
BSCE 21 /  WP 3q
Jerusalen.  22-27 l la t  1992

ul t rasonlca as a ! {ethod of  Bi rd cont lo l

D.  M.  Harnershock
windshle ld systens Progran of f ice (wLlFIvR)

wr ight_Pat terson AFB. ohio

ABATRACT

The potent ia l  users of  u l t rasonic b i rd repel l ing devices are nany
and inc lude:  Al l .  branches of  the r i i l i tary.  a i r f ie ld nanagers.
b iotogis ts ,  pest  contro I  /ma intenance enployees,  governr ient
aqencies { the Federal  Aviat ion Adnin is l rat ion,  the t ts  Departnent
of  Agr icu l ture) ,  agr i - /aquacul tura l " is ts ,  a i rcraf t  rnanufacturers,
and honeo1'ners.  A l i terature search conducted to f ind repor ts
addressing the ef f icacy of  r l t rasonic b i rd reper l ing devices
(uBRDs) revealed several  substant j .a l .  e f for ts .  This  repor :
conpires and presents Lhe rcsui t :  . f  t i l ]e  l i terature ser tch.
Aviar ,  hear ing pnysi .1og\ ' /  u l t r . rs( ,n ic  souJi , l  charact€r is i ic ! :  and
the physical  ef iec is  ot  u l t iasonica on b io logicar  s?st . jn ,s  are
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BIRD TiEARI} iG,  BTRD CON' |ROL, UI , ' IF.qSONIC EFFECTS, UI , ' IRAGONIC
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This repor t  vas prepared bY the Ai rcrew Protect ion Brancn.

v e h i c l e  s u b s v s t e m s  D i v j s i o n ,  F . L j . g h t  D y n a a j c s  D j r e c t o r a L e ,  w r r 9 h t

L a b o r a L o r y ,  q r r i g h t - P a L L e l s o n  A i r  F o r c e  B a s e ,  O h i o '  T h e  e f f o l t

was per fo;ned in-nouse in support  c f  the I tsAF r ' r indshie ld Svstens
p i " e i u *  o t r i . . ,  u s A F  B i r d / A i ; c r a f t  s t r i k e  H a z a r d  { a A s H )  T e a n ,  a n d

oth;r  potent ia l  users of  an ef fec l ive device for  b i rd contro l '

The re;or t  was wr i t ten l rom septenber to Decenber 1991,  by David

M, Han;rshock,  Ai rcraf t  F l ight  l lazard AnaIYSL,  ! i indshieLd sYstens

P r o g r a n  O f f i c e .

rhe object ive of  th is  repor t  is  to  ass is t  potent ia l  users of

uBRDs by pr6vid inq a pr inc ipal  source of  in fornat ion addressins
thei r  e i f icacy.  Potent ia l  users of  an ef fect ive UBRD are nany

and inc lude:  Al l  branches of  the n i l i tarv,  a i r f ie td nanagers,
b io los is ts ,  pest  contro l /naintenance enpl .ovees,  gowernnent
aqencies ( the Feder.a l  Aviat ion Adnin is t rat ioD,  the us Departneht
o i  Agr icu l ture)  ,  agr  i -  /  aquacu l tura l  is ts ,  a i rcraf t  nanufacturers,
and honeosners-

The usAF, one potent ia l  user  of  an ef fect ive UBRD, could
repel  b i rds f rom the a i r f ie ld envi ronnent ,  prevent ing hazards to

ai icraf t  sav ing n i l l ions of  dol lars per  year .  Inbib i t ing b i rds

f ron nest ing and roost ing around stat ic  a i rcraf t ,  a i rcraf !
hangars and fac i l i t ies i rhere they cause d is turb ing noise. .
maintenance,  corros ion and heal th problens a lso can resul t  ln
s a v i n q  t h e  u s A F  n o n e v .  S i n c e  1 9 8 7 ,  t h e  u s A r  h a s  l o s t  s i x  l i v e s ,
a n a  a i e r a o e d  a . t o s s ; r  5 6 5  m i l l i o n  l o r  3 5 o o  a i r c r a f t  b i r d  s t r i k e s
e a c h  v e a r  ( R o n  M e r r i l t ,  u s A F  B A S H  T e a n ) .  6 0 . 3 *  o f  r e p o r t e d  u s A F
a i r c r ; f t  b i l d  s t r i k e s  o c . u r  i n  t h e  a i r r i e l d  ' n v i r o n n e n t  ( r r e d
s a n e c ,  s s A F  B A S H  T e a n  t F i g u r e  1 l ) ,  t h e r e r o r e ,  t i n d i n g  a  n e t h o d
that  s i l l  lower or  eva;uate b i rd populat ions r ron the a i r f ie ld
envi ronnent  is  desi rable to the usAF.

USAF safety,  pest  contro l ,  base operat ions,  and a i r f ie ld
naintenance personnel  of ten seek methods of  repuls inq b i rds f ron

Dresent inq p ioblens lo  a i rcraf t ,  a i r f ie lds,  and base fac i t i t ies '
i t ' .  u . .  o i  u r t r a s o n i c .  u r a s  i d e n L i f i p d  a s  a  P o s s i b l e  m e a n s  o t
keepinq b i rds away f ron base fac i l i t ies or  warning then of  the
uooi""" t '  " t  an a i icrat t .  I f  uBRDs can contro l  b i rds.  then Us Air
t l ice lase b i rd contro l  and a i rcraf t  b i rd s t r ike problens could
be reduced through thei r  appl icat ions.

UBRD nanufacturers character ize thei r  products as
"sc ient i f ica l ly  sound,  hunane,  lnexpensive,  and easy to oPerate"
(Eonford and o 'Br ien 1990) neans to deterr ing b i rds f ron
inhabi t inq areas c les i rable to then.  Sone UBRD nanufacturers a lso
nainta in ahat  thei r  nechanisns create unbearable phvsical  s t ress
to a b i rds '  ent i re body,  forc ing the b i rd to f lee f rom the
treated area.  Fron nedical  research,  sorne is  known about  the
possibre danaging ef fects of  u l t rasonic sound on t iv ing organisrs
; t  the cel lur ; r  ;nd t issue level .s  (Gordon 196?a),  but  the actual
behaviora l  ef fects to b i rds are unknol tn except  for  c la ins
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advert ised by UBRD manufacturers. Bird-x Inc. (?30 west Lake
street.  chicaqo, l l r inois 60606) advert isements clain that their
UBRDS ehit  sounds that are: rrPhysicatty harnless, but birds
canrt  stand them .,  nodulat ions birds can' t  get used to,
annoying. tbut l  canrt  in jure birds . ,  [and] pi tched exact ly
uhere they provide intense disconfort  to most types of roost ing
b i r d s .  "

I t  vas the intent of  this effort  to establ ish a val idated
basis for accept ing the nanufacturers. assert lons. The search
for background nater ial  resulted in ident i fy ing a substant ial
diversi ty of invest igat ions that nakes further research at this
t inLe of quest ionable value.

,tr

lt0s'
tI

Any sounds over 2o,ooo Hertz l  zJ or cycles per second (cps)
a r e  d e s i q n a t e d  u t t r a s o n i c ,  B i r d  s e n s i t i v i t i e s  r a n g e  f r o d  O . O 5 -
2 9 , 0 0 0  H z  d p p e n d i n g  u p o n  c h e  s p e c i e s .  H u m a n  ( d o n o  s a p t e n )
s e n s r c i v i t y  t o  s o u n d  i s  n o r m a t l y  1 6 - 2 4 o o o  l t z  ( B r a n d  a n d  I < e l t o g g
1939; Krei then and Quine 1979; Schv/artzkopff  1955a).  Uttrasonic
s o u n d s ,  t r a v e t  a t  3 4 0  m / s  a t  n L e a n  s e a  l e v e l ,  1 5 . c  ( 5 e " F ) ,  a n d  a
d e n s i t y  o f  ! . 2 1  k g / n '  ( K u e t h e  a n d  C h o w  t 9 a 6 ;  B l i t z  1 9 6 7 ) .  U n d e r
the r ight condit ions there is the potent ial  for UBRDS to rebutse
b i r d s ,  q i v e n  t h e  k n o w n  d a m a q j  n q  e t i e c t s  r h d L  u t t r a s o n j c s  c a n

Ultrasonic sound can create heat,  chenical  ef fecrs,
radiat ion pressure, and nerve disruprion within I iv ing ceIIs and
t i s s u e s .  c o l I e c t i v e ] y ,  t h e s e  e f f e c t s  c a n  c a u s e  l e t h a t  c e r r
danages. Heat can be produced by uttrasound when i t  is of  high
frequency (approaching 1 MHz) and is focused, The heat can reacn
an intensity that can cause damaqe to cel l  conponents result ing
i n  c e 1 1  d i s s o l u t i o n  ( G o r d o n  1 9 6 7 a ) .

Radiat ion pressure effects cause "streaming,,  {rapid f tuid
novenent) within cel ls that in turn has a part  in cel t  necrosis,
c e I l  n e c r o s i s  ( d e s t r u c t i o n l  c a n  o c c u r  b e c a u s e  o f  L h e  r u p t u r i n g  o f
n i t o c h o n d r i a  ( o r g a n e l  t e s  w . i t h i n  r h e  c e t  I  r e s p o n s i b t e  f o ;
convertrng energy to a fornr hore usabte to the ceIIJ caused bv
u l t rasonic .  i r rad iat  ion during electron nicroscopy, The
nitochondria break up, reteasinq nolecules teth; i  to other
conponents of the cel l .

chemicals effect bioloq. icat ent i t ies when conbined with
ul trasonic i rradiat ion by chenicat react ion rates beinq
accelerated to a point l rhere rhe cel t  is chenical ty sui focared
and is danaged (cordon 1967a).  l , turar ions to bird enbrvos have
resulted fron ulLrasonic Lreatnen! ro egqs during incu6at ion
{ G o r d o n  1 9 6 7 b ) .

The greatest ef fects of urtrasonic sounds are on nerve
t issues, since nerve ihpulses can be btocked alonq nerve f ibers-

ULTRASONIC CI{ARECI ERI ST I CA
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Pernanent danage can result ,  causing loss of funct ion of the
parts of the organisn for vhich the nerves have control .  These
effects occur in l iv ing t issues nhen ul trasound is appl ied at
frequencies of 1-3 MHz fron highly direct ional sources at
extrenel.y close distances (cordon 1967a),

vl t rasound at fevels above 140 dB has nany effects upon
hunans. A loss of hearing sensit iv i ty ( temporary or pernanent),
pain, and sickness can result  f ron constant or per iodic
exposure(s) (Beuter and weiss 1986).  l t  can be inferred that
birds also have a threshold of ihtensi ty they can r i thstand
before sini lar:  physlcal  ef fects occur.

3.  BIRD AEARING CSAiACTERISTICA

Birds have an extraord inary sensi t iv i ty  to  sound.  They have
evolved wi th super ior  hear inq abi l i ty  to  adapt  to the h igher .
levels  of  per fornance necessary to connunicate,  hunt ,  and
navigate whi le  in  f l ight .  B i : :d  hear ing iequi ref renrs inctuale
excel lent  absolute hear ing sensi t iv i ty ,  f requency perc€pt ion,  and
t . ine percept ion (Thoipe 1961).  opt inun hear ing per fornance for
m o s t  b i r d  s p e c i e s  i s  a c h i e v e d  b e t q e e n  1 , o o o  a n a l  4 o o o  H z  ( T a b l e
1 )  .  U p p e r  r i n i t  h e a r i n g  s e n s i t i v i t y  c a n  a p p r o a c h  t O ,  o o o  H ?  i n
sohe specres (Meyer 1986).  Most  b i rd species do not  exhib i t
s i q n i f i c a n t  b e a r i n g  c a D a b i t i t i e s  v i t h i n  t h e  u l t r a s o n i c  r a n q e
(schl rar tzkopf  f  1968) .

In  nost  cases,  b i rds have qreater  hear ing abj . l i ty  than
hunans.  Bi rds can d iscr in inate sonic f requency changes 10 t ines
faster  than nan (Punphxey 1961) and sone (song b i rds)  can produce
and d lscern two nodulated sounds or  t rnotesr  s inul taneousty.  To
the human ear  these nodulat ions sound 1 lke one note {creeneral t
1 9 6 S ) .  D o o l i n q  a n d  S e a r c y  ( 1 9 8 5 )  f o u n d  t h a t  B u d g e r i g a r s
(Melopsi t tacus undu- latus)  have greater  abi l i ty  than hunans to
deterrn ine changes in f requencies.  As occurs in  hunaDs,  Europed!
star l ing,  House sparrow ( IJasser  donest icusJ,  and Fock Dowe/plgeon
(colunba Tiv ia)  sound sensi t iv l t ies have been found to deciea;e
as they approach thei r  upper f requency I imir  (arand and Kelrogg
1 9 3 9 ) .

Pigeons have except ional  ]ov- i requency ( in f rasound)
perceptron.  Frequencies as ]o l r  as 0.05 Hz bave been d iscerned by
Pigeons in a sound- iso lated chamber.  t )oppler  sh j . f t  s tudies bv
Q u i n e  a n d  K r e i t h e n  ( 1 9 s 1 )  s h o w e d  t h a r :  p i i ; o n s  c o , r t d  a e t e c t  a  i *
f requency shi f t  a t  20 Hz and a 7? shi f t  a t  t  sz.  In f rasour lds a.e
produced by natura l  events such as thun. j lerstorns ,  ear thquakes,

waves,  and mounta in ranges,  therefore,  p iqeons f tdv
use these inf rasound abi l i t ies to a ide in  naviqat ion anat  veather
p e r c . p t : o n  ( K r e i t h p n  a n d  O J i n e  r q 7 9 ) .
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Tabfe 1 s o n . i c  r e c e p L i o n  r a n q e  o l  v a r r o u s  b i r c l s .

ual lard
.Pias platyrhynchos

3 0 0 2 0 0 0 -
3 0 0 0

a o 0 0
{ 1 9 4 6 )

Avtbva vaTis iDer ia
1 9 0 5 2 0 0

( 1 9 8 6 )

Rock Dove/Pigeon
calunba l iv ia

5 0

2 0 0

3 0 0

3 0 0

0 .  0 5

5

1 4 0 0 -
2400

1 0 0 0 -
2 0 0 0

1 0 0 0 -
4 0 0 0

1 2 0 0 0

1 1 5 0 0

7 5 0 0

5 8 0 0

5 5 0 0

5 6 0 0

7 3 0 0

5 5 0 0

a  ooo

( 1 9 3 3 )

( 1 9 3 6 )
Brand & (e l l -

o g q  ( 1 9 3 9 )

( 1 9 4 6 )

( 1 9 s 3 )
stebbins

( 1 9 7 o )
Harr ison & Fu-

runoto (  1.971)
Heinz,  et  a. l

( 7 9 7 1 )
Krei then &

Q u i n e  ( 1 e 7 e )

w e i s s  ( 1 9 8 6 )

Turkey
MeTeaqris qaTLopava

6 6 0 0 Maiorana & sc-
h t e i d t  ( 1 9 7 2 )

Barn owl
TyXo alba

1 2 5 0 0
( 1 9 7 3 )

Long-eared owl 1 0 0 6 0 0 0 1 4 0 0 0
( 1 e 5 5 a )

Great  Horned Owl
Bubo v i rq in ianus

6 0 7 0 0 0

7 0 0 0
( 1 e 8 6 )

T r a i n e r  ( 1 9 4 6 )

Eag]e owl 6 0 1 0 0 0 4 0 0 0
( 1 9 4 6 )

creenf inch
chloris chloris

2 0 0 0 0
(  1 9 4 1 )

Erropean Robin
tiitl?acus rubecula

2 1 0 0 0 cranit
(  1 9 4 1 )

Lower l4ost
l i m i t  s e n s i t i v e
( H z )  ( H z )

Upper
l  i m i t

chaf f inch
Frinsi lTa coe

Ring-bi l led c

Budgerigar

Erenaphi la  a l

Red-winged B1
.l ai us

Fie ld sparrov i
spizel la  pusi

Ring-necked I

sno!,, Buntrng

nival  is
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L i n .
(  Hz) ( H z J

Upper
Li lni t
(Bz)

Arnerican cro\,r

brachvrhynchos

3 0 0 1 0 0 0  -
2  0 0 0

8 0 0 0 Trainer
( 1 9 4 6 )

Anerican Kestrel
Fafco sparverius

3 0 0 2  0 0 0 1 0 0 0 0

7 4 0 0

Trainer
( 1 9 4 6 )

D o o l i n g  ( 1 9 a 2  )

chaf f inch
Fr inqiTTa coeTebs

2 0 0 3 2 0 0 2 9 0 0 0 Schlrar tzkopf f
( 1 9 5 5 a )

R i n g - b i l l e d  c u 1 1
Larus alelattaren

1 0 0 5 0 0 -
a o o

3 0 0 0 Schlvar tzkopf f
( a 9  t 3 )

R e d  c r o s s b i l l
Loxia curvitasxra

2 0 0 0 0
( r . 940 )

r4e l  lopsi  t tacus
4 A 2 0 0 0

1a  oo -
3aoo

I 4 0 0 0

1 0 0 0 0
(  1 9 4 0 )

Dool ing & Sau-
n d e r s  ( 1 9 7 5 )

ErenophiTa a- lpestr js
3 5 0 7 6 0 0

( 1 9 4 6 )

carpodacus r'exjcanus
1 2 0 0 D o o l i n g .  e t  a l

( 1 9 7 8 )

Passer donest icus
6 7 5

6 7 5

1 1 5 0 0

1 8 0 0 0

1 8  0 0 0

Brand & Kel l -
ogg (L979)

cranit
(  1 9  4 1 )

Sunners-Srni th
( 1 9 6 3 )

Brown-headed Coubird
MoTothrus ater

9 7 0 0 H e i n z ,  e t  a i
l L 9 7 7  )

Red-! r inged Blackbi rd
Aqre. la jus p?ronjceus

9  6 0 0 H e i n z ,  e t  a ]
1 L 9 7  /  )

F ie ld Sparro{
Sptzel . la  pusi ] la

1 1 0  0 0 O o o t i n g ,  e t  a l
l L 9 7  7  )

Ring-necked Pheasant
Plrasiaru.s co-lc}icus

254 1 0 5 0 0 !Ieyer
( 1 9 8 5 )

Black-b i l led Uagpie
Pica p ica

1 0 0 a  oo -
150  0

2 1 0 0  0 schwartzkopf f
(  1 9 5 5 a )

snour Bunting
Plectrophenax
nivaTis

4 0 0 7 2 0 0
( 1 9 8 6 )
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1 i m .
( H z l

sensit ive
(t Iz)

upper
l i n i t
lHz)

Bul l f inch
Pyzrhula pyrrhula

L O O

2 A O

3200

3 2 0 0

2 1 0 0 0

2 5 0 0 0

cranit
( 1 9 4 1 )

scnrartzkopff
( 1 9 4 9 )

schuartzkopff
( 1 9 5 2 )

.Serinus canaria
1 1 0 0

250 2aoo

1 0 0 0 0

9  6 0 0
( 1 9 S 6 )

Dool inq,  et  a l
( 7 9 ' /  1 )

spheniscus denersus
L O O 6 0 0 -

4  0 0 0
1 5 0 0 0

( 1 e 6 9 )

Talrny Ovl 1 0 0 3 0 0 0 -
6 0 0 0

2 1 0 0 0 Schr,rartzkopff
{  1 9 5 5 a )

G U I ]
(species unknown)

5 0 1 2 0 0 0
w e i s s  ( 1 9 a 5 )

alue Jay
Cyanocit ta cr istata

Taoo
( 1 9 7 8 )

European StarLing
sturnus t/u1gar-is

7 0 0

2 0 0 0

1 5 0 0 0

8 7 0 0

Brand e KeI l-
o g g  ( 1 9 3 9 )

Trainer
(  1 9 4 6 )

D o o l i n g  ( 1 9 4 2 )

3. EXPARIUENTAI. AUI{I{ARIDS

3.1 Exper imenta l  Sunnary # I

Etfjcacy ,festing ot an ulXtasonic Bird Repe].ler
R i c h a r d  E .  c r i f f i t h s  t 1 9 8 7 )

l {ater ia ls  and Methods

Phase 1.  se lected two areas l r j . th  h iqh levels of  b i rd
act iv i ty .  Bai ted one area and observed i t  unt i t  b i rd feedinq
Ievels of f .  Recorded number of  b i rds,  species conposi r ion,  ;nd
d u r a t i o n  o f  v i s i t s  f o r  f i v e  d a y s .  A c t u a t F d  t h e  u I l r a s o n i c
d e v i c e ,  a n d  r e c o r d e d  b i r d  d a t a  u n t i l  L h e i r  b e h a v i o r  s t a b i l i z e d .
Repeated for  the second area,  except  wi thout  the ut t rasonic
device,  to  prov ide a contro l .  A decrease in recorded act iv i t ies
suggested repel lency.  No change suggested inef fect iveness ,  A
change in,  fo l ]o l red by a return to,  nornat  behavior  s iqni f ied
habi tuat ion,
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Phase 2.  Repeated Phase 1- ,  except  used two other  s tudy
si tes and used the u l t rasonic device before bai t ing.

Phase 3.  Repeated Phase 1,  except  used tvo other  s tudy
si tes and noved the u l t rasonic device f ron the t rea. tnent  to  the
contro l  s i te  af ter  a suf f ic ient  arnount  of  t i r re.

A lo-h inute sanpl ing in terval  ras chosen.  observat ions were
randonly acconpl ished dur ing dayl ight  hours,  Feeding t i l le  l 'as
neasured by t iming randomly selected indiv idual  b i rds f ron the
t ine they arr ived to the test  s i te  to the t ihe thev deDarted.
S u n r l o w e r  s e e d s  v e r e  i n s e c L e d  i n t o  c y t i n d r i c a r  p l a ; r i c - b i r d
feeders as bai t .  The feeders were 6 cn in  d ianeter ,  40 cn tong.
and hung f ron t ree l inbs approxinate ly  2 m above the ground.
seed consunpt ion was detern ined by heasur ing the height  of  the
seeds renain ins in  the feeders at  dusk,  each day and subtract j . r le
thei r  vo lune f ron the totat  capaci ty  of  the feeaer.

The UBRD used,  hanufactured by Bi rd-X,  Inc.  (730 west  Lake
street ,  ch icaso,  IL)  ,  could produce a conptex mixture of  sonic
and u l t rasonic sounds.  I t  \ , /as a srnarr  (B x 8 x 12 cm) aruminum
b o x  w i L h  a  p u l s e d  o u t p u !  i n  ! h r - e  r a n g a s :  5  t o  5 0  k H i  ( l o ! ,
p l t c h ) ,  1  t o  5 0  k H z  ( r o ! d  p i t c h )  ,  a n d  2 0  t o  5 0  k i r z  ( h i g h  p i L c h ) .
I t  had an averaqe peik ourpur  of  112 da neasured at  o. i  n :  r t
a lso had set t inqs for  t . lha!  the hanufacturer  ca l ted a ' ,h igh rate
nodulat ion f requencytr  (mode) at  o Hz (A)  .  l  kHz (B) ,  anar  4 kHz
(c)  for  a tota l  o f  n ine possibre sound outputs.  craDhic
r e p r e s e n t d L i o n s  o f  r h e  p r i n . i p a l  s o u n d  o u L p r r r s  t e s r e d  ( h i g h
pi tch-C mode and loud p i rch-c mode) as neasure. t  by a nodei  6608
N r c o l e t  a n d l y z e r  a r e  s h o k n  ( F i g s .  2  a n d  3 ) .  T h e  ; a n u f a c t u r e r ' s
r n s t r u c t i o n s  c l a i m e d  e f f e c t i v e  o u t d o o r  c o v e r a g e  w i t h i n  a n  a r e a  3 o
n long and 22 n v, / ide.

Phase 1 test  s i tes k,ere bai ted . in  n id-october 1985.
In n id-Novenber the u l r rasonic device was acr ivated,  the h iqh
pi tch-c node tested f i rs t  and the toud p i tcn-c rnode second. '
The u l t rasonic device ! , /as ptacear 9 n f r ;n  the feeders.

A t  t h e  P h a s e  2  t e s t  s i c e s ,  r h e  u l t r a s o n i c  d e v i c e  w a s
a c t r v a L e d  i n  e a r l y  o c t o b e r  1 9 a 5 .  T h e  f e e d e r s  w e r e  b a i r e c t  t w o
veeks la ter  The u l t rasonic device was p laceat  3 n f ron the
teeder-  

-Phase 1 type tests Ibai r  befor ;  u l t rasonics added) were
c o m p l e t e d  r n  J a n u d r y  a n d  F e b r u a r y  1 9 9 6  a t  t h i s  s i t e ,  e x c e B t  t h e
treated and contro l  s i re observat lons were made at ternate iy .

Phases l  and 2 L,ere both conducred rn forest . -eatqe habi taE !o
n o r L h e a s t e r n  M d r y . I a n d .  B o t h  p h a s e s  d i d  n o c  c o n s . i d e r  t h e

o f  i n d i v i d u a t  b i r d s  I e a v i n q  d n c t  r e l u r n r n q  L h e  t e s L
areas dul ing observat ion per iods,

.  .  P h a s e  I  t e s L i n g  w d s  c o m p l e t e d
p r r c n e s  l n  c h e  A ,  B ,  a n d  C  r o o e s  i !
varehouse s i te  in  June 1995.  House

using high. lotr .  and toual
a  s o u t h e a s t e r n  v i r g i n i a
sparrovrs (Passer donest jcus)

l {ere tested that  {ere perching on electr ica l  wi res before
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average of  10o pulses
device sound output,
were neasured at 0.6

loud pi tch c-node;  an

5S <HZ

hiqh pi tch c-noder an

TABLE 2.  AV€

H .  F i n c h

Nuthatch

Blue Jay

TABLE 3.  Av,

P:

s i t e

FIGURE 3.  Ul t rasonic
average of  IOO pulses

device sound output,
were nreasured at 0.6
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TABLE 2.  Average
treatnent  based on

feedinq l ine in
approxi tnate ly

seconds by species and
lOO observat ions per species per

s p e c i e s  { N o v )  ( D e c  t - 1 0 )  { D e c  . 1 2 - 2 5 )  ( J a n )  ( N o v - J a n

H. F inch 5 0 4 0 2 3 I 2 3 1

L \ 2 4 8 1 1 1 4 5 2A

l 2 3 I 2

Nuthatch 5 1 0 2 2 t

B l u e  J a y 'I 3 l 0

H l g h
c c

Post-  Contro l

TABLE 3,  Average sunf lover  seed consumpt ion ( j .n  nI )  per  day by

( N o v )

1 0 1 5

Htgh C
( D e c  1 - 1 o )

Loud c
D e c  1 2 - 2 5 ( J a n )

S i t e

1 a ? 2

enter lng the ! , ,arehouse. No baitrng vas executed.

Species recorded feeding at  the Phase t  and 2 test  s i tes
inc luded the Eouse Finch (carpodacus nexicanusJ,  Dark-eyeal  Junco
(Junco nyena.r is) ,  wh- i te-breasted Nuthatcb ( .s i t ta  caro1 jnens is)
Tuf ted r i tnouse (Par-ds b jcolor . )  ,  B lack-capped chickadee (parus
a t r i c a p t  l  T u s )  a n d  B l u p  J 3 y  ( c y a n a c i L t a  c r j s t a t r )  .

Phase l  test inq resul ted in  decreased average feedinq t ine
at  the t reated s i te  for  a l l  species dur ing h igh p i tch-c node
operat ion-  when the dewice was swi tched to toud p i tch-C mode
operat ion,  fur ther  decrease in Eouse Sparrow and chickadee

3 6 9



TABLE 4.  Average nunber of  b i rds arr iv inq
10-nin in terval .

P r i n c i p a l
Post-  r l igh

treatment  C
{ D

2 0 , 0 o o  H z )  (
s i g n i f i c a n t l

Jays fr ight(

3 . 2  E x p e r i r

n i d p o i n t )  s

( 1 0  A p r  8 7 )

E a c h  d i v i s i

o f  2 6 3 0  a n d

The (11

Post-  Contro l
c treatnent

( N o v ) ) (

pa

r e p d i n g  t j n e  w d s  r e c o r d e d  ( _ a b t e  2 ) .  F e e d i n g  r i n e  t o r  a t l
specr.es except Blue Jays rem6ined betov pretreatnent tevets for
the nonth fol lowinq the tests.  reeding t imes oere highly
variable and appeared to be inf luenced rnore ty inter--ana
lntraspecies conf l icts than by the ul trasonlc device. Food
consumptron was not affected by ei ther treatnent {p = o.356
tTable 3l) ,  and the nunber of birds vis ir inq the sire increaseal
{P = o.042).  controt s i te neasurerneDts renained constant.
Effects of veather changes were constant at both treatnent and
control  s i tes.

Phase 2 act iv i ty and seed consunpt ion tevels were ini t iat ty
lowered after high pi tch-c node treatnent conhenced, however,  tne
d i s c r e p a n c j e s  d i s a p p e a r e d  o v e r  t l m e .  T h e  m i x e c t  s o n . i c - u l t r a s o n i c
n o d e  ( P  =  0 . 0 1 4 )  r e s u l t e d  i n  l e s s  b i r d  v i s i t a t i o n  t h a n  t h e  a t l
ul t rasonic r iode (P = o.Ot?).  1 'he uttrasonic alevice ras not noveat
during test ing. The same birds had dccess to both the trealed
and control  s i tes, phase 3 test ing resutted in no di f ferences in
house sparroq act iv i ty.  observed head novenents indicateat that
they could perceive the 1ov and loud pi tches. Some sparrors even
approached the device ( fron the side, not in front of  the ourDur
s p e a k e r )  t o  i n v e s t  i  s a  t e  i t .

Discussion and Conct usions

of al l  the si tes and sonic conbinat ions tested, the bird
visi tat ion rate was narkedty affectear onry d\rr ing t ie sonic-
ul tr :asonic paired treatnent.  Neither the ur. trasonic noite (above
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( N o v )  ( D F c  1 - I 0 )  ( D p .  1 2 - 1 Jan) { i iov-Jan

H .  F i n c h 6 9 .  9 9 i .  5 5 4  , 0 t 2 . a

5 . 6 6 . 4 5 . 1 L o . 2 3 . 8

3 . 2 3 . 3 3 . 6 2 . 2 7 . 9

0 . 1 0 . 8 2 . 3 2 . 3 1 . 9

a l u e  J a y 0 . 1 2 . 6 6 . 3 1 7  . 6

A 1 1
species 7 0 a 2 1 0 5 7 9 4 8
* Pr lnc ipaf  and occasional  soec



2 o , o o o  H z )  o r  t h e  u l t r a s o n i c / a u d i b r e  n o d e  ( 1  t o  5 o , o o o  H z )
s isn i f j .cant ly  af fected any of  lhe species studied.  The resul ts
indicate that  the u l t rasonic device vould no!  work to keep the
studied b i rat  species away f ron an area at t ract ive to then.

^ct ivat ion of  the u l t rasonic device pr ior  to  the bai t ing of
the feeder resul ted in  in i t ia l  deterrence,  however,  once bai t  vas
avai lable b i rd act iv i ty  escalated-  when contro l  and test  s i tes
vere in terchanged the act iv i ty /seed consunpt ion ]evel  remained
conslant .  Recordinq the durat ion of  feeding ef for ts  was obscured
by the occurrence of  in ter-  and int raspecies in teract ion '  B lue
Jays f r ightened away a l l  o ther  b i rds,  and s izable concentra l lons
of  f inches deterred chickadees.  l louse Finch feeding t ines
inversely  af fected v is i ta t ion rates.  The decl ine of  feedinq t ine
in January could hawe been caused,  in  par t ,  by increased Btue Jay

T h e  u s e  o f  t i m e  l a p s e  p h o t o g r a p h y  w o u l d  b e  u s e f u l  f o r  f u t u r e
er<per inents of  th is  type.  creater  a{- -curacy,  lesE requi red tabor
and fewer necessary iunds wculd resul t "

I l  i s  d o l r t j t f u L  t h a t  t b e  t e : t e d  d e v i c € . r  c l h { : r  C e - r i c e s  v i t h
l ike sound output  can deter  lh ,? : : tu1t ie . l  b i r l  s i ,err "es f rcn
i n h 3 b i t i n g  a t t r a c t i v €  i r L ' 1 s .  t h r l e s s  i u r t i r a r  i e : i :  p r o v ; d e  n o r e
r d v o r . l b l e  b i r  I  - p e  . : r l  r p . u i ' . ,  r \ a  \ '  I  L ' ! r :  . , . ;  d c J j  F  i _

n d . D  l  \ " , . . f : r n s  1 6 1 7 j .

3 . 2  E x p e r i n e n t a l  s u m n a r y  #  2

Tnet fect iveness a l  a sonlc Device
MARY BOMI'ORD (

Mater ia ls  and Methods

A  s n a l 1  t e s t '  a r e a  w i t h o u t  o b s t a c l e s  v a s  s e l e c t e d ,  t o  p r o v i d e
an area v i thou!  sound shado! , ,s .  . -  15c s c i rcu lar  drea wi th in a
g r a s s y  f i e l d  i n  c a n b e r r a ,  A u s t r a l . 1 a  w a s  u t i l l z e d .  A  7  n  b i g h
b l l n d  w a s  a t  t h e  m i d p o i n t  ( F i q .  4 ) .  T h e  c i r c l e  w a s  d i v i d e d  b y
r i b b o n s  o n  p e q s  j n t o  l 2  ( l '  , i  ' _ r - p )  < F g i i e n l - s .  A L t e r n a t e
div is ions and a concentr ic  inner  c i rc le (50 m radius f ron thc
nrdpornt)  were selected as buf fer  zones.  -a-11 the test  area vas
p i ' h e .  f l a L  o r  q - n t l y  s : u - o i n 9 ,  L n - r e t o r - ,  . a s i l y  v i s : b l e  r r o m  t n d
bl ind.  The grass \ ras moved upon conr .encenenL of  the exper i inent
( 1 0  A p r  8 7 ) .

T r e d L e d ,  l u f f e r ,  a n d  u n L r n , L e J  { c o n L r o l )  d i v i . i o n s  w e r e
al ternated around the c i rc le.  The u l t rasonic device speakers
rere p laced at  the inner  narg ins 3f  the 3 t reated d iv is ions.
E a c h  d i v i s i o n  w a s  d i v i d e d  i n i : o  2  p a r t s :  5 0  m  t o  1 1 2  n  a n d  1 1 2  r n
to 1s0 m ( f ron the n idpoint ) .  rhese tx ,o subdiv is ions had areas
of  2630 and 2607 (square neters)  respect ive ly .

The (Model  825)  Hl- tec Electronic  Scarecror , r  ( i t i - tec contror

r 9 9 0 )
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syst .  Propr iety  Ltd. ,  Austra l ia)  i tas erected by a company
representat ive on 30 Apr a7.  The scarecrot  consis ted of  a
contro l  uni t  wi th a progrannable t iner  to t /h ich a nunber of
remote speaker uni ts  were connected.  Tbe indiv idual  speaker
uni ts  had 5 ver t ica l ly  nounted t ransducer heads producing tbe
ul l rasonic sound.  Po$er l tas prov ided by a 12-wol t  long storage
bat tery recharged by 2 (42 \ r )  so lar  panels.  Each speaker uni t ,
held 1 n above the ground by a steel  post ,  ! ,as focused tosard the
per ineter ,  a long the centra l  axes of  each t reated d iv is ion.
Barr iers 2 m high,  0.4 m th ick,  and 5 n long nade out  of  hay-
bales were constructed behind and beside each speaker to rest r ic t
the u l t rasonic sound d ispersal  to  only  the desi red d iv is ions.
According to the nanufacturer ,  each speaker wi l l  protect  4
hectares (near ly  8 t ines the area of  one d iwis ion) .  rhe
autonat ic  t imei  was set  to  operate the contro l  uni t  f ron 0500 to
1800 each day.  The sonic output  of  each speaker was neasured
using a sonoqraph { l<ay d iq i ta l  sonoqraph 7aoo,  Pine Brook,  New

Feedins quadrats (a square neters each)  ,  l t i th  f ru i t  and
s t a l e  b r e a d  ( b a i t )  d i s p e r s e d  l r i t h i n ,  w e r e  3 0  h  f r o n  L h e  i n n e r
r a r g . i . n  o f  e a c h  s u i d i v j s i o n .  B l i t  p . a . e n F n t .  i r ' . m  l 1 - i l  A p r  ! ?
served to in terest  European star l ings in to ihe study area and to
pract ice count lng thei i .  From 24 Apr-17 l4ay e7,  at  0900 each c lay,
f r e s h  b a i t  c o n s j . s t i n q  o f  1 o  s l i c e s  o f  v h i t e  b r e a d  a n d  1 0  r e d
apples (halved)  were p laced wi th in each quadrat ,  At  1600 each
day,  bai t  renain inq wi th in each quadrat  vas col lected and
. t r d n t i r i p d  L o  L h F  r p d r p s t  h ' l !  ( s l i ' F  o f  l r p a d  o r  . p p l e ) .

Indiv idual  s tar l ings were counted,  f rom the bI  j .nd,  us i .g 10
x 40 b inoculars.  Larqe qroups \ rere approxi r ia ted by ! '10.  20,  or
50. ' f  s tar t ing 24 sep a7,  counls wer:e taken each day f ron 1500-
1 6 0 0 .  E a c h  d i v i s i o n  w a s  e n u m e r a t e d  a t  1  n i n u t e  i n t e r v a l s ,
therefore,  the 12 d iv is ions qere counted 60 t ' ines v i th in the
hour.  on 6 l , lay 87 the ! . r 'as turned on and the count ing
cont inued through 17 May 87.

t h r e e  r e s F o n s e  v a r i a b l e r  u a r  e  m e a s L r r e d :  s t a r  l i n g  n u n b e r s ,
remain j .ng apples.  and renain in l r  br :ead.  The data was analyzed by
a three factor  analys is  of  var j .nce inc l , rd ing scarecrow (v i th  and
r r i t h o u t  d i v i s i o n s ) ,  d i s t a n c - .  ( n e a r  a n d  f a r  d i v i s i o n s ) ,  a n d  p e r i o d
( p r e t r e a t n e n t  a n d  t r e a t n e n t J  a s  f a c t o r s .  B e l o r e  a n a l y s i s ,  t h e
data was averaged for  the pretreatncnt  and t reatr rent  per iods.
Plots of  res iduals for  ' .he three response var iables {conpared to
an ordered d is t r ibut ion generate. i  by lhe cLlM stat is t ica l  packaqe
I P a y n e  1 e 8 6 ] )  u e r e  f o u n d  t o  b e  r o r n a l l y  d i s t r i b u t e d .

The u l t rasonic s iqnal  enl t ted f rom each speaker \ ras h ighly
di rect ionar  in  the ver t icar  pfane,  encompass the ent i re 32 kHz
ranqe of  lhe sonograph (a substant ia l  anount  c f  i t  above 16 k i lz ,
t l L e  u s u a l  u p p e r  a u d i t o r y  I i m i i  f o r  s t a r l i n q s  I s c h l r a r t z k o p f f  1 9 5 5 ,



FIGURE 5.  Sound sp€ctrograh of  the g l ide- tone sect ion (A)  and
pulEed sect ion (B)  of  the s iqnat  et l i l red by a Ei - tec Etecrronic
scarecrot ,  in  the lower f requency ranges.  Note that  the t ine
scale d i f fers for  the two lecords.

; {

TABLE 5.  N

7 9 4 7 .

Treated se

-qlEcqte{

F r i n g s  a n d  c o o k  1 9 5 4 ,  s p e a r  1 9 6 6 1 ) ,  a n d  c o n s i s r  o f  a  c o n p t e x  6
second gl ide tone fol lo;ed by 10 seconds of pulseat bands ar
severat f requencies (Fig. s).  The gt ide/putse sequence repeated
contrnuously with f lequency and patrern varying sl ighr ly each

f i icrophone readings taken in fronr of a speaker found the
drscl larged sound to average 91 da ai  10 n, 76 dB at 30 Jn, and <?1
dB-at 50 m (by the 50 m point anblent sounds conoing fron a road
a n d  a  r e s e a r c h  s t d L j o n  6 0 0  h  a w a y  p r o v e d  $ o r e  i n t e n s e j .

.  star l ings feedlng when t tre scarecro\r  vras f i rst  operated did
not appear start led. alarhed, or nore a]ert .  i lone of the birds
evacuated innediatety fron the treared divis ions. within 5
rnlnutes a f lock of >5Oo star l ings at ighted and beEan feeding in
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TABLE 5,  NunDers of  s tar l ings and renain ing apples and s l ices of
bread,  averaged for  days and f ie lds,  in  an exper iment  to test  the
ef fect iveness of  a sonic deterrent  device in  Canberra,  Austra l ia ,
L 9 4 7 .

s t a r  I  i n d s  a o o l e s  b r e a d  s l i c e s
( n S E S E S E

Treated seqnents
Pretrea!nent
per iod

N e a r  f i e l d s
F a r  f i e l d s

7 9 3
1 3  0 7

1 9 5 . 5
3 6 4 . 9

7 . 5
6 . 2

0 . 2 3
0 . 9  3

3 . 3
2 . 4

o . 4 0
0 . 9 3

N e a r  f i e l d s 1 ? 0 5
L 5 a 6

7 4 i , A
2 1 4 . 2

2 . 9
2 . 7

o . t 4
0 . 5 4

1 . ?
1 . 3

0
6 4

Untreated se,rnents
Pretreatnent

F a r  f i e t d s
9 9 7

1 0 0 t
1 1 9 . 0
2 9 2  , 9

6 . 2 0 .  6 6
o . a 7

3 . 0
2 . 4

0 . 3 9

N e a r  f i e l d s
F a r  f i e l d s

1 6 3 8
r ! 9 1

3 2 1 . 5
1 6 0 , 6

2 . 6
3 . 0

o .  5 4
o .  a 6

t . 2
1 . 6

o . 4 2
o . / 2

f roni  of  a speaker.  DLrr lng
a l i g h t e d  w i t h i n  1 o r  2  r i  o f
when a hol icopter ,  or  b i rd
approached.  the b i rds r ro l r ld

i  F ^ s  o r t e n

ot prey i le, ,  over,  or a person
t a k e  o f f  d e l i v e r i n g  a u d i b l e

Star l ing nu$bers increased over the course of the experiment
(Tabre 5) and lrere hiLjhest ' "rhi te the treatnent per io. t  was being
. o n d u c t e d  ( F  =  6 . 4 0 ;  1 , 1 6  d f i  P  - -  D . a 2 2 ) .  D u r i n q  t h e  t r e a t n e n t
t e r i o d ,  n o  s r g n i  f  - ,  d r . (  i i r r F r a n .  .  s  r n  n u r F p r s  b e t ; e e n  n e a l  d n  I
f a r  d i v i s i o n s  ( r '  -  o - o O O 5 ;  r , a 6  d f i  p  =  O . 9 g )  o r  t r e a t e d  a n d
i n ! r e d r F d  d l v i s i - n r  ( I  -  0 . . . t '  1 , 1 6  d . ;  F  . 0 . 4 4 )  o ( c u r r e d .

o t h e r  b i r d  s p e c i e s  o c c a s i o n e d  a 1 t  d i v i s i o n s  a n d  s o n e t i n e s
tock bread: Austral ian Magpies (Gyf lnor:hrna t ib icen),  Austral ian
Ravens (co:-yus cotonoldes),  and white-ninsed chougirs lca.ocarax
net anarhanphus).  The nunber ot non-star l inqs inside rh? test
b q u n d d r : e s  n e v e r  e x c p e d F c i  1 i ,  : n . r i v . d u d l s ,  a ; d  w n s  u s u a l l y  : ,
conpared to an aver.aqe of 256 sta.t ings, therelore. feeding by



other  species should not  have b iased food renoval  assessnents.
F e w e r  b r e a d  s l i c e s  ( F ' =  I 3 . J 2 i  t , l 6  d f ;  P  =  o . o o 2 )  a n d  a p p l e s  ( F
=  5 5 . 3 1 ;  1 . 1 6  d f ;  P  <  o . 0 0 1 )  r e n a i n e d  d u r i n g  t h e  t r e a t r d e n t  p e i i o d
than dur ing the pretreatnent  per iod.  Dur ing the t reatnent
per iod,  no s igni f icant  d i f ferences {P > 0.59)  in  food anounts
renain inq betr . /een near and far  d j .wis ions or  t reated and untreated
div is ions occurred.

The Hi- tec Electronic  scarecrow had no ef fect  on the nunber
of  and the quant i ty  of  food eaten by star l ings v is i t ing the 3
t reated d iv is ions.  In  the t reatnent  per . iod,  s tar l ing nunbers
l 'ere 578 h igher  than the pretreatnent  per iod.  F locks of
star l ings f le i . r  through t reated d iv is ions to feeding quadrats
wi thout  apparent  hesi tat ion or  avoidance behavior  (Bonford 1990).

3,3 Exper in 'enta l  Sunnary # 3

Ef fect  of  UTtrasanic.  v isuaf ,  and sonic DevTces on p igeon Nunbers
in a vacanX Bui jd ing

PAUL P.  WORONECKI (19S8)

I ' ta ter ia is  and Methods

Ihe Bi rd-X Ul t rason UET-360 (Bi rd-x Inc. ,  Chicago I r r )
u l t rasonic b i rd repel l ing device l ras evatuated.  The device
was powered by 1 l .o-140 V.  could be swi tched to eni t  e i ther
cont tnuous or  pulsed sounds,  had an e lect ronic  osc i l la tor  tuned
to 14,000 to 23,Ooo kHz,  and ! . ,as at tached to a turntabl -e that
rotated tv ice a h inute.  The device outDut  vas heasured bv a B&K
P r e c i s i o n  s o u n d  L e v e l  M e E e r  p t a c e d  d i r e ; r l y  i n  r r o n t  o r  r f i e
device speaker at  a vacant  park ing lo t ,  ! , i th in an enclosed neta l
bui ld ing,  and at  22 unobstructed test  s i te  posi t ions.

The UET-360 was tested in  a vacant  porer  house bui ld ing (pH-
1)  occupied by >70 p igeons at  NASA, PIun Brook Stat ion,  near
Sandusky,  ohio.  The f loor  space of  pH- l  vas 704 n,  ( rouqhty 22 n
x 32 ln)  .  The cei t ing eas 18 m high.  The UEA-360 adver t iseh€nr
c la ihs that  the b i rd repet l ing coverage exceeds a,OOO l l t ,  not
inc luding secondary coverage.

other  PH- l  features inctuded an oDen network of  concrete
p i 1 l a r s ,  c a t w a l k s .  p t a t f o r m s ,  s t a l r s .  ; n d  r a i I i n g s .  p i g e o n
act iv l ty  l ras l ln i ted to the upper 4.6 n of  the bui ld ing;  nest ing
on_the ledge of  the in ter ior  wal ]  and roost ing on ledg;s,
ra i l ings,  p ipes,  and l ight  f ix tures.  tost  p igeons ut i l ized a
broken window at  the southvest  an entrance anCl  ex i t ,
! .h ich provided for  a s ihple and accurate census.

TABIE 6 .  SOI
with a B&K s'

1 9 4 6 .

as) the redgr

pigeons inhal

ThE UET-

and non-f ly ir

dur ing the pr

The UET-350 was s\rspended
cei l inq. The device i . |as 7,3 n

by chains and cable 4,5 n fron the
fron (and at the sarne elevat ion
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AELE 6. r e s p o n s e s  f r o n  a n  U ason UET-160 taken
u i t h  a  B & K  S o u n d  I e v e l  M e L F r  a t  3  n  b e f o r e ,
evaluat ion conducted at  Sandusky,  ohio,  in
1 9 8 6 .

dur ing,  and af ter  an
october and Novenber

DWRC
(park inq
l o t )

9 5 r o 1 9 6 1 0 1

sandusky
(neta1
bui ldinq )

1 0 0 1 0 1

House-1)

9 6 9 A

sound lewe1 ldecibels)
cont inuous Pulsed

r i I n p u l

a s )  t h e  l e d g e  u t i l i z e d  f o r  n e s t i n g ,  a n d  1 r . 9 , 7 . 3 ,  a n d  1 8 . 6  i n
f r o m  t h e  w a l l s .

Test ing vas acconpl ished 8 Oct-26 Nov 46.  The nunber of
p iqeons inhabi t ing PI I - I  vas col rnted by l  person approaching the
b u i l d i n g ' s  s o u t h ' e s t  c o r n e r  ( s t a r t i n g  4 6  m  a u a y ) .  B i r d s  l e a w i n g
fron and perched/nested ins ide the bui ld ing v, 'ere counted as the
counter  approached and entered the bui ld ing.  Nest ing act iv i ty
was a lso noted.  These counts ! . ,ere nade between 0730 and 1000 at
least  3 t ines a week.  Addi t ional  inspect ions L 'ere nade at  t imes
other  than scheduled to nake note of  any behaviorar  or  act iv i ty
changes resul t ing f ron the device.

The UET-360 was insta l led according !o nanufacturers
i n s t r u c t i o n s ,  t h e r e f o r e ,  a l t  n e s t s  ( i n c l u d i n g  e g g s ,  n e s t l i n g s .
and non-f ly ing younq) were renoved before test ing.  The device
ntas operated cont inuously for  20 days l2O ocE-1 Nov 86) ;  10 days
pulsed output  and 10 days cont inuous output .  sound ou+-put  vas
neasured again.  The device was then s l r i tched of f  a id p igeon
nunbers cont inued to be recorded for  10 r rore days.

The cont inuous output  i {as a9-2 kHz,  wi th a s l ight  anpl i tude
nodulat ion at  12o Hz.  The dewice eni t ted 79 Dulses Der n inut€
c l u r i n g  r h e  p u l s e d  o u t p u t s  a L  f r e q u e n c i e s  o f  2 0 : 2 6  k H z - .  S o u n d
Ievel  neasurehents taken at  a d is tance of  3 n before,  dur ing,  and
af ter  the exper i inent  y ie lded s in i lar  resul ts .  The inpulse sound
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TABLE 7. Mean nuhber of
during Ultrason UET-360

pigeons counted leaving Power House-l

Per iod
I o .  o f

N o v  8 6 ,

The Ul t l

day t reatmenl

the Dewa-Spir
Sal tney Engi i

The UET_

4.  OI ' IER Sl

in  h igh leve:

darnaqed.  Thr

approximatet l
1 9 8 7 ) .  M e y l i

F i tzwatr
b i rd repel l i r

Mart in  i

Nunber of Pioeohs
SD Range

a-17 Oct 5 4 4 . 2 5 2 - 7 3 5

1.8-28 oct (b) 6 6 2 1 .  0 3 1 - 4 9

29 0ct-7 Nov Uttrasonic- 1 5 1 5 .  I 4 A - 9 2 6

A- I7  Nov
Pulsed

'13
1 5 . 3 5 5 - 9 3 5

1 a - 2 6  N o v 7 \ L 6 . 7 5 1 - 9 3 7

Ievels were approxinate ly  5 dB lower.  Tbe peak sound lewel
neasurenents,  taken at  22 locat ions ins ide Ps-1 at  d is tances of  3
to 28 m, var ied f ronr  ?3-9a dB.  Levels in  the area of  Diqeon
r o o s t i n g  a n d  n e s t i n g  a c t i w i t y  r a n g e a t  f r o m  ? l - 9 8  d B  f o r  t h e  p u l s e d
output  and 84-98 dB for  the cont inuous output ,  In  areas of  PH-1
where the device was not  v is ib le,  background levels f ron 7o-73 dB
vere recorded.  sound pressure lvave measurenents revealed that
the u l t rasonic s ignals lvere easi ly  shadoeed by objects and that
there r^ ,ere areas wi lh in PH- l  ! , ,here the Diqeons could easi lv  e lude

A 10-day pretreatment  per iod {8-17 oct  86)  of  counts
resul ted in  an averaqe of  64 p lgeons per  observat ion (Table 7) .
A l l -day pretreatment  per iod (18-28 oct  86)  test inq the inpact  of
nes!  renoval  and UET-360 presence ( \ r i thout  being turned on)  upon
the PE-1 p igeon populat ion,  resul t ing in  an averaqe of  66 p iseons
per observat ion.

gE"I -350 output  in  the , 'cont inuous" hode began on 29 Oct  86
at  o94O and lasted unt i l  7  Nov 46,  Af ter  the devlce uas turned
on ( f rom a sei tch outs ide the bui ld lng)  10 p lgeons lef t  the
bui ld ing u i th in the f i rs t  f i f teen minutes.  An average of  75
pigeons n 'ere present  per  obserwat ion.

Ahe rpulsedn node.  was tested f ron a-17 Nov 86.  No change
in p igeon presence l ras not iced as there i ras an average of  73
pigeons per  observat ion.  Four nests had been reconstructed
dur ing the t reatment  per iods,  ?.3-2o.4 in  f ro l l l  the UET-350.  Eggs
uere found in the 4 nests when checked on 11 Nov S6 and by 17 Nov
there l ras a tota l  o f  8 eggs being incubated.

Dur ing a 10-day post t reatnent  per iod,  f ron 18-26 Nov 86,  an
average of 71 pigeons oere observed. Two eggs had hatched by 25
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N o v  4 6 .

Discussion and conclusions

The Uttrason UET-360 invokei l  nei ther an ini t ia l  f r ight
."""" ; ; . - ; ; ;  ""v ' "a""t i ""  in piseon nunbers durinq.the tvo 10-

; ; ; ' ; ; ; ; i - ; ; l  p. l i "a=. pise"n=- r ;br icated nests, la id esss and

. i n i u O a t " O  e q g s  1 . i - 2 o . 4  m  f r o m  t h e  d e v i c e '

A  s o n i c  d e v i c e ,  t h e  D e v a - l 4 e g a s t r e s s  r r ,  a n d  a  v i s u a l  d e v i c e '

t h e  D e v a - s p i n n i n g  E y e s  ( b o L h  m a n u f a c t u r e d  b y  B r a k a m  M r  l l e r '

s u r r - n . v  e " i i n . . t i n q  L i h i t e d )  b o t s h  h a c l  s o n e  e f r e c L  o n  p i g e o n
; ; ; ; ; ; ;  ; h ; "  t e s t e ;  v i ' L h i n  P H - 1 '  r h e  s o n i c  d e v i c e  r e d u c e d

nunbers for 2 of 1o alays. $hereas the spinninq eyes had repel l ing

effects for only the f i rst  of  10 days'

T h e  u E T - l 6 o  r a i l e d  t o  r e d u c e  L h e  p o p u l a t i o n ,  a l t e r  t h e

b e h a v i o r ,  a n d  s t o P  t h e  n e s t i n g  a c t i v i t y  o I  p i g e o n s  u l t n r n  a

vacant bui lding. This study demonstrates that ul t rasonrc devrces

aie inetrect iv6 in rectucing pigeon populat ions (woronecki 1988) '

I. OTITER STUDIES ON UI,TRASONICS

Itev lan (1978) conducteal  an "u l t rasonic ' i  exper inent  resul t ing

i n  h i q h -  l e v e l s  o f  b . i r d  I  c p e l l i n q  s u c c e s s .  F r o n  r j d - A u ? u s t  t o

mid-s;ptenber 1977.  Meylan tested an u l t rasonic device in  a

sunf lo ier  f ie ld in  sv i lzerrand.  Danage to the crop was 40t  Less

than nornal  dur ing device operat ion.  House sparrows (Passer

donest icus)  and r ;ee sparro 's  (Passet-  nontatus)  d isapPeared

conplete ly .  creenf inct res (cardeut is  ca-rdeu. l is)  v is i ted the crop

. i 61 t ; ; a  on l y  f o r  sho r t  i i ne  i n te rva l s  du r ins  dev i ce  ope ra t i on '
Aft;r-  the devi le vas turneal of f  the Greenf inches again fed
' ,gregariously, ' r  and within a fev da' 's lhe crop vas heavi lv
d ; i a ; e d .  T h e  s o u n d  p r o d u c e d  b y  t n e  d e v i c e  c o n s i s l e d  o f  o n e
s e c o n a  p u f s e s  a t  : ! 6 , 1 7 6  H z  ( T a b l e  8 1 .  T h i s  t r e q u e n c y  l e v e l -  i s
approxi iately 33oo Hz below the "ul trasonic 'r  range (6r i f f i tbs
r i i z ) .  u e y r i n  i n c l u d e s  n o  d e s c r i p t i o n  o f  h i s  h a t e r i a l s  a n d
neth;ds to-give greater credibir i tY to his experinent '  Important
factors such as weather,  miqrat ion, and other avai lable food

not included.

F i t z w a t e r  ( 1 9 7 0 1  d e s c r i b e d  h i s  e t p e r i e n c e s  u s i n g  u l t r a s o n r c
biral  repel l inq devices as 'd;scolraginS"'  He found that
ul traso; ic aevices are expensive to purchase and operate, produce
',sound shadowsr'  ( teaving areas untreated) ,  and produce sounds
i i lat  decrease rapidly in rRagnitude once they leave the souice'

Mart in anat uart in {19s4) researched the effects of
ul trasound upon cornorants, gulLs, and Rock Doves. ' Ihe tested
birds vere u; ing shiFYard pier towers for roost ing at night '  The
fecal renains r-r t  ly t t re birds created a sl ipperv hazard for
dock enployees and creaning problens because of the sun baking
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by the device.  They d id f ind that  an ef f ic ient  sound s ignal  to
s c a r e  L h e  g u l l s  h a d  a  r r e q u e n c y  s p a n  o f  2 - ?  k H z ,  f r e q u e n c y
n o d u l a t i o n  o f  0 . 5 - 2 0  H z ,  d u r a t i o n  o f  2 0  s  a n d  n i n i n u m  i n t e n s i c Y
of  60 a lB.  European Star l inqs a lso could be repel led by ut i l iz inq
t h e s e  s i g n a l s .

Theissen,  et  a l  (1957) s tudied the ef fects of  UBRDS on the
feedinq of  Pekinq Ducks (setect ive ly  bred l ' la l lards) '  Af ter
test ing the feeding behawiors of  3o ducks wi th in a pen,  i t  tas
concluded that  the ducks "do no!  respond to 20000 Hz sounds at
i h + a h c i + i o c

Evaluat ion of  the ef fect iweness of  the r ru l t rason E"n UARD on
cl i f f  swal to i {s  (E\rundo pyrrhonota)  was acconpl ished bY xerns
( 1 9 8 5 ) ,  T h e  d e v j . c e  r a c k e d  s i q n i f i c a n t  e f f e c t  t o  c o n t r o l l i n g
cl i f f  s l raI lo l r  populat ion s ize or  behavior .

A pai r  of  rotat ing 21ooo Hz UBRDS l rere repor ted to have
el in inated Rock Doves f rom roost ing s i tes at  a bui ld ing in
Elor ida,  hosever,  af ler  a per iod of  four  nonths,  habi tuat ion had
occurred and the Rock Doves eould perch atop the UBRDS vi thout
a p p a r e n t  d i s c o f t f c r t  { D u b c o  1 9 8 4  a n d  D u g g e r  1 9 8 4 ) .

Bi rd-x,  Inc.  l ras inv i ted to submit  any research ef for ts
conpleted by themselves or  any other  person(s)  addressing the
e f f i c d c y  o r  u a R D s .  B r r d - x  h . d  n o  r e s e i r c h  e f f o l t s  t o  s u b F j L ,
hol rever ,  of fered in format ion f roh nunerous records of  UBRD
custoner sat is fact ion and success l te leDhone conversat ion o i th
M o n a  Z e n s k y ,  B i r a t - X ,  I n c .  M a r k e t i n g  M a n ; g e r ,  J a n u a r y  1 9 9 2 ) .  N o
infornLat ion was avai lable as to durat lon of  t ine of  UBRD success.

CONCLUSIONS

No UBRD exp€r iments,  to  present ,  have resul ted in  a b i rd
populat ion reduct ion greater  tban 5*.  The one erper inent  that
had s iqni f icant  ef fect  ut i l ized a sub-ul t rasonic f requency of
16776 Hz.  Of  th€ b i rd species that  have had thej . r  hear lng levets
studied,  nost  (26 of  33)  do not  have the capat , i l i ty  of  hear ing
u l t r a s o n i c  s o u n d  ( T a b I e  1 ) .

A b i rd cannoL be physicaLly s t ressed by an UBRD unless i l
can focus a f requency approach ing /  above l  MHz to a b i rds 'body or
del iver  a sound intensi ty  of  over  140 dB at  the locat ion of  the
bi rds '  ear .  rhe physical  ef fects of  UBRDS are n in imized by the
i n t e n s i t y ,  p r o x ; m i L t ,  a n , l  t o c u s - n 9  r e q u i r e d  t o  c a u s e  s u c h
ef fects.  of  the UBRDS that  have been tested,  the maxinun levets
of  eni t ted sounds recorded inc lude a f reouencv of  50 kHz and ar ,
in tensi ty  of  135 dA.

UBRDS (as wi th nost  b i rd contro l  devices)  los€ thei r
ef fect iveness over  t ine becaus€ b i rds habi tuate (get  used) to the
pieserce of  thei r  reperr ing qual i t ies.  Any sound qhich scar .es
bi rds away is  of ten ef fect ive only for  a l i rn i ted t ine,  dependinq
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to use and easy !o naintain bird repel l ing method nakes future
ieseaxch into possible bird controt solut ions a necessity.
Effect ive bixd control  nethods need to be capable of ful f i l l ing
the needs of the l tany possible appl icat ions: Aircraft ,
air f ie lds, farnlands, bui ldings, hangars, docks, ships, s igns, or
any other locat ions vhere roost j .ng or f ly ing birds nay cause
problems.
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ABSTRACT:

' Iweniy.eight percenr ot al l  USAF bird str ikes occrf i rcd durinp Iow-le!el  nisht ooerxr ions
hetween lu87 and Iqot.  The<e str ikcs resulred in morc r ' raniZ50 mit t ion in aarnage, rhe
destruct ion of four ajrcraft .  and fr !e ajrcre$ faral i t ier.  [ow.level airspace evaluat io"n
once focused orily on rhe Bird Avoidance Model (BAM), which is a useful rool for
esr imating waLerfowl hazards. However,  addi i iooal bird species not nrodel led bv the
BAM, such as raptors, gulls, cranes. and pelicans also pose signjficant hazards t; aircraft
operafions. flazards associated with these species are being examined separately using
k[own t]ird. population andoigration dynamics. To reduce hazardou" ana costty Ui.O
strikes lo aircraft, the USAF BASH Team is updating rhe BAM. The new BAM will
calculate the relative risk of a bird strike by integrating biological and geographical data
into a Geographic Information System (cIS). The GIS is allowine det;ile; analvses of
rohucr daraba(es. including rhe Nof lh Americar BreeJing Brrd Su;ey (BBS), Bi ;d
Banding Recovery, Chfistmas Bird C,r'rnr (CBC), Hawk Migration Aisocjatirm of North
America (HMANAI, and Refuge databares which have helped veri fy hird distnbot ion
and abundance in rhe BAM. The USAF BASH Team will conrinuib enhance rhe
BAM through the future addition of weather components and the integration of bird
recognition data provided by the Next ceneration Weather Radar (NEXRAD).
NEXRAD will prcvide a near real-time bird avoidance capability for towlevei aircraft
operatrons,

David J. Rubin
Spectrum Sciences and Soflware Inc,

Bird Aircraft Srrike Hazsrd (8ASH) Tearn
HQ AFCESA/DMP, lyndall A[8, Floridr
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Lolv-Lev€l Airsgsce Bird Strike Hazqrd Eyrluation snd Using of
cIS ao Intesrate Bird Populatton D.r'namlcs Into f,n Alrcrsll Bird

Avoidance Model

BACKGROUND: Tbe United States Air Force (US$) is rcpo s more than 3,000 bird
air€raft collirions ea.h yeaL Approximatety 28qo of USAF bia strikes from 19fi7 to
1991 occured during the lowlevel and range phases of flight. These st.ikes caused a
disproportionate amount of damage, due to higher aircraftopcraring speeds, and resuttcd
in the destruction of four aircraft, five aircrew fatatities, and greatei rh;n $250 million rn
damage. In the early 1980's, the Bird Aircrafr Srrike Hazard {BASH) Team develoo€d a
predictive risk model io identiry areas and times associated with hieh bird strike risi.
The.Bird Avoidance Model (BAM) estimares rhe probabitiry of a bird srrike along a low_
level training roule by distributing a densiry of birds into a ;olume of space and 

'

sweeping the fronral surface area of an aircraft through that space. Thi B,q.M has been
a useful tool for estimating waterfowl (ducks, geese, and s*ani; hazards, but other birds
considered hazardous to military aircraft operations were not incorDorated into the
model. Birds such as raptors (birds ofprey), gulls, cranes. and pelicans are evaluated
separalely using known populalion and migration dynamics, however these data for nrany
sDectes remaln mcomDlele

CURRENT RESEARCH: The BASH Team has recognized the necessity of
rncorponting these potentially hazardous bird species as well as terrain features
associated with increased bird activity into a new Bird Avoidance Model. The currenr
BAM program lack the flexibility to add species, update databases of dynamic biological
systems, and incorporate geophysical data. The use of Geographic Information System
(GIS) technology offerc rhe ideal solurion for inregrating lh;se-spatial data. Daia to be
incorporated into the model will include bird species' wiigtrts, flock densities, a relative
aircraft damage factor, and species'behavioral differences. The tempotal asDects of the
hazards, includiD€ time of year (seajonal variation) and time of day (diurnal variation)
and associaled altitude components will be included in the risk assisiment. The BAM
output, provided to military flight and mission planners, will include a sraDhical deDicuon
of bird hazards and a rexl file wilh recommendations for aircraft ooeraiions in rhe'
vicinity of the ha"-ard. Modelling efforts for lhe continenral Unibd Statcs are currently
underway using ceographic Resource Analysis Suppo system (GRASS). GRASS is a
public domain cIS developed by the U.S. Army Corps ofEnginiers Construction
Engineering Research I-ab (USACERL). This rasre;-based dIS, run on a UNIX_based
operating system, is ideally suited to analyze biological dislribution data and provides the
flexibility to add species and calculate risk based on selected criteria.

Geographically referenced population and migration dynamics fot waterbirds, raptoA,
cranes, pelicans, gulls, and blackbirds are being collected from state and federaligencies
and are entered into a Dbase III+ file. The GRASS GIS has allowed easv analysis of
robust databases such as The Hawk Migration Assocjation of North America Gitr,t C.Na).
North American BreediDg Bird Survey (BBS), Cbristmas Bird Count (CBO a;d Bnd 
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Banding Recovery to aid in lhe verification of bird distribuiions and abundance in lhe
BAM. The expanded BAM is scheduled for completior in Seplember 1993.

LUIJRLRESEABeII The BAM c-an be supported by bird movement and ahiludinal
data and uitimateiy weather components supplied by the Next 6eneration Weather
Radar (NEXRAD) system, once it becomes ope.ational. Recognition algorithrn's for
warerfowl, gu1l, and bla€kbirds for NEXRAD have been deveioped. The NEXRAI)
system will provide coverage for most of the Uniled States and a large section of
Europe, and will furnish a near realtime bild avoidance capability for lowjevel milirary
aircraft operations.

The US Air Force experiences a significantly higher bird strike ratc durin8 lowlevel
operations outside the United States. In Europe, lowlevel bird advisories are issued as
a result of pcrsonal observatioos and otservations of air defense radars located in
Belgium, The Netherlands, and Cermany. The integralion of these advisories along wlth
geophysical and biological databases, with a predictive model based on GRASS \r'ill
significantly improve {light safety- The BASII Team hopes to begjn collecting data for
thjs effort in Fail ot 1992. Deploymenls into regions such as the middle east, with
extremely hazardous bird migrations. emphasized lhe need lor a Slobalscale moJelling
effoi. The BASH Team is searching for global rnigrrtion p;lth information a d
establishing contacls with European and global GRASS users.


