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T h e  e f f e c t i v e n e s s  o f  s o l t n d  s i g n a l s  f o r  s c a r i n g  g u I L s  a l r . r y
f r o m  f e e c l i n g  a r e a s  h a v e  b e e n  i n v e s t i g d t e d  d L l r i n g  L h e  l a s L
y e a r s .  P h y s i o l o g i c a l  a n d  b e h a v i o u r a l  d a t a  w e r e  u s e ( t  t . o
l d e n t i f y  t h e  m o s t  p r o f l i s i n g  a p I ' r o a c h .  U L t r a s o u n d  a n d  i n f r a -
s o u n d  w e r e  t e s t e . l  a s  v , / e l L  a s  a u d i b l e  s o u n d  a t  d i f f e r e n t
f r e q u e n c i e s  a n d  w i t h  a  l a r g e  v a r i e t y  o f  m o d L r l a t i o n s .

T h e  i n v e s l l g a t i o n s  h a v e  s h o \ ^ ? n  L j l a i :  u l t r a s o u n d  a n d  i n f r a s o u n r l
d o  n o t  , o r o d L r c e  t h e  d e s i r e d  s c a r i n g  e f f e c t ,  \ d h e r e  a s  a  g r o r r l )
o f  f r  e q u e  n c  y - m o d u  I  a t e d  a l 1 d i b l e  s i g n a L s  h a v e  p r o v e d  e f f e c t i v e
f o r  b j r d  c o n l r o l  .  T h e  s c a r i n . J  s i g n a L  c a n  b e  g e n e r d t e d  b y  a n
e l e c t r o a c o u s t i c  d e v i c e .  B a s e d  o n  l h e  e n c o l t r a g i n g  r e s u l t s  o f
i n v e s t i g a t i o o s  c o n d d c t e d  o n  b e h a L f  o f  t w o  m a j o r  G e r r r a n
c i t i e s ,  f u n c t i o n a l  m o d e l s  o f  * . h e  b i r d  c o n i : r . o l  d e v L c e  i r . r v e
b e e n  d e v e L o p p e d  f o r  a n  i n d u s t r i a l  c l i e n t .

F u n d a , . n e n t a l  p r o p e r t i e s  o f  t h e  b i r d ' s  e a r  a n d  s o t o e  r e s u t t s  o f
a  f i e l d  t e s L  t o  s c a r e  a w a y  g u l l s  f r o m  w a s t : e  d e p o s i t s  d r e
d e s c r i b e d  i n  l h e  f o l l o w i n g  p a p e r .
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2 IMPORTANCE OF ACOUSTIC SIGNAIS

B i rds  can  be  sca red  away  by  humans ,  an ima ls ,  sca rec rows ,
l i gh t ,  m ic rowaves ,  a i r c ra f t s ,  chemica l s  and  so r . rnd .  Bu t  l aws
and  env i ronmen ta l  p ro tec t i on  make  i t  necessa ry  to  seLec t
ca re fu l l y  among  the  d i f f e ren t  me thods  / l / .  Au tomat i c  o r
c o n t r o I  l e d  o p e r a t i o n  i s  a l s o  o f L e n  d e s i r e d .  T n p o r t d n t
seLec t i on  c r i t e r i a  f o r  sca r ing  dev i ces  a r  t he i r

-  E  f f i c  i ency
-  Ease  o f  ope ra t i on  and
-  Conpa t iL , i f i t y  w i th  the  env i ronmen t .

These  c r i t e r i a  may  con t rad i c l  each  o the r  i n  some cases .  Fo r
ins tance ,  a  ve ry  e f fec t i ve  chemica l  can  po fLu te  the  wa le r ,
o r  ano the r  t echn ique  may  need  a  fuL l  t ime  ope ra to r .  As  a
consequence ,  i t  i s  genera l l y  no t  poss ib le  l o  f i nd  a  dev i ce
v r ' h i ch  fu l f i l l s  a l l  se lec t i on  c r i t e r i a .  So  one  sho l r f d  t r y  t o
f i n d  s p e c i f i c  s o l u c i o n s  f o r  g i v e n  d p l - l  i c a t i o n s .

Acous l i c  me thods  o f fe r  6ome in te res t i ng  advanLages  /2 / :
-  Acous t i c  s igna fs  have  impor tan t  f unc t i ons  i n  Lhe  behav iou r

o f  b i r d s ,

-  s d l n d  i c  \  r F l a r  i  A l v  f ^ r  -  -  _ '  '  l lr c o L , L f  ' 9  s f v l o  I  a r , e  ! -  w -

s u i t e d  t o  c o v e r  L a r g e  a r e a s .

-  A c o u s t i c  s i g n a l s  c a n  b e  e a s i l y  c c m b i n e d  w i t h  o t h e r  e f f e c L s
t o  p r o d u c e  c o n d i t i o n i n g  s t i m u l i .

A L I  k i n d s  o f  s o u n d - w a v e  e m i t l l n g  e q u i p r n e n l  v , / 1 l l  b e  c o n s i d -
p r p d  h a - a  i s  n . t A n + i i l  h i . , r  e - : . i n n . l -  i . F  . .  l r r r - r  i f  L h e

sound  i s  i n  t he  no rma l  hea r ing  f req l rency  range  o f  humans  o r
a t  u l t rason ic  o r  i n f rason ic  f requenc ies .  Mechan ica l  sound
sources ,  py roacous t i cs r  guns ,  e lec t roacous t i c  genera lo rs  and
u l t rasound  s i rens  a re  t yp i ca l  acous t i c  b i r . l  sca r ing  dev l ces .

' ' _  -  t n i ^ r 'u e d ' s  L a , ' r ! y  w ' 1 "  9 u '  r P s r a c r  \

i s  impor tan t  i n  b i rd  s t r i kes  due  Lo  i t s  reLa t i ve l y  h igh
bod)Me igh t  ana l  i t s  appearance  i n  l a rge  f l ocks .  ' I he  me lhod
u s e d  i n  g J l l s  c " n  b e  a p p l  i e d  t o  f r n d  a p p r o p . a c e  s o L r n d
s igna ls  fo r  o the r  spec ies  l i ke  c rows ,  s ta r l i ngs ,  peew i l s ,
p igeons  and  poss ib l y  b i rds  o f  p rey ,
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3 EFFECTS OP SOI'ND II{ ET'UANS A}ID AIIIMALS.

3.1 Physical  character ist ics of sound.

The  sub jec t i ve  l oudness  i s
ssu re  feve f ,  measured  i n  dB
t ' he  du ra t i on  o f  t he  s igna l
l oudness ,  t oo ,  The  p i t ch  o f
r ] a c - r i  l - ! a ^  h v  i + c  f r 6 ^ , . 6 h , . . ,

:  - ^ h ^ l a Y  c ^ r n i l  i c  i n  ^ a r +

s p e  c  !  r u m .

c l o s e l /  r c l a r e d  ! o  L h e  s o L r n d  p r e -
L  P u  |  - E ! ,

. o n l  r i  h , r l - e c  F o  F t e  n A - ^ p  i  F d
i c  '  h . / c ,  - >  I  I  \ / -

i n  Hz  and  the  s t ruc tu re  o f
/ t a c ^ r i h 6 . l  h \ z  i  + c  F r a . , , r a n ^ , 1

T h F  s c n s i  I  i  w i  t v  . f  - h F  h F r ' i  n -  ^ - d a n  i c  i . '  o v e r
t h e  h e a r i n q  f r e { u e n c y  r d n g e  b u L  d e p e n d s  s L r o n g l y  o n
f . p f l r r e n . v .  r ^  p c l i r -  o  " h a  < " 1 - \ : A ^ r  i  a  a r r - - r  o I
sound  s igna fs ,  one  has  to  cons ide r  t he  spec t ra l  sens i t i v i t y
o f  t h e  e d r .  A  o o o d  r n d i c a E o r  F o r  t h e  s p e c t r a l  s F n s i r r v ; r y  r s
the auditory threshold, which has been measured for many
s p e c i e s .

Aud i l o ry  th resho ld  cu rves  fo r  b i rds  a re  E i ven  i n  f i g . l  and
fo r  humans  i n  f i g .2 .  One  can  see ,  t ha t  i n  Lhe  ne ighborhood
^ a  r a , r i ^ . c  ^ f  h a c l  h 6 : r i n n  t \ a r c  F v i s f  F , a , , , F r . ,  r - n n e s  w i c h
c l e a r l y  r e d u c e d  s e n s i t i v l t y .  T h e s e  r e g r o n s  a r e  o b v i o u s l y
s p e c i e s  s p e c i f i c  a n d  d i f f e r  s t r o n g l y  b e t w e e n  m a m m a l s  a n d
o l r o s  .

T h e r e f o r e ,  t h e  r e s u l t l n g  p e r c e i v e d  I o u d n e s s  d e p e n d s  o n  t h e
i n c o m i n g  s o u n d  p r e s s u r e  f e v e l  w e i g h t e d  b y  t h e  f r e q u e n c y -
d e p e n i l a n t  a u d i t o r y  s e n s i t i v i t y  f u n c t i o n .  S i n c e  t h e  s e n s l t t v -
i t y  f u n c L i o n  i s  d i f f e r e n t  i n  h u m a n s  a n d  t n  b L r d s ,  t h e  r e s L r l -
t i n g  s u b j e c t i v e  L o u d n e s s  w i f f  b e  d i f f e r e n t  a s  w e l I .

T h e  s o u n d  p r e s s * r e  l e v e l  a n d  t h e  f r e q J - r  c y  s p e c L L u m  a r -  o n l /
t ' h e  m o s t  s i m p f e  p h y s i c a l  p a r a m e t e r s  t o  c h a r a c t e r i z e  s o L r o d
s i g n a l s .  B L r t  t h e r e  a r e  m a n y  m o r e  s i q n i f i c a n t  f e a L u r e s ,  w h i c i l
c o n t r i b u t e  t o  t h e  i n f o r : r n a t i o n  c o n t a i n e d  i n  t h e  s i g n a t ,  T h e
e s s e n t i a l  c o m p o n e n t s  i n  t h e  a c o u s t i c a l  c o m m u n i c a t i o n  s l g o a L s
o f  b l r d s  a r e  g e n e r a l l y  n o t  y e t  k n o v / n  a n d  m u s t  b e  i d e n l i f i e d
v e r y  t h o r o u g h l y  i n  b e h a v i o u r a l  e x . o e r i m e n t s  u n d e r  n a t u r a L
c . r n d i t i o n s .
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3.2 cormunication signals

Communication signals often exhibit conplex frequency-t ime_

structures and they are species specif lc '  Human language

covers ttre frequency lange bet\^/een 250 Hz and l0 kHz' but

conununication is "t i l f  possible in a l imited frequency

interval betveen 5OO Hz and 25Oo Hz' The peak soun'l  pressuie

f"rr"f.  "t  1 m distance and nolnal speech are about 60 dB an' l

abou t  75  dB  du r ing  shou t i ng .  S ing ing  b i rds  use  sound  p res -

su re  l eveLs  a l  ab ;u t  70  dB ,  bu t  much  h ighe r  Leve ls  e 'g '  120

alB in echolocating bats have been observe' l  in i l ioacoustics'

The hiqhest frequencies with attoul 130 kHz have been meas-

u red  i i  ba ts  . t t d  i . t  do lph ins .  Roden ts '  f o r  examPle  m lce '  use

; i a ; " ; ; " ; ;  up  l . o  90  k l z -  / 3 / . I n  b i rd  sonss  on l v  f requenc ies

"p L" fO kHz have been found. A1: l :he l �ower frequency end of

bird songs, several hunalreal Hz \tere oDserveo'

3.3 Biological effects of sountl

The ear is the aaleqrrate anai mosl sensit ive organ for sound

r . . . p r l on '  Oepend ing  on  Lhe  s t rucLu re  and  behav iou ra l

* . " " i . c  " f  l n l  . o " n d  s t j m u l i  o n e  c d n  a c h j e v e  d r d m a r ' L c

effects at very fov,/ sound intensit ies'

H igh  sound  p ressu re  l eve l s  resu l l  i n  t empora ry . Ioss  o f

i i . i i i"e .""! i t j -vity (temporary threshold shift) '  Permanent

tr t . .{,r"tt t  exposl! ion to these 1eve1s may cause permanent

a . ^uq" .  T t t l *  o ; cu rs  t yp i ca l l y  a t  l eve l s -above  B0  dB '  A l

much higher Ievels of about 13O dB sound calrses paln an

humans .  A t  t h i s  Leve l  ex t raau ra l  e f fec ts  l i ke  s i ckness  s la r t

lo o".,r. .  ultrasounal anal Infrasoun'l  at levels above 140 dB

have  s im i fa r  e f fec ts .

Techn ica f t y  i t  i s  ve i y  d i f f i cu l t  o r  expens l ve  to  p roduce  and

iad ia te  so_una  s igna ls  excep t  bangs  a t  l eveLs  abo ,ve  I30  dB '

i l ; ; ; i " . " ;  acous i i ca r  dev i - ces  shou fd  use  the  h igh  sens i t i v -

i ty of birds in response to behaviouraLly relevant sorrn' l

st-ructures and should not lry to produce unconlrolfed

e f fec ts  on  b i rds  by  h igh  acous t l c  ene r9 les '

3.4 tlearing thresholtls in birds antl small namrtrals

In  qenera l ,  t he  upper  edge  o f  t he  hea r ing  f requency  ranqe

i . r . i . u " "= ,  as  the -body  we igh t  dec reases '  Th i s  has -been

verif j .ed in mammaLs, blrt not in birds' The upper trequency

edqe  in  l he  hea r ing  Lh resho ld  o f  m ice  and  Lhe  co r respond inq

ir loo"rr",,  contents in their communication 6ounds as at about
go l iHr. ir"t  one cannot f ind sini lari l ies in the au' l i tory

i i a " - ' " i  r i . a " .  As  ^howo  in  f i g .2 ,  t he  f requenc ies  o f  t res t

tearing in birds are between i kHz and 4 kHz and very high

th resha ld  l eve l s  i n  b i rds  s ta r t  be lo r '  1 l  kHz '

-  6 3  -



From these data one can concl l lde that bi ids are unable to
h e a r  f r e q u e n c i e s  a b o v e  1 1  k f i z .  T h e r e f o r e  h e a r i n g  s e n s i t i v i L y
a t  u l t r a s o n i c  f r e q u e n c y  i n  b i r d s  c a n  b e  e x c l r . . r d e d .  1 n  a d d i -
t i o n ,  t h e r e  a r e  n o  h i n l s  f r o m  b e h a v i o u r a l  e x p e r i m e n t s  o r
f r o m  s o u n d  r e c o r d i n g s  w h i c h  g i v e  a n y  e v i d e n c e  l h a l  u l l r a -
s o u n d  c o u l d  b e  m e a n i n g f u l  f o r  b i r d s ,

4I.{ETHODS FOR MEASURING TTIE SCARII{G EFFICIE}ICY
OF SOUND SIGIdALS

A u d i b l e  s o u n d ,  i n f r a s o u n d  a n d  u l t r a s o u n d  ! r ' e r e  u s e d  a s
s L i n u f i  f o r  g u l l s  i n  n e u r o p h y s i o l o g i g a l  a n d  b e h a v i o u r a f
e x p e l i m e n t s ,  I n  t h e  n e u r o p h y s i o l o g i g a l  s t u d y ,  e v o k e d
p o t e n t i a L s  f r o m  t h e  n i d b i a i n  o f  g u l L s  w e r e  m e a s u r e d .  W i t h
L h i s  v e r y  s e n s i L i v e  m e L h o d  h e d r i n q  L h r e s h o l d s  f r o r r .  L  i r z  l l ,
Io 25 kt lz were delermined.

E x p e r i m e n t s  w i t h  f r e e  L i v i n g  g u l l s  w e r e  c o l d u c l e d  i r )  a
m u n i c i p a l  p u r i f i c a t i o n  p l a n L ,  T h e  h i g h  n u m b e r  o f  a n i m a l s  a n d
t h e  e a s y  a c c e s s  t o  t h e  p l a n t  a l l o w e d  u s .  l o  p l a c e  t h e  s o u n d
s o l l r c e s  v e r y  n e a r  t o  t h e  a o i m a l s  a n d  l o  a p p f y  h i g h  s o u n d
i n t e n s i t i e s .  T h e  s o u n d  s o l l r c e s  w e r e  p o s i t i o n e d  s e v e r a l  d a y s
b e f o r e  t h e  e x p e r i m e n l  t o o k  p l a c e .  S o  t h e  g u l l s  w e r e  u s e d  l o
t h e  e q u l p m e n l .  T h e  s c a r i n g  e f f i c i e n c y  o f  t h e  s o u n , l  s i g n a f s
w a s  r e g i s L r a L e o  o n  d  s . j d l e  f r o n  o n c  L o  i i x .

5 RESULTS

5.t  Neurophysi ology

U l t r a s o n i c  h e a r i n g  t h r e s h o l  d :

f n  f o u r  a n i m a l s  m e a s u r e m e n t s  w e r e  t a k e n  b e l w e e n  1 6  k H z  a n d
2 0  k u z  a n d  i n  o n e  a n i m a L  l r p  t o  2 5  k H z .  S t i m u l i  u p  t o  1 1 0  d B
a t  t h e  e a r  w e r e  u s e d .  N o  i n d i c a L i o n  f o r  h e a r i n g  w a s  f o u n d .

I n f r a s o n j - c  h e a r i n g  t h r e s h o f c l :

f n  g u i n e a  f o w l s  a  r e n a r k a b f e  f o w  i n f r a s o L r n d  h e a r i n g  t h r e s -
' _  - ' r e o n s  h a d  b e e n  m e a s u r e d .  w i t h  l h e

s a m e  m e t h o d  n o  i n d i c a t i o n  f o r  h e a r i n g  i n  t h e  g u l L s  w a s
f o u n d .

Hearing threshold !"!99I_2-q__EZlnd 16 kHz :

T h e  h e a r i n g  t ' h r e s h o l d ,  d e t e r m i n e d  b y  e l e c t r o p h y s i o l o g y ,  i s
g i v e n  i n  f i g .  3 .  T h e  i l e q L r e n c y  o f  b e s t  h e a r i n g  i s  a t  a b o u t  3
k H z .  I t  i s  r e m a r k a b l e ,  t h a l  t h e  a L r d i t o r y  s e u s i L i v i t y  o f
g u l l s  d e c l i n e s  r d p i d l y  d L  I o w e r  f r e q " e n c i e s ,  A L  I r e  l u e n c ; e s
b e l o w  5 0 0  H z  t h e  h e a r i n q  t h r e s h o l d  i s  a b o v e  4 0  d B .

b 4  -
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5.2 Ineffective aounal signals

In f rasound  o f  B  Hz  and  l 0  Hz  a t  l eve l s  up  to  85  dB  cou ld  no t
genera te  any  reac t i on  o f  t he  gu l l s .  A Iso  pu re  tones  w i t -h
f requenc ies  be tween  20  Hz  and  6  kHz  a t  l eveLs  be low  100  dB
couLd  no l  genera te  reac t i ons  above  l eve l  one .

Very  h igh  uL t rason ic  l eve fs  o f  135  dB  a t  f requenc ies  be l \ reen

Cnly pure tones above I0O dB produced sLrong reactions of
' )  R ' r F  r h a  n i r , l c  c ^ - n  o ^ t  ' r s e d  L o\  r r Y ,  r r

lhese s ignafs anal  showed only week react ions even at  h igh
sound  in tens i t i - es .

l n  s u n n a r y ,  L h e  I u I I o w r n o  s i q n a l s  w e r e  i n e f f i c L e . l L :

-  T n f r d s o u n d  d n d  n o r n  d  I  s o u n d  d L  l o v , /  F r e q  l e n c i  e s
- Pure tones in the normal hearing range
-  U l t rasound
- Ampf i tude-modulated pure tones (AM)
-  No ise  S igna Is  (Bandpass  no i se )

5.3 Sountl signals for eff icient scaring

Strong reactions urere observed \a/i th frequency-modulated
s i g n d l s .  T h e  s L r e n g t h  o T  t h e  r e a c L i o n  w a s  . i n f l u e n c e d  b y  t h a
parame le rs :

-  S ta r t i ng  f requency  fo
- Frequency span (Band\ridth) ts and
- Modulation frequency fm

A large variety of combinations betv,/een these parameters was
shov ,n  to  be  e f fec l i ve .  Good  e f f i c i ency  w i t l l  r eac t i on  l eve l s
o f  5  and  6  was  found  i n  Lhe  fo f l o \d ing  i n te rvaLs :

fo ' -  2OO Hz
O ,5  Hz  <  fm  <2O L1z
2  k E z  < B  < ' 7  k : P , z
2  s  <  Dura t i on ,

Wi th  e f f i c i en l  s i gna ls ,  t he  gu l l s  reac ted  w i th in  t v /o
s e c o n L l s ,  b , r c  a L  r e d c L i o n  L e v e l s  D e l o w  o l  e q r . l  r o  f o u r  E h e y
reac ted  on l y  w i th ln  ten  seconds .  F ina lLy ,  a  s lgna l  du ra l i on
o f  20  seconds  was  chosen .  w i th  th i s  s igna l ,  re tu rn ing  gu l l s
were scared away for a second t ime, buL adaptation to ihe
s ignaLs  d id  no t  occu r .

E--
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6 TECHNICAL CONCEPT

A .  g r o u p  o f  e f f e c t i v e  E r e q u e n c y _ m o d u l a t e a i  s o u n d  s i g n a l s  l v i t ht h e  f o l L o v / i n g  p r o p e r t i e s  k T a s  s e l e c t e d :

-  F r e o u e n c y  s p a n  m o r e  t h a n  4  k H z- N{odir f  at ion f  reqr. t ,oncy bet\ . , /een 0, 5 Hz and 2O ftz.

T h e s e  s i g n a l . s  p r o v e d  t o  b e  e f f e c t i v e  a l s o  o n  a  \ { a s t e  d u n t pd u r i n g  a  p e r i o d  o f  n o r e  t h a n  o n e  m o n t h .  S o u n d  c r e s s u r e. e v e l s  d o w n  r o  6 0  d B  . L  L h e  b i r d s  ^ n . ,  " . i .  
' = t 5 ! ' r " ,  

" ' r r "ef fec t i ve ,  An e fec t roacous t ic  dev ice  . " " . l .u . l J , i ' o i - t r r r "
D a s L s  c o n s r s t s  o f  a  r u g g e d  w a t e r p r o o f  h o u s i n g  a n d  r a d i a t e s
, . 1 " : : " " 9  w i t h  a  p r e s e t e c r e d  r a d - i a r i o n  p . t t . i "  i i i g . - i l .  r rnas  the  foL lowing  proper t ies :

-  Bal lery-powered ir i th low current consumption.

-  A u t o n a t i c  a n d  n a n u a t  t r i g g e r .

-  P r e s e l e c t a b L e  s i q n a l  t y p e s  a n d  d u t y  c y c l e s .

-  M a i n t e n a n c e - f r e e  o p e r a t i o n  f o r  o o e
a t  t e n  m i n u t e - i n t e r v a l s )  -

-  Au toma l i c  va r i a t i on  o f  sca r ing  sounds

- No mechanical \ . , /ear off.

week  ( r t rnn ing

-  A d a p t a b l e  t o  d i f f e r e n t  b i r d  s p e c i e s .

-  F i t t i n g  t o  t r : i g g e r i n g  s e t r s o r s .

A d d r t i o n a l  e x p e r i m e n t s  o n  a  w a s t e  d e p o s i t  r e v e a L e d  t h ef o l f o w i n g  o b s e r v a t j  o n s  :

-  
1 : , l l9h  no ise  exposures  (95  dBA)  f ron  the  env i ronnenr ,  r t reac t rve  area  was res t r i c ted  to  a  rad ius  o f  3O meters ,

-  W h e n . t h e  s c a r i n g  s o u n d s  w e r e  d i r e c t e d  t o  i n c o m r n g  f l o c k so f  b i r d s ,  t h e y  f f e d  a w a y  [ r o m  L n e  s o u n d  s o u r c e :  T h e  b r r . l ss t a y e c l  a w a y  f o r  2 0  s e c o n d s  u p  t o  t 5  m i n u t e s .

-  I n  q u l e t  s u r r o u n d i n g s ,  t h e  t y p i c a l  d i a m e L e r  o f  e f f e c t i v eo p e r a t i o n  w a s  b e t w e e n  2 O O  m  a n d  4 O O  m ,

-  W h e n  t h e  b i r d s  w e r e  i n s o n i f i e d  a t  t h e i r  r o o s t i n g  p l i l c e s ,

: l : y - : l : r : |  
very  s t rone. f l ighr  reac t ions  . " ;  ;a ;y : ;  " t " l "yE o r  m o r e  L i d n  o n e  h o u r  ( f i q .  6 ) .

-  Nega t i ve  e f fec ts  on  work ing  pe rsonne l  and  on
the  sL r r round ing  a reas  were  no t  obse rve . l .  The
\250  Hz  -  5000  Hz ,  90  dBA du r ing  ZO s  a t  fOare  t . o le rab fe  i n  work ing  a reas .

an ina l s  i n
s igna l  t ypes

m  d  i s t a n c e  )

i
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7 DISCUSSIOII

In a systematic study iL was shown thal lnaudible sound for
h u m a n s  i s  a l s o  i n a u d i b L e  f o r  b i r d s .  T h e  h y p o t h e s i s  o f
h e a r i n g  a _ ,  i n f r a . : o n i c  o l  u l t r a s o n i c  f r e q u e n c i e s  i n  b i r d s
n u s t  b e  n € i g a t e d .

T h e  h e a r : i n g  t h r e s h o l d  c u r v e  o f  g u l l s  h a s  p r o v e d  t o  g i v e  a
g o c d  e s t i m a t e  f o r  t h e  s c a r i n g  e f f i c l e n c y  o f  $ T i d e b a n d  s o u n d
s i g n a l s .  I n  a d d i t i o n a L  b e h a v i o u r a l  e x p e r i m e n t s ,  a  g r o u p  o f
f r e q u e n c y - m o d u f a t e d  s o u n d  s i g n a l s  w i t h  s t r o n g  s c a r i n g
e f f e c t s  ! , / a s  i d e n t i f i e d .  T h e y  l r e r e  e f f e c l i v e  f o r  r o o s t i n g
b i r d s  d o w n  t o  s o u n d  p r e s s u r e  L e v e l s  o f  6 0  d B .  N o t  o n l y
g u 1 L s ,  b u t  a l s o  s w a r m s  o f  s t a r L i n g s  \ ^ / e r e  s c a r e d  a \ d a y  b y  t h e
s i g n i l s ,

A n  e l e c t r o a c o u s t i c  d e v i c e  \ r a s  d e v e l o p e d  o n  t h e  b a s i s  o f
t h e s e  r e s u l t s .  I t  i s  s u l t e d  f o r  t h e  o p e r a t i o n  o n  a i r f i e f d s
a g a i n s t  i n c o m i n g  a n d  r o o s t i n g  b i r d s .  f t  c a n  b e  t r i g g e r e d
a u t o m a t i c a l l y ,  b y  r a d i o  s i g n a l s  o r  b y  b i r d  s e n s o r s .  l r i i t h o u t
o p e r a t o r  i n t e r a c t i o n ,  l h e  d e v i c e  i s  o p e r a b l e  f o r  l e a s t  o n e
w e a k ,  L h e n  t h e  b a l t e r i e s  s h o u L d  b e  r e c h a r g e d .

Circular and asyf imetr ic sound beams can be radiated
depending on lhe loudspeaker arrangement,  A test on an
a i r f i e l d  h a s  b e e n  s t a r t e d ,  b u t  a d d i t i o n a l  e x p e r i m e n t s  o n
' r a ' t i -  ^ :  r a n " i r e d .
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F I G U R E  1 : Aud i to ry  th resho ld  cu rves
mammals /a/

in birds and smal L
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F I G U R E  2 :  A u d i t o r y  t h l e s h o l d  c u r v e  i n  m a n
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I ' I G U R E  3 : Hear ing  th lesho ld  i n  gu l  Ls
gunea  fo \ ^ iLs  (0 )  de te rm ined

( a )  p i g e o l s  ( f )  a n d
by e I e c tr:ophy s i  o L ogy
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F I G U R E  4 :  R e a c t i o r l  l e v e l  o f  g u l l s  f o r  l o n e s  a t  1 0 0  d B  s o u n d
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I ' I G U R E  5 : E I e c L r - o - o - s L r c  n i r o  s c o r  i  n g  o - v . : e
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F f f o - +  ^ f  c ^ : r i  h d  c ^ L , n / l c

Pi -c tu res  taken  be fo re  and
inson i  f i ca t i on

shor t  t ime  a  f t e r
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