
Summary

The paper contains an overuiew ofthe work carie'l out ln south_east pait olthe Aaltc region

cnarlcierlzecr oy rars+scale nrlgralorv movemenrs of blrds' The use o{ radar and compLex

meihods ol obseruafon allo!'ved to gel a number ol new characterlslics ol bird migraion Ln

in" e"ltl *q1"", seasonal and clrcadian aclivllies oi blrds, to delemine migrarorv roures'

iiLqr.i ;trectio-ns a"o htsf,rs, ro creare modet ror torecasring tarse,scate misrarory passases,

' ; ; ; - f f" i " ;  bena/rour or bro'  rhF re5urrs obr ' 'ned c"n b" used ror rolq r ' r '
_ore '  a J .nq b;1.  i r  L  lnu-n d ano lne Fal r re rpgron ^ ' lha Ba I  c  s lerF\ '
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INTRODUCTION

Solulion o{ th€ bifd strike probtem is urgent as the part of air lransport conveying
passengers ard 

-Jggage 
,s consl tty ,'rcredsing a1d new types of a,c.afls abte to no;e ai

l^ gh speeds arF be 1S introdu.ed ir Bahc court es. inctudrrg I ithJar a. tne mo.e so as ou.
investiqations have predicted the number of coltisions in the nearesi lulure in Lirhuania to
Increase live times. Thre greatest part oJ co|sions occur durinq seasonat bird
r.'9rarions Tius nvest,gation ot vanous cl-aracte.stics ot bird . grations;ay conr,ibLre to
lhe solulion of bkd strike prcblem. These characteristics may Oe usea in Ongrerm
forecasling ofbird migations aimed at the enhancemenr offtighl safety in aviation. The;ap€r
presenls the newest genentized maleriat on bird migration process not onty ovef Lirhuania
bLl  aso ove lhe entr rareSio l  ot the Aa1.  s ta le5

IMETHODS

Thework has been done in Vitnius and patanga civ 

 

avtation aipods tocaled in continenta
and coaslal parc of the country using radars and various instrumentat and visuat methods
This enabed to collect unique iniornration on lhe scate ol djurnat and noctumat attitudinal
bid migralion as well as to define ils characteristics over the whote rerritorv of Ljlhuania. a
parl ol Lalvia, Ayelorussia and Ka|ningrad.egion ofRussia, ihe Batic sea and KuritLt Lagoon
( Flg. 1 ). Thal pefmllled to obtain new data on rhe so tar unknown invistble attitudinaibtrd
m gration which, accordtng to our knowledge, makes up even 90% of a[ the birds m]ora|no
o/er  l5e Invect igaled re . loy Obsetudr ions oJ Trgrarons wds ca, , ied oLt  by a 2;ho;
photoregistrafion ol lhe scfeens of two radars w th length of lhe wave 1O cm. tv,tigrar ng flocks
of birds were registered ai rhe radius oi 100 km ( Fig. 2 ). The materia .u" "'orr""tJO troln
19741o 1988 in spr ing and aulumn.

FTGUBE 1. Scheme of the range o{
radars useci to srudy bird rnigrations
in Lithuania
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FIGURE2. lvlass waterlowl migraiion on p.p.i. (a, b). F - aimoslericironi (b).
Waterlowl migfauon patlern on lhe radar microscope scope screen (c, d).
c 'one revolul ionid -  6 revolul lons oJthe aerial .
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To study the dynamics 01 noclurnal migralion we used a widety accepted division of the
night into consequenl hou6 beginning with sunsel. Anatogicaly rhe timing of diurnal
migration was done beginning with the tocatsunrise.

Visual diurnal observalions {rom the slationary watchpoint were carried our. Nocluma
moonwalching method was used in spring and autumn wilh the hetD of tetescooe.
Addilionally inlroduced method ol noctufnat observations in the dispersed etectric tiohl oi
holhouses in a qualirat,vely novet used nethod. Totdt power ota[ t;mos was 13OO iW A
powerlJl slream of Lght dllowed to warch brrds at rhe attituoe o.0.5 km. and a comoarativ€tv
large lighlened area (0.3-0.5 km in diameter) alowed to warch migrants for a rather ong
pedod ol the iime. The voices of noclunat migrants were registered by two lape recorders
Vertically directed microphones were tocated on rhe ground. Recordings were carried ou1
synchronously in the beam of the tight and in the darkness. Consequen{v one
moonwat.h 1S watchpoint was abe ro observe bkds in the stream othe Lghr. lie orier -.n
the darkness, This speciat experiment enabled to evaluate accuracv of used melhods,

SEASONAL DYNAMICS OF MIGRATION

On lhe basis of the analysis of ten day and cliufnat inrensiiy of djulnat and noclurnal
m gration of birds in ditlerent years oi observaton jn the conUnentat part and coaslat zone.
there was determined thai in the conrinentat pad spring m gration was more intensve lhan
autumnar. rt was more ctearty defined {or diumat U ght when mean intensity ot migralion in a
ten day period in spring was h{ice as much as in autumn. In the coaslat zone ot the BaLtic
Sea the intensity ol diurnal migiation in sprtng and autumn was the same, whereas rhe
intens ly oI rocturnal I ighl in a ten day pefiod in autumn wastwice as much than in spring.

ln diflerent years ol investigation the days with migratory movemenis in a rnonlh didnt
ovedap. Due to dilferent weather conditions, in separate years there were observed changes
In seasonai dynamics ol flight intensity. The difterence in migrarion inrensity in the same ten_
day peiods ot ditlerent years may reach 10 and more times. In case ot detayed sping,
migration oi birds starts later. In this case migration ol maximum and high intensity proceeds
in shorter terms than in the seasonswhen migration slarrs eartier.

Depending upon weather condilions the inlensity of spring migration in the conlinenlal
part reaches max mum meanings in the second and third tendays ofAprit_ In sepa€te years
intensive migration may occur in the third ien day of March - first tenday of Aprit. In autumn
maxmum m gralion was obsetued beginning with the thtrd ten-day ol August and proceed€d
throughoul September. Wilh every ten-day of October migraiion intensity was fa ing. In the
coastalzone the inlensity of spring migration was maximum in the second and third ien-days
and considerably lower in the Jirct ien-day oJ April. t\,,taximum meanings of adumnal
noclurnal migration in lhis zone are breached in the period from the second ten dav ol
September lo the second tenday o{ October, white maxirnum meanings of autumnat d umal
migration - jn thelhird ten-day ol Septemberro second ten-day ofOclober.
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BHYTHI\4S OF I l l IGNATION COUASE

Diurral spring migration over lhe coastal area macl€ 30.8 36.5%, and diurnal artumnal
mgrations 16.1 18.8% oi ihe whole flighl in a 24-h period. Bespecively, noclurnat spring
m gration over the coasia area accolnted lor 63.5 69.2%, autumnal for 81.2-83.9% olthe
whole 24 h migration.

The resu ls obtained denronslrated that spr ng diurnal migralion over the cont nenla pair,
compar€d wilh lhe coaslal area, was more inlenslve and made 3.1.0 35 4% of the who e 24-h
mgrat ion.  The same s i tual ion was observed dur i fg  d iurnal  auiumna migrat ion (21.4-271%
ot a 24 h migraiory process). Accordingly, nocturnal migratory lllghts over the cont nenta
part are ess inlensve (n a 24-h period) than over the coastal area and make 64.6 66%
(sprng)and 72.9 78.6% (autumn) o l  a 24-h migratory process (Tab es 1,2 )

T,AatE 1. C rcadian acuvity of bird migration in lhe coaslalzone olthe Balt c Sea

llight
tlight

Migralion of 4 hours
','{f arlhpercd 

_ _l 
"/rci dl.maliftght

tig 2 16 ,10
6 4 5  1 4 3 0
63 5  17 .90

83.9  11 .03
a 1  2  1 1 5 0
8 1  6  1 0 5 0
81 2  12 .60

Spr ing 197s 30I
1976 31 5
1977 365

1975 1B B

1 9 7 7  1 3  3

2 42 14.42
617 20.47
4 52 22.42
2 27 13 3A
3 03 14.53
224 12.74
I 7 5  1 4 . 3 5

53.2 7.84 61.04
45.5 19.57 65.07
49.1  12 .39  61 .49

6 4 5  1 4 1 0  8 2 6 0
6 l  s  i  6 .14  77 .64
57 A 12 .41  TO.21
671 9 .30  7640

IAALE2. C rcaclian actvily of bird migralion in lhe continenial pari ol Llhuan a

llight,

2 4 h

a n ight ,

Spring 1975 35 4 64.6
1976 34  0  66  0
19?7 346 65.4

Aurumn 1974 271 72 .9
1915 243 74 .7
1977 214 78 .6

2 2 4  3 5 6  2 6 3 6  6 4 5  1 0 0 6  7 4 5 6
20 3 2 65 23.25 60.4 7.78 68 18
18 3 3 63 21.93 s2.8 10.49 63.29
r  7 0 4 83 21 .83 62.5 17 .42 AA 32
1 6 4  3 7 2  2 0 . 1 2  6 4 . 8  1 4 7 0  7 9 5 0
14 0 1 93 15.93 65.5 9 06 74 56
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DIRECTIONS OF SEASONAL MIGRATIONS

lligrarion ctirections in the contjnentatparl orthe region

. -Diumat 
spiing mig€tion. E-NE direclion domrnared with lhe fojtowing sectors: 7l-8oo

jil..; :j;l :,:::::":te,ins 
rhe dias,am). 61 7oo (s.8".), sr_60o (s.3;r ,i ,0" *..iir,-Jv- r/.+-.r, Inese lve seclors of direcrions made 45.26% ot a[ drecl,ons tt shouid o;

iil?l,#r 
*-"* direction (secrors 331_3400 and s41-350o) was rhe second dominanr

*ITJi3X',",fl'f ?.[:'T::: 3fl11,'"' i,.'"1".:i,,J,"1i"*Ii :#l]il::fl n: "J#.;:H:
sectors or direoions werei 71,80o (12.5% of al directions inctuoeo in rie Jaill;i:;;;
llJ,,.;lli"lji"tj;? 11_soo (s.s%),41-s.o (e.onr,,,_,ooo rr.ru*r. rn"".o",,j-uoiJo

,'."1':1"'�,?:'ffix's'glll:il;lflJi:.:sl3':".j"3liH:?iil",b:ili'i:TJ:;ff,li::
especrally in lhe sectors with the to owing azimuths: 1710-1800 (1j.1%), tOr_tZOo tS.5;.
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151- i90o (65%),  1s1 1600 (s8%),  191-2000 15.1%) These l lve sectors ln  the az imulh ot

1510 to 2000 nrade 36.95% ol alldlrecilons olthe mlgrauon descr bed

Tlre iolrowing seclors w€re most obvlols in SW d rectlon ol mlgration: 231'2400 ls A%)'

221.?{J0a \A6%1,241 25Oa \7.4a/"J,211-2200 17.0%), 201 2100 (6 2old'These ljve sectors in

re anuih ol 2010 to 25Oo accounled lor 38_8% oi aLl directions oi diurnal aulumnaL

Nocturnal autunrnal migraton AccordLng to radar data the summary dendrogram shows

llral sw d rectlon wlth the ioLlowing sectors dominated: 211'2300 \1145!4 2312400

f13%).211'2200(9.5%) 241250a \g1%) '2512600 (7 9%) They accounted lor  49 2% oJ

;l dLrections. B€sldes, S-SW ancl S dkeclions were signi{icantio some exlenl

Migration directions in the coastalzone ol the Ballic Sea

DlurnaL spring mignllon. Accordlng to radar data in the course of three seasons E NE

dreclon dominaied wi lh  the prevaence of  lhese sectors:  51 600 (146%) 61_700 (133%)

a t . 0 o  ( t l . 9 6 o a  , l . 8 O o  r r  t o o r  { 1  4 O o  1 8 l ' .  
- n p ' p  

5 '  r o s d  ' o u f p d

o r , :  I o -  o l  l . d . .  o - o  1 : g J I o r V p J I A n  N W l o l l ^ d \ s p d r l v d a l  ' p d

No-(urn" l  so lq  n 'cr" l io l  AL oro nq lo  'dddr  o" l  ra l lp  'oJ se o l  LS|FA \aJ\o r iF

." . i .  p ' " t  *  " , .  r 'J"  *  NF J 'o e-  N Nl  l l  l \e  mdir  o rFL ' ior r l  e 'oLlo ' i ro  p '  ro \

domnated:  51 600 (13.7%),41 50o (12%) 61-700 (102%),31 40o (9 '4%) 21 30o (8 '4%) '

These sectors made 53.7% oi all direcuons ncluded in lhe dragram

DlurnalallumnaL m gralion ln the co!rse ol4 years ol invesligalion lhe rfaln dLrecl on was

SW and less marked _ SE. T\,llgralion domlnated in the io lowing seclors: 231 2400 (8'7%)'

221 23Oo $.6%),211 22Oa $.2o/o),2412500 (6 4%) 201_2100 (5 7%) accolnung lor 37 5%

ol  a l l  d i recuons enter  ng the d iagram The sectors o i  SE di rec l ion (111-1600) make merev

15 3% oi  a Ldl rccuons

Noct!rnal allumna migraUon. SW direciion dominaled' The second imporlanl d(ecron

was SE, and lhe weakest fLighi occuried in NE dire'tion

The sectors ol ihe main direction are: 231 _2400 (8 3%) 221'23Oa \7 5%) 211'22ao 17 1%)

241-2500 (6.8%), 251 2600 (o%) These live sectors make 35 6% ot all dlrect ons included n

the d iagram. SE di rect ion ln  sectors wi lh  az lml lh o i  1110 io 1600 makes 142% oi  a l l

Accordina to visual obserualions ln all nr gralory processes

arecrions. inere was distinguished reverse migralion in the

beo nninq o1 the season Direclion ol the lLighi is infLuenced by

dk;cr nq blrd in lhe norlhern or soulh azimuth

we iind a greai drversry in
day lime especLaLly in lhe
lhe coasia lone ot lhe sea

40()
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. MIGRATION ALTITUOES

Alliludes of vtsual diurnal migration

,, 
Diurnal sprhg miglatron. The majoity ot bids (79.89o ot a.t .egisre,ed) move over the^ursrq Nenla sptr al the attitude of 0-50 m. I he altrtude or 5l t00 m was regrstered In 13,g%or migrants, 101-150 m - in j.B2o- and 151-2OO m - in 1.96%. Migratio; uri;rrO" 0,"",depends upon wind conddions. under srrong wnds or arr azimurrs tnie Oiras ny aiiOisO riunder moderaie E, SE and S winds - at SO-2-00 m, and under weak winds _ al i00O-2000 mand higher (uplo 3000 m ).

._^Visually observed geese migration occufred basicalty at the attitude not exceeding 2OO m(78.8% ofallbirds).

D Jrnal autumnat itight. the mosr intensive flight occurs at the attitude of 1_50 m. ( 87.2%oI arr o.ds regstered).7.6% ot bnds move at 5t-100 m. I \ ,4rgrat ion atr i lJde is rhe oreatesrunder weak fotlowing wind, and the lowest _ under strong wlnd. Accoral"s i.'ih"iata?lelescopic observarons against the background ot the l\,4oo1. the main o;[ o, miaranrsmovrng al nrgher tayers {1000 2000 m) use N (15-40%) and weah side _ t {a0-50"6r wrn;. Tnerrgnr ar nrgh a|lludes is characterstic not onty ot middte- and rarge-size brrds (divers. oucks.geese. ords or p'ey, birds oi Corvidae ,amjty), but atso ot smal oasserines tshvtartlhrusles. srarting. chaflirch) accounr'1g to. ca alo% or utr oira, ,"gi.t"."0 "ir,ig;"iilri". .oller soecies: creat Cresteo crebe. F;d-breasled tve,ganse,. Ui,tlrenr specieJo;waae,s -
preier flying at low altitudes.

l',4ost geese {65-") over lhe ter;tory ot LithJania were obsetued w,rhin 200 m. rno-ohnrgralory rrovements of these bnds were rather intensive atso at the attitude ol450-550;(18.6'0 ol al'geese regisrered). There were observed birds keepinq verv tow atr,rudes fi_3 m]asjvell€s separate tlocks flying ar 1OOO m and even 3000 m tOetecieO wit|. rne nelp oti

Flight altitud€s of nocturnat migranls

Noclurnal autumnat thghr. According to the dara ot nocturnat re,escopic obseadiorsagarnsl rre background of the Moon, carried oul in 197G1977 in the Kartena watchpo.nt (25km toi lhe coast ol lhe Baltic Sea). the highest density was registered witiin 400 m (4600 o.arr-mrgfa,rrs). A considerab'y intensive n.gration was detected at lne atttude ot 4OO-800 m
tzb.v";), Ar greater a iludes migranon densrty was decreasing {5.39o at 800-1OOO rni 6.1oo al1400'1600 m etc. ).

The radar assessment oJthe attitude otihe Common Scoler migation to moult by rhe endof July to lhe beginning of August reveated that over the contineit ihe bids mov; at 1000-2500 m, and over th€ sea - at 100-600m. Increase in altitudes was observed wilh twiUghr
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ln autumn 1986 we canied out an experimeni on the siudy ot m gralions w th the hetp ot a
compler ol meihods (including a new meihod oi nocturnal obseruar ons n dispersed e ecric
lhl oi holhouses). W lh lhe help ol telescopes there was determined rhar in auiumn 1986 tn

lhe area ot the control point (in the darkness) the main bLtk ol bircls moved ar lhe atrtudc
\ i / ( h i n 2 0 0 m ( 5 9 . 1 % ) . 6 9 . 5 % o f b i r d s w e r e d e t e c t e d w r h i n 4 0 0 m , 8 6 . 2 9 6 - w i l h n i k m  C l o s e
tollre aero i uminared by holhouses 77.5% of at birds detected by lhe tunar melhod moved
al the atilude wlthin 200 m and 87.5% - wilhin 400 m. In separate nighl of rhe season rhe
lreight ollhe ilight of migranls vared occasiona y reaching ihe atritude ot 2 km. tt shoutd be
ndcaled. however,lhal generally 75% ol a lreglslered bird were derected within 800 m The
brds, whch in lhe darkness moved if the altitude up lo 1 km. comino ctoser lo horholses
owered the aliilude oflhe iighl io 4Q0 m

PECULIARITIES OF I l I IGBATION COURSE

In difierenl parls ol lhe study regon migralion ntensity is closety reared wth win.t
dreclons dom naiing in lhe season The numbar oi days or n ghts with max mum anct hish
rnle.sty ol migrauon in lhe conlinenlal parl oithe sludy reg on ncreases wth strong W
ufds irequenlly reg slered !n the season Whereas rhe n umber oi davs w lh ow intensitv n
' o r  / o 1 - .  o '  r  v e , l r g n o r . n ,  r p J . e \  t o  l h a  -  . o  n  t  / e r o .  q  o t r o .  . r  l h p '  o d .  d  o  - ,  . J
In lhc conl nental parl of the study region with high inlensty ol migralion rhe bif.ls cha.ge
lhef comrnon directons compensaling lor wind drift
lvhlle processing radar data ihere was delecled a d versitv in ihe intenstrv ol nocturrja and
diurna mrgralions n spri.g and autumn as well as over the conlinenta part ol ihe counlrv
and coasta larea o i the Bal ic  Sea
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