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A.Ltho!rgh mit i tary and i ' rc tArr : . raf1.1. . .ontro. l  : :dr.ver j . t .aJ,.e .aoars ce.n b€ ui i . i  teobserve the moveoents oi  birds: at : t tgnt ano rn bad rert .e.  ! !n€n the rangeof opt lcal  a- '1d infra-r.ec sever€ln l rnr:ec, rhe! tay€ ai  leasl j  o!€ rdr irortantI 1 n l t a t 1 o n .  l i h i s  s h o r l c o m i n {  r s  t h E t  r t  i s  F e n e r a t t :  i r r . 3 , s r o l e  . ! o  r f . . . r r r 1 t y  a  } . 1 j - ! - e l
d i r e c t l y  o n  t h e  P P I  ( F l a n  p o 6 i t i o n  I n a i c a t o r  , 1 i !  :  l r i .  r r o b ; a :  I  r )  . j .  s u c c e € s  L r l l c e 6t h e  l a r g € t  t r e " n s m i t G  a  c o d e  r n e s s a p c  s u c h  a 6  b y  r l - a  ( l o e n t r j r c a r t o ! .  1 f r € n d  o r  l o r , r ,

The PPi operator ba€ no dj f f icutty in discr iEinat int  betveen rbe fast novc cnlsof the aircraft  echoes and the slov.movencnts ol  uirO ecioee, al lo cxlerretrced oper{ toa$ca! u6ua. l1y dist inguish bet! ,een bird echoes ar id stoir  movlDg u.toes of met.orologicafoargln. A6 a re6ult  of  carefu- l  and lengthy cor ielat ion etuCies b€t ireen visual aidredar ob6ervat ion6, sone birds f ioveneDts generat lDg extended pp] echo lat terns hav€beeu r€fated to psrt icuLar speci€s, 6uch is startr igs (sturnus vgleari i )  enahoney buzzar.d€,_ (!"r.r.-=d:g""" ) , but the species pr"aiffi-6eist.r.abte echopar tcrE6 are r6lattveLv fer.

- , ._": ] : : "- :n: , : . ]Erns 
of raoar,  engineers have from t i rde to t ioe oeen pregccupred

locnt1lyrn6 feetures tra6 been ca-l led looking for target,rs j .gnature, ' ,

By usr.ng a high resoLut ion radar i t  is possibl .e to fol lor one or two bird6
a-lone for suff ic ient t i i i€ to oblain an echo 6igl1af recori  f ron w[1ch a , ,s igDature,,

:1-: :  :1:1"","0,^ 
(For sr. l t lpt ic i ty re sha_l1 assurre the r '6 ignatule,,  is coatained onfyln rne ecno \ravetolmt and neSlect the ident i f lcat ion d&ta obtainable fron coirelat i ;8

echo and f l ight chs-.acter iEt ics. )

.  .  
Two prope:. tre6 of the f ty iaA ani6a1 target,  th6 p€riodic var iat ion of echo

t l ten61tt  and the doppl.er rate, permi!  a fai i fy quic{ and di lect }ray of relat ing
idcot i f iable phy6j.cat propert ies of the target ' r i th paraoeter6 obtained by radai.
Bird act j .y i ty dodulat ion (B}J{) fuUy deecri ies the f iuctuat in8 echo inteD6ityrrsiSnatui .e" obtained froo a bird and take6 into account f luct;et ions of echoing a,.ea
due to head and bod) 0tovenents as well as rhythoical vibg-ffappina.

So!!e cxaal l€s of BAl4 waveformE are giveD rn f ig.1 ar ld f ig.  2 r .he:.e the vert ica]
siciE i6 rada! echo arnplitude and the horizontal axi6 is tine in s"con.s. Note that
tbe t ine scales have beoB rdade at i f ferent in oider to shot '  of f  these idproved BAM
vavefords to fu. l f  advantace. The BAM wavefolr l  shovn at thetop of l ig.1 was obtaiDed
from a donest ic.pr8eon (Co]utr la l iv j .a var.)  released ner.  to "  hrgh_re6ofut ion C_band
\)cD uavelength) radar.  Thi,s wavefoim of cont inuous periodic oodulat ion ca] l  be
related direct ly to the lhythnicat v ing-f1applng of t ;e bird.  The tsA.14 uaveforn of
a visualfy idont i f j .ed kestrel  ( I .alco t inr,uncu_Ius) is shoun at the top of f ig.  2.
The cocplex periocic haveiorr ""n.rJ; i - t ; r  "g-r . l  apt j  ng rs fron a porLron or the
lape recording made lhi le the falco! waG hoverlnf .

The conDl"ex periodic Baves which nake up the Boorlated poitioll of th€ BAl,1
raveform ca-n be frequency aDalysed to produce the sDectra 6ho*n at the botton of
r18. ' l  and f ig.2, ' lhe horizontal  axas in tnese i iaqrsre are scaled in frequGncyr

' l ' l in istry of Defelce, i loya].  Raoar lstabt is)"-nent,  f_alv€rn! i ;orce6tershi.e."Uini6try of Agrlcul tur.ej  l isheries and Iood, pest Infestat ion Control  Laboratory,
TangLey Ptace, '*orpLesdon! Gui ldioro, Surr-ey, uul  f ta



a n d  t h e  S I  , r n i t  o i  h e r t z  ( l i z )  i s ' - s € o  l r , s t e a i  o t  l i €  h i i n e r t o  c o ( x r o r r  u n r t  o f
cycles per secor,d. The chref i .€qrr-ncy .o: inonents cb'a.]Lnec 1r ' r  the e):r l jp les are of
s r n F l e  s F e ( t r , i ;  r € s p o D - s e s  : r r ) ' t . p o r , ' i r 1 , ! '  t o  t h e  : h I S 1 ; . . i i  ! l n f  b e a t  f . e o r i e n c i t s  \ d n 1 c i 1 '
f o r  l h e  p i g e o n  a D d  k e 6 t r e l ,  a i e  o e r : ' ! ' e i  o n  i . i  { ,  a l r d  b .  /  I i z  r e s p e c t i v e l y .  A l t r o u g h
the BAM tayetorf ,s . i re cl  per iodrc laves thej  a-re colplel  and r ich rn hsldonics'
In both erarple€ th€r.  rs a st i r jnr second har$onlc oi  l . | .  fu-ndanental  f requ€ncJ.

Although €ven s! iD€rDerienced $rkd-roul.d have no drf l lcuLtJ in separatr l1g
out tbe tro 6pecie6 l loe thc rrsiS: l laturel  reEults,  a nuch more cetai led
cla66ifr icet ioB r ioufd b€ rr€cess&i j  i i  a ]arge nurber of species had to be di f lerent iated.
Fuitherdore, i l  t {o[ id b€cone Eore srd nore n€cesse-ry to consider iDtr€speci i ic
var. iat loDst a4d ' i ,he ( f fec! of  11i8bt ear iat ions.

Hol]cver i rorn lhe bj .rd etr i lc pcrrt  of  vrev a broad a-6sc66ment nay be acccptablc
iD oany si tuat iou6. ! 'u l  exsftple,  i !  could be a valu:rble aid to air  safety i f  species
entcr ing control led ai l .sPace could be detected at $ight and in bad vcalhcr,  8!d
ga{ged as larg€ bird6 or 6$s-11 one6r or heavy bird6 or l i8ht ones. I t  rould be
conveaieat i i  th is veight or 6i te va- lue oI a bird could be obtained from a fair ly
easi l -y extracted rada-r paraEeter such as the vi !8 beat frequency'

Radar 6tudie6 on f t igrat iag birds bave revealed. that each species tcnd6 to have

a fair ly constal t  v i t rg beat ratc.  General ly snal l  l ight birds f lap thei i  r ings fast

a-rld large heavy biid6 flap their: i{ings s}owly' aDc it is pos6ibl. to obtain .lDirica}

relat ionehips betreeD wing f€ngth'  , rei6ht atrd vi !8 beat frequency Hhich hold for a
large nurber of 6pecie6.

Ovcr a l io i tei i  rarge of species i t  is pogsibl"e to eYaluate ving beat f lequency,/
ving lengtvrei .gbt relat lonEhips, which ( togcther Yith a 6iopl€ logic ut i l iz ibg
re8ioDal Seography, knovD bird popu-lat ions a.nd 6easons) csn be used for soi t ing out
potentially hazsrdouE birds fron 1e6s dari8erous on€s. Ar attempt to eYaluate 6uch

rel,ationsbips for a nutnb€r of ituropean bitds has already been nadc in a pievious
paper ( l )  using aeai lable dat6'  ard these relatronships have been used in est imating
the potent ial  bird str ike r isk at Gibra-f tar (2)"

The lenaindc! of thi6 paper ltill be deYoted to aledonstrating ho', the ',.,i'ng beat
frequency extracted fronr the "siS4atute 

 

can be related to physicaf dinenBions of

a bird aJr ld to revj-siEg the pr 'eyiou6 paper (1).

2. |II\GB}-AT FF!'UEI\C Y AAD 91iD D]�T-T3IOIiA]- RLLATIUNSH]PS

\,le nust apol,ogise to the exlert reader Yho is familiar tlith crauford I{
Gree!&,al trE pipcr on dirnensronal refat ionebips for f ly iDg anidals ( l )  for going ovet

old ground, but t t i thout a prel imina.y introduct ion the $on-expert  reader is l ikefy

to gct lost.

GreeDeua-1t puts forward evidence for descr ibing the wing f fal l ing nechanlsn

ol f ly j .ng anina. l .6 by the 66te wel l  knottn model used for mechanica] osci l lators (such

a6 the peadulun).  nre nodel theory yields an equat ion for osci l lator resonal lce

frequeucy or the ving beat frequency. Ihe wing-f lapl j -ng rate is shor 'ra to be direct l t

proport ional to ving duscfe veight a.1d inverselJ pr 'oport ional to th '  sun of the

oooeats ol  iEert ia; f  v i l rgs, v ing ouscles and associated vibrat ing skeleton (the

tran6ver6e sect iotr  through the breast of  a pj .geon rs shorn in f ig '  J) '  The theorl-

prcsuh€s a resonalrce frequ€ncy fol ]  i lapping ulngs which is to be maintatn€d regar^oIess ui

cfra.rr8ee in l { ing loadiIG! and i t  fol low! that the f la lping rate vl l l  be consta' !1t  for

birds of s ini lar di ineLsional ptoport ions. I t  is sho! 'n tbat vhen the vafues of winF

beat frequency (F) snd ! ' ioc f lngirr  (r , )  for a wid€ ranPe of sFecies ot s imiLar proport iot6

(Iarge pectoraf muscle/smal l  pectorsl  r l ruscl-e {eiaht rat lo) aice l fot ted'  th€ law of

t h e c u r v e i s o f t h e j o r n F L = a c o n s t a n t . F u | t h e r r e l a t i o n s h i p s b e t h , e e n w i n g ] e n g t h '
,'

2 .



b o o y  { e r F i :  r . .  . : , , ,  : . . r : ,  i i  . , | l i  i ! x . ,  . i  . i r . { r e r . : " a t t ,  s  : . p e r .  ! , .  f o u r d
t h a t  a l l ' e r - . ! r r  L a e s  r e . . ,  : : r ! r . e .  t . _ . r  i t .  : r . . s i : r . 1 i ! s  ( , ^ r r r . I : ; g e  i e . : o . a r  n u s c l e /
s r . a l l  ' . e c i o r a l  m u s c t .  r . : r : , r : ,  t i : . )  ! . , 1 t j z l r , -  a  r . : , i : r ;  c c q r - s t r o k e
w r n € - t ] a . p : n g  a x . i  t n e  h u  n l n A  i r r . s  . t a : . r - e  . e c t o r : t  : ! s c t e / : ! n a l i  . e c r o r a l  n u s c l e
r a L l o r  r f  : : 1 ) ,  w a r . r  ! s .  r o t .  ! . : : , , . . i .  a n .  a . u , : : s t r . i e  ! r r , g _ f t . - ! ! r r i g .

' < :  r s l n p  w . r j .  b , : .  r "  - ,  j  .  . - L o l  a . , b o  o r  , _ _ t i - r r , ,
( - : c , r s h . o r o u s \ u n r v e r s r t y )  ( a )  ! s r n . . i , t r b r : r e i . . ; _ . - " . ; " ] ,  a n !  

-  -

r r n r :  i e n i t ' , h s  ( o 5 . , a r n e d  t r o r i  a o . d a r d , s  j r i r l s n  : 1 . o s )  ( f )  r r . : ,  , .  - ; l t s  r . o c t a i n e d
f r o E  a  n u n b e r  c l  s o w . c e s )  d e f r v e d  . 0 ; i . r . a t  . e i . : t i o n e h i r ] s  b e - r e e r  r l I g  b c a r
l r e o u e n c y ,  w i l s  ! e D E t i r  e n c  w € r g h t  a r : i  t h e s e  r e : e  q r v e n  r .  a  j s J :  D a : . a f  l 1 l .  . r i s
p a F e t  h a s  s i n c e  b e e r i  r e ! j e v e d  a n o  r e s  v a l u e s  i r e  r : r v e n  i r  . t e  t - x r  : .  . e . 1 a c e  t h e

T h e  f l r s a  a r - . i i  o i  c o n t r o v e r s l /  r n  r h e  r ] l e v 1 . ! s  t a p e ,  * a r  l t r e  v a , i j r 5  a s s l r n e o  t .
t n e  w l n g  s - . a t  f r e i i u e r l c : r '  o i  e a c h  s p  c l e s .  3 r u d e r e r  e t  a - I  r a .  j r a { s  ? t i e . : 1 0 .  i .
r e s u l ' , s  ' n o i c a i  j . n l  o i f i e r e r c e s  i n  r h e  a b s o . t u r e , r , r " u  u . " r E " . "  r -  s r , € c r e s ,  { h r c h
m a f  o e  r u e  t o  . / a i . a l l o r L s  w l t h r n  s D e c i e s ,  o r  t o  n a ! u r e  o t  t . l - - h i  \ r r r s r . r o r v .  , o c a , .
diur.nal  or noctur-nal]  )  or to r ieasurjnE errors.

Ihe best ,na-v ol  obtarn]nE data ior the derer: f t inatron cj .  . : rc :€a. wtrne scat
frequencl,  aid standaj.c de!tat ioB i .s to use a racla, and recori  r1. . .  ! l r r  :cr, tvtrr-
m o c u l a t : c n . c h o  o n  n a g n e t i c  i ; a p e .  3 e c a u s e  a  c a t a L o F u e  o f  v r s u a r t " r  l o e n t l f l e d  f a c a r
-J! . '  laveforns is not yet avartabte io.  correlat ion identrf jcat lor)
necess.ry to ident i i )  v1s\ral ly bi .ds trackei .J radar" 3ruderer et aI  anC r l t ! ,have
m a o e  a n d . v a l r e t e d  s L c h  n e a s u r e n e n t s  D u t  s o  f a r  t h e r r  r  s L r l t . r  h a v e  b e e r -  c o n f r n e d  t o
f e L a t i v e : - v  f e l i  s l e c j e s .  R R r  e x . e r r e n c e  o i  b l r d s  m e a 6 u r . e d  o n  m i e r a t l o n  i n d l c a t e s
that individuals i lap ther! ,r ings at a r-ema-rkabl l  constant rate. and the varrat lon
about the nearl  can be \di thin a fe\ .r  r ,er cent,  Rtt  has compared cine_canera recor.ds
o b i a j . n e d  i r o m  a  0 ' - I l a r d  ( A n a s  p l a t J r h y n c h o s )  o r a < .  a a o  d u c k  r n  s . r a _ g n r  . r u i s r n E
fl igh!,  uhich shoq,6 th.  i iprr '  inucrr ui3Eaf i  n6 her vrngs a f-h Fer cent raster
than the d.ake, RRi,  c iDe-records revealed that a rnal laid drake wlng beat frequency
changed from approxinatelJ 7 Hz r"n lsvet f l iaht to about 4 Hz ,heD a.proaching a
pool steeply through a wood, arxd this change cofresponds to pronounced changes in
vlnS sbape"

Ving beat frequency data for use ln en route bird str ike prevent ion should enbrace
al l  vafues about the mean for bird6 i l1 leve] f l isht,  This Daper does not consider
bi ids landing and raking off  or dr.oFped froor air i raJt rhen;r;st tc changes in wing
beat i requency may occur.  Unt i l  a vider.ange of data becornes avaifable records
t4kcn over a number cl  f l iFht s i luat ions using caf ibrated measuf ia8 rrethods 6uch
as those by Gri f f i ths prol . ide a 8:ood basis for ln i t ia- l  aEsessnent purposes. In
the future this data vi l l  nci  doubt be reva_Iued and the effects of the nature of f l ieht

The second aj . . ,a of controversy 1n the previous paper concerned the v6-1ues
aasi8l led to $ing lengths. In orni thology, actual wing leDgth is not recorded because

.1! ls plact icaj . ly i  possible to deternine exact l .y ehere the wlng commences on the
Dody aad the Length a" lso sar: !e6 with the a,nount ol  stretch. The r '*rng length'r  of
ornl tholo8lcal  text boo!:6 rs ]nrBriabl-y the measurement fron the wrist  to the end
or the lon8est feather.  Hhich can be deter l t i ihcd lelat ively accuralcf l r  ar1C i t  is
shorter than the truc uinS length ( f1g, U).  OccasionaUy data fo.  wlnF sDa! ls
avaiLabtct subject also to rnaccuracre6 throu€h stretch. True winp teneth nrght b€
deternined as Jfuing spai l  mrnus body wi{ l th) but bo. iy,r idthl  Like rrue vins len8th,
ca.Dot be deterrnued r j . tb any consistency. l iev€rthelesEt i t  is arguable that a
oett€r €6t j .nate of t rue N/ inE fength than t1e staidard measurencnt f ion \ , rr ist  to
: :hg t ip ni8ht be obtairecl  f rom one hatf  the r ins sDan as u6ed by creeneuatt  and
these a.re compared heroh. suffr .crent win'  span varues by I tagnan (?) al 'd Geroudet (6)
! a v .  b e e n  g a t h e r e d  L o g  - - " (  f o !  e  c o l p ? r l s o n  h . t i  C o ^ a r o ' s  { r 1 s r  r o  1 . ,  v a l u c s  w n r c n



ser€ u6ed ln f ioet 01 : : re ex!€11men1.al  calc* iar i r i :E a,rc 1re conpaalson ls mad€ ln
t h e  t e x t  1 a t e r ,  T h €  ! , r 1 s i t  t o  u i n E  t ! r  l s t a : a b L I a t a i  r . .  : h e  : r e E e . � . t  : 3 p e r  r a \ . - e
been obtaiDed fro& the l landbook oi  l r r t rsh 31rds ( . ,1"

The Beigbta assigled to specres h€vc been revlsed ht .est infestat ion Control
Lsboratory (PICL) where necessary,

T' tr€6e coDsiderat ioas and modit ieC values have been t6len into account in
draving up le.ble 1, 'rhj.ch shou€ vriag beat frcquencieE, NriDg di-neDsioDs and vei8hts
for 58 Europes.E bird6. Forty-o[e ving beat frequcncy va]ue6 takeD by mcans of
csl ib: 'ated ci t re-cE-oera by Gr: i f f i ths (4) pr:ovide the bulk of the data. Addit iooaLly
by the aaDe dearE there are eiBhteen RRE-RA! aeasuresents, eight of  rhich
sub6tant iate Gri f f i thsr f indingG. Three radar re6ults are dra$n fron Brudcrer et a. ]
(6) and l i re rada-r re6ult6 where specieE vere ident i f ied visual ly are fronl  RRxt onc
det€rdia&tioD coDiiral ing a f inding by Bruderer et a1, Nearly af1 value6 are baaed
ob dore tba,E 5 obeeavat ior€/speci es, snd radara observation records have be€n

Scncraf lJ nore th&! tvo mir lute6 long. Species { i th { ing beat frequencies higher
than 22 Ez bave beet onit ted a6 being relat ively lmlmportant a6 bird haratda iD
Eulope.

Using a progra,noe to comlute the 1ea6t-squa-re f i t  6nd correLat ion coeff i .c ieDt
ol  n pairs ol  i lata pointE a nunber of mathematical  funct ions trere ex$nined usir lg
data fron tabl ,e 1. and a Douer cuive of the fonr:-

l n Y = l n a + b I n x

v,as found to give the best f ) ' t .

( 1 )

I t r  decj .ding vhether wi l rg span lcngths \rere to be preferred to vr ist- to-t ip L' ing
lengths tvo proSrarnes were rur usiDg appropriate ii,ata from Table 1. !'orty paired
wj.Dg beat frequency sl1d wing span values uere used to obtain the natufal1 logarithE
of wing beat frequency:

f n  F  :  l n  1 l1o  -  o .8o8  l n  L ,  .  ( 2 )

sanple corrclat ion coeff ic ient r  = -O.915

Si l l i lar ly values cf  uin8 beat frequency ald w. ist  to t ip ! , iag le4gths fron
Co,,vard rerc used to obtain the natural  logari thn of wing beat frequency:

ln F = ln 624 - o.b44 In L

Eanple correlat ion coeff ic ient r  = -C.941

\ t )

The neget j .ve correlat ioD co€ff ic ients occut becauEe on average the viDg beat

frcquency F decreases a5 , .r ing ]ength L increases. I t  can be seen fron thes€

empir ical  equat ions thst there is no obvious advantage to prefer:r ing one of thed'

SiDce tbere i6 no clear advantage to choosing equat ion 2 over equat ion I  and

ving sps!6 e-re 6t i i l1 not the de6ired I  (v ing spai ninus body) { ing lengths e-nd are

more al i f f icul t  to neasure and dore poorly catalogued' i t  is propo6ed to coDtinue

u6ing sr i6t  to t ip { ing leagth6'

Fi f ty-eisht paired xiEg beat f lequencies and t t ist  to t ip wjng l€ngths ( fron

the Esldbook) ta-ken iro6 Table '1 have been Dlotted on the gfapb of f i8 '  5 '  lo

or 'aler to accodu0oalate the ranae ol  ordlnalest the wing beat frequencies and r ing

leDgths have been plol ted on a loEari thni ic (base 10) 5cale. 0sina the least-square

f i t  progrande two reS,ression equat ions \" /rere obtained a.s fol focs:_

( l s t i d a t e d , r i n s  b e a t  f r e q u e n c y )  I n  |  = r 7 5 ? . 4  -  0 . 3 8 6  r n  I  ' . . . .  ( 4 a )

( t 6 t i n a t e d  v i n s  ] e n g i ! )  r n  i  =  r ,  i L r l . b  -  r . a l i  l n  i  . . ( r + b l

s a n D l e  c o f t e f a t i o n  c o e i f r c i e n t  r  -  - a . 9 i 7
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T h e  s t r a . B h r  r  r r p  :  I  F . t u s r  r  . o t L e o  o v A r  t h e  e x p € - i d . n r a l
G c a t t e r  d i a g r ' a n  l n  i 1 9 . 5 .  l v o  d r f t e r e n t  e q ' J a t l o n s  a r e  E e n e r a t e d  b e c a u 6 e  e s t i n a t i . , g
y i lom x is not just t r€ reve.se of estrmatin8 x froo y except xhen r = 1, 1n one
case the i ine ol  regreEslon ol  x oa y rs obtained by makinE the least square f i t
n inioun for dx! r 'h i le for the reS.es6ion of y on x the least square f i t  is minlnised
for dy" thu6 vhen n"ing best f fequency values are obtained froo radar data the
r ing len8ttr  value6 r iust be est lBated by usine equat ion l rb.

paired ujng beat frequencles arrd reights
f ig.  6,  and t ! ,o regrc66ion equat ions were

H a r t  f r . ^ ' , a n ^ w l  l n  F  -

, , {eisht)  ln r  =

6a$p1e correl .at ion coeff j .c ient r  = -O.388

beat frequency) ln I  = ]n \41 -  o.?91 l t  L

Fif ty-eiEht
been plotted in

(Lst inated r ing

(t ;st i&ated bird

(n6t i$ated wing

([st imated uing

) " t \  12 . r ,  -  a "Zat \

1n  t2 ,?49 -  2 .4 ! -3

take. f iom Table t  have
coftputed as fol10l ,6:-

l n v  . . . . .  ( 5 a )

a  c r \

Equat lon 5b has been plotted over the scatter dr 'agra.[ l  of  f i8.  6.

Just before thi€ paper uas conpleted, Charles i t ,  Vaughn (NASA) sent us his paper
(10) containlng i r ' forr lat j .on on nreasufed l ,J lng beat rateE of J7- Anerican specle6'  These
birds were released f tot ]  a hel j .copter and t iacked by a hiSh resolut ion C-band
(5 clo wavelength) radar.  lhe wlng beat fr€quencies aie "representat iverr iundanenta. l
f requencies of the autonat ic gain control  (AGC) Fourier spectra ( ie.  they ar.e
ana]ysed BAH waveforms). Ia some ca€es they are the average of 26 record€ of the
sane Epecie€, vrhi le in other case6 tbey are iust sugLe records. GeneraLly the
BAl4 recards {ere taken over one lr inute or more. l l ing l€ngths lere ta{qn fron the
bird6 actualfy released. Measureoents were taken f lon the bend oI lcf6ded ving to
the t1p of the longest pr inarJ. Thir ty species taken frod vaugbrrs tables r !  1+ 8nd

5 are Siven iD table 2 iogether with their  ave.aged t l ing beat frequenci.e6 and their
vinS lengthE.

As a natter of  uterest these thir t j  paired ving beat frequencie6 and wlng

lengths have been a.dded to the f i f ty_eight paired values given in Table 1 in order to
invest igate furthe! Cr€enet/al t '6 sidlple dodel.  Using t l t  least-squafe f i t  tvo
regression equat ions v€re obtained from these erghty-ei8ht paired of values as fol lots:-

length) ( 6 b )rn i = rn 1tl)l - 1.096 ln r

6s-ep1e correlat j .on coef i lc ient = -C"911

The EtraiSht i ine for equat ion 6b together with the 95t conf idence l io i ts are
shol.n plotted over the erperiBeDtaf scatter diaarao in f ]9.7. For exanple'  the
est inated viag length and 9t ' t  col f idence interva-I  est iBate for an observed slng

beat frequency af 5,61 Hz are
'\
I:, = 2t1nn. and interval 1)2 - )76 n$

Helce by obtaining the wing beat frequelcy fron a BA) waveford th€ t lne Length
csn be est inated to withu + 6tt  -  iU at rb,e 9r% coi l idence ]eve}.

Altbough the r 'egions of the European ard Aneri .can species do not nor 'mafly
ovei lap, th; i r  values enable the 61op]e iormula to be favourably demonstrated.

]. UNCETTAINTIIS

Erven 1n the lest sect ion a.re used io e€it  ale
: fon rada.-neasurec ' r inEt beat trequencies. Ho!

e q u a t l o n s  b e  r e l i € d  u p o n  t o  p r e d i c t  b i . d

The elrpir j .cE l  rel  at ionshrl ,s
r inS lengths or ! .elghrs of birds
vel l  can the empirrcal ly oer ived



dinieDsj.o: :s €jrcn Dc.r.rxrr{ .11" obser!€o \ , ing beat frequeDcie$? One ray or ansHerr. ; l i l
th i6 qu(stro: i  i . : ,  f r  r- l  ,  ! l l  th:r1. the djstr ibut ion of esi idated axrd exn€ri lne: j tal
t i ]1g len6tb:Jrd \c i i i , r :  t .L6:.dral i r  ar.e vr i tbout bias aJrd ra-rdoD_Ly distr jbuted aboul
the r€gre66ion l : j l1e and trdn { :o catcu. late conf jdeEce jevels.  These condit io[E
bave lre€n e€sl!$ed her. i .  jc1 sl thouAh they are approxinatel  y true at the Ehorter
win6 iength6 therc : is i r ja6 Bt the loDger hing length6. Using aa erpr.essron grrer i
bJ Diaper -Ei al ."  (1 '1),  9i l  conl idence interval  est ieaies for a eingte ( future)
value of ," ' i ig 13L!;1. i r l ru.r .- , .dlag to a desi.ed observed r j l1g beat f ! .equencJ bare
b e e n  p l . o t t e d  e e e h  F j d 4  u i  l t r e  c F - l c . r l a t e d  l j n e  1 n  f i g . 5 .  F o r  e x a E D l e ,  t h e  e s t i n f l i € i
t iDg l€lgi l " !1d 9tt i  cr  i :oc:rce j . r terr lat  est i f late for a!  obseryed vins beat
frequ€I(c) i  oi  ,  I r  e: .

l ,  .  ;a i '1, ,  r , rr , .  nrd i  ' , rcr l 'a i  194 - 410 &l

The 95i.1 cort ide,Lc. i - rr .er, , 'a, l  est i r 'ated for a sihgle ( lutur"e) vatu€ of veiSht
corre6poDdir8 t . .  : i  de6j: .ed observed t ' , i rg beat frequency have be€D pfotted each slde
of th€.al .rrr la ie{.  l j . i . r  rr  t ie,  5.  For.  example, th€ est inated veight 6nd 951
conf jder:ce r .r , t€r\ . | i  L: , i j . i i5te f$r a,  observed vinA beat f .equency of 1C Hz a.e

l ience b) oi l ta. i l i i l ,B t I )e ving beat frequency from the BAl l  vavefors aid usi [g the
above Drocedur"e tr  lan est inate th€ eirrS length and yeight in the eral lpl€s to \1thi5
+ 45 - J1% ani !  E6Jt '  828 at the 95f conf idence L€vef l  respect ively,  ^

!  -  12 r  ' .n . :  rnr-e , ;a l  1q -  ( .b .  g

DISCUSSIOi't LNir COj{CLUSIONS

thj.s Etud} ! ,s irrg e sadple populat j .on of 58 Europesn bi ids coDi ir f is creeoer{al- trs
concluslo s thai .  enlpir ica.- l  relat ionship6 can be found betweeD ying beat frequency
and physical  di I | l : r1sior" I t  is inportal l t  to bear in nind, vhen considerin€: the
arBgnitude of the din€nsjor iaf  urcertainl ies, that there i6 no al teinatrve slnFler
method of est i  at in6 i l i6 djm€r6ions c ' f  bird6 at rc lat ivel .y long !€nge at ni .ght and
ir bad veai:hel' tlr.sn bI rad&r. En pqssant it nay cotle as a surprise to the faJnra-n
to kDou that radar '  d€signerc ! 'oufd go wi ld vi th exci- temeDt i f  they could achiev€ the
6ane accuracy i ] t  esl jnat ing the size of a gl ider or l ight s. i rcfaft .  l 'he
uncertaint ies in es]. i i f tateE oI total  weight s.re, aa one oight expect f loa the sinple
odel,  much bool 'e:  l iba:1 those obtained for v iEg length. In ei ther ca6e uncertaint ieE

of viDe lenath of sei8ht &re to a f i rst  order unaffected by diEtance fron ra.dar i f
a bi id can be scpa.-aiei  f lon rut l . ,arted ta.8et6 and l ie6 withir  detect ion tenga.
Good B!- l l  recc: i ls ca! be obi.aiDed on single birds fr 'otr  1 to '1o naut ical  mi le6 r ' i th
mabi le tracking r: ' : r . :gr ' . r  and st rs:rLges ot greate. thatr  20 naut ical  mi les Hith f l re(]

s inc€ tru.  r i r i r  lerglhs, that i6,  J (wrng span dinus body width),  sr€ not
readi l j  avai lable cDr,Flar i6ons were nade bet een enpir ica].  equat ions obleined by
using for. ly v j ing sben ( i roo $agnan and Ger:oudet) and wrist  to wing t ip ( fron coward)
vel-ues. Xcf.  !e.e!xlJ,  conl,e-r i6on6 {e.e nade betreen equat ioos computed by us:Lng
f i f tJ-eiBhl v/ i r lg sran ({rom } lagnan end Geroudet) End wfist  to wing lrp ( i rod the
I iardbook) yalues gi f . i4 in this paper.  No pr€fererce wa6 l [dicated as a resu]t  of
the6e coapari6on.s, i r  t  a:  v. ist  to \ t inF taf  ralues are e€€l.Fr to oeasuie and bettet
catalogu.,d j t  : " .  )r 'n l)osed to cont inue u6ing then.

the stuciy sho!. . .  t l let  ie lat ivel"y sinple enp].r ical  relat ionshits c.1n be evaLu€ted
, c r r ( h . o u l . i  L r  ' : ( , r . 1  i r  " r t i r a , i r n g  L 1 e  C . n p l s . o n s  o f  b i r o s  : n ' r u o r n e  c o n t r o l l c a
air  spacc. -1. ' i , , !  d jrrLsioxs oi  ! . . ine length can be est inated nore accur 'ately tban
L,eight.  Wh€r th.  refai lcnshtps can be used the:t  are unaffected by distence f lon
rader (ui thir  i l r .  d.- , :aci i rn r : tnf ,e cf  the eqr, l lment).  rquat ions are best calculatet l
l r o  a  s € n p ] e  p . r u - I u , i c i ,  o f  a s  n a n y  s p : c r e s : - j  l o s € i b l l e  v r i t h  v a l u e s  d l s t r j b u t e . j  a s

uniforrr ly a6 p|1ssib,L. dlorf  t rr  reFresslon curve 3ni overlanpint the desired
di0ensio' t  sc. le€..

1



l -u| the: dl i  r - , '  .J i r i . r i , ,L.C b\ r .aCar on bird 1{ ing beet i requenclee are d6F,ir . . i , l  € j j
o r d e r  i o  d e 1 c r , , , :  .  r i  j r ' :  : . r , d  j r t e r 6 p e c i f i c  v s j i a t i o n s  n c r . c  p r e r j j r i , r  r .

5. a9r!folt4:ir,t-;ltl.

The aut irr , t -r  ' . , : ' . ' : t i i  L i .ke to th6n1{ the fol low:!ag for their  help and ad!. ice: 1Lo::
col l€a8xes 01 . .  ,  i j "€phi< Unit  RRE i  ol  the jnstrurentat ion Raig6, RAXi
srd loo6J Capt.  t - .  i  r - .6 Off ice who ra,6 responsibl .e for the leycut of skclcbe"-
alIld diagran$. 'il.: 1 r reCe-r teeo of Dale Spedcer., Ket Dal.ies t-ii ir;e}.ryr Dafieb
obtained tbe 1,.i,;. .. i.::.rr..rs and the RRI a4s_Lysj.s teald of Fr-6n! Bl.chre_rl arld
8i l1 idi l r 'ot  ! t  ni ;  i  i  i  '  . :  f requency spectra.

Cont l jbutei  btr  l ietr ' iEsion ct  the Director6 oi  RRE ard pICt. ,  Cop]/r igh!
CoDtroller I{Bl4s (r,

6 .

Rtr}ANNC}LS

f .  i {oughtor , .  l i  l
B lackbel . | ,  ;

2 .

r + .  G r i f i i t } . . ,  l i . .  i , .

, .  C o w a x d ,  T . r  "

6 .  B r u d e . e r ,  1 . .
a!d BlucliJ)rr

119?2)

\  1971)

( - 9 6 2 )

(  197C)

\19\' � t  )

t , 1 9 ? 2 )
U .

I ' t ,se of  lJ i rd r .c t iv l tJ  Hodul-at  ic I : ]
qayeiornrs i i r  Radar I  der t  i  i ic  p- i .  i  a i r t !

? th ESCI-  iondon Conf€r 'encel  Jur€
( " u p D - e r , ! . t a J J  p a D c "  r o  m a r n  r e , o , t

' rHlghi lghts o l  the Nato.4 lbraf ' . .a t
Biid }ligraticD lterip-r StudXrr
8th BSCI Par is  Conference.  l ls i .
(supplemertary paper to o;a in r 'er ,ar t )

r rDioensio la l ]  Relat ionships for
I lJ ing dnrnaf6 l '
i n i  l  \ s o n . ! a n  . , r : c .  C o -  l r  N o . .

' r l r i n o | ' e 5 +  F , a . i \ a ^ . i p e  e  I l  t o h ,

lat terns of the dore conmon
Hi8rant Bi ids of the Bt ' i t i6h
I61e6 and l ,uroperr U[ iver6i t ]
of  T€chnoloEiJ, Lougiborough,
i ieport  No. 9 Decembei"
( Minteclr Agreeoeni b,'I /21?a/o8/nDl. ) ,

rrThe tsirds oi  the Brrt ish Is les
and their  Egga" I  voluxoes
l r e o e r r c k  h a r r . e  d  C c  l t d . ,  L o  o o . .

rr ,ur DFS L - lmnung von Flug"lscLlac-
frequen"en' iag und nacltz iehel lder
Vogelarten ni t  Radarrr
l e r  O r n i  t h o l o g i 6 c h e  B e o b a c h t e l  b 9 .
p  1 t 9 - 2 0 5

"Les caracter ist iques des oisear-{"
l n r .  S L .  N a t u r e l l e ,  S e r j e s  1 o ,
V o I .  5 ,  p  1 2 5 - l } +

Le6 l tchassi€rs
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(  1 a 5 9 )
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8 .  ( con t rnued)
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EUROPiI-I,I SPgCIBS

0 . SrECIlis

lltic BrnT
FRI4U]iNCI
DSITRMI }{E!

BY CINE-CAI.{RA
OR IiADAR

( H z )

lllNc LiiNcfti
(n$ , ) PlCt

TIXIGHT
w ( g )

,vItic sirA}{ i IRIST-TIP

Chif f-Chaff
(Phyl loscopu6 coltybi ta)

Hi l low Wa.bler
(Phylf  oscopus t iochi lus)

Sed8e lialbler
(Acrocephalus

scho€noba€nus)

Gofdf inch
(Carduel is carduel i6)

Gardcn warblei
(sylvia borin)

l,inr1et
(Acantbi ,s cannabina)

Whitetbroat
(Sylvia conrunis)

Chaff inch
(Frinsi l la coelebs)

BranblinS
(F. inFi11a monti f r ipsi l la)

Redstart
(Phoenicuru6 phoetr icurus)

Meadov Pipi t
r  a . r h , . .  - . .  + .  " . .  " l

Greenf inch
(Carduel is ch. lor is)

(99ssr!I9-9se$!s)

Skylark
(Atauda a.ven6i6)

DuDl in
(Ca1idr i6 alpina)

Sta!f inA
/ c r . . - - . . ^  . - . . r  - - - -  -  \' :-!:ijg!__ls5e_jg'

Reduing
(Tr: f .dus i l iacus)
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15
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22 .2
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16 .7

12 .1
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n

1?4

l t i
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24E
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27A

24A
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;91
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1 8 . 0
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? ? l
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T,, r l , .E '1 (continired) EI,ROFLI].{ SPI,II]S

20

28

29

9

) 1

12

t1

t)

t5

8 . 4

406

448

420

)o)

916

900

14?

1 1 0

158

1t4

152

144

180

188

260

211+

1 5 7

261

2b4

100

,5

1 8

109

140

120

t,a

7s)

200

8oo

2?a

890

180

'1 1r'to

Sa-nd Marti!
(Riparj.a lilari.a)

Blackbird
( Turdus nerul,a)

Bee-eater
(Mcro!6 apiaster)

l'louse Martin
(Del ichon urbica)

Knot
(caLidr is cai l r tus)

Sdi?e
(Gallineso ealfinaso)

Mistle Thluab
(lurdus viscivorus)

licldfaie
( llurdus pilarie)

S'/i f t
(4pgE--ry)

Teal
(Alras crecca)

Wigeo!1
(Anas penelope)

Goldcn Plover
(PfuYial i6 apricar ia)

Gadr.a.l-l
(Aaas streper 'a)

Bar tailed Coduit
(!tuoee_]3!!9ri9e)

ncdsbdrk
(Tiings tgtai:uE)

Pi-ntai l
(&4€i9r!s.)

Rrff
( PU. r ouacllq_luenax )

i{af lard
(Anas platYrhvnchos)

2 1

22

24

/

100

1$26

,.1&,

xINlJ 3!aT | 
'i[l'lc LrNGTti

rRnqUtNCY | (mo)
I-!TrJR,:I N.D

8Y CI l,Jl- CAlil,RA
OIi RADAR

( H ?  )

hTIST-TIPqrING SPAN



6ro

55a

2tt+

251

798

80517

TABLX I (continu.d)

Sbovell-e!
(lreg-l}pgsle.)

(Hacoatopus
ostrafeFus)

Turtle DoYe
(Streptopel ia turtur)

Uood pigeon
(Colu.Eba pal.uabus)

Ke6trel
(Falco t in luculu€ )

Sparrov Havk
(A9s!!.i!ir-ils!e)

Shelduck
(Tadona tadorna)

(Corru6 nonedul-e)

Barnacle Goo6c
(Bra.nta 1eucop6i6)

Wbi.tcfrolrt
(Altse! atbifron6)

Pirk-foot6d Goose
(Anser blachyrhynchua)

Lapring
(Vanc11u€ vsnellu6)

qiey lag Goo6e
(Arscr a.aecr)

Black-hcadcd Gufl
(I6rua ridibundus.)

Rook
(CorYus fluailegus)

Carrion Cror
(99rgE-l9r9gc)

Be{ickr 6 SYan
(gJelsiqdgli)

AUROP!]AN SPECISS

)a

t9

4,o

42

4t

44

45

qa

49

51

5 . \

4 . 9

4 . 6

+ . J

4 . )

1 , 9

t . 9

t . 9

? t 1

744

685

10?5

708

1080

1410

1r25

16ta

971

17)

245

246

214

\42

411

\t9

448

511

1t5

500

200

200

12@

210

1600

2200

25d)

200

jt{oo

,n

40c

6100

894

1890

W]NG BE1T
IR4U'NCY
DTTM}lIND

BY CITE-CAXEM
OR RADAR

t l tz)

IIING SPAT



trr{rra 1 (coDtinucd) EUIOPXjJ SPTjCI}]S

NO. SPECItS

IING BTAT
rRljiurjNcY
DE|IiTR},II NED
ClNX-CAHXRA

OR RADAI
(r1z)

WIT{G IEI{GTE
(na )

PICI
hEIGEI
l l  (s)V1NO SPAN hRIST-?IP

55

57

l{utc SvaD
(Cyxaus olor)

L16.1 81ack-
backed Gu.U
( L6ru.s tuscu6)

E.rriDg Gull.
(Larus argcntetu.B)

Egwtiaix Vultu.e
(Neophron

.P9r!pP99!19./

Great Black-backed
GuLl
(l,a.rus Earinu,6 )

Gr€y EeroD
(Ar.dlca ciDerea)

t . 4

l . c

2 , 9

2264

ltta

1615

1?26

4c9

419

49o

1O5OO

85o

1100

2100

1500

1620

vslue6 of wing beat frequency arre ts.ken from Gliffj.ths (4) u:cl.egs itrdicatedl
as fol loYa: -

r RR! optical vslu.

I Griffitb6 coDfirDed opticej-Iy by RRE

I RRE r.adar val.uc

I  Rr - / l6 - - -  .+  . l  f6 l

!/ing 6pa.n data a:re frod Magnan (?) or Geroudct (8)

Urist- t ip data are froln the l leDdbook of Br i t ish BirdE (9)

lJeights are averaS6s fron a uidc var iety of aources
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A}.4]fICAN SPECIIs

NO. s])Eclxs
rINo Brtl
mrQlrorcY

(Ez )
YII€IEIIGIE

(n )

1

2

1
4

5
6

7
8

9
1 0

1 1

1 2

13

1 4

15

1 6

1?

18

1 9

20

2 1

22

2t

24

28

Eou,66 gplrrov (Pa6scr donesticus)

ieU.oy *broet (Gcothlrrpis tricbe-6)

Purplo ftlch (Carpodacug ou.rpuretrs)

Ficld Slerl'ou (Spizclla pu6iUa)

Black snd lbite Ye"bLcr ( nioti l ta varia)

say"h.h spalroy (Passcrcufus sqa!t!i.q!!!4q!q)

Eou6e Wrctr  (Trgalodytec acdon)

Calolina Wr.en (Thryothoru6 ludovicienus)

D6.rk-ctcd Junco (Junco hyenalis)

Indigo Butrtidg (Passcriaa cyanea)

Yel loy WarbLer (Debdroica petecbia)

ovcDbird (Eeiuru6 aurocapillus )

SoBB Slarrov (Mclospiza nelodia)

t lh i tc-throated SFaFov (zoiotr ichia aLbicol l is)

Yelfoy-lu-nped vs.rble. (Dlndloica coro[atq)

lvcding Grosb€ek (He6pelipbona ve6!ertina)

Bufou6-sided Tovhee (!fEggl:X!499!!elg5)

Ros.-bresled Gro€bcak (Pheucticus ludovicianu6)

Gray Catbird (Drneteua ca:.olitren6i6)

Card.ina.L (lichrold.ua cardiDa.Lb)

Ea6ter.n Hcaalodark (Strrpella daana)

Brovn-headcd Coyblid (Hol.othrus ater)

Ea6t ern Kiasbird qg*.u"g__!ro}E)

Spotted sardpiper (Actlt i6 nacu]ai ie)

least sandpiper (Calidris oiouti l la)

CoosoB Grackl"€ (Qui6caLu6 quiFcula)

Semipa-l&ated Ssldpipcr (Ercuntes pusllfu6)

Blue Jay (!@g!l!s_t4s!g!s)

scnipa-lnated Plore" (@ELgggiElggLE)
'riuet (9g9gg!gp@jg!!slgs!99)

18.5

1 5 . 6

1 6 . 2

15.2

1 4 . 8

1 \ . '

1 4 . 4

10 .2

8 . 4

7t
5)
81

59
69

5 1

t9
n
6\

6 1

71

72

69

1 1 1

8o

96
88

1 1 8

105

1 1 8

102

90

95
1 ) 1

119

182

talen froa vau8b.trts psper (1O)

rso.Lea ,, .+ and >

1,2.
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S T A N D A R D  O R N I T H O L O G I C A L
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