne de Francazal proche de 1'Aéro-
port de Toulouse-Blagnac a servi de terrair *imoin de la présence des Van-
neaux dans la région. Alors que les Vanneaux sont restés présents en grand
nombre sur la base militaire ou seul?s les moyens pyrotechniques étaient uti-
lisés, ils ont été maintenus hors de 1'Aéroport de Toulouse-Blagnac grace
a la pratique soutenue de la fauconnerie.
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CONCLUSION

A

Lorsque de grandes bandes d'oiseaux sont p! ‘s ntes sur un aéroport,
elles y sont soit pour de nombreux jours et c'est . cas d-~g Vanneaux en
hivernage, ou bien s'y trouvent seulement de fagon occasionnelle comme les
Goélands argentés au cours de leur erratisme journalier.
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Un rapace sauvage, tel qu'un Autour des Palombes ou un Faucon pélerin,
peut vivre sur le site et exercer une prédation au dépend des rassemblements
. d'oiseaux. Suivaat 1'espéce et la motivation de sa présence, 1'attitude adop-
Y tée par les oiseaux agréssés est bien différente.
- De la connaissance des réactions de l'espéce proie, 3 la prédation
- exercée par un rapace sauvage, peuvent étre tirées des procédures permettant
|- a la fauconnerie d'améliorer considérablement les conditions de sécurité
- pour les mouvements d'avions.
N
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Toutefois, il faut garder & l'esprit que, dans la nature, la chasse
du prédateur sauvage ne vide pas le territoire de l'espéce proie. En effet,
pour assurer la perennité de l'espéce, le rapace sauvage préléve les proies
qu'il lui faut en quantité qu'il convient. De ce fait, la prédation exercée
au dépend d'une méme population de proies est sporadique. De longues pério-
des de coexistence pacifique témoigner- de la connaissance de ce modus-—
vivendi par l'espéce nroie. Cela se traduit par une certaine accoutumance
a la présence du prédateur.

Prenons deux exemples :

Une bande de Vanneaux installés sur le terrain subit la prédation
d'un Faucon pélerin. Elle n'abandonne pas ce dernier pour autant : elle
est indifférente & 1'égard du prédateur tant qu'il ne se montre pas agres-
sif. Elle éprouve une véritable panique au moment de l'attaque et fuit vers
une remise au sol ou en altitude. Sitdt l1'attaque conclue par la capture
d'un individu, le reste de la bande se contente généralement de se tenir a
distance du rapace plumant sa proie.

Cette attitude est caractéristique des oiseaux dépendants des condi-
tions offertes par 1'aéroport : nourriture, abris, tranquillité.

Si malgré les attaques du prédateur, le terrain reste au sommet de la
hiérarchie des sites possibles exploitables par les Vanneaux, ces derniers
continueront & y séjourner. Cet attachement au site aéroportuaire sera d'au-
tant plus grand qu'a cette période de 1l'année, le Vanneau fait partie des
oiseaux considérés comme gibier dans notre pays.

Suivant la pression de chasse et le niveau des perturbations d'origi-
ne humaine exercées a son encontre a l'extérieur, la bande de Vanneaux trou-
vera sur la plate-forme, des conditions d'existence acceptables malgré la
présence du prédateur naturel.

Par contre, un groupe de Goélands argentés aura tendance a abaadonner
le terrain sit3t l'attaque d'un Autour des Palombes sauvage. Les oiseaux

recherchent alors plus loin, une nouvelle source de nourriture et un nouvel
abri.

Ce comportement reflete le caractére opportuniste des Goélands argen-
tés. Ils se libérent aisément de leur dépendance vis-a-vis du site. Cela,
avec d'autant plus de facilité que leur statut d'espéce protégée leur assu-~
re une grande tranquillité hors de 1'aéroport.

Ainsi, des conditions cffertes aux oiseaux hors de l'emprise aéropor=-
tuaire et de l'attitude naturelle des oiseaux vis-a-vis des prédateurs,
dépendent les moyens a mettre en oeuvre et les tactiques a adopter pour les
dissuader d'y séjourner.
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Par conséquence, la pratique de la fauconnerie comme moyen de lutte
contre la présence d'oiseaux dangereux doit &tre conduite en fonction du cas
particulier de 1'aéroport considéré et de 1'espéce indésirable. Les résultats
obtenus sur la base aérienne d'Istres-Le-Tubé avec 1'Autour sur les Goélands
argentés et sur 1'Aéroport de Toulouse-Blagnac avec le Faucon pélerin sur

~les Vanneaux huppés sont 13 pour en témoigner.
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’{ ¢:> CONTROL OF MAMMALS AT AIRPORTS

8 N.S. Novakowski®

- Associate

"~ { Thurlow & Associates
. ‘:’ Environmental Control Consultants (1981) TLtd.

% ‘ P.0. Box 2425, Stn. D, Ottawa, Ontario, Canada KIP 5WS
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X Airport designers and planners, when considering the natural environment
B within and around the airport, have two options. Those options are: to
create as sterile an environment as possible thereby excluding fauna, or to
create an aesthetically pleasing environment, a pride to both city and
traveller, with all the attendant problems of pest control required for safety: S
In effect an artificial ecological island. Design considerations can be e
devised to include landscaping models which exclude some mammals and meet
aesthetic requirements. Technological means to eliminate or repel mammals
from airports such as trapping, chemical repellents, removal of attractants,

) aversive conditioning, and mechanical or electronic scaring devices are now R
available and their relative value has been reviewed. A *~~?.¥—'~'—-
N It is unrealistic not to anticipate problems. If the above-mentioned
technology is employed, ad hoc measures such as human intervention (patrols)
may be considered. This method tends to be costly in terms of ruarn-power and
time and is somewhat unreliable as well. The problem of control of mammals
exists in many airports, particularly in more isolated areas or in the
N - environs of high productivity wildlife areas. It is a problem which cannot
. be ignored and whose solution would benefit both human and wildlife interests.

Introduction

- Given that any major airport site will be designed as an entirely

N artificial environment, in order to avoid mammal problems it must also be
N - designed as a sterile environment. Architects and engineers, however, have
e a penchant for landscaping the surrounding terrain or for locating the
airport in a scenic place so that travellers can get a good first impression

g of the area served by the airport., This kind of attitude, though very
natural, spells trouble in the long run, Further, there is a strong tempta-
tion for airport managers to put all the vacant land not required for runways
Lt to some useful purpose. As a result, trees, grass, and hay or cereal crops
) are grown, thereby attracting mammals, large and small. Any or all of these SRR
y combinations is a val mix for aircraft. . @
- There are two apparent options available to increase air safety at
airports. The first, although not aesthetically pleasing, is to create a
"cordon sanitaire” or biological desert, at least around thc runways, if not X
} = on the entire site. The second is to create en artificial ecological island o
-y where puast species only need be controlled. .9
o it St DL .
:: * Formerly, Canadian Wildlife Service, Government of Canada, Ottawa.
.-.;'f
-‘ *
“
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To create the first situation is not technically or technologically
difficult, provided such measures as the use of lethal chemicals, chemo-
sterilants, trapping, hunting (shooting), and baiting among other such
Draconian measures are permitted by federal, state, or county Jaw. There is

. some question as to whether modern western society accepts such measures,

. particularly as they pertain to lethal chemicals (Peters, 1974). Notwithstan-
N ding this concern, some "closed system™ eradication procedures could be tried,
- the major considerations being the prevented ingress of new animals to fill

B the vacuum and the prevented egress of chemically-poisoned animals to avoid

] secondary poisoning. Drainage systems must also be internalized to avoid
. broad dispersion of harmful chemicals through surface run-off or ground-water
- flow.

It may be that such a neutral or sterile state can be never be achieved,
) except at great expense, and that the aritficial ecological island concept .
I may require fewer resources and be self-sustaining. Such an "island' would e ]
' eliminate those species which could conceivably be a threat to aircraft. Such '
species include all the ungulates and larger predators, including bear, wolf
and perhaps coyote, and those small mammals that usually attract birds.

p

Several problem mammals have been identified (Green 1981). These include o ,,i

>, moose, elk or wapiti, deer pronghorn antelope, coyote, hare and rabbits, and o 1
bats. Wolves should also be included, for, although they are not found in

the continguous United States (except for the Superior National Forest area

in linnesota and the Yellowstone National Park area in Wyoming), nor in the o

settled parts of Canada, they do pose problems in northern Canada and Alaska SR

by chewing electrical cables and snapping at landing lights, :

Many of the small mammals, ground-squirrels, voles, and mice, attract
birds and predators. However, it is this mix (small mammals - small predators)
that shows the best promise for the development of the Martificial ecological
island" concept.

Lo

7 a8

Site Selection and Design

Many of the airports of North America, and perhaps elsewhere in the
p world, have already been built, but many are in a constant state of terminal :
- or runway extension or rejuvination. Some, even yet, remain as "white -
- elephants™, built before their time. One such facility in the planning stage, '
opted for a sterile environment within the airport zone proper but with plans
for a zoo distanced a drive of approximately 15 minutes from the terminal
N building. Air travellers with hours to kiil between flights would probably
t} prefer to see their animals that way rather than roaming around the runway.
Given time, each airport should have, as a matter of record, an inventory of ) .
ii the species within the perimeter of the airport proper with an indication of . '

which are undesirable to airport authorities, namely those dangerous to

aircraft.

Preventive Measires

lhe perimetcr of most established airports serving the larger cities ot ®
North America is usually fenced to keep out larger species of mammals.
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rencing is expensive and, as a result, it is not usually erected around
smaller airports or northern airports, Moose, in particular, have a certain
disdain for the standard 8~foot chain-link or paige-wire fence. Deer, on
a good day, can easily jump it, Snow-drifts piled against the fence (chain-
link more so than paige wire) make it easier to traverse. Nevertheless,there
are increasingly better designs for deer - proof fencing such as the short-
long obstacle fence used by orchardists in Nova Scotia, or the flexible ST
electrified fences now in use at some airports in the United States. For LR

PSRRI, s 83 L AL . a e e e

those airports without fencing, repellents such as Hinder, for example, are R
the only solution other than the use of expensive trapping and removal . »‘
techniques. Hunting, particularly out of season, is not socially acceptable, . ;:_-A

although an harassed airport manager can get special authorization for this
in certain circumstances. A number of other methodologies have been tried
or suggested:

3. Manual scaring devices or dogs under control,

! 1. Aversive conditioning - adding a distasteful substance to the normal food A
: of animals so that the target animal learns to avoid it as a conditional

- avoidance response. ‘
N . .
° . . . . - b
K 2. Electronic or mechanical scaring devices, RN
-t P Y
R N

4. Removal of attractants. R

5. Biological control - manipulation of the habitat to provide a low-quality
i food source for all herbivores and seed eaters. This would include .
- planting of trees and grasses not normally the food of the local herbivores ' e
(Mullen and Rongstad, 1978); the alteration of the soil base to decrease
X fertility; and dewatering to drop the water table out of reach of olants.

N
e .Aa A %Y

-
s L .
te'la ..

All of the methods alluded to are acceptable tec society provided that
they are humane, or perceived to be so. Nevertheless, it is not always the
persistent problem but rather the non-recurring or seldom-occuring problem
that continually nags at the back of the airport manager's mind., On a sunny L
but cold winter day, caribou will wander onto a black-topped runway for warmth. L
Foxes and wolves are attracted by landing lights which give off some heat, RN
causing damage to them. Lighting cable is vulnerable to a host of animals :
including gnawing species (rodents) and biting and chewing species (canids). . o
Feral animals, dogs, cats, and other livestock may pose even greater problems
because of earlier habituation to man and his works and for this reason are not o
so easily alarmed. The list is seemingly endless but fortunately not all the e
problem mammals occur at the same airport at the same time. :

~
ot

LR

In conclusion, it is evident that the impact of mammal pests on airports, T
and particularly on aircraft safety, should not be taken lightly. For the '
future, there are many areas cf research yet to be pursued in this field.

Until then, problems will continue,
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DEER CONTROL USING 7 STRAND VERTICAL FENCE
by Darel Smith and Dick Kearley

Advanced Farm Systems,. Inc.
Techfence South
Route 2, Box 55

Hawthorne, FL 32640

Many types of fences have been tried over the years for deer
control with varying amounts of success. Virtually all fence designs
have experienced some deer penetration and most have been quite
expensive. The 7 strand vertical fence is working very well and is
cost effective. Small areas (5 acres or less) would cost $.74 per
foot while larger areas would cost about $.48 per foot for materials.
These figures vary from site to site.

Site preparation is essential. A path 20 feet wide should be
cleared by mowing or bulldozing. If land is very rough, bulldozing
really aids in construction and effectiveness of the fence. The
smoother the right-of-way the better the fence, as the favorite way
for deer to penetrate is by crawling under at a dip in the ground.

Approaches to the fence should be clear 6 to 10 feet back on both
sides. This area should be maintained by mowing or herbicide
application., If weeds and brush are allowed to grow up on the fence,
the fence appears to be a physical barrier and deer will jump it. The
fence works because deer think they can go through, and in the process
get shocked and decide to find better things to do.

This fence must be constructed of 12% gauge high tensile steel
wire, class 1I1 galvanized, with a breaking point of 1700 1bs. Any
lesser wire may break when deer hit it. Each wire is pulled to 200 -
250 1bs. tension with a device called a strainer or winch. With wires
this tight we can extent post spacing up to 120 feet apart for posts
in the ground and battens (float on top of the ground) may be placed
every 40 feet; closer if ground is uneven. In-line posts and battens
can be wood or fiberglass, Fiberglass is easily installed, is strong,
rot free and self insulated.

Wire spacing is crucial. The first wire is on the ground, the
second is 8 inches above this and the other 5 wires are spaced 10
inches apart the rest of the way up the fence to yield a total height
of 58 inches. Spacing too close encourages jumping. Spacing too wide
allows deer to “dive" through.

Corne-s and ends must be braced extremely well to hold the
pressures of the fence. Use properly treated wood posts and set them
with a driver wherever possible. This is a long lasting fence if
corners and ends are build correctly and the fence will seldom require
repairs,
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Springs can be used to hold tension on fence wire with a spring
in every wire., Each spring will handle 1500 feet of wire. This is
not essential but is a buffer for thermal expansion and contraction,
as well as heavy snow loads, and sudden loads occurring if deer get
into the fence.

To make this fence effective a low impedance type energizer must
be used. These energizers have high voltage and high wattage and can
carry many miles of wire with considerable weed loads and still stay
effective. Energizers of the highest possible wattage should always
be used regardless of fence size to insure a strong shock.

The Bi-Polar energizer has really made a difference in deer fence
effectiveness. The Bi-Polar puts out both positive and negative
electricity on alternating wires. (Example: On a 7 strand deer fence
the 2nd, 4th and 6th wires are positive and the 3rd, 5th and 7th wires
are negative. All wires are hot.) The 1lst wire in the fence is at
ground level and is attached to the energizer ground field as well as
to additional ground rods driven every 2500 feet along the fence line.
This is done to optimize the chances that a deer will be shocked when
it touches any wire in the fence on its initial approach. Also to
optimize the chance of 1initial shock the Bi-Polar now on the market
has a faster pulse rate; 67-70 per minute. This is 10% faster than
standard energizers and allows less dead time between pulses.

When a deer touches any wire, either positive or negative, and
conditions are such that earth return is working, the deer will be
repelled. If ground is dry, frozen, or snow covered so the deer is
not grounded or if the deer is just persistent and tries to go between
two wires in the fence, it will always receive a shock thats available
on any single wire.

The same thing can be accomplished with a standard energizer by
alternating a hot wire ard ground wire. The only thing wrong with
this s you have dead wires on the fence. Deer try to go through
fences with dead wires, as a dead wire does not shock them when they
first sniff the fence.

These electric fences are not always 100% effective but in every
fence we have been associated with damage has been taken from as much
as 100% to a very low level which the landowner can live with. If
deer are truly facing starvation or a major element of their diet is
taken from them more penetration will cccur but even under these
conditions we have not found deer jumping this fence. Even under
extreme conditions the fence excludes the majority of deer and must be
corsidered truly a cost effective method of controlling deer movement.
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AIRPORT SITE SELECTION AND DESIGN

William J. Thurlow
President
Thurlow & Associates
Environmental Control Consultants {1981) Ttd.
P.0. Box 2425, Stn, D, Ottawa, Ountario, Canada KI1P 5W5

‘Airport site selection involves a compromise among many physical factors
as wpll as those bioclogical and physical factors that affect wildlife use of
an lea.

\ﬁOnce the site is selected the design of the airport including its
drainage system, its buildings, and its ground cover can, and should be,

carried on in a way that minimizes the attraction to birds, and other species.

Agriculture on leased land on the airport as well as on adjacent land can
provide bird attractions almost as great as those provided by disposal areas
for food wastes and sewage treatment products. All of those attractions
should be reduced to the lowest possible level, by design.

Even after all the desirable steps in airport site selection and design
have been accomplished there is still a need for the design and utilization
of an effective wildlife control organization with proper equipment, staff
and motivation to be ready to deal with unexpected bird visitors or other
pest species attracted by the large open space of the airport which cannot by
design alone, be rendered completely unattractive to birds. &;_

Airport site selection usually involves a series of compromises. A
relatively level site is needed, with geomorphological characteristics that
will permit construction of runways and taxiways for heavy aircraft and
buildings. Drainage is always a factor as is the ability to support a
su_table ground cover to control erosion. Clear approaches are mandatory
as .s fre--dom from magnetic and other anomalies that can cause difficulties
in a1io co>mmunication and interfere with sophisticated apprcich path equip-
ment. “ne airport needs to be near enough to the municipality being served
to be conv nient yet not so close as to cause annoyance.

As if the items listed above were not enough to render the work of the
nlinner difficult, we must point out that, for reduction in bird hazards, a
fcw other parameters must be included. A good-quality soil should be
avoided because it supports heavy vegetation which will furnish seeds and
support populations of invertebrates and small mammals, all of which will
attract Firds. If possible, the site should not he located on major migra-
tory bird or mammal travel rcutes or near areas with a history of heavy bird
or mammal use. Such areas include marshes, swamps, and shores of rivers,
lakes or oceans.

Having said all that, it must be realized that no airport site I know
has managed to avoid all the undesirable features outlined so far. That
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means that the design of the airport, its drainage, its vegetative cover,
its buildings, and other physical items must be engineered carefully to
reduce, as much as possible, the problems of bird and mammal attraction
associated with the site selected.

Airport design requires the removal of forests and other kinds of vege-
tation wore than 20 cwm high from all parts of the field within 100 metres of
the edges of surfaces used by moving aircraft. In this way wildlife

_concentrations will be minimized in those areas of vegetation from which
they may move quickly onto or across runways or taxiways and pose a threat
of collision with aircraft.

In addition to removal of major areas of tall vegetation up to 100 metres SRR
from "active" surfaces, there must be careful control of low vegetation
(usually grasses) within 100 metres of "active™ surfaces. Frequent grass i
mowing alone is not enough. Care must be taken to maintain the vegetation . -
at a height suitable to control the birds on a specific airfield. That height
will always be a compromise between a level low enough %o prevent build-up of
small mammal numbers, to a level which attracts hunting hawks and owls - :
frequently hit by aircraft, yet not so low as to att.: act small, short-legged B
birds in flocks, which also pose a strike threat to aircraft. e

Because maintenance of grass cover at the least bird-attractive height
may require frequent expensive mowing, there have been attempts to find
suitable substitutes for grass which would be less bird-attractive and would
require less costly maintenance. Substitutes considered involved paving of
the whole airport, use of synthetic turf (as on playing fields) and the
selection of suitable non-grass cover-plants. In those studies the require-
ment of a suitable ground cover material included the following considerations:

1. Dust and scil erosion control;

2. Ability to sustain passage of wheeled vehicles;

3. Fire resistance;

4. Absence of flowers, seeds or insects which attract birds or mammals;
5. Absence of small mammal populations and habitats;

6. Absence of drainage or snow removal problems; 'fi:.édiflk

7. Low maintenance costs;

8. Low establishment cost.

Paving of the whole airport succeeded in 1, 2, 3, 4, S but failed on 6,
7 and 8., Synthetic turf failed on 3, 6 and 8. Nearly all the plant species
tried failed on 3 and 8. In the long view well-mowed grass comes nearest to e
meeting the desired requirements and therefore is most-widely used. The T
search for substitutes will likely continue since grass fails on 7 and, when \ 9
improperly maintained, may fail requirements 4 and 5. IEEIREGN
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The ground cover problem may be further complicated in unexpected ways. R
Urea, used for ice control on runways, is alsoc 8 fertilizer. The run-off is . N
concentrated along the sides of the paved runway so the grass there is N
greener, grows faster, and, on prairie airfields, harbours more and fatter
ground squirrels which in turn attract raptorial birds directly along the
runvay edges - where they are most troublesome. In certain areas, deer and
elk are attracted to this food supply in early spring.

On some airfields, routine grass mowing causes problems. Flying gulls

may follow the mower closely, ready to descend quickly to catch small mammals

fleeing the disturbance caused by the mower. Occasionally two gulls may

fight for possession of a mouse while flying low across & busy runway. We TR
had to have a second operator to ride shotgun on the mower at one prairie N
airfield to discourage gull activity. .

Next in importance after ground cover comes control of water. Open
water in ponds or ditches is very attractive to many bird and mammal species
and should be avoided, if possible. Overgrown pond edges or ditch banks are
very attractive to some birds for nesting and escape cover purposes. Control
of that vegetation may require special slope-mowing equipment which some

airports have found advantageous to provide. Beaver and muskrat may occupy ! ]
ponds and cross runways.

When we look at buildings we soon realize that airports require architec-
tural help to reduce bird-related problems. Overhanging roofs may shelter
wall areas where swallows build nests of mud and raise many families of young.
One hangar studied had more than 175 swallow nests on one end. The birds '
were a direct hazard to moving aircraft. Their entry into the hangar through
the doors, open much of the time in summer, added feathers and droppings to
other foreign objects to which engine and instrument repair facilities were
exposed. Without a roof overhang the swallows could not bave nested on the
building. The fix was wire netting over the wall area under the overhang
which physically kept the birds from nesting there. Flat roofs may, if poorly
drained, support pools of water used by birds. When the roof parapet prevents
observation of the birds the problem may not be realized until the pilot of S
an aircraft, making an approach over the roof, is confronted by gulls rising LT
off the roof pool, in panic, directly into his flight path., The first time R
a pilot reported that problem to us, the roof concerned was on a factory LT
outside the airport boundary. A visit from an airport official resulted in ®
improved drainage so the roof pool would no longer be a hazard to aircraft
with poasible liability to the factory owner in the event of a bird strike,

Foundation plantings and architectural details of terminal buildings SRR
may attract nesting and/or feeding birds as may the design of lamp standards T
and other hardware. We have had to screen parts of building surfaces to - ._
keep birds out of an "attractive' wall design. '

Putting the support structure for a large terminal building on the
outside would have enhanced the interior appearance but would have provided
more than ]000 ready-made nest cavities for pigeons where the structural °
members intersected. Fortunately we caught that one at the scale model stage P
with the result that pigeon nest sites were not built. e
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Anything that can be done to reduce the attraction of birds to the site
selected for an airport along with all the ingenuity that can be used to
minimize bird attraction in building design and airport and building main-
tenance is worthwhile. Even when all that is done there will still be some
bird problems but you can be sure they will be significently less numerous
than if site selection, planning, construction and maintenance have not
followed the above mentioned precepts.

The factors in site selection have been discussed thus far mainly as
they pertain to birds. Pest species other than birds may affect the safe
operation of an airport. It is only in the past few years that problems with
big-game, smaller mammals, reptiles and insects have been recognized as an
acute and a significant safety hazard, although documented occurrences have
been reported as early as 1954,

Many of the more serious problems of animal pests at airports can be
addressed during the site selection stage for a new airport. An inventory
of wildlife species and habitat can be quickly assembled by an experienced
biologist to identify any potential problems. For example, a proposed runway
across the traditional migratory pathway of big game can be identified and
the runway relocated in the design phase. Failure to do so will pose
continuing control prcblems since traditional migratory routes of animalgs are
not easily changed.

Although I have noted an increased awareness of the problem of animals
at airports in the past few years - witness the number of conferences and
workshops such as this one and the attendance ~ there is still a large
community worldwide that wust be informed. For example, the International Air
Trangport Association (IATA) in Montreal has had only one request by a
member state concerning control techniques for animals (other than birds) in
the past 12 years. That one was the problem of elephants on a runway at an
airport in India. Judging by the participation at this Conference and the
variety of subjects being discussed, I cannot believe this one request of
IATA is representative of the total number of animal problem incidents
wvorldwide.

In conclusion, almost any animal species can be a problem at airports;
control techniques are available to eliminate or reduce these problems; and
research is continuing to improve our ability to address hazards to aircraft
caused by aircraft collision with birds and mammalg. Our largest remaining
problem is the education of public officials that there is a problem when
wildlife and airports come together a.? that there are solutions that of
necessity must be utilized.
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8 LANDSCAPE MANAGEMENT ON AIRPORTS FOR REDUCTION OF BIRD POPULATIONS
o Dr. Jochen Hiid

| Regierungsdirektor
‘:‘ Chairman of German Board for Birdstrike Prevention
< D-5580 Traben-Trarbach

S SUMMARY

/' ——————————

"/By special provisions of landscape management it was possible to C e
reduce the number of birdstrikes on German military airfields; on civil o
airports the birdstrike situation has been improving slowly over the past ST
few years. Y T )

e L
PRSPY W N

Agricultural wuse and pasturing on airfields/airports has been
forbidden; on grassland areas special methods of grass mowing have been
practised e.g. long-grass-procedure and/or use of growth inhibitors. . -
Large areas have been afforested with small/low woods with a high density; R
heather and swamp/bog areas have been promoted. So an exchange of large . e _ e
birds against small size birds could be reached. o

In the airport surroundings it was necessary to eliminate all areas T
attractive for birds; especially with respect to artificial lakes detailed R g
provisions and landscape management has been carmed out to minimize bird- : L
strike risk during approach and climbing. }{\

1. INTRODUCTION

In the German Federal Republic nearly 1000 birdstrikes yearly are
registered in military and civil aviation (Table 1). The statistics show a e e
more or less unchanged situation on German civil airports as well as a .9 _
significant improvement of the birdstrike situation on German military S
airfields. The reasons for those differences were the following:

A ]

a. For German civil airprris obligatory regulations of Ministry of Trans-
port only exist since 1974. These regulate provisions for birdstrike = "7~
prevention on the basis of ecological investigations. The corre-
sponding reports have been completed in 1980/1981 and some time is
needed before they are affective.

: b. For the military airfields regulations by the Ministry of Defence
i already exist since 1968; the ecological investigations have meanwhile
f been transposed into practical application, so the first successful
results could be reached.

In the principal one must distinguish between provisions within the
direct airport area and within a special area of the airport/airfield sur-
roundings (Figure 1).
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2. LANDSCAPE MANAGEMENT WITHIN THE DIRECT AIRPORT AREA

This management covers the following problems:

Agricultural use and pasturing -

Grassland areas (plan, size and form of cultivation) -
Woods/shrubs {types and cultivation) -

Heather-, bog- and swamp-areas -

The quantity and quality of bird species always depends on the type,
---the form, and the cultivation of these types of vegetation.

The abundance values of breeding pairs and individuals indicated in
the following are valid for special areas of northern Germany (EGGERS,
- 1975, BERNDT/MEISE, 1959) but nevertheless they show. the tendencies in
pair- and individual-numbers depending on the type of vegetation. .

2.1. AGRICULTURAL USE AND PASTURING

According to BERNDT/MEISE (1959) the abundance of bird species in
agricultural areas (i.e. districts with intensive use) is low with 6.9
pairs/10 species/100 ha, but for the relevance of birdstrikes not the pair-
abundance is important, but the abundance of individuals. This abundance
of individuals can at times be the ten- or hundredfold of the pair-
abundance depending on the phenological phase (HILD, 1980). This situation
is similar in pasture areas; here the pair-abundance is 9.8 - 14.5 pairs/10
ha (EGGERS, 1975) but the abundance of individuals is more than 50-fold.

In consequence pasturing has been forbidden and agricultural areas
have been changed into grassiand or shrubbery.

2.2. GRASSLAND AREAS

According to BERNDT/MEISE (1959) the abundance of bird species on
grassland is 6.5 pairs/9 species/100 ha. The abundance of individuals can
be higher on cultivated grassland areas which are under extensive or
intensive use (factor 100 - 500). The reasons for bird appearance on those
areas are: permanent short cutting/mowing, intensive fertilization, high
portion of vegetable mould, high quota of earthworms, insects, larvae and
other arthropodae. Especially the offer of food is of high importance for
the appearance of swarming birds (Figure 2, Table 2). the number of these
small soil animals can be reduced by pesticides, but in some cases it will
be impossible to use pesticides, so that other measures must be taken, e.g.
long-grass-use, minimum fertilization, reduction of mowed biomass, rolling
of grassiand. That means changing the intensive grassland use into more
extensive cultivation/handling or generally a change in the type of vege-
tation. Some grassland areas of the airports must be mowed short because
of ATC demands. For these areas it would be convenient to use special
seed-mixtures with dominantly short growing species, when they are
replanned.
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2.2.1, LONG-GRASS-CULTIVATION

This type of cultivation should be possible and practicable under all
c¢limatic conditions; it can be recommended and in the Federal Republic of
Germany it is practised by all civil and military airports/airfields with
increasing success at low costs. The suitability of this method follows
from the investigations of BROUGH (1982) (Table 3).

The following long-grass-methods are practicable:

- Depending on soil c¢lass, 1 - 2 yearly mowings as hay or for silage,
but in each case removal of the grass after a few days,

- Long-grass-mowing and chaffing without removal of the grass-material,
remowing after grass grows to 25 - 30 cm length in airports/airfields
where a direct removal is not possible because of the movement
frequency.

2.2.2. MODERATELY SHORT-GRASS-CULTIVATION

In special areas of the airports/airfields - along the runways and
taxiways as well as around ILS-installations - a long-grass-cultivation is
not possible. In these cases growth inhibitors or regulators can be used
e.g. according to GRIEGER/HOPPNER, (1982) application of EMBARK (active
substance = mefluidide) twice a year with a quantity of 2-3 kg in spring
and autumn; by this application the number of short cuttings can be reduced
to 3-4 within one vegetation period, but during the mowing period the bird
quantity will increase.

Another chemical substance for growth inhibiting or regulating is MK
30 (= malein-acid-~-hydracide) together with CF 125 (= chlorflurenol). This
combination can be wused once in springtime and brings a maximum grass-
length of about 20-40 cm in years with normal weather conditions. Under
T?derate climatic conditions special quantities are recommendable (Table

Because of the possible envirommental relevance of the above mentioned
chemicals, some special biological investigations have been carried out
(HILD, 1981). The results are shown in Table 5.

2.2.3. SEED - MIXTURES

By suitable choice of seed-mixtures the problem of long- or short-
grass-cultivation can be minimized by using slow and short growing mixtures
and species in corresponding combinations. In the Ffederal Republic of
Germany the following standard mixture is used and is recommended for most
airports/airfields with some modifications depending on soil and
precipitation: Agrostis tenuis (10%), Festuca ovina (35%), Festuca
rubracommutata (20%%, Festuca rubra-rubra (20%), Lolium perenne (5%) and
Poa pratensis (10%).
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2.3. WOODS AND SHRUBBERY

According to BERNDT/MEISE (1959) "natural" woods (=mixed forest with
vegetation layers) show an abundance of 73 breeding-pairs/55
species on 100 ha. In such woods the portion of birds which is relevant
for birdstrikes is nearly 25% (EGGERS, 1975) in case these woods are older
than 80 years. The more dense the woods are and the more they develop into
shrubbery the smaller the abundance of breeding-pairs and individuals is.
A significant abundance and dominance of small singing birds replaces the
bird species of the free grassland-landscape in young wood-shrubberies
which are cultivated as low forests. Such shrub-woods should be
constructed closed and dense 1i.e. avoiding small areas with a high
ecological potency and hedges in order to avoid corresponding biological
effects (edge effects). On middle European airports/airfields such shrub-
1ike low-woods has been planted by using special trees e.g. as saplings but
they must be set on the stock from time to time in order to avoid a natural
wood-development (Table 6).

2.4. HEATHER-, BOG- AND MOIST AREAS

According to BERNDT/MEISE (1959) the breeding-pair abundance in
heather areas is 6.8/13 species on 100 ha. The individual abundance is
lower and among the dominant and subdominant species 90% are small singing
birds and only 10% are species like partridge or pheasant which are
significant for flight safety. Therefore, heather areas growing only under
special ecological conditions are optimal as vegetation on
airports/airfields; they could be extended by a special management, they
are not intensive for cultivation, but they should be cut every 2 years in
order to guarantee their regeneration.

Bogs, swamps and moist areas show a very different ecological
situation; their average breeding-pair abundance is 27.4/12 species on 100
ha. Within the types swamp and bog only 5% of thc birds are found which
may induce a birdstrike risk; therefore it will not be neczssary to drain
the area as it has been done 20 years ago; the management on those areas
should aim at removal of small shrubs.

On the other hand moist areas offer other favourable conditions to
birds, but one should distinguish between grassland areas which are moist
and in which lapwings may appear with a dominance of only 3.2¥ and such
grassland or waste land areas which are inundated from time to time so that
waterfowl, lapwings, gulls can appear periodically reaching nearly 50%
dominance (EGGERS, 1975). In such cases draining-and melioration
provisions would be necessary.

3. LANDSCAPE MANAGEMENT IN AIRPORT SURROUNDINGS

In the Federal Republic of Germany the airport surroundings are
characterized by a so-called outer obstruction line (Figure 1). Within
this area the following provisions are necessary according to regulations
of the Ministry of Transport:
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- Ecological analysis and diagnosis of the area -

- Influence on agricultural, pasturing, forestry -and hunt1ng use which
4s highly difficult and only possible by compromises,

= ==  -Prohibition of homing pigeons which can be enforced,

- No additional waters due to gravel and/or sand-m1n1ng, th1s can often
only be reached by compromises to avoid the risk of liability for
damages,

T Remowing and prohibiting new refuse dumps -

The most important problem within the airport/airfield surroundings is

- the construction of artificial waters because it correlates with special

provisions of 1landscape management. The appearance of waterfowl s
dependent on: o ,

- the trophological situation in the waters,
- the size, vertical and horizontal, and
- the shape of the waters.

So the provisions of a possible landscape management for flight safety
purposes are fixed. Depending on the trophological situation one disting-
uishes in semi-natural or nature-near waters (Figure 3) between:

- oligotrophic waters (lakes) -
- hypertrophic (=eutrophic, polytrophic) waters, and
- fish waters influenced by anthropogeneous factors.

The waters poorest in species are the oligotrophic waters, but they
are not at the same time poorest in individuals, because in wintertime they
are the most prefered resting and assembling places if not frozen over. In
the area of Frankfurt airport such waters show an abundance of individuals
of 300 - 500/10 ha., Richer in species but mostly not richer in individuals
are the hypertrophic waters which have larger summer breeding populations
(breeding-pair abundance 10 - 20/10 ha). Last not least fish waters show
special individual and species selection caused by special use.

Moreover a dependency of the dominance on the structure of the banks
and subsequently on the vegetation exists. O0ligotrophic waters with
significant and poorly covered steep banks show e.g. four waterfowl species
) (KALBE, 1978), eutrophic waters have significant shallow banks with
i significant belt-like vegetation zones and 16 waterfowl species, and fish
b waters show nine waterfowl species influenced by anthropogeneous use.

Of high importance are the waters size and the relation between vege-
tation zone and the zone without any vegetation, for all waterfowl species
-except mallard, mute swan, coots - observe distinct safety distances to
humans and even trees on the banks. Therefore the net useful area of
) waters for birds is always smaller (BLAB, 1984) than the actual area of the

'; z:ters; e.g. a lake of 100 ha. has a net useful area for birds of nearly
) ha.
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When new waters are constructed 1in connection with landscape
management the trophological situation, the vegetation zones, the bank
type, the shape of the waters and their size should be regarded as most
important parameters for biras (Figure 4a/4b) and its appearance during the
single seasons. These parameters decide whether waters will become
breeding, assembling or wintering places or are unattractive for waterfowl.
Such an unattractiveness can be reached by:

- avoiding islands and peninsulas,

- avoiding small and narrow bights,

- using steep banks (1:2, 1:3) instead of shallow banks (1:5, 1:6),

- dispensing with fisheries and tertilization,

- restricting use by swimming and sporting,

- avoiding breeding habitats by vegetation zones,

- constructing dams for subdivision of waters, and

- planting trees high growing on the dams with dense shrubs between rows
of trees.
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TABLE 1

Birdstrikes in German military and civil aviation 1977/19382

Civil airports ' 1977 1982
Within the airport area - 107
Airport surroundings{(1l6 nm radius) - 66
Unknown - 37
Total number 211 210
Average rats/10.000 movemants 9.2 8.9
Military airfields 1977 1982
Within the airfiasld arsa 45 37
Alirfield surroundinps{6 nm radius) 67 55
Unknown 40 26
Total 152 118
Avarags rate/10.000 movemants 4.8 1.5
TABLE 2

Soil animal on airpert DUS, 15 March to 13 November 1375,
I*moist ruderal areas, Il=moist-fresh prassland, III=locse
pine shrubs with dry sandy soils, IVs=ralatively dry and poor
grassland (number of individuals) after HILD, 1980.

Animal Group I II II1 TV total Months
Araneae(spiders) 252 488 157 279 1176 III-VIII
Opilionas(longley spiders) 35 654 - 160 249 VI-X
Iscpodae(isopods) - - 3 2 5 no maximum
Myriapodae(millepedes) 19 - 3 6 28 no maximum
Rhynchotae(bugs,cicadas) 3 3 3 14 23 no maximum
Carabidae({carabids) 188 49 14 1486 297 VI-VIII

Staphylinidae(staphylinids) 88 31 36 67 222 VIII-IX
Curculionidae(curculionids) 18 1 g9 3 121 no maximum

var.Culeopterae{coleapters) 11 12 40 12 75 nc maximum
Larvae(larvae) 29 20 6 23 78 III-1V
IX -X
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TABLE 3

Bird observations on long and short graas areas of seven UK

i airfields after BROUGH, 1982; 1= numbsr of airfields, 2= num-
~ ber of observations, 3= X on long grass, 4= X on short grass.

. Aird snecies 1 2 3 4

Gulls (Larus spec.) 7 58775 2 98
: Lapwings (Vanellus vanellus) 7 13323 6 94
| Oystercatcher (Haematopus ostr.) 2 1807 20 80
N Crows (Corvus spec.) 7 3209 13 87
N Starling (Sturnus vulparis) 7 13227 a2 68

wood pirpeon (Columba palumbus) 6 7369 49 41
- Kestrel (Falco tinunculus) 2 16 71 29
. Partridege (Perdix perdix) 3 320 22 78
l Thrushes {Turbus spec.) 5 4537 15 85
: Small hirds(finches,sparrows) 3 2832 44 55
- N
. TARLE 4 A
: Nuantities of growth inhibitors after ANHRUSER (1862).
) Soil pH Concentration

Loam, sandy loam, para- 7.6 - 7.9 14 1 MH 3D and 12.5 1

brown earth CF 125/ha
- Loam, fine sandy loam 5.0 - 6.0 16 1 MH 30 and 12.5 1
i brown earth CF_125/ha
i Loamy sand, sand and 6.2 - 6.7 16 1 MH 30/ha without R
* poor clay, para-brown CF 128 el
n earth, brown earth, e
< podzol A
i . -‘A c. N ..
- TABLE 5 T
" ' LT
h Effectiviness of growth inhibitors and repulators on monoco- NN
- tyl and dicotyl plant species in sreas with 13 years of LR
- application. )
) e
i 1968 before first application 15 pramineae specieas 7T e e
L intensive grassland use 25 dicotyl spzcies S
:f 1869- application of MH/CF appx.30 % decresase in
T 1370 dicotyl species SRS
i 1871- extensive use without any increasing regeneration EEE
e 1980 apnlication of inhibitors of dicotyl species .. -
; 1981 finsl bonitur 15 pramineae speciles ”§4f' ﬁ
- (1 species chanve) S
» total loss 6 species nfﬁ~f:
i total gain 11 species .;’1‘~ﬂ
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Tree snpecles sultable for sirports and soil conditions

