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Abstract. Many birds migrate at night, but little is known about their nocturnal ecology
because it is difficult to study. We used marine radar to investigate the ecology and behav-
iour of nocturnal migrants at 140 sites from Hokkaido to Kyushu. Although species iden-
tification was not possible, marine radar reveals the flight tracks of nocturnal migrants, and
can be used to clarify their abundance and directions. By placing the radar in a vertical
position, we were able to count the number of flight tracks up to a height of two km at
each site twice during both spring and autumn migrations, from sunset to three hours after
sunrise. The mean number of flight tracks at a total of 560 locations was 14,415 in
autumn and 4,388 in spring. We tested a GLMM model with the number of tracks as a
response variable and seven explanatory variables of latitude, longitude, survey season,
site altitude, terrain, percentage of radar shooting time, and cloud cover. The most impor-
tant variable affecting the number of tracks was the cloud cover at the beginning of the
survey. Flight altitude had a single peak at ca. 300-400 m. Flight time peaked around
80-140 minutes after sunset then gradually decreased. This study confirmed many of the
migratory routes already known from previous satellite-tracking and other types of studies.
Thus, it confirmed that marine radar research is a useful way to study the migration of
nocturnal birds.
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B E N o T—~<ix, ) BIZX 5 HRE
7, VD ZFGT 5 X onF b e AAEFER,
JED AW REL T 57200 A F—HifiE o7z
geh .0 CTdH - 72 (Baker 1984; Kerlinger 1995;
Gill 2007; /144 2012). 2D, TNVITAY AT
L% GPS (&ERMIAL Y A7 2) ZFIH L 721885,
TAur—yORFEIZLD, EEOED EREYE
WA TEDL L)% o7 (FlI12005; Higuchi
2012; Bridge et al. 2013). Z O#ER, HATIEY v
#4  (Higuchi et al. 1992, 1996; 4 & 1992), % 7 %
(Ueta et al. 1998; Higuchi et al. 2005; Shiu et al. 2006;
Higuchi 2012), 7~Z F 3 748 (Higuchi et al. 1991;
Shimada et al. 2014; Chen et al. 2016), "> 7 E¥H
(Tajiri et al. 2015; Shimada et al. 2016) &\ 72k
RIS S, /12 A1) 7 3 A A A Synthliboramphus
wumizusume (Yamaguchi et al. 2016) %324 27 K1)
Agropsar philippensis (Koike et al. 2016), / ¥ % &%
Saxicola torquatus (Yamaura et al. 2017) &\ 72
- /NRIEHEE T, FEOHEEZ R E L2ED &
FAIZOWTOHAPERIN TS,

F72, BEOMTIEIZEY SEHLLE LT
LR, EOGIITEDLLVOE) ERED L)
W L TWa Vo ISR ERT LA L
VHEYEL T —<ThHbH HATIEIHIEH FFY
¥, VFHEZEOKRBEIZIOWT, BREAEY
MIZE=451) v 7 RERL T 5130 (BREEEA
Wk > 4 — 2009a, 2009b, 20154, 2015b), %
W ETE L OBBERTIES TN TS (R
H 1989; H A¥F & 0 x5 1% R 3 1989; FHE - F
J& 1992; Jf I 1993,1998; H = © 1999; ft B 2004;
HBEF & 2004; Hawk Migration Network of Japan http://
www.gix.or.jp/~norik/hawknet/hawknet0.html) . = i1
LOPFAIZLY, HEHE TF -7 FVEHOEY
172 ) MEBOLER S HFDWE) V— b &
BHOENELRS>TWE, LL, REOX S —
OB R->TEY, NEEEZIILDET S
D ORI BEIIXIZE AL DYoo T\,
ZOHHIINEEEY GO BEOL S BHMIZTE
NETLZELIZHDHEEZ LD (Kerlinger 1995;
Harmata et al. 1999). LR DY % 44 5 ik &
LCid, A% 2 5% BHEST 5 el
oA NE LT CHERBIEET 5, Lz
YHEBTLWEFEERET D HEREDND LD
(Kerlinger 1995; fiiFH & 2009), %24t 224
SRS NZ 720, D ORFTIEZDOEILEN S
W TL TS (Kerlinger 1995).

22T, KEOEY ORRERAET L HEE L

T, WHTIEL = =% WA ThIL T
. L=F—%f)L, HOHHNITEHVLD
D, KHD L) % BRBIEPTELWIRITIZE
WTHED OFEARHETE 2 L) FEDNH 5
(Harmata et al. 1999; Mabee & Cooper 2004; Mabee
etal. 2006). fEH$ AL —F—IZHAIZX D v
FIFHNTEY, REOKREMN L — & — 13 KBl
HIFEREAS 100-240 km & L3872 728, IL#EPH T O

D O AT ATV S5  (Gauthreaux
& Belser 1998, 1999, 2005; Buler & Dawson 2014) .
AR L — & — (X FA A HIFH A3 %% km-10 km F25E & 5%
Wb OO, E OBBEOWEIEREEIZ R OKE B
Wy ——IhdE<, RAMSEIHETE, H
B IS ZAETH 2 % EDFE D 5.
Z D720, ROEIPHTREM 2 e fF 555 12 H
W 5 L %4 (Harmata et al. 1999; Mabee & Cooper
2004; Blew et al. 2005; Mabee et al. 2006; Rosa et al.
2016). fitfHL — & — DD N INB DT KT
BREL—F—2ibNb 2t dH5 (Bruderer
1994:; Gauthreaux & Belser 1999, 2005). H AT,
KEDRGEBH L — ¥ — %> THEREF WO T —
FHRNWET L4 7O T 74 TDTF— % % fii
W, D ORI EER 22 &I oW L 7ol
b LoD (KEHS 2009), ZH DA OFHHIZ
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W, L — & — 2 72 B O ) Ji A % 52
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DHEE SITZPE D R 72 LDV TH L W AR S
BB o, KRLTIEEN 5 O % i
THELEDLIZ, T THRONZHEZ D &I
L— ¥ =2 X5 B0 IEOEME L S HOR
BEIZOWTHEmT 5.
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Fig. 1. Scanning area and orientation of the radar. The scanning area of the radar is shown by grey
isosceles triangles. Marine radar usually scans over 360° by rotating the radar horizontally once every
1.25 seconds (a), but in this survey, our radar scanned longitudinally by placing it in a vertical orientation
(b). The arrows show the flight directions of migratory birds. In () where the radar scanning area is set
to the cross-section to the flight direction, a bird will appear on the radar only once no matter where the
bird passes. In (2 and (3), where the radar scanning area is parallel to the flight direction, a bird will
appear only once if flying at the center of the scanning area (2), but will be double counted if flying at

the end ().
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ML H % 30 43206 LI OMIZBHIE S L, D)
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BREARED 2 0fT) %1572

3) M EOEE
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Fig. 2. Map showing the location of the radar stations in this study. The numbers in

the figure indicate the site numbers.
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Fig. 3. Example of a radar image. The image of late-term autumn investigation at Station 59 at 18: 02: 45.
This is in the Tohoku region, and the direction of migration is assumed to move from north to south. It is
recognized that the left side of the screen is west, the right side is east, the back is north, and the front is
south. Approximately one-fifth of the lower side of the screen, yellow points in a row indicates the position of
features on the ground. The yellow points above this are the position of birds as they are detected by the radar
beam. The light blue colours indicate the movement tracks a few seconds earlier. Many birds are flying south-
west from north.

X, EBEORBEOH 2> S b1 S PIZO R AR
PRCREATS., WS EOFMMICIZ/ SAae—1L »
ZB8%% (Sethi & Jain 1987) # w27z, F72, N
BT a—28ln g &N s Retks s 2 R
DWTIE, N—1#H E TORBRIRIE D SHETE L7
IO —OFMLE TEME L 72 BT, N+1HT
DI I—DEL NG S PI DR DA OB
58, FNLAMIEHE L, Ta—0—FiailEk
W&o TR EMZ 5 2 & Dl 2 X - 72 (B
FFEE 6228099 5) . AFILTIE, T 1 [HOEGEN
T = LIRERE L7z, 2 ORBRZIT/NEI
LARMETOTRTOENEENTBY, 1%

DE D HIUIHNOLED 5. REFEUL 10 75
HALCTERIIL, H&EZ25 H O] CTo 10
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T/ L= =34 OMEOEN=M[ED
AR TILEAS - T 728, L —F— |2\ T
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(Kerlinger 1995), =154 6.8-21.5 m LI T2V T
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OREHE 707 F 2L DERIL 72 WIZHE L
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MOMIFTBEH L CADOH CRBBE 7. =
DB, M E R 5% b ) D5 0niEEIR,
125 T LI O Mg A 28 T o i TH |2 T
Bcm L L, —2—20OMRIOB) & % MR L 7
BOEZ 72, NOH TRIMAETZ 5 HikxiEs
REL, 7075 52 L BIRIE L D& e
L7z, Z O, FREFEAMSRI IS 72 & FREDTR
EL b0, BHUTND) BIITHHE LI
ZIHRIEL DL b D5 10 2 TV x FH T
FEL 7.

7)) AREHEAT

13 U FTA I & & I ORI D e 2 47 - 72,
P 2 FEoriiid, BRE, HFFom
W, BERAEICXS L, eNENOX5IZE
9 LA O£ 2 451 L, Mann-Whitney © U
Moglo X OME L, 2 E I L 7 4 72 Bonferroni
FACX ) FEARELAFHIEL 72 4BRL7ZD D6
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LIS, AEKHEIZ0.0L & L7 (MHIRE).

WP & BBt & DOBIRIZ DWW T — kAL
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1Zid log & Fiva7z, WRERMA G HDEDTRTO
ET VIOV EHREIEHE (AIC) 1I2X5
ETFTNVEREIT, XANETFLRLDEN2 K
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HREEE e W, L — ¥ — E{EBUSEE R 0%
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KiDZ L L HLDVENEBNEZHERESTHE
v (Kerlinger 1995), # =T, &EE 600 m i D
AL, DNBEHORMAEE % ZE 12 9.17 mis
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(16-50 km/h DY O hdME) & L, R 600
mUETIX, ¥F-F KU (35-67 km/h) %7
4 (45-80 km/h) OTRFRHE O HhJefE 15.76 m/s
L L7z (Kerlinger 1995) .

INEDEIZEYOHME 16 5EL, KHMAIS
BRI 2R BOEE 2B Lz, RICHAH A
2B 5 16 TfLoRES Kz, G2 b Wn
(n=1,--,16) &L, ¥y HmzFHLL7z. Wn
OFRFFHIANZ, EY OB %A 0 B L L CHREE
HHiZen (n=1,--,16) &L, Wn#%xEa5E&
Ny Baoxz bvizgfgL7 X 1) BXO
(2)).

X, =W, sin(6,) (1)
Y, =W,cos(6,) (2)
X (1), 2 cTEEsAEESL 3), 4 @
LI X Yy LI L.
16 16
j\(zi X, )A/:LZY}? (3),
N n=1 N n=1 (4)

ZZT, Niobo iz £,
IS, X, yx® (5) okHICLT, REh
MOFHR7 VW EETE L, ZOW% &
HOPEY Fme L7z,

7T+ 9

CHUT XD RD SN AR % KO & &
L7z, KHIORZIX, AR L ORBHEIEL
COFRENE HAMM FoFAM IR L2 2
Na& D LTI ORI OV TR L 72

& S

1) TREFE DA DRREE

707 T N THREEE FHIT 5 AT ) 25K
WH B L TADOH CREEA $2 2 ik LD b,
FHTL2R/% o7 (LOREA LA, 11 R54%4
|, 1285552100, 14f5AH1 00, 15455710,
L6 fEAS LA . ZD7z0, AT BRI,
FEEORIE L L TFIET L2 B IRESL
HENTVLIREEZEATYDS.

2) MR

140 HFTOFAH L IZOWT, FREN4 a1
D, AFF560 MOFREEE/L7-. ZHITE D)
Ltz b — & — E{RHURR L, KA 6 IREf 46
TS 16 R 32 4 Tdh - 7.

HE&EEZ D5 H o MR 3 Bl £ ToREH
2100 & L2 AT 2 &R0 L — ¥ —H
G OE G T L ICHEREEMT 2 &,
Fk Z5 T 1d 70% 5k i A3 10 [0], 70-80% 3 i A% 10
], 80-909% k% fiii A% 38 ], 90-100% 3 iiii A% 89
], 100%7%% 133 [A]C, #HZFETIL 70-80% AiiiA% 1
i, 80-909% A% 4 [al, 90-1009% A:fiiiA* 51 [n],
1009% 7% 224 [0 CT&H - 7.

MEORIFRAEORE O FH 1L 12,804 (165-
61,783), TkE DML 16,026 (92-109,693),
i - B % &b - EFHEOFIHMHIL 14,415
Thol:. FEORIHFAIL 1,501 (2-210,071),
KEZOHBRMFAIL 7,276 (47-72,329) T, il -
B % HbE D L EFHRHEOFIYMEIL 4,388 TH-
72 (M 4). REFIIMFEOHPEFL) SAEIC
%oz (Fk1H &K L1MHE ; U=17,195,z=
10.916, P=0.0001, fk1[alH &£ 21AIH ; U=12567,
7=4.0843,P=00001, fk2n H & &1l H : U=
17,160, z=10.863, P=0.0001, fk2[alH & 2[EH ;
U=12,954,z=4.656, P=0.0001). ¥ 7-, #®kZETIL
BUEAFAAS & IR L CIIAE LIRS N o
7278 (U=9.268 z= —0.786, P=0.4312), #HZETIX
AT TR E I o7z (U=3929, 2=
8.667, P=0.0001).

EHEORIBUIZIES D E DD, RIS
P WENERT 5 &, HRAEORID ST AR
IR O TR D 10% 12572 7 W a5, Bl
DOFETHIFA T 20 207 (143%), %HT 23 » T
(16.4%), HEZFOHIW T30 20 (21.4%), %I
T 25 7 (17.9%), 1% |07z 7% W& 7Ds, FkI
FEOHRMT I (21%), EFEOHIMTS 2
AT (3.6%), BRIAT3I N (21%) Tho7z. =
D) b, FEORMFED 5 2FH OV TIEFHRLE
H»%2 H 20 H-25 0 Tt mificgEd LT
Wiz IR B S WBNIZIER 5 &, KA
DOIRIFED T Y O SEI R D 10 2L F o
Wans, BEOmMAET L 28 (07%) 572
17T, 100 5L BBl 0o 72,

3) MPBIREELH5 2 5%A

Y7V v OFREFEMESITIC LY, MHEARKOH
XHEAS 0.4 DL 1 & 7% B BHE B OM A G b,
R LR, S I, BRFIEE LR
BE, REEE LRGN, EmiHETho (R
1). 22T, MELESIZOWTIIFHZEE? S
W L7z, MEEZBRI LB HE, R IR &
PR O 2 DOHEH CTHEDRH - 72720 TH 1),



L — % =% HW7 K E O ) BoOBEH

49

*
[ * 1
|
120,000 , * |
*
T 1 &
100,000
a 80,000
Q -
< s
]
ks .
< 60,000 :
5] =
) :
g T
2 =
40,000 = -
& a .
5 s
20,000 = - i
0 = 4 - — :
UL %5 CIE:E! 3]
First half Second half First half Second half
N=140 N=140 N=140 N=140
KA WA
Autumn Spring

B4, FRATHRIIGIICEOEE SN f oo BT uE BT
ETFHOMNGAAE, FRIEORFEIEHRYLE, N ENEEIME,
NFIE 5 & FH oM o 1.5 f5DINIZ B 55
KAl & /M, DS WHIIIHUEZ R UBREZ TV
Ry 70—y L) FRKEZHIEL (P<001), A
BEPBDOOLNTDDET AV Y 7 A TR, HEL kS

Fig. 4. Number of tracks recorded during different investiga-
tion periods. The upper and lower ends of the box are quartiles,
the middle line is the median value, x is the mean, the error
bars are the maximum and minimum values within 1.5 times
the upper and lower interquartile ranges, and small circles indi-
cate outliers. We performed a U test with the significance level
corrected by the Bonferroni correction (P < 0.001). Signifi-
cantly different values are indicated by™. Refer to the text for an
explanation of what each of the spring and autumn periods
means.

T B L2 B L, A R A M T O T i A
BE mEEn 7200 C, IR R0 B &
TREEICKRE ZBENPHTCLEISATH LD
WAL, WD W CIE B N B & g % X 4
TEXL720THA.

AIC ODRA METIVOFAEHE LT, #FiX
FREE, AR, MOE, WARBFREOERD, B
FIIHAERY, RAEMBROZE RIS N
(£2). XA PEFLTIE, BEEITEITIIE,
PARHLE VT L, AERMBROZRIID v

I ERBEIIZ 2D, FNEOHMEREEI D DR
W EZ o 72, AAIC<2 DFEF IV OEIIFITE 4,
FERZTTHY, T_RTCOEFIVTRIREI N FH
RO, BEEIIRRE, HEB X ORERBREOE
&, BFIAERNE L CRAEMGROZERET
Hoz.

4) PED 2T KR

H )R H O HREZNEFA A 1 A - A HIC X
DR, HEEZ S HO RS T TORRA
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F 1 BAAR OMBIREL (Pearson OFEFAHBIMRED . RFIIAHBIRE ORI EA 04 DL L TH L 2 L 2RT
Table 1. Correlations between explanatory variables (Pearson’s correlation coefficient). Bold numerals indicate that

absolute correlations are 0.4 or more.

LR

Explanatory variables a b ¢ d € f g
a e - X 0.91 0.04 -0.09 -0.10 0.25 0.00
Latitude
(‘X e
b H{H{_ X 0.02 -0.05 -0.20 0.22 0.04
Longitude
A
i x 002 -003 002 -011
Survey season
" e
B g PR x 047 007 003
Autumn Site altitude
e BB x  -010 -0.09
Terrain
o Ve R OB y 004
Percentage of radar shooting time '
Ei
g X
Cloud cover
a ﬂ,ﬁ% X 0.91 0.42 -010 -010 -0.10 0.08
Latitude
'sd
b ﬁfg. X 0.36 -0.06 -020 -0.15 0.06
Longitude
AT
¢ TERE x -006 -002 -006  0.07
Survey season
ST e
wE e x ~048 009 012
Spring Site altitude
e BB x 000 -007
Terrain
; L — ¥ — WG R R OB & o 0.05
Percentage of radar shooting time '
Z&
g X
Cloud cover

&b FD o 7-01% 8 Wi 48 4 (FEFEOHRMIFHAED
13, IDED oD 13 K 37 4 (Fk&
DBRYIFED 4L H5N) Thorz. HEEEID»S 6
e &, HomEZ 6 Beiai2 5 H o ik
% 3R F TOMBEE 10 SPHATTHNT L2 2
% (K5), ) %479 BEIIFHAET LI2IE5ES
THo7eds, TRXRTCOTF—F ZET5H LMD
MG/ Y (A
FEDIZHEEANCIZITIEACBB ST, Hi%
%2032 ME/EPOIEE 072, TOHK, R
BN L, 8043tk 5 140 43R F THAR A &
otz FORO 10 55472 ) ORI 170 T
otz 150 3 EmE 2EI HE AT L Tw
&, 360 7R OMB LR 140 F T L 72
—7, HOWAToORBEIL, HOLEEZ] 0 360
SHIAHI 140 TH D, HO ML T THE 4 12

WAL, Ho M 80 4EiCIE# 80 F T L
72, T, MEII—ERCHEML, HobE
% 40 73RICHY 100 F CHIE L7205, 28uiEd
L, HOHEZNZIZHR 50 &5 72. HoHEZLIR
bIRB LA Ly, H o RS 30 431213
35 L740, Zofk, HOWKHIR 180 40 % Tl
EAEBEDLS Doz,

5) MRIERE
WHEEEZ50m T EICXS L, FOHPE R
L TR E 1 MoRED 72 ) OFIRER
e LML (M6), AT —4 Tk
RIMEE XIS IS TH o708, T XTOT—%
TET AL, D 24T & L 300-400 m
RTHME T 5B 2 R L7z, xPHiE & 350 m £
TIZ &R OF 30% 5 & F 41, 500m £ TIZH
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2. R A FHT A5 —LHIBIR AT T IVICBIT 5 T VEIROFER. AAIC 252 K DE T IV D &A% R

L7,

Table 2. Model selection results for models of variables that explain the number of tracks (generalized linear mixed

models). Only models with Z4AIC < 2 are shown.

%% Coefficient

= v

Season Rank R FAEEM W L— s —WEREEHOME =R AIC 4AIC
Longitude Survey season Terrain Percentage of radar shooting time  Cloud cover

1 - + - - 5883.9 0.00

= 2 - - - - 5885.6 1.73

Autumn 3 - + - - - 5885.7 1.83

4 - - - 5885.8 1.88

1 + - 5051.4 0.00

2 + - 5051.9 045

3 - + - 5052.0 0.61

§§ 4 — + + - 5052.1 0.72
Spring

5 + + - - 5052.4 0.99

6 - + - - 5052.7 1.33

7 + - - 50534 1.99

50%, 850 m F T2 #80%, 1,100m F T IZ %
0% A& 72, ERE 2,000 m LLE T b REFASHE
BENT.
6) %D RERE

VD B ERETT A IC S o T, L= —D
A XEDE L, KHEREET 51255 Thw
AT L -FEFoR iAo 5 T (Stl, St.2,
St.4, St.5, St.90) I X R A O 12 #i T (Std,
St.2, St.3, St.4, St.5, St.6, St.7, St.8, St.9, St.38, St.41,
St.45) ZPx <, 543 HEIIZH & OV THET L 72
MEFREORI S 0 & 2 2 h 5B S N7 R
BEITROEBY THL (M7, 8). JbilEETIL,
AL Z MW 2 L O ICET AR - Bl
BROVEME & B M T, D BORMFIIIKE 45
ATz, bR - HE RO EH <, 8
JeoFA S (St.2, St4, St5) TIEEEIZE D -
TRAL, ZoXoFEMLE2 S, EELED
WIS & O ISP H ISR L7z dbial
- BHEILIROEMTIX, FFR—Y ZHETVOHh
M3 (St.3, St6, St7) ORFMHMINL, HEEINVICH
WHREZR L7z, FURFE (St13), H=EFE
(St27) % & LEREOMAM AL, Bl (St.36)
*HIET L) ICHEASEE TR L, B
(St.36) TR DM LA MICHRIIL Tvro sz db
il - HE LR O SR 2 & PE R~ R 5 £ 9

e HINORI % R R TIFER SN h o
72, AXEPE ORI OH# A (St.32) R HbERI
(St.34) TH, FEVEA O HEIH O Mg 5 TR

L7275, ZDOHAOKEIZIZE 2 HRA TEBEED
H5.

VS B DS 12 8 B Al T (St.35, St.37)
T, TAEERHELEN D 2l oM
WCHRFI L7z, Bk SRR, ek, PE, HEO
AT DOL E, HAFIBIHTT A L9 %k
USRI L 72, 72720, RINIE 2 D IC#d-> T
Wh7e, HARMEHOWRETIE, &5 Rl
HEZ AT D X ) (Ml LTINS L 72 i b
o7 (St68,St.72,St.89). X 5|2, BRI
R0 H A o F A0 5 (St.110, St.115) Tig,
HIEEE RO & 5 i TR R CIRA L 72,

JUNEEER 2 S FERRCI, T2 & T (2 TRFH
TLWENE o7z —T, FUNALERA & EEEC
X, AEFIERHEY FHEOH D VEMI A - TR
9 AHe (St132,St.137) &, A H M
M7 > THRFMS 5 HiHH - 72 (St.128, St.133,
St136). Z 2 L St.128 L St.136 (LA ALE S
B, M HEE AR REIOR ST
R H 5.

BEREORB S W & Z 2 h 5 ER SR
R IR O FInTh o7z (X9, 10). 7272
L, EFHETIZEILOHED T — 7 2355125
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(3 H I A 5

6 I 2 £ COTIPREE % 10 5 HAL TR L, (b) 1 ZHOHO 6 BeHT2 5 3 B 2 £ T O3

A& 10 g HEALT/R L7,

Fig. 5. Changes in the number of tracks over time from sunset (a) and sunrise (b). (a) The mean number of
tracks from sunset to three hours later with every 10-minutes unit. (b) The mean number of tracks from six hours

before sunrise to three hours after sunrise with every 10-minutes unit.

[BTE&hpolzlz, BILORMFIATH Al U 725 A s DU B RE S 7z,
A 7z, P& R - H IR O HAH A BFEEEFOMGTHONZ (M7, 9).
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7o, BFENLE (St92) T, @EDIED & IX e ansz. #FEI2ix, stes (IWEE.olH) <
B 2O LRI L7228, L— 48— PHICALE S 5 HAHEIZ [ A ) TRERAS 14,994 (4xfk
TIZHEDLETITo - HHBIZTIE, £ D EH D 345%), St98 (FHiLFE)
L AR OTE SRR S NTHB Y, 1D 1T % HARWEIZ M2 ) ReBFAS 231 (22160 16.0%)
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Fig. 6. Changes in the number of tracks at different flight altitudes.
Flight altitudes are shown at 50 m intervals. The horizontal axis repre-
sents the mean number of tracks recorded from sunset to three hours after

sunrise.
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JL#I legend
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7. KHEBEHEEEOKFEORMG M OEEG. e 16 5L, R
P DORIR T OE G % £ FTHRH ) BTz,

Fig. 7. Percentage of different flight directions at individual radar stations for
nocturnal autumn migrants. The azimuth was divided into 16, and the percent-
age of the number of tracks in each azimuth is shown.

HROEREDH B, KEBLUEFL LRI E
DD IE TR o 72D, RERBEOZE
Thot:. AEMBFEOERIL, KFEBLOES
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Z oD, RIFFECIEERIIIIN K ORI FZE
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e ERBELE OBRITERILTE TS, Fid
AR O ERIX, AEHOREDORNT, 2FHK
DN ETREF DS 5 L v ) BIG 2 RLL
TAER TR WAL EZONDL. BHEOMED &K
e 2 OBFRIZOWTIE, /MRS (2005) &, JED
BORBMIBKRER IS E L 2w &, /-
2% <, HTHRAMDFHFHER SOBENK LB
WEODOBHZE FET A 2B L THBY,
RFAEORERE L —H L Tn5D. T2, BREITK
FIAET, FERPIIESFFHETIAIC2DET
VOFTNTTHLEE LTERIRS N2, Zh

IFEORAEITICHE D S, BTN S IHK
EDOHMIELEL L) B Lok
DL E VS TRHEFRICLY, TV LhT—
TR TE TRz 8 ) R0
REVEDS B 5 .
HIIZFRZED A AAIC<2 DFET I DFTT Tt
R E L GERES N, WEO T AREIES »
WRE o l2h, FEFETRBREOINLWIGED
BHAH%E, FOEMIZIINT Y EDRHo72. ZD
HEIZOWTIE, REE2SIMHTETES T,
SR ORZEIZ IR L 72w,
3) MIEEE

RIS IOV, 3 s 300-400 m % TH
HETH—1IB%ZRL, HRAEIEF 500 m, AR
¥ 90%7% 1,100 m LUN CHERE S L7z, ARiid &
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Fig. 8. Flight routes of nocturnal autumn migrants revealed by radar surveys.
The direction of an arrow indicates the direction of movement, and the length
represents the number of tracks. The length of the arrow is actually displayed
logarithmically according to the number of tracks obtained, but in this figure it
is shown based on the representative numbers of tracks (20,000, 10,000,

5,000, 2,500, and 900).

mAEE, 1,000m L) b EWVWEE T RAEE L
4-15%C& 1) (Harmata et al. 1999; Mabee & Cooper
2004; Mabee et al. 2006), AFAA & FABLL 724 &
o TC\Ww5h, —J7, Blewetal. (2005) 1%, /N&7%
SOANZ1,000m 28z 5 LML T L L
IR L TWh. Z07zd, KWBEIC X %R
FEDFERDVE D BORMEEZ & 5 R 7HER D
B, L= —OMREEIKE L TV B EER R0
DEMGEY 2 LD B, HH S (2008) 1A
L= =2 X 20 ) OFRFMEEE % 5547 L 72K R
mSAHMTIE R, AKRFEHIETIE 15 km DLEREN
THEPMLZ L, T2, WOLEEEORYD
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EThrLLTwA SHoMETH BE
1,000 m A OAEEFEL L D b, = 1,000 m PLEo
RIS D o722 LD 18 HH 72 — 7,
WAL — % — X 0 b HASRV/AELD ST R T 5
BREL—F—%fo-mEREORETIL, st
I 400-500 m # THT &5 — LAl 2 R &)
JUFEEM L TV 525, 5 1,000 m &2 75 5 O
DEFIARFALE LD S~ TH o 72 (Bruderer
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BRI DOV TIEL — ¥ — DHEREIC X 1 8/
filik 72 > TWAWEEEIZ D 2 b DD, ARFREICE
5 RN L I ER ORI E % KL T\ 5
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LA legend
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oMM OEE % 5 I EN ) 1T

Fig. 9. Percentage of different flight directions at individual radar stations for
nocturnal spring migrants. The azimuth was divided into 16, and the percentage
of the number of tracks in each azimuth was shown.

72720, ZZTRLRIEEIZ T RTOME
(N=560) DFHETHSH. RIMEEIL, BOE
DM E 2, BWETIEEL, A2VE
TIHE MR E X5 (Bruderer 1994; Kerlinger
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4) JED EAT ) KRR
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T/, W OFEFITH, EDITHERZEI FhL 1
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Mz 72521, HA A LT 5 (Bruderer 1994;
Kerlinger 1995; Mabee & Cooper 2004; Mabee et al.
2006). D &I, AWFFEORERIIBEEF A O
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Fig. 10. Flight routes of nocturnal spring migrants revealed by radar surveys.
The direction of an arrow indicates the direction of movement, and the length
represents the number of tracks. The length of the arrow is actually displayed
logarithmically according to the number of tracks obtained, but in this figure it
is shown based on the representative numbers of tracks (20,000, 10,000, 5,000,

2,500, and 900).
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