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13 3T HE— B 2R RIS 2 — . GPS BB AR H AT % T 4R 7
Hh 2 R — R E BRROR, B SERTIE BR R SIS AS I AL, BN
(Larus crassirostris) & —F FZ /A0 T R X RIE 528, HAp e K,
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A1 2R W0 1 X% 5 3 A AR 70 e 2 SV o S SRR A AR B = . Rk,
AT 7 LB RS AT X 5, SR GPS B EERARNT 5B R R4 % 5 AT IR B
AT PR RS PRI AEAT e sOFIE e W R 8, I 2 ASURIT FEAT A PR I 2 A=A
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AT —FLRAF 30 NH AR, o 8 AN EA 58 B 1 PR B BRI,
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B KA FEIEHE RIS 057, STHTA bird-year #1704 B SOz R 5] T HA
M, HHNILZRA (SD). Filgd (YS). HMEZ (HZB). Wil (SZD)
MEgHFH (SCS)o FATBITHFIELI S RIS AE— bird-year WITHEA [FIFT B 1)
BNITE o TZIEE IZ 0 SR N B R RS E — 7 I 1] PR ] — 7 Y 1l N 7 R 350 T A
FEIRI B (SHECE : timestamp=192h, buffer distance=15km). Hillt, 7537
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Abstract

Abstract

Migration has always been one of the hotspots in ornithological researches. GPS
tracking technology is one of the widely used with high technologies in the current
migration research of migratory birds. This approach can track and monitor the
migration activity in real time. Black-tailed gull Larus crassirostris is one of the sea
birds who is widely distributed in East Asia, and it has a large population and is very
common in the coastal areas in east China. In so far as we know, migration studies on
the species have rarely been concerned. In addition, studies on migratory bird migration
in East Asia, especially those on marine bird species, are relatively scarce. We therefore
conducted a study on the black-tailed gulls to track their migration by using this GPS
transmitter. We analyzed migratory behavior and migration strategies of the species,
focusing on the spatio-temporal pattern of migration and the loyalty across years (i.e.
routes repeatability).

30 individuals with valid data were obtained in this study (8 individuals were tracked
two years, 38 bird-year). We grouped the bird-year according to the maximum distance,
that is, the maximum great circle distance between the breeding colony and a position
in the non-breeding season, which is often used to classify migratory strategies. We got
5 groups from shortest to furthest distances, and they are Shandong (SD), Yellow Sea
(YS), Hangzhou Bay (HZB), South Zhejiang (SZJ) and South China Sea (SCS). We
designed an algorithm to classify of GPS data into trajectories. The core of the algorithm
is that a segment allows the gull returning within a certain range within a certain period
of time (parameters: timestamp=192h, buffer distance=15km). Thus, we got the black-
tailed gulls’ migration routes, sites including stopover and wintering sites, as well as
the timing of migrations. Besides, we compared the migration behavior and strategies
selection of individuals from birds with two tracking years. We also did statistical tests
for all parameters of the spatio-temporal pattern, including the maximum distance,
corrected total distance, duration of migration, and timing of each period to calculate
the correlation between these parameters and check the differences of these parameters
at the group level. Our results demonstrated that:

1, The spatio-temporal patterns of migration of black-tailed gulls were significantly
different among individuals. To be more specific, the migration routes, the selection of

sites including stopovers and wintering sites and the timing of spring and autumn
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migration were significantly different among all individual birds.

2, Before autumn migration, black-tailed gulls had a post-breeding period, usually
within a range of less than 220km from the Xingrentuozi for more than 100 days. Also,
the timing of this period was not affected by migration distance of black-tailed gulls
and relatively concentrated.

3, During the spring and autumn migrations of the same individual, they rarely shared
stopovers and migration routes, and while the timing and duration of migration and the
flight continuity were also different. At the individual level, gulls took slightly longer
in autumn migration than spring migration (25 vs 12 days), and the average number of
stopovers was slightly higher (1.3 vs 0.6). Individuals who traveled farther took longer
time in both spring and autumn migrations.

4, The selection of migration strategies of the gulls across years was flexible. Except
for one resident gull and one belonging to the same group and choosing the same
wintering site for the two tracking years, the remaining 6 individuals’ maximum
migration distance and wintering sites were different. That is, the migration loyalty of

black-tailed gulls across years was very low.

Key Words: Black-tailed gulls, GPS tracking, Sea birds, Migration behavior, Migration
strategy
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1.1 IRERKERIMIREHRE
1.1.1 GPS BERRAMTEE LR

A NS TR & I HEAT NI AR T 80 AEAXOK (Seegar et al., 1996).
TRIBE R G ARSI SRS ERE S RO 23 TE IR DL
Tl 3 ¥y (RIEE 25, 2000). B4R RIS S K55 E S
b, TS B E I 1R (BB J5 R S 4 W] 8 Ik [ A0 5 R SR AR B 58 145 5, I El
TR R, IS 5 A (A S b T R Aet I S B Hh i RS B, BT
N BT 2 B B 5 3 1 A BT ALk ) LA R B 57 B R s P S R, B AT S B
SR RS I (S EZE, 2009). 1 BABE RS H S hE—Hit
HRIEH, M Argos REEIUWA ) GPS R4t BEEH RGN ER 24 KIEE
BEEAG, PO R b B e A P L ZE 1S

H T W1 GPS B ER RGN E AR TR B BRI, AR #A 1
ARIR IS 5 & S 2 4L VWL 1.1 (Andrew, 2018). Ib4h, 765 2GEHERT
For, NSRIMIRIE 5 K2 2 R 7

GPS BEFH AR EEI G R R B & G5, HIK, BN SAREEGESR, Tk
X /N SR AT IB BRI T, AN & AR EBIEAWIHEAT R 8, KB BRIy
AL, IUAERIE BRSO MTFIE LT3t B 6g L4 4gC HATTEREIE AN BEFR ) 6
BRZRERARG — @M RRE, ARARKBEEE A, BEER K, [FR
BENS L BRI 5 B8 B M AT AR 7] L 348 ol 5 Bt A5 B s o, BLK
LA % A% S5 e A R VAR O S SRAT 1 AR 5 TR, HL RS TE B T ]
P SRAS I 1B ot GOR B H AN (1 5 AR S AR OGS B A, 1B R T VR
BT S AR KRMER (5EZ, 2009; AE &, 2008). ANiE3RA]
MIGTERR, BE BT B RN AR, GPS B B2 MAFR & & &t — D4/,
T3 ER A AN A% 2 BTG
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TRACKING DATA

Each solar-powered tag can record
an animal’s location, its acceleration
and meteorological variables such as

temperature. With enough tagged
animals, the sensors could provide
weather data from locations that are
currently poorly covered by
conventional weather measurements,
such as the open ocean..
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Figure 1.1 Schematic diagram of GPS tracking (Andrew, 2018)

1.1.2 ERIMESITHFRNLRIVR S5
1.1.2.1 BEEAERESTERTFHONBNAR

15 S IEHE I AT AE R — B SRS U, BB R, kiR
Z M b S A S B B T e T, R AE AT AN T R, A ERATTR
15 2 ITHE ORI FUBSRARER N . R&E. 22T

I ERE AR R HATE ST Ah 58 s A B IUAE R AR 2 1) GPS 18 EE AL B

HERL, PRI TIRZ KR B, AR & IR NEIA . H ik M4,

BWEAR LWRERFREZNHI, SRYSERXRELSEN H C
Martensen /£ 1899 E#HATHI (HEZE, 2009). 1M E 234 H B [,
1960 EFFIEA G NG IEF FARHIANT 1-2 MR B ANSHAT TIHE, R
JE R R AR /N, B R A, AR 20 T E TR (R A,
1994) . HECHUB R S0 TAELA T 1981 4 (5KF A, 1994). HER—Fh
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T EER T, REN RSTE B R I R (U B A BT A g
fEaE) WAL, BB OEEIE (AN E AT e e,
AR FBAE R & L TR R — S5 ) B 58 7E S /MR BER B L, FFidsRdd
SRORE] S H AR 2B S AR RS IE CUIES, 2017). BT WIS BITE A Z,
HA RGN IERTE, HiCRASRS 5EREITET ir%. A%
MO 5 15 7 3004l A ARSI 1) S A S i 3 L5 B I T i 5545 5, Rt
MR T KEMEMHE TR (HIREEIERREL IR 2 R LA 15 L, % AT
PERDBERARN RS, BCRIKR .

TRJE oSk BRI R AR Tk M R AR T AR N B ST AE R AT (&
%, 2009; FEH S, 2008). XPIRIUIEMBIHEE, AT ERNEZME, B
ERRE TR INaE . To2k f g DB A R 8 i 45 SRR S 38 05, F LEBR 4t
T BRER RS 5 B TE I i e B VG B N 245 5 s T IR I DI R 7E — e Y L N
A REMEINR], FEHIEREN, A MR LOB ER & SRR I A S Bl . (RIX PPy
A A IEREIREIG, BB R, TR BRSO S 2 &
Bo BEEBRMME— L RH, TRRENH AR O DRIBERAEBN, FHiam
T HIBER A MRAMER . 2 i, TR T — R RENIZM AR LMER,
N2 A 952 BR KRB (D%, 2009). T & EINE B AT BRI,

B 0B AR ST AV B, R A 3R OR AU A R G 10 78 G B ORI T (] 1.2,
Heistermannetal., 2013) . TFHEAHEARBAGEEA, HiE N EZ 3 ERY XK
DR . 2012 FERRIN AL T RO ER 1k I P00 2% (ENRAM)D. ENRAM 7E
2017 “FHZR 7 ABREE RN, LRI Z 5 Hp (Shamoun et al.,
2019). [FF, [ A AMLERRBRIT K 545 T 78 3 N Y B R BE S I pE 1
ML RS

HAl, C&5 ZMArEEHEARFZ R GPS BB BEM RSt Al
HE 112 FEAFERNE, WASRERR; JFELIEEEAEERN.
Stutchbury 55 (2009) B JCKAZ RN H 2N A A4 b, T jE BRI B E 5T
W)z S BITCIE R GPS B ER A /N E YT AERIT ST o DGR I E i R
5 110 T A'F D 3 3 TBE AR b RN () bt 2557 B8 ' I T 77 7 22 S A ol i % BT
Wb 7 B G IEKPR (A el S B A B AT 8 A (Bridge et al., 2013). St B
5T L FR G5 1M B 2 75 L RISORL % 4 R SR BIGIE e A
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2019 4F, 7E[E 3% By Martin Wikelski 35 fH] R 2 8047 [ Brah Yw 7t & 1
WiH (ICARUS) fEFEENIR RAMRE W@l u 9255 T, RIJT R . AL
TEIRERE, HuUIEMZ GPS IBEFHRIRIITH AR, XATRES S “sh¥) Bk
A HIRIK, XA ST ESURAZ — DRI AR BOARAL

K 1.2 SEFEEETEE (Heistermann et al., 2013)

Figure 1.2 Coverage of weather radar (Heistermann et al., 2013)

IR 1 X I A2 A5 3k L 200 2 L P
Iluminated area represents 200km range around each radar.
1.1.2.2 ZREEIRMROASMELRESE

15 ST 2 D % AR SRR 2 SO A i e —, BB & 7T
TR A TR 24000 PR R A | A2 R R A LR R R LR
MERMRF TIPS, 5 SR T AR IR AR

15 S 3 AT — AN 28 AN ZE 10 30 S0 R 4 S A 3 v S UL A1 PRI 9
JCHAE 20 #2090 AEARIR T ) Uk 22 (1 5 S e S AN R UL, B4 RS0
fiii (Able, 1982; Wagner and Sauer, 1957; Kramer, 1950). "% 54 (Wallraff,
1974; Papietal., 1971). Wit S /i (Yodlowskietal., 1977) FlHsfg SA1 (Gould
etal., 1978; Schultenetal., 1978) £&JLANJ7MH. 21 D)5, BEE AR 74K
R e 5 A S A S AUX — B A IAT T G LI SO T IR 2 M )%
FAEPGBITE IR AR 2 SR, AT R AR W R AL S AL T
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ST MRS, H ATt AR 2 R0 PRSE AN REIER 2 J7 TR A 22 2 CRE

B, 2017). ITHERMTEZ KRGEWME, W, WUroc. WU FIRLESZ iT A R 223k
A R AR T A R 5E ORS H A 5E ) (Muheim etal., 2006), s S HiALE BIRF 7T

AR IZWT B R TR, AR B2 R IME 78 I 77 22 2R 1w
i@ M3 AT AT (Mouritsen etal., 2016; Wiltschko and Wiltschko, 2003), IX1tH,
e FHHLHEITT AR R E BRI Mz —.

16 15 ST A1 SR WS B 5 AT A 6 20 AN v i A b e 3 A5 TR W 9 — LR 1 % A 40
S ) At S E L) — A7 . BEREIE T T SEARAG, (EFRATIKAR R Z MR 1 it

TARERE . BEBERORKBEE, B Z M BES AT 7T, RN oI5 4
15 55 3T B A AT A A5 B OO i & B ORI b B o 1 Ak S5 Atk AR AL
S8 S AT A R (A LR3PTI B 2 — ) — S AN 2 LR A
X 32 1k R g 7 st 2 36 o T A B R R AT S R S R ) S R S A
CILANE 25, 2008). 1R 2155 B MUIITPER 2, LR A B, 25k
BRI H R A S0 KX AR -BROE KB S0 KX, DL ARE AL SE Mk 5L
XIX 3 ANFEWITE X (GEZE, 2009); H—J70H, [F—YIFA RFEE 2 6
LA R 2 Ta) AT B A A [R] B O Ak % A MR A b, BITSRFH OAS [F) f AE A SR e
(Shamounetal., 2017; Hewsonetal., 2016), [KULAS[FY)FhH & P e AR AE
IS B 1 A ) _E AR AEAE 2 52 . Piersma( 1987 )5 5 25 (13E 48 77 k4 3 26
KIS BR Gump) EME. PEFEEMES (skip) iEME, DLKERE
BB (hop)o B EFHAR M i R R ATBR R AR 22 1R (% S M) Ah T AE RS L
fERT, SRR F IR SRR AT A 8] IE A W B FL 2 [A] PR 22 S R 22 e 2 AR
P JER R 12 S PR R Je T TRl 2 —

ILHEAT ARV FIEAL — B &2 K0 . )58 UE A, JGH 2 BE B I AE 7e
LERM R RIHAE, Xl 75 2k S e R 2 g RIE A R Ae &, KILIT T S
R BORS Wik B RAR K ERHE AR TR A e Bt (BEE 4%,
2005), TMIX— FRA RS2 A S KA 5 R, XSS ER T IS 1Y
BARHLHIIRAT T W% (Newton, 2008). BEEMFFHEA M & EAIEYE R
FR R, H TSR], BRITHAT MR PR AR INAT A, NS
FEIR2H | e s R 2 1) v P2 R AT AT P AR AT T 500 4 s A TR AR R L
PRI HLH] (Franchini, 2017; Kraus and Wink, 2015; Wolf, 2013).
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RERSRASIHR Z W0 Fh =4 7 AR, 5k S A4 Ak, Ak
SUBEAR TS S IR R AN WD, 2B R B E A TS 2 (Robinson et
al., 2009; Bothetal.,, 2006). Kk, ABRSAFAMIGE L ITHE N 52m DL K %
Xof A BRAABRAS AR W B (AN SRS A IS 1) BEGE IAL 3 R A PR A A2 O B S
TR T SRR RO 1 & SR EBE 72 1 BT #45 (Liang et al., 2018; Wood et al., 20153
Berthold, 2002).

1.2 ZBERB Larus crassirostris B REERIZF|0)8
M EENY Larus crassirostris, &S (Aves), %2 H (Charadriiformes), K

Bt (Laridae), WSJ&E (Larus). SRR [E 7R B 1 —Fh 120 3 WA 528,
FhEEF B K (Mallingetal., 2002; Perennou, 1994; Croxalletal., 1984). %
FRESTEH [E 2 B AR S RS AMES, FENE T R RE G, FAaR
FEMG RN EAEBE A R O, AR TR i S A R (sl 45, 2006) .

RS R 3R R 2R R VA O LS 2R, (L A LR ST ARG L, o
LS5 G PRI A 3 T L Rl 6 B R B BT AR A AT T R BRI ARIE CBR A4
&, 2000; FA %, 199D, T HRERFE MR T, EER B HE#ET
EHIF 0 B R 2 B R R H AR, HA L AT 7 32 A 7 R R RS Y BT AT N,
{ERFFESE B> (Mizota, 2009; Kazamaetal., 2008; Leeetal., 2006). [Kii,
FRAT ER AR s 2 RIS S T 2, (R LA U (AR AT AR SR AL T FLIR S
Ay, MR THE 78 Fif Yy (BRKk%E, 20100 22—, MHAT, SZ2250E.
WM EFERWHE RIS, LR TREB S T AN =, JLHZ
TS IR ST R RS aMEER, 2013), MFESHRNL
NIEHES SR (M, 19900, DAL, XFHRRRITHEUE IR FT, BER X R
PR A S ORI SR Z, WA IR S R T SRR« W B SR IR FE e &
P Ak 2 R R B Rk AR, 17 FR N S R AR 2 AL 1, T AN
KT

16 5 3T BE PRI T 70 AR B 5 S R (1R AN W g A0 17 B BRER N R4, (R TE A2 3K
T LT RS L b, BRGS0 X —— AR X 14 S A At S0 5 Rk [BR
Z T AR I DX 0 A0 A 4 3R e K 1 40 1 A R B A 2 1) 4 IR A2 B 1 o
(Yongetal., 2015), DKot 28 RRGIT MR F 42 Jy 28 Mk X s S e (T ¢
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RS KRR 5 N AT AN B AN A R I, SRR 4 A
o — e . 5 ASEISAHEES, of BRI S R — R, 5
an, 20 tt2d 60 A, BT AT TR 2 TR RS SR SR A 20
4 90 AR A BISIK G AR (S, 1991), 1M H2EJRMEE LG LZ MR
B Rl %, 20060, 13K E AR F VR BERIT R I BEARR, WHR 2 5
KUVEAZ=E W (BoK4E, 20100, B4R, HATRRERNEELR, MEFfE, B
EHFEEWIME T UK ZF RN R, B0 KA G, (HIRATRIRA 02
RN RGO TR T A, X AR 2R RS AR R R A, 2 K
b L 22 AEAE A8 RS 1 A2 3 2T AR BN SR 25 06 R BUE R R RS %

1.3 FEMRANE

WA R RS TG B 2 . R B . R ACHE . AR IR 23T R 22 R RS T A
P A 2 S R [R] 4 73 2 1] PRI At 55 W 1 T o A 1

(1) RIS GPS IBEME 5 &M a5, EREFH BT iR,

(2) B SERPPTHEK L . TR M ie . JEAERE S . (BRI I

(3) AEEGZ M FE—AMERET R L JTHER R R TR RS . (8K
UK VAT N S LY A

1.4 AR BFF
AW IR B AR LA LT P AL
(1) SRR R ARk . rh g 5 BRI R A 3 DLR A AR IS 18] 5 O A ARE
(2) 73 Hr E42 2R WS T SRS AT PEAT ks i
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Figure 2.1 Topographical map of the study area and remote sensing images of the main

islands black-tailed gulls traveled
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2.2 GPS BERTT.
SYRIE 2017 £ 6 A 13 HE] 15 HF1 2018 4E 6 A 7 HE 11 HEIE BB AL T

LT KT TGN T 1 ST M A 3R 28 R S A H N HAREL GPS 1B ER (S 5 K5
ar (B 22), FERAGEEIEATHHAC, MR—ILHH3R 44 DMK Hd HF 30
AR B B DL H S B R, BRI FRAT AR IX 30 AN
REAT T BTt F . WU 3R T 4 FALS B ERES, 038 SAMAIREIE
A E N 17.5g; 031 51 032 SAMAIREIPE ER 4 FEN 17g; 033 5. 034 5,
040 5. 041 5. 043 51 044 S MEIMIRATIEER 45 By 9g; HR 21 MMENR
WHBERARE RN 12g (GPS 1BER{E 5 RS 45 Bk 5 7 W3R 3.1). GPS IBEAE
RS AR I A OB ERIN R RS (395g-650g,  FARAMATE A AU T
TR —) 1 2%-3.5%, FEASMILIERE3) (Higuchietal., 1998; Kanai et
al., 1997; Higuchietal., 1996). FATRH T 71 GPS 18 E#E 5 K5 45 il d&k
Jii, B B SR DU 3R 2065 4Bt 1 & I 2 2H B 1) 0,75 11 B R 2 22 3 T TR R S 3
B IR b, R S BRI A X R AT RS R 5 4T 4545 (Dwyer,
1972). GPS IEBEE T KO RMHAE S M, ERERRELT, 1 /N EEN
I 32 [A]— A GPS A7 s A5 B AN CAAR /N IR R 2507 A TRV R TR R (RE R
R R R AT BT e T 1T B T 5 R R G S R s, (HIB RR AR A —
FEICIZIIRE, 2T IS A5 5 AR I A A TR AR S A RS 5 o X T JRATFTER
FIEART S, SLAIBEE 1 /NS 2 /8BS 3 /NEEL 6 /NBFAT 12 /8BS, 78 Ji5 48

s, fﬁ»%ﬁﬁaﬂhﬁﬁ?%ﬂi&ﬁ<1$Ju23** “CBEREIE T,

B 2.2 BERAR KR ENE f X MEE B = A

Figure 2.2 Schematic diagram of Transmitter and Piggybacking
(a) MBS R B, (b) BRI ERR G IPIRAS .

(a) Transmitter we used, (b) Transmitter rested on the black-tailed gulls back .
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2.3 BIERYIEALIE

BRAFIE BRI AL 1% AT RO, B 580 I e (e 47 B B A
MR TC R, G v s A [ I 8] (8] B 10 7 st iR BRI 1 00, DME T JR 2R
SKARRT IR BRI R (PEDL 2.3 7 “BEEIR T D T, BMEREEE S A
ArcGIS MIBHHERDBAT AR, WP 1R HIT R B0, AT
RIEHE TR IS

2.4 BEHIES

AT BB HEBIRAFER — H & CA—A bird-year  CEHD, Hrif
157 AR R — AN e B R

B S HHE (1 ISR T FR BT, S L R B 7E S A R P s G 1
B PR B WA AT 0 2, THE B 45, X IET T ANOVA Giit K,
RIS 2 (8] 7 T b B 25 (p=2.0E-19), R AT A yix Fh2r 2005 A B (& 3.1).
PAIX T ezt R B T AL AL B 0 w44, 0wl 9l ZR4L (SD)L B (YS).
BUNVEA (HZB) Wil iBa (Sz)) Fmigdl (SCS) (K 3.1

SRIE , B FRHF—MAMRLE —A bird-year [95HBO#AT RIS AE X, X H:
LS K P 2 A 1 K1) 43 DA BB A I 52 S5 o A BRAN T T — R, @
T R E S SEOUR R A EE B R 2) o 2R AR O s ISR BT AR AR —
s [F1) PAY 38R ] 38— s S TRl P DU T vy 5 U5 Ay [ — B B o 3 i %o 22 NSRRI
RZEFLL IS BIC E : timestamp=192h, buffer distance=15km. H 3%l )5,
T RAT T IER L GBI F 2 R 15 F AT WO

PEA R Bkl 73 SR Ja W75 B0 HOgEAT 40 SRIE S 1 e 3RA T R
RSB43R AT 52 S, WGAEAZIAN (12 ABNKEE 2 A) 785 {5 B A 1] 5 K 1
BB e SO B RIS IR A . R, ARG 7 AMARTE B A b B A — A 3]
BAANFEI B, 5 B AR SRR B BT . B, KX S e SO B
JaBr Bt (post-breeding period). 1M /5, K EHEZ= 17 MK L B A it EAMA S —
R T EHH /N By T NPT 5 BUIK I 55 KB 58 DA S B — I B FE IR T U], 2B R RS e
X AR]85 J5 — YRS IR A AR B 8] 52 SR BB 5 W BOF AR (B 8], 958 SCEFH S
B G sy BB 75 B ASE T RE R /NT 220km. KB AR E5E J5 B B e LTS
SR ZE A B R R A e e (B 2.3)s
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g8 MRE5E

PRI R SR R S e AN [ A S R SR 0 6 22 /b B0 A 47 SR T H IR B AH G 1 St 4y
MrARKEM (Shamounetal., 2012; Millsetal., 2006; Ryanetal., 2004), ff
PAFRAT TN B G AR IEAT T B R BT BT SRA 1 B S KIS TR AT 12 /N
FLIERG 12 /NS AIAE 5 BBk, 3L 12 /NI A9 8] S AR RS 1] 1) B i 47 3SR
MEE— AN RO IR R, R IREIT 0 /B 12 s GPS BN, RJFi%
AR X AL FR o« K —A bird-year P FTH B RIS sl 2 (B IEE RS IR, R
ZNEBEE, RIS T RAMEE ROREOE B (MR SEBR B R/ 2%365),
H IR A B SR B AN, S5 e vk B P B o DA R B
XS FE B TE I, MR EMEIEEMAEE, DS S5 RS0
VAR

XA 3 1 5 I AR S EOS AT T Gt 2R o 1 S /2 il %
IR PIAH RN, , B AR DR OC R I M Ge vt R 757, BARSHUIE BT LR
2.1. 1M 5, Xt ANOVA %6t i B AH X S 4E 1A~ 40 4 (SDL YSVHZB.
SZJ M1 SCS, 7rHIEWKE 3.1) 2 ZR BEEIHITRE (& 2.0, Hr, i
THEIEJG B BB TE & A B 2 MRS % B0, DRl TR AE 21 ) 7K~ L gk
AT ZESRIERII . B, O T A0 Bk 9 2Rl 4 1) rh ik A5 b 50 R 1] G
JEREAT 22 SR AT 1% FL R ELHE BT A AMAKSF R AN 2 S I 2 KPR 3G (R 2.1).
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J&IS Larus crassirostris SEAEFNEME BT 7T

2.1 #HTHIRBKSE. T BRRERAKF

Table 2.1 The parameters, methods, purpose and test level of statistical test

28 gril ke ik gutfls A Rk
FiER Y TeR: R 5 Sun N BIERF RS LRVERI R ARG HSRTE Mk
(ERCICVASE 16
EIESE g T B EcE
FEITE PSSR
FHE AP BT AR [a]
AT AR 8]
(TR B B R Ta))
RKZE LA 45 A 1]
(RIA A I 8]
FFILHETT IR )
CRT A I 1))
F LA S A (7]
QVECSSEIL Yick: N gETD)
FIE A b BUN T
IR IN [)H E
HIEAE [ K
FIE 5y BOT 4R 1] EFIEAEIT AR 18] LRVERI R ARG ASRTE Mk
CETE 5 By Bt s a))
KT 451 8] KT A4S R [A]
(R G BE RIS ) (BIk & it )
HRILAEIT AR 8] FALAE LRI 7]
CE TR A Hb s 1)) IR IR [ S e L ) )
{5 AL s B ANOVA f5 % R 21 1]
I g i E ot B
HRITE TR E R
FIE e B BOTda i 1]
FH e W B T
KL AR 8] CEEBE i B B2 ot a))
KL L PRI ] (IR A I ) )
FRITHPETTIRIS A] CRSIT A Hu i 7] )
BTSSRI 18] REEIR (8] R M [R]D
KT AE I A
HREITHEN 1K
METHE PRI E  FROETRETEE B T RS R RENE M. HN
AR PE I 8] K BFRIEAE [ K E

12



g8 MRE5E

_1:Raw GPS tracking data _2:Find sites

)

Latitude
Latitude

PN
>

123 . 2 i 2 2
Longitude Longitude

3:Find winter sites and post—breeding period 4:Classify trajects

&5

Latitude
Latitude

B i i

123
Longitude

& 2.3 Bl 002 2018 5B EREAFIRE GPS BRI BT HER BUKI 7

1
Longitude

Figure 2.3 Illustration of the classification of GPS data into trajectories for one bird-year of

data of black-tailed gulls (002_2018)

panel 1 R R U684 s panel 2 2L BRI BRI B s panel 3 FHAE L (3R B0 = B BL
KA B 5 2R LB NIEF N EC 220km (3G, BDEEEMBITEHE (5152
B 3.2), W ERANEAM: panel 4 IR R BIAM B, WAL ORRETHEHB, WA
BT B, S ORRK TR B, HORRL B, NG OERE
TR B Hax RN E TR F P B

Panel 1 show the raw data. Panel 2, different sites are indicated in red. Panel 3, the post-breeding
period is indicated in orange red , the grey circular shadow show a 220km range taking the breeding
area as the center of the circle, which is the range of post-breeding period(see also Fig 3.2), and the
wintering site is indicated in blue. Panel 4, breeding trajectories are indicated in dark red, post-
breeding trajectories are indicated in orange red, autumn migration trajectories are indicated in dark
orange, autumn stopover trajectories are indicated in yellow, winter trajectories are indicated in blue,
spring migration trajectories are indicated in forest green and spring stopover trajectories are

indicated in light green.
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J&IS Larus crassirostris SEAEFNEME BT 7T

EIFTLE R

3.1 BREREHENTEERN

WAT—IRAR T 30 MERAME, Hb 8 MMEEGHERDEEEWE, Bl
—3L3R1G 38 4> bird-year. HH1, 010 TAMMAMWEE KA ITIE. HAR 36 1 bird-
year HRARE A ZE5E 2515 I 55 SE5E Iz BE B 4 B T LA LI AREL(SD), A 6 /) bird-
year; #ifE4H (YS), f 54> bird-year; HiMNE4 (HZB), A 13 /> bird-year; #i
ILFE B2 (SZI), H 6 4> bird-year; FaiF4 (SCS), H 6 4 bird-year ([ 3.1,
Kl3.3-K3.8, K311, K 3.12). Hhril RHA GRS, 8T RIKIOE 3
WEgH . BUNIEA . Wil e ARG . 783X 36 A bird-year 1, 32 /) bird-year
SEIEAE I T A U IR B T3 748 KO T AT I EhE ;T 4 4 bird-
year (005 2017. 006 2018, 008 2017 A1 015 2017) KIEE(E S EMAHEE

TR IE CRAAH IR 3.0 X 7 AN B WIS R A, 3K
136 38 HL B8 — AR 1B RO AT S R AL 2 TR ) 0 BT e s s TR [ — A4S [
Tty [RBEAER P B G M AT T BB A AT T8 (R 3.3 715 “ BB RS AE
SEBRIEI AT E R,

1E RIS IR KT 2 1T, LT BTA MR E B B NIE 1/ T
220 T RMITEEANER 100 KPLE (B3.2, K3.3-K 3.8, K311, F3.12, &
3.3), HRFRATTRTE SCR BTG M B o X — W B 1 5 T S b i [ 32 B K T 2
JRE S 7 T 2 1) 8 B B, AR PR SR R B F S B b IR AR AR X A
B B E R (E3.2), [N, SRR TEX — B3 K R i AR T3
fih 2B Be (& 3.10, & 3.14) . BB EY 5 72K b s i AL« (& 3.3-14 3.8,
3.11, B 3.12), EAEGE R WA R &Y 1 778 2050k 2 I i b g i 8
MBI A, T A A R R RS I g T O 2 e a1, 043 S A
BRI (B 3.3-K 3.8, K311, E3.12, £3.1).

-2 P B M At B 5 40 ) 261 4 15km (SD; mean+SD). 706+ 115km
(YS)+ 1050%53km (HZB). 1288+58km (SZJ). 1946+294km (SCS). 7Ll
A bird-year ", 5z /)N 1 BE BHE Az B 55 2 243km(SD), i K42 2405km(SCS)
(3 3.2)0 TEAMARKE b, B IEJ5 10 5 25 8 R A 0 211 B 5 e izt 8 9 2 )
HAWEMIEMKRR (R2=0.592, P=0.0001, n=20). XFHIKK R B FAE
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EITHE R

T3 B B KR P g A Bt B R R g s Bt B0 5 AR B
Zo 71 I Hh Bz B S 22 1] (R?=0.490, P=0.00001, n=31; R?>=0.238, P=0.003,
n=35; R*=0.357, P=0.0005, n=30). {EAHIRI/KF, HTAEIEE R EE B HhRE
ZIEHAT GRS (R 3.2), T Bt B AR ITAE g T Bt S = E A
Mz EHREZES (anova: p=0.01, p=0.0002), {HZEFHEZTH T HHEL
BEARERHAMZER (anova: p=0.30). B4k, FEAMEKT L, KETHEHRE
B EA 2 THEFT M@ EHHEE R &S (1.3 v 0.6; pairwise t-test:
t12=2.05, p=0.04), {HRAFEHIK L, HA SZJ HRIKZEHE R EHhEE
2 THEZTHEPRIEGHMEE (3 vs 1; pairwise t-test: t12=2.78, p=0.02),

25001, Shandong(SD

» Yellow Sea(YS L
e Hangzhou Bay(HZB)

® South Zhejiarig(SZT)

« South China Sea(SCS)

2000

1500

Maximum distance(km)

1000 o8 A

500

"""""""""" IR
O O o o o N T T o T N e s T oy
ARk

+
N 0 A3 AN 42 B <O AR <5
STFIESFESE

Bl 3.1 PR R TEMR FE
Figure 3.1 Maximum distance from breeding area

BEFRINARA (SD), AEFRREFH (YS), SEFRRZHMIEH (HZB), WEIRFHiL
BB (SZD), HEKIRHIEA (SCS). W THMHEBEEHIEHME, 95— bird-year [
FRIR, A bird-year ] = KR

Shandong (SD) is indicated in orange, Yellow Sea (YS) is indicated in red, Hangzhou Bay (HZB)
is indicated in green, South Zhejiang (SZJ) is indicated in blue, South China Sea (SCS) is indicated

in purple. The birds from the first tracking year are indicated as circles and from the second tracking

year are indicated as triangles.
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16
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Figure 3.2 Duration and distance from the nest for foraging trips in breeding season and

post-breeding period
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Figure 3.3 Migration trajectories of black-tailed gulls from the first tracking year per group

(a) LIZ (SD), (b) #iF (YS), (c) MM (HZB), (d) WiLE#F (SZD), (e) B (SCS).
LI BONRE A6, EHH G BB L0, AERITOEM BONIE IS 8, RKERIT 0 IS B B
N, BAMBONE G, FRTHENBONRMARGE, FETHE BTSN BOERSRE.

(a) Shandong (SD), (b) Yellow Sea (YS), (c) Hangzhou Bay (HZB), (d) South Zhejiang (SZJ),
(e)South China Sea (SCS).We distinguished between breeding season (dark red), post-breeding

period (orange red), autumn migration (dark orange), autumn stopovers (yellow), wintering site

(blue), spring migration (forest green), and spring stopovers (light green).
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Figure 3.4 Migration routes of black-tailed gulls in Shandong group from the first tracking
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Figure 3.5 Migration routes of black-tailed gulls in Yellow Sea group from the first tracking

year
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Figure 3.6 Migration routes of black-tailed gulls in Hangzhou Bay group from the first

tracking year
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Figure 3.7 Migration routes of black-tailed gulls in South Zhejiang group from the first

tracking year
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Figure 3.8 Migration routes of black-tailed gulls in South China Sea group from the first

tracking year



& 3.1 X T GPS BEXME S KA 8 A — Lk 38 B WS IEAE 2 [A] 77 TH #I15 2

Table 3.1 Details on the transmitters, tracking and some spatial aspects

M Bird_year BEEGS T BEFL GBEREIR (2 S RS FRZEITAE g 5 Eith HEITHE i B
EE EE: Bt (R¥0 (R¥0
- 010 2017 CASIZL45  14-06-2018 14-06-2017 - - i _
010 2018 CASIZL45 14-06-2019 14-06-2018 - - ; _
SD 030 2018 HQP371 07-03-2019  08-06-2018 3 o ] L 2R A LR - -
013 2018 CASIZL51  19-05-2019 14-06-2018 4 oh L AR LA - -
007 2018 CASIZL44  16-03-2019 13-06-2018 2 rh L AR Ll - -
035_2018 HQP344 16-05-2019  10-06-2018 4 HH ] LD AR A R LR - ]
038 2018 CASIZL119 11-06-2019 12-06-2018 2 rh L AR A L - -
044 2018 CASIZL131 10-06-2019 11-06-2018 4 [ 2R E K - -
YS 009 2017 CASIZL47  06-03-2018 13-06-2017 3 i E B - -
032 2018 CASIZLI21 08-03-2019 10-06-2018 3 rH I AR A8 R Ll B - W EVT A I (12)
002 2018 CASIZL39  13-06-2019 13-06-2018 7 R 5 i & Imja-myeon(12) VL5548 G FH B (14)
[ 1 R AR 22 B (S)
006 2017 CASIZL43  13-06-2018 13-06-2017 4 H 7 il o E AR SE T (1) WL AR R 2E(31)
034 2018 CASIZL130 10-06-2019 11-06-2018 4 rh [E VL5 2 DY vt - -
HZB 013 2017 CASIZL51  14-06-2018 14-06-2017 6 o ] W7 T2 U Ly ZRIE(6) [ L 4R 8 A A (14)
RIE(8)
016 2017 CASIZL53  14-06-2018 14-06-2017 3 o [ VA g R IRiE(S) -
011 2018 CASIZL49  14-06-2019 15-06-2018 5 o [ LA gL R - -
007 2017 CASIZL44  13-06-2018 14-06-2017 6 Hh [ WA L L R o [ 1) 2345 L L (29) Hh [ L ARG A S EE(1T)
019 2018 CASIZL56  18-05-2019 14-06-2018 7 Hh [ W45 U L HHE(14) -
IRHE(5)
008 2017 CASIZL46  09-02-2018 13-06-2017  ? o ] W7 T2 U L I (5) T

H ) (32)
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& 3.1 KT GPS BEMES RSN —LRENTEERTHIMELE (8%

Table 3.1 Details on the transmitters, tracking and some spatial aspects (continued)

4 Bird_year EEEGT EEMFIL  IBEREM (E25 0 &S FRERITAE g 5wt HRILAE T Et
EE = B (R¥0 (R¥0
HZB 011 2017 CASIZL49  14-06-2018 15-06-2017 6 o ] 3077 Y14 U 1L HIF(4) -
EREO)
025 2018 HQP366 12-04-2019  07-06-2018 4 Hh T A e 1L 4H H A& (15) ToE
036 2018 HQP346 09-06-2019  10-06-2018 3 5 ] 5o 1 ) #H(5)
006 2018 CASIZL43  10-02-2019 13-06-2018  ? G TF(T) T
FHIE R LR (14)
043 2018 CASIZL129 04-05-2019 13-06-2018 4 it (H A REHE) - BT (22)
o (R HAFVT44 U L BB (4)
017 2017 CASIZL54  14-06-2018 14-06-2017 5 o ] TV A g L B i# & Hongdo £(9) -
029 2018 HQP373 07-06-2019  08-06-2018 7 RN RE (1) -
HE AR K2 T (S)
RE(T)
SZJ] 024 2018 HQP361 10-03-2019  08-06-2018 5 FEHTA FHLEEE  BE6) ToEHE
027_2018 HQP369 17-03-2019  08-06-2018 7 o [E T 44 % 1L #5 [ Bogil-myeon(11) -
BUHITE(17)
H 1 R B2 (7)
DRI I (22)
h EH LA Sk 1 B M (4)
017 2018 CASIZL54 06-06-2019 14-06-2018 4 W LA 2 1L o E LR A B EE(S) -
031 2018 CASIZL117 08-05-2019 08-06-2018 6 o T4 21 YR ZR A (16) -
PIFE(11)

BRG] B 2 1] (15)
SEIE(S)
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Table 3.1 Details on the transmitters, tracking and some spatial aspects (continued)

4 Bird year BT EBEHMFILE  BERELR fEERT A FRET A rh g 5 B BT IR Bt
H 3 H 3 B (R¥0 (R¥0
SZ] 002 2017 CASIZL39  13-06-2018 13-06-2017 10 M & Hm i [E Chungnam(11) i E EgELIX(21)
H 11 (6) ZRIF(10)
i [E Jodo-myeon(6)
028 2018 HQP372 07-06-2019  08-06-2018 6 o [T TV A g L TH(6) -
GEME T (6)
T EWH LA TR F9)
R
SCS 041 2018 CASIZL127 11-06-2019 11-06-2018 6 ATV 8 1 HHFE(11) Hh [ 4 R R (21)
oh LA Ik LLEE(16) LA A EEE(6)
033 2018 CASIZL123 10-06-2019 11-06-2018 2 € T HH rh ] 4 4 AR (8)
LA I (6)
005 2017 CASIZL42  11-02-2018 13-06-2017 2 rh [ 4 T - T
019 2017 CASIZL56  14-06-2018 14-06-2017 10 i E RS R 5% [ V4 F VR (16) T ARHTL(15)
THIE(3) Hh [ 4R A TR (3)
HRIE(10) W EE S N HIAT(6)
040 2018 CASIZL125 11-06-2019 11-06-2018 7 Hh ] IR A AL ehE L AR LR (35) o E AR 2R 1L(17)
o [ 1 ARG R (6)
0152017 CASIZL48  05-02-2018 14-06-2017 2 E[FECS A H i ffE(12) T E T ARBRE D)
HHE(8)

RIE: MRS S K R i RO BE AT HEFE (SD: 12K, YS: i, HZB: BUMITE, SZJ: WiLEHS, SCS: FilE) . 010 S/ MAMELIRITHE.

Table notes: Birds were ranked by group and maximum distance (SD: Shandong, YS: Yellow Sea, HZB: Hangzhou Bay, SZJ: South Zhejiang, and SCS: South China

Sea). Individual 010 did not migrate for the two tracking years.
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3.2 BERSKIEHERERE

Table 3.2 Distances of black-tailed gull’s migration

H Bird_year fiZihE micPEEA mciEEA BEEE W BIEESES
(km) 4 7R (km) (km)
SD 030 2018 243 37.39 122.49 2977 - -
013 2018 244 37.41 122.32 3358 0.78 4293
007_2018 245 37.35 122.60 3153 - -
035 2018 258 37.23 122.71 5457 092 5911
038 2018 267 37.72 121.04 4425 1.00 4425
044 2018 279 37.83 120.69 4764 0.99 4790
YS 009_2017 582 34.67 125.46 3550 - -
032 2018 645 34.13 120.43 6513 - -
002_2018 753 32.93 121.23 6767 0.98 6890
006_2017 760 33.21 126.26 5238 0.95 5486
034 2018 839 32.08 121.61 5541 0.99 5572
HZB 013 2017 982 30.71 122.82 8122 0.98 8269
016 2017 986 30.67 122.85 6121 1.00 6147
011_2018 989 30.65 122.54 5442 - -
007_2017 1003 30.52 122.96 6520 1.00 6520
019_2018 1026 30.31 122.77 5691 091 6248
008_2017 1032 30.26 122.93 7325 - -
011_2017 1036 30.23 123.40 9139 0.98 9317
025 2018 1042 30.17 122.68 6161 - -
036_2018 1076 2991 124.23 10463 - -
006_2018 1100 29.66 122.40 6404 - -
043_2018 1108 29.57 123.11 7465 0.86 8705
017_2017 1114 29.53 122.50 9201 1.00 9214
029_2018 1124 29.51 124.58 11988 0.99 12138
SZJ 024 2018 1218 28.62 121.92 7166 - -
027_2018 1263 28.24 121.59 10101 - -
017_2018 1265 28.23 121.56 7355 093 7919
031_2018 1270 28.19 121.46 10906 0.84 13052
002_2017 1321 27.81 125.28 11966 0.98 12166
028_2018 1369 27.33 121.19 13504 0.98 13749
SCS  041_2018 1580 25.62 119.70 9537 0.99 9643
033_2018 1689 24.78 118.81 8694 - -
005_2017 1914 22.48 120.42 6686 - -
019_2017 2045 22.53 114.84 11214 0.98 11449
040_2018 2046 22.45 115.06 13016 - -
015_2017 2405 18.04 120.44 8462 - -

ik O Eh R R R BT R KR s SRR AE — A bird-year T Y RUALER 5L
A EeE SERr R0 B CSERR mi2#*365); BIE )5 S E=Ern B /L], FAT R K

I TA)ZE SR SRRt (MR TSR IR SR B .

Table notes: Maximum distance is the maximum great circle (orthodromic) distance between the

breeding colony and a position in the non-breeding season. Total distance is the sum of all point-to-
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point distances (the great circle distance) in a given bird-year. Proportion is the proportion of points
with measurements (points/2*365). Corrected total distance= total distance/proportion. We only

corrected the total distance for the individuals without big gap in tracking data.

3.2 EERSITHEAATEIRR

RREMIHASHEED B H ALY (6 H 22 HRI8 7 H, %£3.3),
FEEAH B (12 A1 HERF 2 A 16 H) MEHFEL T HERITHENH
B H24824 71 0 WEAENSE (233, K39, K3.13), MItHE
FREEITAE AN AR (0] B FE L F S 2 BORE FE WA BRI (11 H 18 H BIKAE 1
H8H, 2HA15H%4 H6H; %33, K39, K313, fEMKFEL, Hf
BRI (RSO IR [R] 0 2R [m] S 1 (1) I 8] 2 [8)4G  3 AH G 14 (R? = 0.292, P=0.002,
n=29), F#t NEHHE EH B MR R I KT A s, R 5k
TR ACHL M AN 2 RO IR K RIEAE TE W o A, AT AN 23 PR R 5 3 A
I B R IR R (AR SCHER IR 1) p (KT 0.05). ARKFE E, HA7H
15 Bk A% M PN IR [B] B b R IS (R PEZH 1A 2% 22 7% (anova: p=0.005, p=0.005),
1M & AR B HE R B FRAR KA R 4 & L Ak (B (R B i A 35 22 e

(anova: p fHKT 0.05),

T M Rz A A 381 T T A% b P B[] gt , [ B 3R A 30 [ 5 g (1]
Wik (R?=0.352, P=0.0002, n=35; R?>=0.469, P=0.0003, n=30; [&3.9),
(ELR ST i W B 12 L B 1) AN A T 463 1B ] 5 B2 0 8 S5 ) o
PRS2 (BB M OCTE o A, I I A AN 2 B LT L S S ) B A
A B RIFEKEITAE . AR, MATH AL BRI IHE I (AR 50
¥ p KT 0.05). tbgb, kX SRAREE B BEI AR oA, FRATTIER R T
Rl ZHA A [ A EAR A (&) 3.10)

TSR, B =2 — 1R RER A hdiEa (13/35, & 3.9,
K 3.13) 0 RAUK, FEFZTAE AR T, B P H ) 2R RIS A i 5 8) (18/32,
Kl 3.9, 3,130, [FI, Joig @il Ak rhid s s i Al b 2 45 B B IS IR) K B2 R A7
FEARKMAMEZES (B 3.9, B 3.13). fEMEKF b, EEMHAHR T HREME
1o TR IR (25 Kvs 12 K, 3R 3.2; pairwise t-test: t12=2.05, p=0.02),
(ERERTE AN —# G RE#R (pairwise t-test: p HIIKT 0.05). i
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TRE MR T A (A FER KPR AE | (R? = 0.417, P=0.00003,
n=35; R?=0.258, P=0.005, n=29; K& 3.4). AR L, SHAEKTITMHT
I IAE %% LA B Z R (anova: p=0.0002), SRTMI{ERZITHERIR AI1E D L
WA 257 (anova: p=0.022). Xf T E5H fE B BURIIN (M BTN &, 7RS4 [
A% 5 (anova: p=0.20), [FJSH 55 R BEh i fe e BF B9 2 [ AHOCE (R? =
0.017, P=0.47, n=34) .

Figure 3.9 Travel and stopover days during migration of individuals from the first tracking
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F3Z &R

(a) BRI, (b) BFILHE. BOLR UTHE, AGERREFHHE. Hh 040 SAERK

M BUE — P BRSO, 033 SAMREVR FRZEAE IR 08, 025 SR HE I
BB s, 015 SAMARLE 2 H 5 SIBEME 5 E5, 1 005, 008 I 024 S MALETT 4R
FEHERTEREEE S . BPAMRIE AR AHET, R4 ARAEE ST da i R AT HE T
bird_year [IEIEARFHFTERIA OrAHEWE 3.0,

(a) autumn migration and (b) spring migration. Travel day, in black, and stopover day, in white. For
individual 040, no data were obtained during the last period of its autumn migration. For individual
033, no data were obtained during autumn and spring. For individual 025, no data were obtained
during spring. Individual 015 was not tracked after February 5th. Individual 005, 008 and 024 were
not tracked during spring. Birds were ranked by group and ranked after departure date within group.

The color of bird_year represents the group of the individual (grouping see Fig. 3.1).

Cumulative distance(km)
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Figure 3.10 Cumulative distance travelled over time from the first tracking year per group
(a) LIZ (SD), (b) #iF (YS), (c) M (HZB), (d) WILE#F (SZD), (e) B (SCS).
— AT AT —A bird_year, NI RN EIHEIEL .

(a) Shandong (SD), (b) Yellow Sea (YS), (c) Hangzhou Bay (HZB), (d) South Zhejiang (SZJ), (e)
South China Sea (SCS). Each line represents a bird-year subset. Bold lines represent the part of

post-breeding period.
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* 3.3 BERIEHER ESER

Table 3.3 Temporal aspects of migration

4 Bird_year ZFH J5 M B A KT
EAERFE REC EIERE RE IR RE

SD 030 2018 201-340 140 340-341 2 54-55 2
013 2018 196-339 144 339-344 6 60-61 2
007_2018  200-340 141 340-343 4 58-59 2
035_2018 208-1 158 1-2 2 55-55 1
038 2018 219-339 121 339-340 2 49-50 2
044 2018 180-342 163 342-345 4 62-63 2

YS 009 2017 202-8 171 8-11 4 56-58 3
032 2018 213-338 126 338-341 4 38-58 21
002_2018  197-339 143 339-356 18 41-65 25
006 2017 204-334 131 334-351 18 38-71 34
034 2018 203-358 156 358-363 6 63-65 3

HZB  013_2017 208-344 137 344-6 28 38-54 17
016_2017 206-345 140 345-359 15 44-46 3
011 2018 190-338 149 338-344 7 64-67 4
007_2017 202-346 145 346-13 33 44-61 18
019_2018 192-338 147 338-9 37 63-66 4
008 2017  209-333 125 333-5 38 no data ?
011_2017 198-345 148 345-5 26 69-70 2
025 2018 203-340 138 340-1 26 no data ?
036_2018 204-339 136 339-342 4 68-73 6
006_2018  192-340 149 340-2 28 36-? ?
043_2018 215-360 146 360-362 3 28-61 34
017 2017 173-323 151 323-335 13 82-83 2
029 2018 2 ? 340-20 46 62-67 6

SZJ 024 2018 214-338 125 338-353 16 no data ?
027_2018 204-338 135 338-47 75 69-73 5
017 2018 ? ? 333-347 15 91-96 6
031_2018 202-324 139 324-45 87 70-73 4
002_2017  198-322 125 322-346 25 24-71 48
028_2018 213-338 126 338-28 56 55-57 3

SCS  041_2018 205-340 146 340-13 39 39-74 36
033_2018 207-360 154 no data ? ?-73 ?
005_2017 204-353 150 353-16 29 no data ?
019 2017  199-333 135 333-31 64 49-83 35
040_2018 210-338 129 338-43 71 77-105 29

0152017 198-345 148  345-13 34 27-2 ?

Tk Fr 1365 % 1 A 1 HEN12 A 31 Ho MEKIE S A3 THF (SD: ILZRH, YS:
g, HZB: BUNISA, SZJ: Wiilmi#idl, SCS: miMEdl), 1E4d A AR PR 25 20 th i
ST (P HITAE 3.1 029 S5AMEM 017 SAMELE 2019 AR I3 [3] S5
BT

Table notes: The Numbers 1 to 365 indicate the period from January 1st to December 31st. Birds
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were ranked by group (SD: Shandong, YS: Yellow Sea, HZB: Hangzhou Bay, SZJ: South Zhejiang,
and SCS: South China Sea) and ranked by maximum distance within group (grouping see Fig. 3.1).

Individual 029 and individual 017 did not return Xingrentuozi (breeding area).

3.3 EEMITHENFERERIEE

B 010 5 8 5 MAF 011 54 (B4 bird-year $3J& THUNELD 4b, HAR
6 MBI AMARIPIAS bird-year 737l & T AFRKIAH (3 3.1, B 3.1, JATATLL
ML H /> bird-year [MEIEJG S BB A /N2 — bird-year [EIEJ5 S E 2
frokadh o AT, 58 A bird-year [FIEAE %28t 5 A1 BB, SRt T8 1 f5 PR S
AR ZHRTFATSIHEL (£ 3.2, B 311, K312, 011 SMEERE
BRI AR IE BEE P E W LR e LR A (3R 3.1, 311, B 3.12), HIEIEAE
F 266 2 AT A BT BN [ 7E 47 SR EDAN R AR R . X T AKSRIEAET S, 0112017 H
T KA AT H AR T PR, (H 011 2018 HIEESE K EAH; RMTE
FRITHEF, 011_2017 WA 7R MmE (& 311, B 3.12, E3.13). XFTH
fih 6 RAMAIT 5, AN 23 [ I 2 I RIS AP ARSI HE 7 A7 o 2 TR A7 72— Bk
HAR L . BARTT &, H 2 RAMEEE A bird-year & K 7 41 4 AN HIAH,
[FIET, Bk 002 S AMAEFAEHTE H AT A AL, HRAMAIEFBR 2 B A 3L
[T AE R E B B A (38 3.1, B 3.11, B3.12). B4k, HFRHEITHED
o TR B8 RS Lk B (] 35 R s HE B R R (%33, 1&13.13)
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Figure 3.11 Migration trajectories from two different tracking years (2017&2018) per

individual

(a) 002, (b)006, (c)007, (d)010, (e)011, (f)013, (g)017, (h)019. 010 SAAYIEEEH
PRAE BRI e . BHEMT BONIS LI, BHE M BONR AL 0, RKERITHERY BN R 6, KT
TR AT B BN 0, R BONIE (0, BIRITEN BONRMER (0, FFRITME g5 5

W BONE R

(a) 002, (b) 006, (c) 007, (d) 010, (e) 011, (f) 013, (g) 017, (h) 019. Individual 010 did not migrate

for the two tracking years. We distinguished between breeding season (dark red), post-breeding

period (orange red), autumn migration (dark orange), autumn stopovers (yellow), wintering site

(blue), spring migration (forest green), and spring stopovers (light green).
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Figure 3.12 Migration routes from two different tracking years (2017&2018) per individual

(a) 002, (b)006, (c)007, (d)010, (e)011, (f) 013, (g)017, (h)019. 010 SAMAPIEEEH
PIAE I RITHE o SRR AR E A bird-year, L EIACKAR bird-year FI734H (5
HAFERE 3. D 011 SAMERFER TR — 04 (HZB), BRI X 7 7R & k2L .

(a) 002, (b) 006, (c) 007, (d) 010, (e) 011, (f) 013, (g) 017, (h) 019. Individual 010 did not migrate

for the two tracking years. Each route represents a bird-year subset, and the color of route represents

the group of the bird-year (grouping see Fig 3.1). For individual 011, two bird-years are in the same

group (HZB), so two routes are distinguished by the shade of color.
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Figure 3.13 Travel and stopover days during migration of individuals from two different

tracking years

(a) BKFLAE, (b) FFEILE. BEOFR UTH B, BERRERGB. Hd, 006 5K
2019 2 H 10 B J5iBEE S ER. EF bird year MRIG/NAF bird-year HEF, bird year ]
PRI EM A (v B 3.1,

(a) autumn migration, (b) spring migration. Travel day, in black, and stopover day, in white. For

individual 006 was not tracked after February 10th, 2019. Birds were ranked by bird ID and bird-

year. The color of bird-year represents its group (grouping see Fig 3.1).
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Figure 3.14 Cumulative distance travelled over time from two different tracking years per

individual
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(a) 002, (b)006, (c)007, (d)011, (e)013, (f)017, (g)019. &F—2HTLAXFE " bird_year,
HEIEARLERNA HELE 3.1, ISR R EREIEN . 011 SMARERT
[F—A4 (HZB), SZZfREE 011 2017, KEZRIR3E 011 2018.

(a) 002, (b) 006, (c) 007, (d) 011, (e) 013, (f) 017, (g) 019. Each line represents a bird-year subset
and the color of line represents the group of the bird-year (grouping see Fig 3.1). Bold lines represent
the part of post-breeding period. For individual 011, two bird-years are in the same group (HZB),
so we distinguished then by solid line and dashed line (011 _2017 and 011 _2018 respectively).

3.4 IhgE

B X GPS 38 EFEUE TR AL, #5937 30 BB SN, LB
BN AIF R T 38 A bird-year. MR ERSIEM I O IR B X IX 38 4
bird-year #4T 7434, 557 SD. YS. HZB. SZJ 1 SCS Hiit Kt i/
WU, 3T BRI AER T, DL I A R S A KPR
HARPFRIG 2R R ik, RAOTRIBERITHE, REEEBEIS, Ak
JEAE A 1A 7 TR AR B 1) 7 T, AR 2 P, #RAEAEAR B AR 25 55 T 250
JE BT B VG R AkS LE I TR)CE AN AR TA) R 2H [ 4R O 38 22 . Ab, dlid
St 8 HESHE R MAMAIT 4T J5 R B, 2R RS IR AE A4 B R B AR AR (P
HAEAS R 2 [R] I A % 2 R IS [ 43 i P 2 55 PRI
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L4

4.1 BREMS5IRGHMNELSBETEITALNFES

BSJ& (Larus) 72 —RMF M5, A 23 #, HdhEpAAH 8
BAFIFRY (Larus canus) 558 (Larus argentatus) « KB (Larus glaucescens) « b
MBS (Larus hyperboreus) « X158 (Larus schistisagus) ~ R ERKS (Larus vegae) -
AR (Larus cachinnans) F1EJERS (Larus crassirostris) » Ferh 3% JIAR IS 1 22
K97 55 9 A5 . (Gill and Rasmussen, 2020).

BN JE KA ZL, BT REMITWEAT I DFAZ, K/ R
K (Larus fuscus) WAH A 5T i RN o« LIRS FI/IN TR 25 2 5 R (IR
o PR IAI At X PN 43 B TE] A 3.05 FJ54E; Jetz et al., 2012),
B HFEITHEAT N EZERIR K.

/NERAS RS F B AGTERVETE, A AVE R, TERRI. . JEPHATILSE M
¥IH G5 (Calladine, 2004; Snow and Perrins, 1998). /INA RS [r13E HE 1 28 AH X6t
fAi7& B 4% (Baretetal., 2018; Shamounetal., 2017; Raymondetal., 2012). 4t
A58 I BRI R AT AT, /R B2 B fh b XA B s BRI BERE 622 R B,
HR K EERERE KFTMHE v FFEHE: 83 K w23 K; Raymond et
al., 2012); B/ SR TIREEM, KRRKIMA 78 EER IR RA

ML R, SRS R At B 28 W 43 B I 203 B 52 2% HLTE VA I P 5% LA 9 (1 F ]
T2 T /NRERG, [, BRSO LR 2. HE, B2
KS%5. FKPZAEAL AR MK 2R b (T v HFITHE: 25 K vs 12
RO HBENT /N B R R R 2 . AL ANAE T2 Rl JE — AN S
(RN 2 (B E TEAE B B R % A7 AR AR ORI MAZE 57t R — MARTE R KT 2R
TP B 2R e % B RIFE AT 22 0, /DA 3L A (R i A i T A7 7 2 AN R A
(Raymond et al., 2012),

LR B Ty TH, RS MAR A 22 7, (I AERE BRIl R (SD) A
SR B A 26 1km, fx K HIREHEAL (SCS) “FHEEES N 1946km; {HJE, /NEFFRY
[0 R B AT A AN PR B I 1A) 22 5 B K (475km vs 7239km;  Shamoun et al.,
2017; Bustnes etal., 2013), H/NEEEYITAHERE B3 96 Bl B KT Iz

36



BAE

%, GBS E, NEERHEIE R T HEER (Shamoun et al., 2017;
Bustnes etal., 2013; Raymondetal., 2012). CEWIFKRIL, 15/ B R
FERVET G W B & S8 (Raymond et al., 2012), {EAEIRATHT7TH LT
A BATEAEAT A B RIS A 100 R UL IS G BL. Behbh, SRERGA 4
PA_E AN A AE T A 3 v i e e b g A5 B R ST R TR 8 AT B A, A A
RZ P IERE: M2, NBERSTEX T E HEER, AR/ A

THSERE T RIS, 2 AMRER T 2R iE{FE (Raymond etal., 2012).

BEAh, IEAERE B RO 1 R R R AR R RATEE B TR, IX AN R T BRI
(Shamoun et al., 2017).

Y BRI 5N B RS IT AT N EE M R F LS TR 4.1,
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JEBY Larus crassirostris 3T HE W5 0T 58

® 4.1 BEEENETEIETAEENRFAR

Table 4.1 Main similarities and differences in migration of black-tailed gull and lesser black-backed gull

Yy HERY Larus crassirostris /NBEERS Larus fuscus
AFR FESAE R RPEFE (R EPH S AE AL SE PSR 7 3h)
TAPERE RS 261km vs 1946km 475km vs 7239km
IEPERS 2 g g, R Rt I SO
g B HL AT B Wi, B, W W, W,
s ATESME PN FIESRAT, A 2 AT EAME RDES AT, Z2HEZ IR IEIFER
LI G B A BB AR T 100 K, 75258 220km JEH A i S VTS S N ETE 5% SR SN
AR RO I 8] B2 22 e BN (12 R vs 25 KD BUK (23 R vs 83 KD
ITHERE B vs FBHEEE JIE L ToAH A
LFE S TR MEE R 1FE1E
HFERITPERS &1 % 7 1E1E
FHR 45 B R R T) S AR O 1R
HH s e I CH ) R RO A 3 R 1R
o kIR NS Baret et al., 2018; Shamoun etal., 2017; Bustnesetal., 2013;

Raymond etal., 2012; Calladine, 2004; Snow and Perrins, 1998
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4.2 BRERGHITHEREE

SRS T SRR B IR R IAMAZE R T — AT S, HAEA RS
Z IR A /N BA S B — FEIE B BLFE #E 58 (Shamoun et al., 2017), T2
HABRKI RGN REEITHER L. iR ah i 8 . i 85V 2 5 m
WAATERE 2R, BT A 1 2RI A #5174 R B 5 7R M
Hb B AT BB R B S 05 30, AN B N B . 2 RS T 4R
BT JE I BRI (AR AR X B o A, BE RS T AR BRI HE M I (B AN 2 FL T
TR A8 1 ) P 20 0 ST PRS0 T A 52 B ST b B 3 R AR AL R R . £ ) 2017
FEFN 2018 A AR K T HE X AK A 2= 1) HAURASAE, T DU I 8 R S 3 i e BT
IR RIEFERRIRI A ESE (4.1, BEAh, 2017 4EH12018 4, HEEMSIE
FAE 12 A EAIFIEREIT A MA SR | 2, JUHGRTE 2018 4, RZHME
e 12 4 HE 12 J 8 HIHIAMKZTM (£3.3), MWE 41 7K, XBE
SURTRE . EH BRI, RO R A A R R R R T AR E A

EHEKPENITHS T, R TE T AL M £ LA 2 R . TERTH
“ (SD, YS) i, HTIEHERIBEEE BN, SHMEIERKN A LR 7%
BT K M TIEAERE RO 1 5 =4 5, TR AEIN], ZHAMRIER T
HRIE B, (HIERZE, AT AT F R I R B IR A2 & vh AT IR SR e T 22
K. B, BREMAMAEANAAFAER 1] £ (Anders and Thomas, 1997;
Alerstam and Lindstrom, 1990) MG HEEH#EH > (Anders and Thomas, 1997;
Alerstam and Lindstrdm, 1990) PFIEHE SRR 2T, 1 HIH—AMERAH

BT 2000 2~ B, PR R R TR R RO MAY JE T RGEEE B AIENE, I
IR R B VF R I 77 AT 18] e g BB, sl R R R RS R AT BRI B IR HAUR
A, FEBRARKCE L, TR MEAER . T B R MR 1Y
ILPERIG R, HiEHBIEKETEYE. FR, BREEEKEEITHELE T Al
K HAP 245 B BB A 22 (R I Bt 75 & Ak 5 b 35 2 L AT S8 0 I ) i e v
TP [ 5 L AR AE SRS PR i A o DRI, AT TN PR R RO AT SRS e 2
Fit LA FR B B S P A P 5 LS B R R A O

HEAt, 75 ST JE B B e R 2R AR P 2 I I 1] £ 1o e A IR = AR T BB
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Bro HICIRATHED . 8RS AE BIE Jm By BOWHR TR AGEHERAT 1 R0 R RS T5
T A AER, XA R R R R B B« 75 P 5 B LA S e AR AL BEAT i
15 BB A S TG T AT I RN AT 7RI B B, AT R T AR A

EERRE, RATPHERR M EA —0)E TS, Bl 010 5k, i%
AMRTERIB BT T I PRI 18] B, A BEATIEAE . X HE— DU 1 R B EE
PEATON B R SRR BRI SR, ERIFIE—E BT IE M E S .
I, W ECIEAEER B B R — 4 QLI ZR4D), v BUR T AERBE SR, H. 010 5
AMAEAREIE T W B RN (B 301, B 3020, Bk, BATHEN R
RS RIEPERIHL T BERCN R 2%, FFARIUAGE DY 1 81 R R U i B
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Figure 4.1 Daily temperature of Dalian, Liaoning, China in autumn and winter (2017&2018)

(a) KIEHH 2017 4 11 H 16 HE 2018 4 1 H 10 HE, (b) K#ENH 2018 45 11 A 18
HZ 2019 4F 1 H 3 HAIR. HE&SSEAEEMZE, HRRENEENZL. KEHE

TN RS A K ZRT AN H I CRARHIIER 3.3), B LRr ok BEBKAMARE .
SUAREHRE R B RS SRS B RE T 2 RS (https:/lishi.tiangi.com/dalian/index.htmD) .

(a) Temperature from November 16th, 2017 to January 10th, 2018 of Dalian, (b) Temperature from
November 18th, 2018 to January 3rd, 2019 of Dalian. The orange line represents daily maximum
temperature, the blue line represents daily minimum temperature. The gray shadows indicate the
start date of autumn migration of black-tailed gulls (see Table 3.3 for exact dates). The number on

the shadows indicate the number of the individuals. The temperature data is from weather.com
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historical weather query for Dalian historical weather (https://lishi.tiangi.com/dalian/index.html).

4.3 EEMIFE

HARBATAIREEL R 30 MME (38 4> bird-year) 7EIEHEHLR AR -2 7R
R, ARSI R — S B A I SRR AR R s 17 () — AN SO0 AN R AN T
&, MHTT AR, A ARG F AR R A A 1A AR L i v i
HuRfE . b, AEaLERUN g TR (R 3.1, Bl 3.3-K138,
B 3.1, K 3.12), GREEMARE. EEIEaInt, SRR R s R K
AR T — A R R B UG R B . B T 7R SRR R, AT STIE R R
FEAL T o 1L AR A S I AR L BRI S e AR R L BN L, H
T BRI S UM LA A 5 ] B Ly i )\ AN B B B, (3R 4.2), JH R IR L A
J LB R R DS L B AR AR e v, ELAE X BT R Vi R R RS R 2 B ([ 3.3- &
3.8, E3.11, K 3.12). TRiXEEREIEH ML EN L, 2R RS B 1R A
WA, FRATHENIZ JUAL ] BE B BONF & BONE & BRI AAF, HRXiE
B — 2 1B A5 SR BB E

TEAEBERA T T, BRRRGH AR BERAUEN f—, FERIEEH. B
FHEVE o AT Hofth— LR 505 BE T RS 8 R £ 31 py et 5 Bk Bt 4 (Raymond et
al., 2012), MRREIGRES) X ER & Wl e E e, JLPF AN N . 5
SR B AR R RS HCE AL B T TR, (7R I s E R R ¥ R N SRS B 52
BB s, BRESELG NSFAAL 3, B AR A R A L B
R, MEHE TImEaI S MG . oh, BERYENT WYL, H
AP H A2 D Pk, B 7RSI B BT R A, FRATE AT k4%
5 B RIS I AR i th 22 B I A% B 103 JUAMSE ST s kAT B AN AR A, IXBEAA
TIRAT S B AR R R R R A AR L, AR TR T R R R AT R RR AT A LE
W IIAT R EE, DA STT Rt — 0 IR A A O I A 3 A A AT 50 8 A% L o) 0, 475 2
DR 8 42 0 2 53¢ 2 56 77 T RO 9
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R 4.2 AT AL RS R RS A BB F AR

Table 4.2 Important sites of black-tailed gulls except in the ocean

{eER A B fe B 2 ) AR MEsE FERE
B G F)
HH ] AT VA5 0O L A Byl 10 59(28-113)
LA a8 1 16
] L AR AR LR A R 5 72(54-82)
LA g 2 32(29-35)
H e e e A Hh 05 2 33(12-53)
IEAE P 45 B 4 16(6-32)
B E 2 5y A Byl 2 49(46-51)
LA g 1 14
HUME S yisye] 1 43
IEAE g s i 2 20(17-22)
HH ATV 25 1L A Hh R 3 53(23-110)
AR i_5<tm By 3 53(33-92)

W E L R B TR IREEH 12(5-17)
RyE: RPGE 7R T EER R B A EEAL T4, RS B 3 )k S L b s 8 s
R ERESE IS A5 B A A HES IR 12 1 2 R Y I AR 2 3D

(%)

Table notes: We summarized the locations and habitat types of the sites those 3 or more black-tailed
gulls traveled to, except for the sites in the East China Sea and Yellow Sea. Sites ranked by the

frequency of individuals from more to less.

4.4 INgE

FRA A0t b R R R 5 B & 5 Ah— AN AT I R NG AT D ST SRS B AT
PN AT B 0T LI 18, RO B R RS A B — S ke, (I S5/
B HRE AT A EA — L3, [FIRE, 2R RS A SRS () PRt B R 0%, IX AT RE
A5 BRI (I AE VG FEAR X BN O, BB RG  BAE AR L X V3, /N T R
BEEA UMICBRH X TR AR JEH X (Bustnesetal., 2013). B4k, A48T
B 56 A ARG E T (R4 BT 5 A 8 R B H RS 350 v A B R, FRATT X 845y
s AT AR Dy B R I AR SCHIE 0 T e B AN A e —
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AHFFET GPS BB, X REES IIEHAT AT HE RS AT T YIE
BEE o TATBH VA B RS ITHE & AN BB AT R 4, 33 7 SRS (i
e L. IR EU A AL B SFE R, JERGE T RS ITAEE P ] 4 i
TH0L, VP EYE T R RERS TR P BhAh, B8 T R R R A bR vl
A PEALEAE RN (iR GBI BIRAT, RATEEI T LT 4 MR

(1) BEREARIAARR FIEAE 2 22 IR K, BIMERTER —4HN (KIEIE
PR PR B AT 025D, A [FIAN R 2 TA)7E R A Hb P38 PR AT Ak B 4R 13k 3 B AAS
FA—8hE, AN (]) LA A g s dioi .

(2) BEARBETHRGRRMAMEAZE RN, (BRAITHITHE MERER T
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1L R ARG A

(3) BERSIEHEKHZITHETFE P ARSI . BTG . B Rk 42 DA K
AT T HAAFE— B ZE R . MEKE L, MERITHEAL 2R R ARG (25
K ovs 12 K) HPEEBRIIREREZ (1.3 vs0.6); JEAM A B Hz M AMATE Rk
LA TP A ) TR B ARE LR EIT ¢ (RLERE A e i), 7EH T BARIAF
TEFIMK RS, (BB ZRITHERT B R RS & ik B2 AT I 3 K R
Wk HAh, FRERG LT A STER K ZRIT O ik A [F) 1 s 2R B 3L A g 1
A

(4) [ —AMEFEA Ay 2 AT A SRR (R IR R R AR T R, BB R RS 1T
PEMAERR B AR . BRI S, AR RN AR A, A 2
TRR A BEAT 58 AR S M AMA, A AR SN o TS A (9 B (] 43
FCJ7 T, WA BA — SR

52 RE
AT LA GPS BEHIR, JFRE T R RBRHEAEAT AT AE S g if
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Bt R

R script: Core script of the algorithm to distinguish different segments for
one year of GPS data of the birds. Annotation is printed in bold and
parameters setting annotation is printed in capital.

library(lubridate)
library(tidyverse)
library(ggpubr)
#Function to calculate haversine distances between points (taken from stack overflow...)
dt.haversine <- function(lat_from, lon_from, lat to, lon_to, r = 6378137){ radians <- pi/180
lat_to <- lat to * radians
lat from <- lat from * radians
lon_to <-lon_to * radians
lon_from <-lon_from * radians
dLat <- (lat_to - lat_from)
dLon <- (lon_to - lon_from)
a <- (sin(dLat/2)"2) + (cos(lat_from) * cos(lat_to)) * (sin(dLon/2)"2)
return(2 * atan2(sqrt(a), sqrt(1 - a)) *r) }
# Load gull data
gulls <- read.csv("G:/XH/data/002_2018.csv", stringsAsFactors = FALSE,header =T)
gulls[is.na(gulls)] <- 0
gulls %>% mutate(time = as.POSIXct(Time, format = "%H:%M:%S", tz=Asia/Shanghai)) %>%
mutate(time = format(as.POSIXct(time),format="%M"))->gulls
gulls[with(gulls,time<30),]->gulls
gulls %>% mutate(Date = paste(Date, Time)) %>%
mutate(Date = as.POSIXct(Date, format = "%d/%m/%Y %H:%M:%S", tz=Asia/Shanghai)) %>%
mutate(Date = round_date(Date, "hour"))->gulls1
gulls1[!duplicated(gulls1$Date), ]->gulls1
gulls1 %>% mutate(log_prev = NA)%>% mutate(lat prev = NA)-> gullsl
for (i in ¢(2:nrow(gulls1))){ gulls1$log_prev[i] = gulls1$Longitude[i-1]
gulls1$lat_prev[i] = gulls1$Latitude[i-1] }
# Create a date vector with all days, to NA fill data
date_vector <-as.data.frame(seq(from=min(gulls1$Date,na.rm = TRUE),
to=max(gulls1$Date,na.rm = TRUE), by="hour"))
colnames(date_vector) <- "Date"
# Make sure that "gulls" are in chronological order
gulls1 %>% full join(date vector, by="Date") %>% arrange(Date)-> gulls2
### SET NR OF TIMESTAMPS(NR OF TIMESTAMPS CORRESPONDING TO HOURS)
AND BUFFER DISTANCE ###
t=192
km =15
dist_buffer = km*1000
#Calculate New segment if moved #Correct segment for returns
gulls2 %>% rownames_to_column() %>% mutate(dist = dt.haversine(lat_prev,log prev, Latitude,
Longitude)) %>%
mutate(Newsegment = ifelse(dist < dist_buffer, 0, rowname)) %>%
mutate(Newsegment = ifelse(is.na(Newsegment), 0, Newsegment)) %>% mutate(Newsegment =
cumsum(Newsegment)) %>%
mutate(Rsegment = NA) -> gulls3
gulls3$Rsegment[c(1:t)] =0
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for (n in c(c(t+1):nrow(gulls3))){ if(is.na(gulls3$Latitude[n])) {
gulls3$Rsegment[n]= gulls3$Rsegment[n-1] }else{
gull<-gulls3[c(c(n-t):c(n-1)),]
gull<-na.omit(gull)
if(nrow(gull)==0){
gulls3$Rsegment[n]=ifelse(gulls3$Newsegment[n]==gulls3$Newsegment[n-1],
gulls3$Rsegment[n-1], gulls3$Newsegment[n]) }else{ for (j in c(1:nrow(gull))){
dis=dt.haversine(gulls3$Latitude[n],gulls3$Longitude[n], gull§Latitude[j], gull§Longitude[j])
if(dis < dist_buffer){ gulls3$Rsegment[n]= gull$Rsegment][j]
break }else{ if(jJ==nrow(gull)){
gulls3$Rsegment[n]= gulls3$Newsegment[n] }else{ } } } } } }
#Calculate segment
gulls3 %>% mutate(segment = NA) -> gulls4
gulls4$segment[1]=0
for (k in ¢(2:1)){ if(min(gulls4$Rsegment[c(c(k+1):c(k+t))])<gulls4$Rsegment[k]){
gulls4$segment[k]= min(gulls4$Rsegment[c(c(k+1):c(k+t))])
telse{ gulls4$segment[k]=gulls4$Rsegment[k]} }
for (m in c(c(t+1):c(nrow(gulls4)-t))){
if(min(gulls4$Rsegment[c(c(m+1):c(m+t))])<gulls4$Rsegment[m]){
gulls4$segment[m]= gulls4$segment[c(m-1)] }else{
if(length(which(gulls4$Rsegment[c(c(m-t):c(m-1))]== gulls4$Rsegment[m])) > 0){
gulls4$segment[m]= gulls4$segment[c(m-1)]
Lelse{ gulls4$segment[m]=gulls4$Rsegment[m] } } }
for (b in c(c(nrow(gulls4)-t+1):c(nrow(gulls4)-1))){
if(min(gulls4$Rsegment[c(c(b+1):nrow(gulls4))])<gulls4$Rsegment[b]){
gulls4$segment[b]= gulls4$segment[c(b-1)]
else{ if(length(which(gulls4$Rsegment[c(c(b-t):c(b-1))]== gulls4$Rsegment[b])) > 0){
gulls4$segment[b]= gulls4$segment[c(b-1)]

Lelse{ gulls4$segment[b]=gulls4$Rsegment[b] } } }
if(length(which(gulls4$Rsegment[c(c(nrow(gulls4)-t):c(nrow(gulls4)-1))]==
gulls4$Rsegment[nrow(gulls4)])) > 0){

gulls4$segment[nrow(gulls4)]= gulls4$segment[c(nrow(gulls4)-1)] }else{
gulls4$segment[nrow(gulls4)]=gulls4$Rsegment[nrow(gulls4)] }
# Identify migration periods(Borrow the idea of density clustering)
# Calculate Nr(density) of each cluster and plot line chart to find out kickpoint(threshold)
seg<-unique(gulls4$segment)
segdensity<-data.frame(segment=seg,density=NA)
for (h in c(1:length(seg))){ segdensity$density[h]=length(which(gulls4$segment== seg[h])) }
newseg<-segdensity[order(segdensity$density, decreasing=T), ]
nsd<-data.frame(newseg$density)
colnames(nsd)="density"
nsd %>% rownames_to column() -> nsd
nsd$rowname<- as.integer(rownames(nsd))
###SET THRESHOLD DENSITY###
den_buffer= 65
# Join the clusters those densities are below the threshold(equal to noise point in density
clustering) together
migration=newseg[newseg$density<=den_buffer,]$segment
gulls4 %>% mutate(segment_sp = segment)->gull segment sp
for (f in c(1:length(migration))){ mig=migration][f]
gull segment sp$segment sp[gull segment sp$segment sp==mig]=-1 }
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Table S1 Morphological data of the 30 effective individals

MEGS  RE (L3S K BK BBk BEEK
002 465 445 352 134 57 48
005 562 456 373 141 61 50
006 505 430 359 137 55 46
007 540 459 385 146 59 53
008 608 478 393 165 58 51
009 605 441 386 152 59 49
010 415 425 365 145 56 45
011 570 404 358 134 56 51
013 440 435 360 141 54 44
015 440 430 370 145 57 47
016 445 438 373 148 54 43
017 475 443 375 140 53 45
019 455 415 348 135 52 44
024 470 400 362 140 53 46
025 565 470 388 155 60 51
027 520 425 385 152 58 52
028 530 420 395 162 56 53
029 650 420 380 155 57 53
030 525 410 380 160 56 49
031 620 435 360 160 64 50
032 510 435 380 155 64 51
033 402 420 360 144 57 50
034 395 400 345 145 48 40
035 440 400 350 140 55 46
036 550 410 370 160 58 48
038 510 470 390 165 56 52
040 450 420 365 145 54 45
041 440 425 370 150 54 47
043 445 385 365 155 53 45
044 482 385 380 155 54 51
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