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DEVELOP}IENT Oi T}TB THEORETICAL CO]ISTRUCT OF SYI{ARGISND
ALU}'IINIUI,I AM},{OI{IU}i SULPHATE+

FOR THE CONTROL OF tsIRDS AT AlRPORTS

| Iom the  var iouE papers  a t  th i6  and prev iou6 6 imi1ar  conferenceG
i t  cao  be  6eon tha t  i t  i s  the  behav iour  o f  b i rd6  a t  a i r f ie lds  y rh ich
is the L'1ajor cause of conc ern. 

---T,IiTe 
f-o.re, i l  is the behaviour of

b i - lds  $ r i th  rvh ich  we are  concerned and w l th  wh ich  I  shaTf  dea l .  \ le
have no th lng  aga inEt  the  b i rd6  them6e1v66:  we seek  ne i ther  to
des t roy  nor  to  e l in iaa te  then;  b t r t  on 'Ly  to  cont ro l  the  type  o f
behav iour  wh ich  iB  caus in8  concern .  Th is  ' r ! !1 ies  equa l ly  to  the
ind isc r in j -na te  dep le t io r r  o l  food 6 tock6 over  the  wor ld  aad to  the
safe ty  o f  t rave l  by  a i r .

l l any  Epec ies  o f  b l rds  f requent  a - i r f ie lds ,  poss ib ly  becauEe la rge
open Eface6 re la t i ve ly  f ree  i rcn  nan prov ide  6a fe  res l ing  p laces
a f f . F d i n .  f ' , 1 1  v i c i h i I I i v  - d . i . - r  . , . h n i c o . I t . ^ L .  f r ^ n  h F A d , i ^ r c

moreover ,  pe lmanent  pa6tu le  a reas  be t \ reeo runwayg and pac lu re !  and
ce!ea ls  and vegetab le6  wh ich  are  o f ten  found around the  per ioebe- rs
l rov ide  arnp le  fced ins  grourds  and,  a6  ln  the  ca6e o f  the  . I .F .Kenoedy
Ai rpor t ,  l l ew York ,  fu r ther  fooc l  i s  found j -n  the  6na1 l  rodents .  The
loca i ion . - i s  o f te l r  near  eco1061ca1 ly  Cood food prov j -s ioa ,  occas iona l l y
{1 th  nun ic ipa l  re fuse  du i ip6  nearby .  S t ruc turc  and loca t ion  o l  the
a i rpor ts  i6 ,  there fore ,  conduc ive  to  la rge  accunu la t ionE o f  b i rd6 ,
and any long-terrn solution lo the bird-stri l le problem rnay well have
lo  take  these eco loE ica l  fac to rs  i .o to  cons idera l ion  and th ls  nay
invo lve  re -6 l ruc tu r in8  and,  poss ib lJ ,  re -6 i t ing  -  a  cos t ly  p loceedure
lvhich could not take place withi,n the fo.r6eeable fulure.

.For  the  I l resent ,  there fore ,  rye  have the  prob le rn  o f  con t ro l l ing  the
nudbers  o f  b i rd6  wh ich  f requen l  a i r f ie lds .

l iany  mea| r |6  o f  b i rd - icar ln8  l lave  been used over  the  year6 ,  bu t  they
are  t lme-consun ing ,  cos t ly ,  and have never  ye t  been found to  81ve-
coqt inuou6,  overa i l ,  con+ero l .  The idea l  aoswer  wou ld  6eem to  1 ie -
in  the  use  o l  an  e f fec t i ve  de ter rgn t  l vh lch  v?ou1d cont ro l  the

F ^  o l  i h i  n r t a  + h a  h a l , i  I  ^ f  . l  i . h t i  n .  , n , lis]t:i_.t_v:i
rena in ing  on  a t rd  a round a l r f ie ld6 ,  Frov id lng  tha t  such ne thod o f
cont ro l  wou ld  be  economica l  Iy  and eco log ica l l y  v iab le  and ab le  to

n r o t e c t i o n .

Th i6  has  a l ready  been ach ieved a i  one a i rpor t  -  tbe  Be l r  Gur ion
In te rna t iona l  A i rpor l ,  I s rae l ,  whe le ,  a f le r  a  h lGtory  o f  b i rd  s t r i kes
there  has  been a  per iod  o f  th ree  year6  w i thout  then and,  indeed '  a
reason.rble freedon from all bird6-

. l  -  - l  - n h o ;  c h F ? \ ' i  n d  ^ f  . l  l  f o a d i  n f u F A , e  ^ n  . n r i

around  the  a i r f i e l d  ( i nc lud j r , t  t he  nun ic l l r i l  r o fuce  t i ps  o !1  the
p e r i n e L o r )  r v i t h  t h c  5 a f e ,  h a r m l e s i ,  c h e f l i c a l  S . A . A . S .

In i t i a l l y ,  c l ea r rance  o f  b i rd6  wa6  ass i s ted  by  the  t ra [€m iBs ion  o f
ta !ed  b i rd  d i s t ress  ca116  and  an  exceed inS ly  l oud  l o8 -en i t t e .  (Pu1se -
Fog) ,  bu t ,  l f ev ious l y ,  bo th  o f  t hcse  ne thods  had  on l - y  Ye ry  tenpo . ra ry
e f f e c l .  ( v .  I i e f  . 9  )

The  success  o f  S .A .A .S .  i n  con t ro l l i ng  b i rd  behav lou r  i s  on l y  i us t
be ing  unders tood  th rough  the  re6u1 t6  o f  resea rch  i n to  the  e lec t r i ca l
and  chcn ica l  con t ro l  o f  behav iou r  i n  bo th  av ian  and  manma l ian  s lec ies .
Iden t i ca l  behav iou r  ha6  been  obse rved  i n  the  donoEt i c  hen  under
che r  l ca l  € t imu la t i on  o f  t he  b ra - i q  (F i6he r ,  1969)  du r ing  l abo ra to ry
rcsea rch ,  and ,  recen t l y ,  i n  t he  f i - e1d  i n  spa r ro l vs  l vhen  chon ica l l y
€ t imu laLed  w i th  S .A .A .S .  I n  each  ca8e ,  t he  behav iou r  e l i c i t ed  was
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Th i . s  pa ;c :  i : ' : . ; tCo .  i be  theo re t i ca l  con6 i ruc t  o f  hov  th i6  i s  ach leyed .
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- ; ; . ;" ; ; i ; ; '  
to chemicals,

I n  i he  i i : a i  c i  i . ha  s , t s i e rs ,  ho i ; i onos  a i . e  p roc iuce , l  wh tch  whenili;::i:"1-,:i;:"!;;;;:i:iil*;,*i,,:iii]if t!ri*#l"kt,amii;i,,,,
ao l  exa i i r i c .  i i  ha6  1on.  

l : : : -n :?* i  t t ra t  -Que lea  que lea  b i rd6  pre ter
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nod i fy  o r  a l te r  the  an imal rs  behav iour ,  a6 ,  fo r  exa , 'np1e,  a  b i rd  about
1 0  a l i g h L  a n d  f e e C  r a y ,  o n  p l c k i i r ;  u p  a  d a n 6 e r  6 i q n a 1 ,  t l y  o f f  w i l h o u t
a l igh t ing ,  leav ing  in  i t6  tu rn  a  chem1ca l  coromunica t lon  o f  fear .  Tbese
external cherclcal com,'nunicati.on6 in a[irnals a.re te.rrned rpheromonesI by
moy vorkers ,  bu t  poEs ib ly  a  nore  u6efu1  te rm is  rexocr ino logy t .  Th is
,,ras u6ed by Parkes and Bruce, (1!51), followin$ their research on
visual and ol-factory stinulation in birds and manmal6' to denote the
expaaded vier'a of chernical .re8ulatDr6 of behaviour to includer not only
the  in te rna l  chen ica l  in fo r rna t ion  6y6 tem o f  endocx ino logyr  bu t '  a }5o '
external or exo8orlous chemical informaiion uhich a16o rnodifie6 behaviour.
Thc  fac t  tha t  the  sy6 tem6 are  in te r l inked he lps  to  exp la in ,  in  par t  the
6e1f-regulatory nature of population conirol6 and the abnorrnal behaviour
srhich fo11o!r6 overcroryding (Ha11, 1969).

i t  i6  on ly  s ince  1957 tha t  re1 iab le  Ec len t i f i c  ev idence has  been
accunu la l lng  o f  the  i ropor tance o f  the  o l fac to ry  percentua l  sense in
avian species, although the anatoriical evide[ce haa been known for
yeara .  r rAnatord ica l  ey idence,  e€pec la11y  inpress lve  1n  the  case o f
o l fac t ion ,  has  ex is ted  fo r  6ome t i rne '  and conv lnc ing  e lec t ro -
!hy6j-o1ogical aod behavioural observations have been nore -recent
cont r lbu t i "on6r r (Venze l r  197J) .

CHI]iiOREC EPI l CN

our knowledge ai preeenl inclj.cates th.1t tt le perceptlon of chenical
stimuli occuro through the neural routes:

F . . \  . , :  F ;  6 n . l i  n . a  l h  t h a  _ - r ' _ - r ' - - ' a
! .  - r l u  u I l a L ; l v l , /  I . u r v c  J n  e . . "  P U 6 I Y r u u v a o a r

reaches  o f  the  nasa l  cav i ty ,

2. ta6te fibres j.n the facial and Sl ossolharyn8eal nerves v,-i th
sense ce l l s  on  the  tongue and bucca l  l in ioSr  a r rc

J .  f ree  nerve  end in8s  d iE t r ibu ted  w- ide ly  over  the  body  Eur face  in
the neural [etwo;k that respcnd to the severa] qualit ies of
cu taneouG Gensa l ion  -  the  connon chen ica l  Genser  {h ich  hae had
l i t l l e  6  tudv .

r rsone w. i te rs  have a .Sued tha t  a lparen t  o l fac to ry  o r  Sus ta to ry
Eensitivit/ ir l the bircl rnaJ' actuall.y be due !o connon chemical
seneltivity. This a-rL1l.nent need !1o lonSer be tahen Eeriously because
the  moda l i i i es  o f  tas ie  and s ie l i  do  e} ' j6 t ,  bu t  cu taneous che, lo -
recep l ion  may a lso  cont r ibu ter r .  ( fenze l '  1971) .

The s t ruc tu re  o f  the  o l fac to ry  ep i the l iun  is  cons is ten t  fo r  a l l
ver teb la tes ,  inc lud ing  the  two av ian  6 lec ieE B lack  Vu l tu re  (Coragyp6
atratus) ,rnd the ,lo"uutic duck (Anas plZrtlrhJnchos) rvhich l ' /ere 6tudj-ed
in detail (Brorvn 8" Beiciler, 1955, and Graziariei & tsannister' 1957)'
The only ron-namnalian chaa'ueri6tic i6 aq increase in lxicrovil l i  on
the terminal dendrite klrob.

The 6 ize  o f  the  o l fac to ry  bu1b,  the  te rmina l  par t  o f  tho  cerebra l
hen isphere  o f  ver tebra te ; ,  f ron  v rh ich  6 ! r in86 the  o l fac to ry  ne lve ,
( f i re ' t  c ran ia l  nerve)  runn in8  to  the  organ6 o f  €mel l '  var ies  l v ide ly
a ,nong b i rdE,  bu t  t r the  absence o f  Eross  d i f fe rences  be tveen the  av ia i l
and marnnalian olfactory bulbs ! ' la'ke s lt rea6onable to apply
dedcr lp t lonE o f  mamr i taL ian  bu lb  u l t ras l ruc tu re  to  b i rd6 '  lo r  oo
d i lec t  k | ro lv ledge i6  ava i lab le r ' .  (Be id le r ,  1971)

OLFACTORY PT'Ti]I ' /AYS I]i THE BRAIN

I !  l -9?1r  new research  techn iques  u6ed by  Lennar t  He imcr  shor "ed  fo r
the  i i r ; t  t ime a  cent ra l  pa thway fo r  smel l  in  the  bra in '  and a l though
th i6  techn ique has  no t  ye i ,  as  ia r  as  I  knorv ,  been used ln  b i rd  E tudy t
a t  lea6 t  one recent  s tudy  6n  the  l i8eon (R ieke  & \ \ ienze l ,  1973) ,  - -
us ing  e lec t r i ca l  s t imu la i ion ,  c< . ,n f i r *s  ear l i c r  repor ts  tha t  o rne l l
evo l .es  respcnseg ln  t \e  cent ia l  a reae o f  the  bra in  o l  the  b i rd '  Th is
vou ld  6een-  to  bea- r  ou t  a l l  ev idence so  ia r  ob ta ined tha t  there  is
1 i t t1e  d i f le rence be tween the  o l fac to ry  sy6 teme o f  a l1  ver tebra tes '
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"^a i i i .""" i  r"rai r . 'cordirsa

: l i " : . : : : : : : ._  
bu. tb . i i r . i r .  harc  i ,cen , , i i :u i recr - i ; ; - ; i r i . "n  dr l fe fer r;ii3",i;x';l;.:".1',::.; i."''li"r":i:i"":::;:i";: I:;",.h,:"1.:iai.";"o l i a c L o r J  t : . ' , .  . . ,  _ :  .  ,  .  :  : ; p r . z , , : ,  . ,  ) ;  ; , e n a e L  &  S l e c k  , ? :

11  in te rg : l i l i  -n . l t t  i s  the  var i i r t ion  i .n  re ,s fcnscc  to  s r .e t l  t /h ich
: : : : : : ^ l l t i  r r . i : - i i , r , .  : r .e l r . ra i lDn. r  o f  t t r_^  iane ionpouno axd w j . thc rar re icn t  c . , : - i i l - t l .  . ,  r ^  the  v . ] l - la t ion  l ron  on"  l i r i ' " i .  a -no t i te r  o ,  the6. r rne  spccaeD (5 iec t -  anc l  r ' , ' enz€r l .  1952 -  lgZ i l  . - ' - t f r " - i , , " t  t t  o t  th "rc :oJ9 j .  n : . r  - r ' r . ie  1 -eur  a -  re f l_ec i_ io re  o r - t t  " ' " . , , ._ .p , i i " " l  to  .q*e1 l  waaect "b l l cne  d  t ;  E l r . , r .  Ln  .  t11 . r . , .  the  . "  t , l r i t : . ' ^L" i i i " J "J  i  ro r ro ,n i r rg  tuec u t t i n [  o f  i h e . l i , - 1 . , . -  , . * . u . ,
n a : ; A r r r . i - i r

Even  be io ie  i j t e  . i l j o r , r  . : / r , lrhar.beha,,-iour "';;";",..,;r:;i";",,i",.;;?1":",,0":;:.i:"otffo":i:;3?:ltf",
ior the u6e of tL_ase .. insori i. f -., ""rl .. i" ir i i : '_"r,ia.

: : : : " i :  ] l l l i l . c i . : . r i  t i r . .  ;1c^  ,_ .a  , )1 f .c t r .n  in  nor r la l  behav . iou f  have
: f i ; ' : i : :- : ; : ; l" l l ' . : . .1' , ; ; :"  :1;rv::  r" i ' r i r ' ' " j ' " ' " tol-7;t ; ' ' r ,  rqriz). aiter
i::_.ibl., tr,. ,i-,". ',;ui:..:,'-ii;;;;0,,;;ll"i',L;;:u;i-::1.1i;; 

ffu;u".'"cues '  a i i - - i  xh i t l .  ih .  e rac , ;  i r :a i i_cn  i "  " i . i " i " t "C i ,g , ,  , , , rs ic l .  (Ther,ethcd i-r^'"1., .1, rJ'. , .rs i:o i l id.r a ;-lei1eratoi, of elh;,, i r,.rerc.aplan at

i t . : : : ;r: . ; , . i .1.:"_,jr ' i t :1"i". : . ; . i , , ;r ;"; : : : ;" i i ' ; i ;1":" ' '1 mornin6
aea c i r . ied ] r lJ i . i - : l i * . i i ' . - "  o i  i rc  s. ie. raro.  . " -o"otnar j l !v  

conBregated

: i a l c r , l 1 r  i .  . r 1 , :  -  - ^ ;
bees,va,r, roc:rir: hiv;; r,,,,rr ';uii i  t i t ih_-";i '* i i . l : i" l ini; lrt:; j  ""
l : :3"  : : : : . - l : " ,  . t i i r : ic ' t  ! . r  3 i ishic!1 c i , ,a i . l ' , r r r i i "  

- . " . rchef  
anct  Gten,

, ' ; l l , l ,1?:" . "  l ! " i . l l -n; : , ,u-ces 
i 'ca_r L,e n. ' " tea r ! ; : i r !aLJ jn the

"';;;;:; ,;.i-;; 't.i,. , _. ; ,i;';.;";':1";;l f.tl;il:"ff":, i:;";"li;';"1on6c l  be  ava i lab t . " ! ,  r le ; , ,  cor : luheJ ,  ; ; f [ " ; - ; ; , ' ru re  to  p inpo io tlhe  loca i ro r  . i  | i .  l . r i i  e : :  Ly  e  r i re !a rco  "uu  iu l i -1 " .^ iao , , " . , ,
P a p i  e t  a t  ( i i ? i - 2 )  r e , r r : t isritea, ";i.;;'.,: ai i..i.iJili ;li:"i;l;T.il:":::.i::1 l.iri.iltl '"",nostri ls !1u66ec .r; lt ir c.)t,rtr ::Lairlr., 

'  
..",r-, it l  

""r,;"i lcrve 
bisectedand th?  o t l r . r  i i c : t i r : l  i  i j i . rqsshown. b-r ri;;-v;;;:-i;; 1;;il:l:" ;-;',:"ill":'i:"ii]3.il"*"i;;;:t*Ff,"""

few t ra i  : 'e ' r - . i i ! ' - :c r  ar . i i ' cd  ra ter  thnn i .he i i r *  o i . " " i "c  cont ro l  b i rds. r lThey h1d oi-..i:.r.i.t bet:,a;jour nr-, .ir,-a.*,"-ll iJ".-irri-in"""tion and lor
i ; :" i" i i ' ' i" : ; ;" i ;  ";:": l i . . :".- 'rrt or^wi, ich lh;t ;;s;;t,  "piseon.s in
a66ociaire irr.:r r,.,.i fl1 *,t "o or"l!i i i i"frc:i 

riurf oundins a-reas a-'ld to

Johnc to j ' r e  . . 1  11  (  i i Za t ) ,  . j l a t r . rdJ  ! r l t  ( r i v i an  re f i ance  on  o l f ac t i on )  nqyevcr1 carnl: i  i l - . .r lrc lo 1.l t : ,  t : ,r:-'ays rlar ",." o^1j.r,..,:., i",r,, i ' tr i i ,._."l l , i ir: i";;,t;;:t: i i ; i .r: l ::;Hr::.,,
i i ' e ! ze l  (  1L - : i r l - l - 72 )  "  i . i i . . d   i . r l  k j L i i s , . , , e re . co rp rc te l ; . . L rccess fu1  a t  a i6h tr ' n  l ocaL ind  r i r r i ch  o f  f l *ee  r ceu r lS  , ' l a l , i ons  co l i t a :Lncd  the i r  rood .

3i::1. fl;l:{:).,1;,ill;::,.i""9i:::'.:i"li:l"i;: ii":i:.j ";l*,,1;A:nJu,] )os6 ibLy ,  soo t :y '  shcer . r ra l ie r  b i r r l s . -accoup l . i " i r - - i t " i " . . i i ' " " 'o  r ravagatLonby re l ia tc .  u !o t1  o l fac io l ' y  cue6. ! !
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xErets found an island i.n the Da,y of lrulrdy at night bJ fl l- ing up-r'r ind
(Grubb,  1972) .  The i r  neot ing  r la ' ;e r ia1  Eerved aE an e f fec t i ve  lu re  an
the  darkne6f : .  The b i rds  landed th rough dcnse t ree6 a  6hor t  d is tance
dQ,Jn  r ind  f ro rc  the i r  bu t rcws and they  cho6e an  arn  o f  a rYr  naze \ ' /h ich
,:oitained thc oclour of bheir o', ln nest nate.rial rather than the other
rihich hacl sir, i lar control naterial talren from the [round. Finallyt
the  b i rds  l t i th  p lugs  in  the l r  ncs t r i l s  o r  l r i th  oec i ioned o l fac to ry
h o p v F A  h ' d  n o t  r - e l - . r r r ^ n p . l  t o  t h e i r  

' F u r i o v 6  
a f i e r  o n e  ! / e e k r  a n d  G r u b b

conc ludec l  tha t  the  ev idence cuppcr ted  the  hypothes i6  tha t  LeachrE
5toiro Pctr.el depcnde ulon oltati ioo for l lany a6pec'uE of bur.rol/ location'

r r l lo t  on ly  doee o l fac to ry  in !u l  ln f luence many aspec ts  o l  re l ] roduc l ion
in  o ther  ( than av lan)  fo rno ,  bu t  i i  has  eve [  been sho i ln  to  a f fec i :

nEsPoiisl,3 !c s ",r. . A. 5 .

cer la in  acpec i6  o f  6ener ; r l  behav iour  in  bo th  ra ts  a [ .1  b i rds . r r  (Av ian
3 - o 1 . .  1 ' 7 1 )  i / \ i c h  a r L c :  D  ' , r - l a s  &  l s ' r : r c s o n  ( t 9 6 ? ) ;  t t c i n e r  & L ! " s s o n
. 1 " 6 7 1 ;  F i ! :  e l  c l  (  L r 5  ) )  r : , a  l u t  L " r  ' '  ' r ' e n z . 1  ( 1 9 7 1 ) . l h c  a r t i c l e
cont inue6r - t rPerhaps  1 ts  moct  s isn i l i can l t  con t r ibu t ion  to  rnany  av ian-
forns 1les in thii cphere of : j,nfluence rather than in the tranEBission
of  6pec i f j -c  in fo rna t lon  about  odours . ' r

TiRIATIOii,S lII BIi iAViCUPJ'L RI]SPO]IS's

The varl.1tj-on6 in re6ilcn6e6 of birds tind narjirnal.s ha6 losed the Sreate6t
l rob le ros  to  the  conne ic ia . l  c leve lo lnent  o f  an  acceptab le  and eco loc ica l l y
viable chernical repellent. TLe aomDlerit:t ol behaYiour i€ due' ])aftly
to the corxple)(ity 

-of 
perceptrral- re6lrcnEe in the individual, and lartlyt

fo r  wan i ,  o i  a  be i te r  te . rn ,  tb lood. l r i indednesgr r  o r  de termina t ion  to
camy out  6orce  deGt ruc t ive  ac i .

The deGree o f  var ja t j -on  i r1  respons.s r  bo th  in te r  and in f ra  spcc i - '5 ,  ia ,
a t  p rc ien t ,  u t raccounted  fo r  in ' recearch  s tud ies .  n i {p lanat ions  S iven -
to r ' i t  usu i l l y  inc lude pas t  exper ience couo led  lv i th  p re€ent  nu t r i t io j la l
and ne laboL ic  needr  e .g . ,  pas i  , ' Ja te r  depr i "a l ion  nay  l rean tha t -p re€cnt
ihirst ' , 'd11 overcome the averoi-on to a particulal tastc' (l ienzel, Lyl1,'
In  Euch casesr  a  .epe11ent '  io  bo  success lu l '  \ ' rou ld  need the  €pec '1 ; rum
o f  r e ^ u e t l c n c v  n . . o . ! . . l r y  f o a  L t e  l a r ' . i c J l - r r . ! e c i - . r , . t o 6 c ^ L h e r  Y i \ l  ! Y : ! .
l , t e n i : ;  , . -  L : )  b c  i ] l , l e  t  o / o r c o D e  l l r e  t o l c l  . l n c c  l i r ' i t  o f  t r n y  l n d l v l o u ? L '
iui, i i tr,oue" tlr i6 arguxrent iras sorire ccgeAcy' it hae yet to be resolved'

l v idence o f  lhe  va f i : r l l cns  in  r .G l ronses  to  S .A.A.S.  r ih ich  vou ld  aFpear .
tn - f t "u " - t " " .  causod.  by  h i5 l ' i  i nc ldonce o f  hunGei '  a -nd /or  th i rs t  va€  i i r s t
rlenonstratecl in thc l iraeli GovoLi'rr-i:ent triala by de l iolf and the Volcalrl
In6 t l tu te  (1 ,977-5) .  I l i 6 ra to r ' . r '  b i rds  o f  vary ix$  spec ics  f l y ing  South
over varrio,in- iarins f rcn-HerLe r' i :, (32o12n N) to Gi1af, (l l .czo" i i) did no.
e .o ig"  io  c rc !s  r : j ! l :ayed lY i th  S .A.A.S. ,  \ ' r ' hereasr  a f te r  a  fu r ther  f l i6h t
o f  6 c l : . c  1 t O  : L L e s - ^ c r o ; s  o - , :  n t . ;  U , l ^ r c n  d r ; e c L  t o  i : e v j o L  ( 1 ' o 0 0 " , I I )  ( 1 )
s o m e  d c : - e i c  v J c  f o u l d  o n  L l r c  c r o t r .  e t  t h e  a 5 r i c u l t u r a l  6 t L t i o n  t h e r e ' -

Ina l l v ldua l  c l l s ' l i ) reE anC.  p re ic rencee can be  conpxehe ided,  bu t - lhe
a o o r r c n t  d r L c t - : n a t  , n  L l  c a r r T  o u L  a n  a c b  d a c ! :  L e  d i . ] ' l c r c e a b l e
gon; .1uonc-s  . i  D  be l i ^v^ :  Ln  bc  ' lnu tua1.  T ' r ' -o  \Yas  f i rs t  c lc r lons t ra leo
by two doSs ,vhich sharcd a kennel and badly da.na6ed it by gna log,
' i-rereulon"it rvac heavily lainted ! 'r ith S.A.A.s. in an adl1eslve' The
rloqs sioDned chevinq for trro cla;'s, but on the thircl day lhey tore the

) re inc l  t - r 'p i  eces ,  i vere  r ' - io1en!1y ,  c ic ] !  and therea f te r  re fu6ed
abso lu te ly  +"o  €o  near  an /  ke [ne l - . \ ' ' l

In  E in i la r  ve in ,  the  budc  and l lover r j  o f  a  ro iY  o f  sy r inga bushe6-  in
r ..ta"" lrcre :r! in; tal(en b:r t j-t6 and sparrolv6 and so sFayed w-ith
: . i , , n . : ,  

- ; r , " t o  
, , 1 .  1 . 3 , ' i - '  f o r  l l . r ' ' ^  d ' y . '  b u L  o n  L h o  f o u r t h  a n d

f i f in 'o iyu  evcry  buc l  anc l  f lo r ' ;e r  l ras  found on  the  6round -  no t  one
r " " * -n"a 'on  the  buches  -  bu t  none o f  the  o the !  p lan ts  in  tha t  Sardgot
vhich norrcalltt sufferecl heavy da$a6er ltere toucbed during tho

rena l rdcr  o f  lha i  season.  (J )

sird1.f j nsladces h;rve becn noted, but at the nonent no lvorli is l lnorYn
+ L r  ^  f :  - l , r  + ^  - - h 1 . i  h  t h a r .
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' i l f : r c t o r i ' . o n 1 - r o l  o f  a v i a n  b e h a v i o u l '  b t /  S . A . A . S .  h a s  b e e n  r v e 1 1
e s ' , 3 b 1 i s i r - . d .  i , e i n a t i  L . ,  f o l l o , , , e , l  t ] , '  r i e l a  t r i a t ;  i n  t h e  u . i i .  a n d
i t a l y ,  ( 1 ' , 5 , 6 , 7 ) ,  s h o w e d  t h a t  m a j z , . ,  p e a  a n . l  c e r . e a l  6 e e r t ,  c l r L . s 6 e d
rv i t h  S . / ' . i r . . 5 .  aL  u | t  t , t  5 ' , i  v r /w ,  and  so i ,n  up  to  t vJo  i nches  under  the
s c i l  s u r f a c e ,  v e r e  I  e f t  u n t o L l a h e c l  h y  p h e a i a r t l ,  r  l : s  a n d  c r o l , r s ,' , r h -o reas ,  r ) l  i c  iO . r  o f  t he  con t ro l  sceC, , v ; i s  t . aken  i n  so lne  i os tances
a t  l he  f i : r ] t ,  sc r , , L i t j ,  and  up  to  JO i ,  a t  t he  . . j econd  : , r | )C  subcequen t
sc i v inJs  i n  "he  6a . re  con t ro l  ,D1o is  du r ins  the  6a i l e  seasun .
l n  l l a r ) J '  f i e l - d  l i j a l s ,  h o l y e v e r ,  c c n t r o l  b y  5 . A , , ' 1 . S .  c a n  b e  v e r j r
d i  i f i c u l t  t o  e . i t a b l L s h  s c i e n t i f i c a l l v  f o r  t h e  r e a s o n  t h a t  t h e  e f f e c !
o f  t i r e  r e l e i I e n i ,  s r N - - 1 1  c a n  c l v e i  -  l r L d e  r r ' e a ,  i n c l u , t i n a  t h ; r i  w h i c h
v a s  n o t  t . e a t e d .  ( F o f  l h i 6  ! e a s o n  i l  i s  r e c o n r , - . n d e d  t h a t  5 , 1 ' . A . S .  b e
s l f a y e d  ! n  s t a i ! r s  l e a v i n g  a l t e r n a l e  u n s l r a y e d  s t r i p s  s a r  a 6  t o  n i n i n i s e
co6 t  o f  ra te r i a l  and  a lp l i ca t i on )  Th i s  ac l i on  l vas  r , / e l l  de jncnGt ra led
in  a  t . r i a l  us in j  t l ' t e  La t i n  Square  ne thod  o f  eva lua t i on r  when  i t  l r as
ho led  tha t  t he  ) ' oun6  ce fe i1 l  p lan ts  i n  t he  t rea ted  souares  wou ld
e v e r t u a l - l y  € r t : i n d  p r o u d  c v e r  t h e  r n t r e 3 t e d  c o n t r o l  a r e a s ,  B u t ,  j . n  t h e
c v e n l ,  t h e  f t r 6 t  b 1 r d s  t o  a r r i v e  a l ,  o r  n e a r .  a  t r e a t e d  s o u a r e, l -  a r o n ' l y  u , r a . d  t h -  , f L - r s  f  s  r - L ' i  u n u i u " l  c n d  d , s t a : t e f u l  a : L l
a l l .  b i r d 6  l e f t  t h e  f i e l d  a n d  d i d  n r t  r e t u r n .  T o  t h c  e c l e n t i s t E  t h i s
w a o  a  f a j l u t e :  t c  t h e  f a r n e r  i t  w a s  a  h u g e  s u c c e s s l ( 8 )
Av ian  l es lonse  to  the  repe l l eo t  i nvo l v lng ,  poss ib l y ,  bo th  o l f ac t i cn
and  6u6 ta t i o : t  has  a - .np1e  ev idence  f f o rn  o f f i c i a l  t r i a16  i nc lud ing : -
Uda4a . ' i a  i .  t f i n l s t r y  o f  Ag r i cu l t u re ,  Ja f .n ;  . I apan  Bo tan i ca l  ED ic len i c
Preve i t i on  a IC  l i l ppon  Shokubu tsu  i l oek i  t i yoka i ,  "pub l i shed  Re lu l t s  o f
l : : n i s t r J  T ; i " l s ,  1 ) 7 f  i ,  f :  2 J 2 - > ,  o n   . e  c o ' r L r o l  o f  p i [ e o n s
( C o l u : b ' r  f a l u - b r  )  o r  . :  J b e  1 n . /  L ,  )  , 4 1 s o ,  n r ' v r t e  t r j  a l i t  r e . c o r t s  o f
v i i l d  boa r  on  banboo  shoo ts  (17 ) ,  and  reno r l s  r v i t h  oho tog raph i  o f
spa r rows  (Passe r  dcnes t i cus )  and  tu r toeaoves  ( s t rep tope i i a - tu r tu r )
on  ba r le : , . ,  soy  bean  and  padd l /  r i ce  ( lE )

, l c  : l r - L f  , .  i ' i n i s t ! ' , ;  ( , f  A € : r i c u l t u r e ,  f s f a e l ,  p l a n t  p r o t e c t i o n  t r i a 1 6
i - n - - : J : : -  i  . e t . i  i  r t r , i  |  ) a : . ,  i  v i r i o L , . ;  " r o J : j  b y  s r v e r a t  a v i . r n
s p e c i e c  i n c l u . l i n g  f , c l d f i n c h  ( C a r . l u e 1 : i s  c a r i l l e l i ! r  e .  C a r d u e - t i s  e l e g a n s ) ,
l i nne t .  aCard ' . l e l  i . i  cannab ina ) ,  ! i 0eon  (C01u" ibd : re ) ,  t u r t l e  dove
( ,S tae t t ( . . 1e1 : j  a  l u r t r r r )  ,  s ra r |o , , v  (  Passe r  do : r res ' , i  cus  and  PasEe !
h i s l . a n i o l e n s i  € ) ,  l a f l .  ( A l a u d a  a r v e n s i s ) ,  6 r e e n f i r c h  ( C h l o r i s  c h l o r i s ) ,
roc l i  i r a i i ! j  dge  (1 ,1  ec lo f i s  g raeca ) ,  s ta f l i n6  (S tu rnus  vu lga r i s )  and
b l a c k -  h  e a r l e  r l  g u i i ( L a r u s  r i d i b L r n d u s ) .  ( 1 9 )

f . i ' . n ,  l esea rc r  i  n ' " r )  Lh9  Con i ro l  o f  C ra . :n - l l . 1 i1nS  B j rds .  P re l i $ ina ry ,
l i T i i iS fe  r i r a f  f .  ( ) i  r c l o . i -  o f  S .A . , . , .S .  i n  t he  con 'u r . r l  o f  pa ra l reeL
( F s i  t i a c u l a  k : a n e r : L ) ,  l a r r . t -  ( P o i . e l h a 1 u 6  c e n e g a - l u s ) ,  b u f f a l o  a n d
v i1 la [e  i veave r  ( i ] l r ba lo rn : i s  a lb i r cs ' " l r i 6  8 .  P loceus  c r i cu l l a tus ) ,  g lossJ
. : t  1 1  : i  ' l ' ^  .  ' .  r r i :  c 1 - l J h a i . : ) ,  ' . - v - h . r d - d  s i  . r l - J u r  ( P a s s p r  g r i s e u s )
a n O  C  I  O ' l r S  -  ( 1 l r l

j l r ' .  . ' ,  r ' 3 r | r . ra i . r  o l  Tas ts  O i ra r i cC  o l t  a t  t he  i n te fna t j i ana l .  Ben  Gur ion
, i i r i . . , r t  (T ,od )  f ' ' ;  t l r  R i rd - -Ren- l l en i ,  , 11E ' fA " t  (S .A .A .S . ,  "SCF: / : I | ,  I 976 ,
!1 i . 26 ,  sh . r \ f . d  c l ] r t l o - l  o f  l a r t r i  d je  (Pe rd r i x  b i l i t ave ] -1e  and  A lec to I l s
f i a e c , 1 ,  b l n . - - r  - i , r o l  - ' r 1 l  ( L a r . L r s  I ' i r l i b u n c l u s ) ,  l e r p w i n 6  ( V a n e 1 ' I u s
v a n e l l u s ) ,  ; t a r l  i r i  ( l l t u t - n ] l i i  v u l i l : l r ' i . j ) ,  d c v e  ( S t r e p t o p e l i a  t u r t u r ) ,
l i i e . r : 1  (0 i ) ] l . ba  i , a l l r l l b i Ls )  an . l  s , ra1 l c ! r s  ( ; l l r undo  rus t i ca  and  De l i ch , tn
u r b i . c a ) .  ( 9 )

l , i e : i n r : t  w .u1d  ap leaa  l o  l l ay  an  i n lo i t an l  i r o le  i n  av ian  and  ma .n ' i a l i  an
c . .n t ro1  b - "  nea4s  o f  che rn i ca i s .  The  che r i i ca l  i n fo rma t ion  on  i t s  rou te
to  the  . r ' / l . t , ha l  a ' r : r s  b - - i ng  I i r l . ed  u l  l r i t h  f eed -back  l oops  f ron  the
r : i i r a1  ce l l c  v r i t h in  the  o l f ac to ry  bu lb  \L \ i ch  a l l pa ren t l y  l l ay  a  ro le
i  x  t h e  , r e n o f J  o f  ! r . e v i  o u : i  c v D e r i  e n c c ,  t h c r e h y  a f f e c t i o d  b e h a v i o u f a l
f e 6 i o n s e G .  l l u t  l i t t l - e  i s  k n o v n  y e t  o f  t h i s  f u n c t i o n .
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'  the  neroory  fac to r ,  together  w i th  t lLe  in fo rn . l t ion  S ivon by 'qp8tobr '  l9?7

re lease o f  lheromones,  o r  exoEonouc chemica l  fac to rs  g iv ing  lva- rn l -ng
nessa8es rvould appe"r to be the on1l. ;to6sible explanation for the
ac t ion  o f  b l rds  and manmals  in  avo id ing  a  t rea ted  area  lo .  per iods
of  u !  to  severa l  months .  Th i6  coL l ld  be  due to  nernor l r  a lono i f  o i l l y
the  c rea tureg  exper j -enc i -n8  the  or j6 ina l  t rea lnent  were  conce lned,
bu l  newco;der6  to  t rea ted  areas  have beer  repe l led  in  a  o imi la r
manrer  a f te r  the  lap6e o f  severa l  week6 aod nonthE a l ld  even a f te r
h- "avy  ra in  wou ld  have waGhed av /ay  most  l f  no t  a l l  o f  the  repe l le+ t ,
: r r p r i a l :  o 6 ,  f o r  e x f m p l e ,  a t  ? e n  C u r i o n  l n t e r n " t i o n t l  A i  I ' p o r t  \ . r ' l
' ,Jhere there are movenelrtG of rnigratory bi-rd6, and 6eagu116 lvere
f o u n d  t o  a . r r i v e  d a i l y  w i  t h  t \ .  p o s . i b l e  o b i e c t  o f  r e c o n o i  L = r j ? 9 ^ \
l h e  r e p e l L e ' r t .  e f f c c t  o f  t h -  s . A . A . , s .  A L  : J d n . y ,  A u 5 t r e l i  a '  \  r v ' '
no dogs rvould r/alk on areas of parks seven weok6 after treatlnent
l t i th  5 .4 .A .s , ,  du f iog  rvh ich  t ine  there  had been 4- inches  (102! -n )
r a l n . f a 1 l  a n d  t h e  g o ' r e r r l n e n L  d r u S s  l a b o r a t o r y  c o u l d  f : n d  n o  e v i d o n c g . .  r ,
^ f  t h a  . h ^ r i ^ - 1  r ^  q : " i n '  o l  t h e  t r - , 1 - I  a l  c a : .  S . L n i l a f l y '  r a t s \ r ! - r a
dcsert rodents (1J) ard iabbits (14) a-nong the marrrnallao specles to
reac t  to  the  repe l len t ,  have been to ta l l y  repe l led  fo r  loog  per iod6
of  t lme f rom the  i rea ted  area6.

ReEponse a t t r ibu tab le  so le1y  to  the  Sus ta to ry  e f fec t  o f  S .A.A.S.  ha6
been denonstraled ernplrically in a nanner sinilar to that by Fi6her
rv i th  lhe  hen (v .  above)  on  on ly  one occa6 ion .  T lTe lve  6pa- r row6
(Pas6er  dones t icue)  i vere  found ha l l l l y  sh fe , ]d ing  the  le ta l6  o f  c rocus
tlowers yrith thcir beal.,s. The birds lefl while the peta16 liere
E l rayed ! , r i th  a  rn i ld  so lu t lon  o f  S .n .A .5 .  in  l va te r  bu t  they  re tu rned
a i te i  a  fev  0 r iou tes ,  vhereupoo oae o f  the i r  [unber  hopped to  a  f lover
aod conmenced to  shrcd  a  pe ta l  as  bc fore ,  l rhen l t  Eudden ly  s loppedt

^L^^ ' '  i t6  head 6evera l  t i -nes  f ron  s iCe to  6 ide  ardu ! u P P s u  ! r ' E  ! c ! 4 ! r  o r ' ! v ^  .

t rop i6d  bach to  i t ;  fe l lows.  Shor t l : r '  a f tc r '  t rvo  o thers  f ron  the  t i ve lve
thin carried out preci6ely the sa-:1e actions 'r ith identical .result6.
Then, all tvelve bi-rd6 f1e!e ofi. tsut, during the remainder of the
season,  no  fu r ther  dana6e \vae dQne in  tha t  gaxden to  any  p lan t  bJ-any f  ts
blrd although nuch da.mage was done to plant6 in the adiolning gardensl--

To  6un up ,  re6ea, rch  in to  the  con i ro l  o f  behav iour  by  neuro-phy€ i  o l  og ica l
;65 ;=- - f ra :  now r^ rchec l  a  sL?;e  $horcLy  6erc ra l  co iL ro l  Lech ln i6ns  are
knorvn ,  bo th  e lec l r i ca l  and cher ica l .

i t  i s  sugses ted  lha t  ve  u6e our  knoHledae o f  the  nor roa l  av ia [  chen ica l
cont ro l  o i  behav iour  in  o rder  to  cor t ro l  behav lour  undes i rab le  !o  l ian
by  the  deve lopnent  o f  an  eco log lcaLLy  v iab lo  chen ica l  repe l len t .

Such a  l re le l len t  ha6 been deve loped : rnd  the  resu l ts  o f  the  f ie ld  t ! ia16
at Ben Guiion Internaiional Airpcrt (norv free lroil rnost birds for three
year6)  y /ou1d seen to  €uggest  tha i  i i  i 5  e f lec t i ve ly  con l ro l l ing  b i rd
behavi-our at pre aent.
T  thpFpf^ rF  A, )hh i t -  t -n  th i6  confe l 'ence tha t  I  have denon6t ra ted  tha t
S.a .a .s .  can  have behav ioura l  con t ro l  over  the  b i rds  and nardna lg  tha t '
d i rec t l y  and ind . i rec t fy ,  can  caur ie  damage to  a i rc fa i t  i I ]  the  course  o f
landinE and taklng-off at :rirf ields' and that T have correlated the
6c ien t i f i c  re6earch  work  shorv ing  tha t  th i6  i s  ach ieved by  oeuro-
cheriical aclion lvithin the braln.

There  is ,  o f  cou lse ,  nuc \  labora tory  and f ie ld  research  s t i l1  to  be
car r ied  ou t ,  bu t ,  ncanv /h i le '  i t  i6  €ugge6ted  tha t  the  corec t  6 rade
of  S .A.A.S.  cor rec t ly  app l ied  on  are .18  in  and sur round ing  a i rpcr ts
nay  do  r ruch  to  reduce the  inc idence o f  b i rd -s t r lhes  Lo  a i rc ra i t  in
nany pa-rls of the wor1d.

A ques t icnna i re  i s  a t tached to  e i i ch  copy  o f  th is  paper  fo r  the  use  o f
any authority wi.shing to obtain advice aE to grade and quantity ol
S .A.A.S.  to  u6e and the  method o f  app l i ca t ion .

R. J. STONE.
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exper imentE 1o  o l lac t ion  by  the  methods  and the  researchers  sho\ rn

I IERVE RECORDI ; ic  -  Tucker  r2 .Jg62* tn ,E tec t rophye io to , ; i ca t  Ev idence
-15.

ch lcken (  l vh i te  t . " r " -
Coamon c row (  Corvus  brachyrhyncho6)
Mu6covy  Duck  (  Ca i r ina  moschata)
Dcmest ic  Goose (  Enbden )
Rj-Bg-bi11ed cul1 ( Larus delatva.renEls)
Aruer i  can  Spa$ow-ha lvk  (Fa lco  sparver ius)
B lue  "ay  (Cyanoc i t ta  c r is ta ta ) -
Conmon Nj-ght-hawk (Chordeiles ninor )
Donest ic  l i  Ceon (Co luoba Da lumbu6)
B o b w h i t e  e u a i  I  ( C o t i n u 6  v i r g i n i c n u s )
House Spa-rrow (Passer donestlcus )
B lack  Vu l tu re  (Coragyp6 a t ra  lu  s  )
Turkey  Vu l  tu re  (Cathar te6  aura)
Cordmon Yellowthroat (Geothypi6 tricheE )

1(

J

4
5

?
t

BULB R'CONDIl]G-  s ieck,  1967;  S ieck & lyenzel ,  1959;  worze l  & Sieck,  1922)

Black- foo ted  A lba t ro6  (D ioEedea l ] i8 r ipes  )
Chicken ( l ' /hi te Leghoro)
Mallard Duck (Anas platyrbynchos)
Donest ic  P lgeon
Ilanx Sheerv/ater (Pulfinuo pufflnuG opi6thonelas)

1t

It
1j

1l

1 l

1

1

1

1

2
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