
BIRD STBIKE COMMITTEE EUROPE
._.  BSCE 22 r WP 33vrenna, 29 august to 2 september 1994

ABSTRACT

iti?;: ii:itir",;x #ir+lpi:T" :;1"j":';:,1'rr.r ",""riig,:r::
T"*:: r:"""""":'*!iJi::i:;"* lit *::i: f:ii:i:!.:i;fl:"";,*""J,.f :
;:t,":S;llli; lm+:;i"01 ".io oll, o"'."uc"li1:,::IiJ,l.:; i,"J :;;:::#
Key Words: Radar intrared moonwalching, quannrcairon oj bird miqration

"'illFl:ili"il 8f^B 1?ilfxT.'j"" -

^ ^ Bruno Bruderer SFelrLrecht
>w cs u -Tho/og ca, 1.  -rJ|e CH 6204 Serpa, r

2 4 3

rf;



INTFODUCTION

Ouanlifcation ol bird rnigralion s an old aim oi ornrtfrologica research During the Lasi
decennra rl obtained ncreas ng mponance ior practical p!rposes, such as the estLmation
ol populal  on l rends or the esi  mal ion oi  col l ison rrsks between birds and a rcral t

Longlerm lrends n popuLations may be detectecied by standard capturing siies (,".9 Ber
thod ei  al .  1986).  For large durna m grants standardized and coordinaled vlsua obser
vat ions may provide some cues (e.q Bi j lsma 1987).  Visual counls i fom the ground may be
cornplemented by counts lrom aircraJt and by radar obseNat ons n order to reach a more
coherent view and inJormation on h 9h altilude migration (Leshem 1988). Catching b rds in
actual m graiory {lighls on Alp ne passes is a va Lrable means to obta n data on the dlurnal
and seasona pattern ol  passerne migrat ion pef species (Dorka 1966. Jenni 1984).  The
seasonal and d urnal pattern oi migraUon are irnporlant means to pred ct lhe t mes with
hrghest co l is ion r isk. Addt ional ln iorrnal ion js needed about concentrat ions oi  m grat ion
rn certain areas (due to lopography). ai certain imes (due to wealher) and at celra n
h e  g h l s ;  a l l  t h r s  s b e s l s h o w n b y r a d a r ( B u u r m a & B r u d e r e r 1 9 9 0 ) . R a d a r c a n a l s o h e p i o
provide aclual blrd warnings lor piots. paniculary il autornalic qLianliilcalion of b rd den
s t es is availab e (Buurma. th s volu me). Radar s especial y m portant io r the observatio n
oi noclurnalrn graion, be ng in r .any respects superior to olher means. such as recording
cals.  observai on by lelescope aga nst the moon or along a l ight beam, by l ight amp i  ca'
lron equipment or by aclive and passive nirared.

Tlre radars supeiofiiy is. however, oiten too eas ly accepted and quest ors aboU the srg-
niicance ol ihe oltpul loo oflen negected. Very often lhe acquired daia help to redlce
bird strikes, n spite oi the tact thal ihev do not show real numbers and d stribuions ot
birds They provide the dala which passe the numerous filter ng ellects of the difler€nt ra
dars and may be lransiormed into lmproved nformation by nlerprelatron. bui ony rarely
do they prov de real bird numbers. Therelore this papef aims in a first parl to brielly reca I
som€ oi the basic limitations ol radar observatjons lor quantitalive stud es on bird migra-
tiont in a second parl t reviews some irnpo.tant papers altemptirg quantification ol noctua
nal migralion by radar and olher r.eans. In a thrrd part it compares ddlerenl oplica means
wfh a pencrl-beam radar and conc udes by deiining the advaniages and disadvanlages oi

1. RADAR OUANTIFICATION OF BIRD MIGRATION

The slandard book on radar ornithology s sill lhe one by Eastwood (1967) and In lacl t
describes nearly all the problems of radar quantiiicat on which still hamper our research.
such as the propert es ol the brrd targels (horlzontal and vertical distribulion. size aspect.
group ng, retlect vity and its variat on n tjme) and lhe equipment characteristics (horizo'r-
tal and vertica perlormarce d agram ot the radar bearn, pulse volume, sensilivity ol the
equipmenl accord ng to lhe radar equation, display limltations) One mighl add the recor
ding techniqLre as an essential end piece oi the chain. Eastwood also emphasizes the e1-
lecl oi wave-length on the radar cross seclion of targels wilh a circumlerence close to the
wave-length. The praclical conclusion which has to be derived trom his theoretical expla
natrons is ihat the radar cross sect on ol largets wth a circumierence cofiespond ng ex-
actly io lhe wave-length is mosi slrongly ncreased (by rnrerlerence of waves which are d -
recty rei lected and curved around lhe smaloblect,  respecl ively:  Br!derer 1969. Buurrna
& Bruderer 1990). Due to the same effeci the radar cross secuon decreases with the 6lh
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2.2. Visible ljght beams and intrared

The old Lght houses, using permanenl lrghl beams (before the second wortd waf) were
iarflous lo atlracl nocturnal migrants in foggy nighls, and by ihis to show a1 least part ot
the noclurnal acl iv i ty (Drost 1960).  Graber & Hasster (1962) demonstraled thal  migrat ing
brds could be counted in a powerful  narrow i ighi  beam. caut lrreaux (1969) took up lhts
idea and developed a porlable ceiometer for studying ow-ievel nocturnal migratron. Ac,
cord ng io h s calibration, ail birds cou d be seen by a 20 powered tetescope Lrp lo 300 m.
mosl b rds up to 450 m, large passerines up to 700 m. Al close ranges the ghl beam s.
however, often contaminated by dlst and/or insecls, a tacl wh ch made us dis.niss this
method rn our experiments in the Negev (own unpubt.  data).  Gauthreaux (T979) improved
lire melhod by addirg an eleclronic image-rrtensifieri thus obtain ng mrgration trafl c rates
whrch were wellcorrelated wilh simultaneously gathered moonwalch dala. and suggesiing
lirat the range ol ihe system was al leasi doubled

Aclive nirared can be used to observe the behaviour of birds at close distance such as
lheir behaviour when confronled with misl nets (own unpubl. data); observalion of rn g
ranls al d stances beyond 100 m is, however barely possible

Buurma (1986. 1988) suggested the lse of passive nirared (lhermat camera or heat pic,
lure camera) n combinatron wilh a trackirg radar. Observinq the radar tracKed birds by
the lhermal camera prov ded iniormalion on visibllity lm ts. Thrushes became vis ble at
aboul 1 km at the beglnnlng oJ lhe night and at low levels. Thrs maximum distance increa
sed to aboul 2 km in the co der parts ol lhe night and at high elevations dle to the belter
heal contrasl againsi the upper pans ol the sky and increased radiation ol lhe birds when
seen from below. Buurma (1988) made also f i rst  prornising expe ments 10 use the therma
camera veftrcaLly upwards bul in this case d d not Lrse lhe cornbination wth radar

2.3. Surveillance radars and companson with vEual abservatrcns

The norrnal procedure 10 quantiiy bird migralion on a surveillance radar is 10 compare the
aciua appearance oJ echo denslty (usually recorded by photographic means)to an arb
lrary reference scale. as iirst suggesled by Sutter (1957) and Lack (1959) Gehing (1963)
publshed a standardized scale ior dturnal m grat ion which was exlended to nocturnal
migratonbySteidinger(1968).Themethodwas ateradopted by many authors and ssl i l
a valid approach to describe relaiive variation in the appearance ol echoes. lt s, however.
mponanl lo bear in mrnd that the number oi echoes appearing on the screen is niluenced
by all the elfects oi radar equipmenls and tafget properties mentioned in the introductron
Neglecl i fg sLze and cumping ol  the birds. the changes n the venicat dstr ibuton oi
largets are probaby the most ernbarrassng source oi  changes in the nof-densi ly-
dependeni appearance of echoes on the screen lmponant parts of migralion may fy
above or below th-a most sensitive parts ol a radar beam according to weather and ltme of
day Evans (1966) and Buurma (1984) descrbed visjbe durnal migral ion and migral ion
detected s mullaneously by radar as complementary.

Eastwood (1967)stated: One swal ow does not make asummeT, neither does 11 makean
age. The larqer lhe pulse vo ume ot a radar the more largeis are art i l ic a ty combined
nto one echoi lhe more the birds are ln focks. the more brases occLrr atso in radars wdh
smar puLse voturnes.
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n spnng and autumn 1992 a second radar oi  the sarne type cou d be used for addit iona
expefiments at the same siie. A 40 x telescope (KowA TsN2) and a passrve rnfraTed ca_
mera (LOFS, IRTV-4451 produced by niramelr ics) were mounted at lhe anlenna sup
porl ,  paral lel to the penci l -beam ofthis expenmenial  radar (Liechl i  et  al .  in prep ) The n
frared prcture was translerred io a TV screen next lo the radar operaior. The nominal
opening angle ol  lhe radar beanr was 2.2' . lhe opening angle oi  the LORIS was 1.1' ,  lhe
angle which is obseruabe by lelesope in l rontol lhe fulL moon is0.5' .  Duingful  moon
Dhases. lhe three nearlv concentric beams were aimed at the moon. For lhe radar'/
LORIS compar son the bearns were directed verllcally upwards. For a I birds Iepoi(ed by
the moonwatcher or recorded by the LORIS. lhe distances were recorded immed alely by
the radar operalor. The size oi the birds silhoulte was assigned to on€ ol ihree ciasses
(arge-medium-smal) ndependenl iy bythe moonwalcher and on lhe LORS screen
(Liechl i  et  al  in prep.).

By the dlrect combinai on oi methods il was possib e to determ ne on the one hand ihe
range oi rnoon and lR observai ons and on lhe other hand lhe operational openlng ang e
of the €dar. In the veftrcal radar beam al passerine birds (exposing large radar cross
sections kom beiow) were deteciable al leasl up to distances ol 4 km The companson
wllh the opt ca! rneans was coni ned to 3 km

3.2. Besufts of lhe comparisan

lR vercus radar:fhe ptoportion ol b rds seen by tadar and lR did not change wlh drstan_
ce between 0.5 and 3 km. indicat ng thal  the R system was able 10 deiecl  ai l  brrdsupto
at leasl 3 km when seen lrom below againsl lhe cloudLess zenit. Accodlng to the open ng
angles ol the lwo systems a proporlion of 50% should be vlsible in the lR compared lo the
radar. The observed proportion was. however. about 25% (Liechi ei al. in prep ) As the
coTe o'r 'e lR s .xdcr ly oer ineo wnle lne rodlvely ong-waved aoa enFlgv ls al50
scattered oulside the 3-dB points used 10 deJ re the anlenna diagram. we concluded lhal
the operational bearn width ot our radar is aboul double the nomina bearn width a1 the
cose ranges which afe relevant lor birds. This conclusion torced us lo adapt ihe l rrs l
calcuLations oi bird densilies in lsrae . AI lhe reporis and publrcations alter the ilrsl preli
minary report  by Bruderer (1992)comprise values based on the operat iona instead of ihe
nomlnalbeam-width (e.q. Bruderer 1994. Bruderer elal .  in press a b).

Moonwatching versus lR and fixed beam ndar: Birds crossing the d sk ol the moon were
easily detected on the lR-screen, when approaching lhe disc oi the moon which covered
alnrosl hall the diameter oi lhe screen. Even experienced moonwalchers saw nol a L the
birds wh ch were seen to cross the lace oi the moon bY lR Within 1 km dLstance (measu
red by radat they saw aboul 80% of the birds. This proponiorl decreased to 50 60% bet-
ween 1 and 2 km dislance and lo 30 40% between 2 and 3 km (Liechli el al r prep.).
This ndicales lhat nroonwatchers miss on lhe one hand some blrds passing al the eoge
of the rnoon. on lhe olher hand there is a distance'dependeni decrease in detectabihly
whlch reduces the delectab lty ol bird migraiion by r.oonwaiching to allitudes whrch afe
def ired by the vis ibi  iy range and lhe elevai ion angle oi  the moon, thus mainly below
aboul 1 km AGL
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F GU
Captions to Figures

F 9.1 The quasl-concenlrrc beams of radar,  pass v inirared and moonwatch lelescope

F9.2. Radar anlenna inirared camera. and leescope mounted on lhe platform ol  lhe' Su periLe de rmaus radar.

Fg.3 Pholograph c layoul oJihree brds in i ror l  of t f re.noon (wlr ich !s rn realty a very

F 9.4. The image oJ the intrared camera was samp ed over 5 minutes by a special  peak
slore lnil storing lhe silhouefies ol the birds passing through the verticai beam
The ciosest bird was 400 m hlgh. the jaintest lraces were lhose of birds between
2500 and 3000 m above the radar (which measured ihe dislances).

Fig 5 The A-Scope of the penci 'beam radar ndicat ing lhe drstances The ower oszi l  o-
gram shows 15 km tola rangei a scale rnarker indicates 10 km:1he distarce marker
is posilioned ai 3.5 km. The laresl recognizable bird echoe is at 5 3 km The upper
oscr ogram shows tour b rd echoes on a zoomed parl  of  T.6 km (0.9 km 10 the efts
and 0.8 krn lo lhe r ight ot lhe marker)of lhe A-Scope.

Fig 6 The Z-modulated A Scope Jilmed wLth a cont nuously l.fov ng lim during 1 5 m n!
tes. The heighr of lhe f i lm slr ip covers 4 km. The upper str ip (a) shows dense
mrgrat on. the lower slrip (b) weak nrigration. Close to the radar the bird echoes are
bright po nls.  due 10 the short  appearance ol  strong signals when lhe birds pass
cLose by Farther away lhe ntensity ol the echoes decreases. but they reman
onger n lhe beam because o1the beam wldth increas ng wrlh distance

FIGURE 1: Pencil-beam radar, passive nfrared, and te escope aimed at lhe moon
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FIGLJRE 2: Superl tedermaus anlenna wjth para e I  tetescope and tR-carnera

FIGURE 3. Brrds rn tronl  of  the rnoon
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FlGtlRE 4: Peak store picture of the Tv-screen showing therma images ol  birds
BIhOSTFIN
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FIGURE 5: SuperiledermaLrs A_scope
wilh several bird echoes

FIGURE 6: 1.5 m nutes oi  conl inuously
rnoving film taken lrom 4 km A-scope
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