EFREHLP S REHBIET L7
2/2)

SR P

EFPRFAFF RALEFLFL

PERRE 108 & 12 7

(AFLPF2EH BRAT L ER L 2 RAABHLL)






B4 ¢ GRB % : PG10801-0087

EPEELP 5 RIEABAEE LT
(2/2)

3 % 47 2

Fray tqrE 11745 =~

EFRARAFIF Rty FL
P EXRF 108 £ 127

(AP F2EH SRFL LT 2L APHL L)






P =
T et 1l
BBl S et \%
BB B XI
ABSTRACT ...ttt XVII
B m E 1
Fm B T T A 1
D o 2
DR OB LT s 3
o FEEFPBEHFHAALTH 3
o P 7
o EFEBENAL SHREFIEE L FIFR 9
S FEEREA T IRR 13
F IR OFET T UE s 15

3 5 AR oo 15
2017 & # {247 Bk Bt ¥ K FHH .23
AP IR RN BB L T 26

R A I 110 I 37



EFEATS b5 R RIS AR A 17 (202)

o N 49

N
»

T B TCE T 49
o & 2017 & B R R R R RS 0 292

N
»

2 AT HNIER] 93
e H FEREENDBLEFRAE (s 144
BT BELITEET TSI e, 147
P SAPFEHEELHERIFERE 152
-8 (ATEPE ®REN LB KRR 163
BT F OBEHEIEIR s 189
o 189
B2 B IE TR s 191



+
=~ =k

3-1-1 Fr# FAFEIEZITE P oo 16
3-1-2 FFEHFB A Z T B e, 17
3-1-3 FEE D B T e 17
3-2-1 SPOT i# % B2 E T M e, 25
34-1 AP EREHBFLAABEF2 GPS B, 40
342 AP HEDEHEFT LA 2 H REHY o, 42
4-1-1 FEE GBI PPEHIE o, 53
4-1-2 FEEAR L SR APEFHCE (oo, 55
4-1-3 Fr&E A SEATEEIER oo, 57
4-1-4 Fr & FBEA GPEHEBR 59
4-1-5 Fr# B AEFEIE o, 61
4-1-6 Fr & M ATEE IR oo, 63
4-1-7 B & R B PR H R s 67
4-1-8 Fr&E T A BFHN R A B, 69
4-1-92010 # 2 2018 # § Bt B A 2353 Bl 72
4-1-10 &P ETEEFBRAE R e, 74

4-4-1 23547 FEHEDALHT L Alcfod €= 145

A-5-1 B E BE G FEIEA oo 151



EF LAY HRERIELARS 2 17(2/2)

24-6-1 RALF AN LR AREFEDERFERN

BT B ooeeeeeee ettt 158
F04-62 EHRFITHZ A AE T e 159
2464 2P ERRE LRFEEEREFT 2D 162
% 4-7-1 £ L8 LB R E RS R o, 174



B =

B 2-1-1 51998 &# 9% % 1999 & 6 » MEKipd 2 3

B BE ettt 5
Bl2-12 52004 & 3% 5 117 4408 A2 A8 8L ... 5
Bl2-1-3 52010 # 37 3 127 L4484 A2 A BE....6
Bl 2-1-4 A+ F 129 KT s in P FTH2ALHETR.LO6
B 22-1 4P R B E A SHE TR oo, 7
Bl 3-2-1 5 2017 & SPOT 6 (5 Bt 25
B 3-3-1 &4F 2 2 BERA L 250m ERAER e, 29
Bl3-4-1 23 FREFBFED DR T o 39

B 3-4-2 71T 4% T 42 BAAIT L B e 44

Bl34-3 4% 04 % FRELT LB o 45
Bl 344 £330 3 % HEFRARLT LH o 45
Bl 3-4-5 £ 0 B4R T FRT DB e 46
Bl 3-4-6 £ 08 Btk ® A FRDT DB o 46
I S 50
Bl 4-1-2 & T30 fBE G R e 51
Bl 4-1-3 FEEF 5 T B E G R s 51

Bl 4-1-4 FrE BT IR R 53
v



EF LY S REAZEAES S 47(2/2)

Bl 4-1-5 BERE DT IR E R e, 54
Bl 4-1-6 FrE A ST IR E R e, 56
B 4-1-7 B & AFEAhT 38 E R 58
B 4-1-8 & B A PTMER e, 60
Bl 4-1-9 B & M NT 0 E B e, 63
B 4-1-10 Fr & REA T 308 B s 66
Bl 4-1-11 fr& 7 A SFEDTIEHFBE G R e, 69
Bl 4-1-12 % 2010 2 2018 & 1 1 12 * e Bt B A 4n ¥k 71
B] 4-1-13 % 2010 %2 2018 & 1 3 12 *® 53 }i#ﬁﬁz ............ 71
Bl4-1-14 AP ETHEBY 2 BE R FRYR ... 74
Bl 4-1-15 Frae Py L5 5 & Tian i & CAB% ... 77
Bl 4-1-16 fr& L3 & a5 6-10 & Lo g % 484 ... 77
Bl 4-1-17 e 4 A3 gl ? T8 8T ... 79
Bl 4-1-18 fr# 6 fA: B 2JgMsE= ? THRER ... 79
Bl 4-1-19 fr# 3B RIREF P THOREKE 80
B 4-1-20 fr& 3B EAE ) THREE 80
Bl 4-1-21 & 7 % 853 G (o, 81
Bl 4-1-22 BrEHFZEFEAIG B 83
Bl 4-1-28 g & TRIM 3 e 5485 o 84

VI



Bl 4-1-29 ¥ #F& TRIM 33 e R A8 % oo 85
B 4-1-30 g4 fr # TRIM 4 8% 5485 oo, 85
Bl 4-1-31 44 & TRIM 47 SR 5 48 % e 86
B 4-1-32 17 5 8 & TRIM 3 B F48% o 86
B 4-1-33 3878 & TRIM fp B F 485 87
Bl 4-1-34 #-3gf1 & TRIM 4 R 6485 o, 87
B 4-1-35 B3 fr& TRIM 33 BB 6 AR % o, 88
B 4-1-36 B Aok 6 frE TRIM 47 80 5 AB% e 89
Bl 4-1-37 % 48% A 1T (DCA)EF o 91
Bl4-2-1 22017 F &2+ REFEITRAZIER oo 92
Bl 4-3-1 B A FIERLE S e 95
Bl 4-3-2 TR L FIRRLE T e 96
Bl 4-3-3 A T IRRIEF 97
B 4-3-4 < BEE A A T IERIE T e, 98
Bl 4-3-5 ZFEFA T IERIE T e 99
Bl 4-3-6 B 5 2 F FRRILE T 100
Bl 4-3-7T saFZ 0 FIERIEE 101
Bl4-3-8 ZHE L FIFRIEF s 102
Bl 4-3-9 ‘=B RFAe FIRBIE T 103

VII



£ 5 U
®l 4-3-10
@l 4-3-11

®l 4-3-12

B 4-3-13 7

F] 4-3-14

Bl 4-3-15 | o

& 4-3-16
& 4-3-17

Bl 4-3-18

&l 4-3-19

B 4-3-21

B 4-3-22 | & #

&l 4-3-23

B 4-3-24 % 4

] 4-3-25 4

&l 4-3-26
& 4-3-27

il 4-3-28

4—;’ ’]‘% 1+ éﬁ. gL g3 5] 3\%&, i (2/2)

| RERG A FIERIE R

- A O T

TR AgS E TR

2ARE A TIPS

’f%;’rib TE"",? A\—#F?FI/?J%:



Bl 4-3-29 X B2 A FIFPRIEF

B 4-3-30 P BZAEA T FERLE T e
Bl 4-3-31 9254 T FE RIS B s
Bl 4-3-32 ABIEIGFEA T IERLEF oo,
Bl 4-3-33 0 BT A T IERIE T e,
Bl 4-3-34 ] & =BA FIRRLEF s
B 4-3-35 £3BE A FIRRIE T o,
Bl 4-3-36 & A T IERLE F s
Bl 4-3-37 WERAE A FIERLE F s
Bl 4-3-38 FBEEAEH A F IR % e,
Bl 4-3-39 2 G TEA T IR F
Bl 4-3-40 S A FIERIE F
Bl 4-3-41 R 18 2 FIERLE F s
Bl 4-3-42 A0 ¥rB & FIERIE F o
B 4-3-43 0 FGLE A F IR RIS T
Bl 4-3-44 < FEFBA T IERIE % s
B 4-3-45 0 TEFFEA IR RIS F
Bl 4-3-46 T vEA T IERIE % s
Bl 4-3-47 /] 3384 T IR % s



EFPEHAY RIEHBEAER LS $7(2/2)

B 4-3-48 BEIFA T TERLE F o, 142
Bl 4-3-49 7 ZFFA FIRRLE F o, 143
Bl 4-5-1 %73 BAE 5t A BA T Bl 148
Bl 4-5-2 A5 2 B DT 3 REE 149
Bl 4-5-3 A Bt B2 7 3 KRB 150
Bl 4-5-4 PR el s 2 BT R REB 150
Bl 4-6-1 eBirdapp (T /1 B oo, 154
Bl 4-6-2  eBird Taiwan 3 FHL A B oo 154
Bl 4-6-3 £ FATEBE TR AT e, 156
Bl 4-6-4 £33 HE FEINEAR 160



MetF T £ ~ 58~ 25 S HRIE

EPRFOFFRAST 1995 &2 218 e HFSHHEBLIFNE > L
P A 112 ZHAIT T X 2 PR AT REF @ S E 2T R 5 o 3
BAREPRFLFIFET S50 T A RFPRAET 2 B SF 2 A3 4
HARAFTHE LR L EAME B AT FLBEANATHE 2348 &b
- HFERAF SRS HEME IR R AT 20 E A R
Sk PALR KRS F R B AR R A B T Y
(gap)  THRONAKEDE R4 PR F2 P BRT IR oy Fm

ArF ki 2EdF 0 ¢ A A2018 2 2019 £ L £ iF

2019 & 1 fF38 p

(=) HE 1998 &3 4 b g RITA 24 4 5 ik R H R 1 4

3 o
(Z) MERTAHZ 2P Fesp s 280 J R P EES ERT
FOTERIETEREB AL RS T T MRS P SRR

1 .
(C) BERTERSFELTERFOAFFRE &Y A% 0 H 0445 5 i
FET RS R SRNAP LS (FE~FE5) 28T K e
() BDARFRESAPELEGL DT RIZEH -

() (FT&PEM 802 TR

XI



EFPEHAY RIEHBEAER LS $7(2/2)

* R RER

,T}u% ROEFRE R AR > A E R & 1998-1999 & (£]/] 40 1999 )~ 2004
E (140 2004)~2010 & (T2 :2010) 2 2018 ££ 4R 4 F4 » 4 F
AERFRA > R A5459 Lk gfrod MR IBERRNGFA LD I -
AERERMANBEREE SR D AR B (B L ERTESIIED S
FARCFRERETDBEAET AL PEAF DL FTHIBE LA AR
ROE TR kR Mg R L Bl R 0 4 R T A B s (Rog At
BH B4 AP M RS2 EEE) RTHL AR R
AR A K S HRMEERC e ERTALPH KEF L AL P EHD
BAFH > Arhd 5 4R ¢ 45 3 ¥ & (total abunbance) ~ # Y § &
(species richness) ~ & ikt £ /& 45 #ic(Shannon-Wiener’s diversity index) ~ 323 & 4p
#c(eveness Index) ~ 4 $ ¥ & 45 #ch B @ T 35 {8 (geometric mean of relative
abundance indices * G {£) ~ 2 fi & Rl #cdz 48% 2 35 #ic(TRends and Indices for

Monitoring data) ~ % *# 4% ¥4 & 4~ 17 (Detrended correspondence analysis > DCA) -

A EEH 2017 # 47 28 p 2 SPOT A # > 2 1.5m 2 AT R ¥4
IR BEASHE CEB AT AR LB RBE KM BTY 65
FHLLAES PSR JREDBETFF o 2018 F LERFDEAT
FHZ FiE 32 2 i ed B IRy E2 RS S ARETS > APk
KR AER L AR & P 250x250 m e chA TS o A T 2h it 2019
EA4D 67 ~107 o AR R2Z W ABADN200 BHEE ORFLELS TR

P%ﬁ’ll a‘_i‘%fé/\#?ﬁ/ﬁjﬂ}‘g_\m acq,\?.\?”biﬁdao

b h PR 2018 B A% 0 X5 eBird FHE ¢ EL § FRES

ML > LATEP LM LN L E M BB RN RREE -

Xl



AR RATEPFE O RFIFRLEAD > TEFEFRAHFEF ST A

(-) &P 5S4 5 P 2018 & § 2045 3 & < 1999 & 2 2004
FEPRTENAERZ TR AY G R LR 52010 &% T 552018

ER G PR P AgiE 1999 £ 2 2004 £ hficE 0 2018 £ & 0 T dE

=}

1553

Bx ix grha 3E L RA R RPIHEZ DI RpERAMAP RN -

v
™

I

(=) |

RS > BB EE T A R R ST o

AR ATH R AR G AR S 5 2 BAKEL 2 B

BT SRR 0 4 A e i d - R IR g S 5 R

KE BRI AIB T -

) AR R Ap e r TI0E(G B) 0 2004 & RFfH(G <0.72D) % H4G

Ji

(
=0.650) G &/ BF i 1999 & i 4 ; 2010 & Brg#L(G = 0.724)% A5G =
0.723)%t 4 1999 & i i< ; 2018 & x,éft I & 57(G=0.941)fr#-5244(G = 0.863)4p

() o2 b § ipl il a8 % 2 Jp S(TRIM) A 17 7 * i cniic® B 1 ¢ 1 AR 40
3 RGP > 0.05)2 FFFHAE(P > 0.05) % 7 P AR ek T R AR > B AL
(P<0.01)~ 1 5 25(P<0.05) ~ £ 4 #7(P<0.05)% “8484(P<0.001) % 3P &
i3 A ARE IR FL(P<0.001) FILP B OERE T EARE A8 L
By 5E4(P<0.001) &R EaEE A ARH B4 5 £(P>0.05) &R

7 %ﬁ E’—ﬁv:gg%i—r 54 ;,{g%% °

(1) je'#AE% 2 47 (DCA)A 47 36 B # % Gfr BA FEP R O 5% > 55 21

BHRwEOS AL E R RS 10 BHRFER K> KE ¥ 5 5 BikwF

XIII



EFPEHAY RIEHBEAER LS $7(2/2)
HEERT218 & Flr a2zl pfeL g

() K#gm FApRI o WE w8 FOR B R (PR IER] 49 B K
pseudo-R squared ‘' #ix i St F AL eBird FALGERI G LR 0 B9 B
RS T AUC =5 8§ 2 4 e3fiRlic 4 - AUC B4R & 0.7 141 o &
AP REP IR, BEIREAFLER > bl4o B S RFHE o d LA
P E TR TR AR 0 & 5t eBird & FALOTERI A PE o Lk B

— BB LM AR FTHIER AR L SR

(5)2019 & 1 7 % 10 7 4 4+ 200 BT T chf P HRED A0 Ef %
£ 1734832,113 § =0 o 42357 B 5 ¢ 2017 & 22 2 L4k P B
BogE34f s ISH -EFEZ2EL 10/ %5 SHEE 3B 43
VREEA R o &Rl iR R L AIE R e g 13480 BTk iR

Foa HASE-ATRESREE LTI B

(~) FrRBEAAT R GRT Z AT L IR RA Bl L 5 5 i ¢ 7 8
PoBRB A R E e A DR R FlFEL 2 5 S RERET R
W FIET T EAACFELBREFRP AV ERBI AT

RN ,_é_é,qﬁlw,-}l%—_;f A R ERARE ABEET SO R

l‘-t-

AR AL ER AR S e BB s o & D e

WoRRRTRE L ek f et R

(1) #4&FE F LS o8 2354 ° 1235 eBird T4 E <2018 £ & k452 2
Bk b A2k KRFEE R E RN B0 ERB T 5

&R gRiwe EEERE -

X1V



T~ 3 REREA

2T (T

BH- FPEAISRTRELPRFOFAS I A SR 53 -

APHEM C APRRORE R

[CSauad AR BAE Bt Gl
AFERGFEPEFIHRER L2 I A4 21T 20 £ cHg L ARE - 5 A2

BE O PRRE CEHFFASFHS PRI RERRE S 2 AP BER D

ZH (gap) %30 > AT S 5 VRELFRROFITE % 3 F8 H44473

ZHZ FPEFLSFELRASEN UM ARG A RHEFL S S RERT S
272

AEBH 2P RS FlY 2k

eSes 3 R R

AEAFEFTVIBFREPF FAEAPRRFS 28520 £ »

Pt

FRY 5 AF S
Bl Ao AB% > BT AL A F BB R4 2 B BB EKE RS

BB TEZARR A ET UATEAR S SN EE R B A€ < TR
f%hﬁﬁw$ﬁ4#;ﬁwﬁ 22 Ao TfERAKREM AP L HRMER

TG FReip R

d ek
BHRE R ELEMIAEP LN LT HRIEFERR -
IPHEM 2P RRS FlE T
By R LB F P AN LR §
PEE IR E BB L 22010 AR RN EF R R E L

XV



EF LA P SR AREAET L 17(2/2)

Bro 2 iEEB3TUAT BT LEIDR 2017 £ 5 SEFE 22020 £ 2 A L ATK
LR LEr e d WA FEFTEAPEZ LM G o BRS¢ Rt eBird ¥
&

FEZ P EEL € FTHEPN AP L& %ﬁ e AT

EHe HBEFEBBRKLELFT  BURTHEP BB REL BT A

ER S Ak ey L N

FAPRES B N RN 2 % F RO F
AVRERETEHBI AL LT 20 HEP TR LR M ADE R

FHoZRARTELFAAME = R FRBPRE AT BFH > e w ¥

EPBHIRE HEHREFIHL BB T FRRE CPEUBHEEALT

Bl LR SRR P LAAMEY FRE S B HEP AR kS 2

e R

XVI



ABSTRACT

ABSTRACT

Keywords: Kinmen, Birds, biodiversity

- ~ Background

Since its establishment in 1995, Kinmen National Park has conducted several
terrestrial biodiversity inventories. However, integrative studies on temporal dynamic
and spatial pattern of biodiversity are still limited and there is a lack of linking and
integrating of the biodiversity inventory data. In order to examine the conservation
effectiveness of Kinmen National Park and strengthen future species conservation and
habitat management, this study conducted field investigations and integrated past
inventory data and citizen science records of birds. Aims of this study were to (1)
examine the temporal dynamics of bird diversity and land use of Kinmen in the past
20 years, (2) confirm degree of threat of bird species and habitat, (3) explore pattern
of bird species distribution, (4) determine hotspots of avian species diversity, (5) the
biodiversity gaps not included in the protected area, and (6) propose future long-term

monitoring scheme.

This study took two years, and the first year project has completed in 2018. The

specific objectives in this 2019 project include:

(- ) integrate systematic bird monitor data since 1998, establish biodiversity indicators

and explore trends,

(= ) use monitor data and citizen science records, in conjunction with the global
landscape structure, to construct species habitat selection model. The distribution
probability of key conservation species in Kinmen is predicted to confirm biodiversity

hotspots,

(=) integrate distributions of key conservation species, extent and use zoning of

Kinmen National Park, find out gap area of species diversity conservation, and propose
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bird conservation strategy (migrant, resident) of Kinmen,
(=) propose long-term monitoring scheme for future citizen science programs,

(Z ) update the bird checklist of Kinmen islands.

= ~ Methods

To explore the temporal trend of bird populations, we integrated survey data of
four years: 1998-1999, 2004, 2010 and 2018, totally 45,459 species records. Because
the surveys were conducted in different months in the previous three years and the
surveys did not cover the whole year, a small number of surveying locations have also
been changed with slightly different items recorded in each year. Therefore, we
conducted the trend analysis only with survey sample plots, and survey data from the
repeated months. In addition to compiling the number changes of specific bird species
that have received more attention in recent years, we also explore other 7 main taxa

( Ducks, Heron, Raptor, Rail, Shorebirds, Starling and Doves ) and the population
trends of keystone species. In terms of biodiversity indicators, we only used survey
date, plot name, and survey data from the repeated month. The biodiversity indicators
include Total abundance, Species richness, Shannon-Wiener’s diversity index,
Evenness Index, Geometric mean of relative abundance indices, Trends and Indices

for Monitoring data, and Detrended correspondence analysis.

This study selected SPOT satellite images on April 28, 2017. The land cover
classification was drawn with 1.5m resolution. The land cover category was divided
into six categories: forest, agricultural land/grassland, built area, barren land,
freshwater body/seawater, and intertidal zone, and they were transformed into the
environmental factors of the landscape composition and landscape configuration.

Using distribution of bird surveys in 2018 and environmental factors of climate,
XVI1I



ABSTRACT

landform, landscape composition, landscape configuration, vegetation Index, we use
the maximum entropy model to predict the distribution probability of each species in
the 250 x 250 m grid of Kinmen. We have finished in April, June, and October in 2019.
To determine whether the results of the bird species distribution prediction model are
consistent with the current situation, we conducted a bird distribution verification

survey in the Golden Gate area, whose 200 plots have not been surveyed before.

This study collates survey reports 2018 and refers to the eBird database, Chinese
Wild Bird Federation, and related research, updating the checklist of the birds and

statuses of Kinmen islands.

= ~ Important Results

The study completed the scheduled works in accordance with the work plan in

time. The main findings and conclusions are as listed as follows:

(— ) The biodiversity indicator in 2018 were mostly higher than those in the other 3
years. In 1999 and 2004, the total abundance and species richness had minimal
difference. There was a slight decline in 2010, followed by a significant rise in
2018. In terms of monthly average of species richness, 2018 was higher than those
in the other 3 years. Shannon-Wiener diversity index and evenness index

remained similar in the 4 years.

(= ) Analyses on the abundance of 7 avian groups revealed that, abundance of doves
has increased significantly in recent years, herons declined slightly, starlings and
raptors remained similar. Abundance of both shorebirds and ducks declined. The
abundance of protected species had an increasing trend. Abundance of migratory

species declined sharply, while terrestrial residents increased tremendously.
XIX
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(=) Analyses on the Geometric mean of relative abundance indices (G-value) revealed
that, G-values of rails (G =0.721) and doves (G =0.650) declined significantly in
2004 than in 1999. Ducks (G = 0.724) and rails (G = 0.723) both declined in 2010
than in 1999. Except for starlings (G = 0.941) and rails (G = 0.863) declined in

2018 than in 1999, the other 5 birds groups all increased significantly.

(=) Analyses on the abundance trends of 7 avian group along the 4 years by Trends
and Indices for Monitoring data (TRIM) revealed that, ducks (P > 0.05) and
shorebirds (P > 0.05) had no significant trend, herons (P < 0.01), starlings (P <
0.05), raptors (P < 0.05) and doves (P < 0.001) had significantly increased trend,
rails (P < 0.001) had significantly declined trend. Farmland birds (P < 0.001) had

increased significantly and migratory waders (P > 0.05) had no significant trend.

(Z ) The species composition data in 36 sampling plots of 4 years were analyzed by
Detrended Correspondence Analysis (DCA) to explore the habitat affinity and
temporal trend in species composition. There are 21 plots with terrestrial species

composition, and 10 plots hydrophilic.

(=) To compare the model prediction results, we chose 49 avian species that can be
used to predict in both datasets and used the pseudo-R squared to further verify
the results. The results showed that all AUC values from model evaluation were
higher than 0.7, indicating all model has good accuracy. For the species with
strong habitat preference, the model trained by systematic survey data performed
better; while the model built by eBird dataset showed better performance in those

weak habitat preference species.

(=) Field validation surveys were conducted in 200 sampling sites from January to

October 2019. There were 173 bird species and 32,113 individuals being recorded,

XX
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including 34 resident species, 118 migratory species, 10 species that are both
resident and migratory, 5 species are vagrant birds, 3 species with no exactly
migratory status. Lowest bird species richness among the sampling sites was 13
species at E-037 camp, and lowest bird abundance among the sampling sites was

71 individuals at seashore of northern Lieyu.

() From the results of hotspot analysis and gap analysis, avian hotspots not covered
by Kinmen National Park including Huxia, Wujiang river estuary, Pubian seashore,
Yangshan seashore, Qingyuan lake, Jinsha river, Tai lake, Liaoluo bay and sihu
seashore. Based on the results, we suggest that if there are going to have
developments in these conservation gap areas in the future, it should be conducted

in a more environmentally friendly manner.

(14 ) According to the eBird database, the 2018 survey records, and interviews with
local birdwatchers, we have put forward and suggested 80 corrections to the bird

checklist of Kinmen islands.

- ~ Main recommendations

Immediate advice

Advice 1: The results can be used as a reference for the third overall review of

Kinmen National Park

Organizer : Kinmen National Park

Co-organizer : National Taiwan University
The research is conduct examine the temporal dynamics of bird diversity and

land use of Kinmen in the past 20 years, confirm degree of threat of bird species and

XXI
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habitat, explore pattern of bird species distribution, determine hotspots of avian
species diversity, the biodiversity gaps not included in the protected area, and propose
future long-term monitoring scheme. The results can be used as a reference for the

third overall review of Kinmen National Park.

Advice 2: Provide the research results to media to increase the public's awareness

of the outcome of Kinmen's biodiversity conservation.

Organizer : Kinmen National Park

Co-organizer - National Taiwan University

This commissioned research project found that in the 20 years after the
establishment of the Kinmen National Park, the overall bird diversity index has
increased, and the number of conservation birds has increased, but the number of
migratory waterbirds has declined trend. The research results are provided to all media
to increase the public's understanding of the outcome of Kinmen's biodiversity
conservation after the military Administration, also understand the challenges facing

future Golden Gate biodiversity conservation.

Medium and long term advices

Adyvice 3: Update the bird checklist of Kinmen islands

Organizer : Kinmen National Park

Co-organizer : National Taiwan University ~ Chinese Wild Bird Federation

This project systematically surveyed birds of Kinmen and the bird records of

XXl
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Kinmen in the eBird database. These results should be provided to Chinese Wild Bird

Federation and update the bird checklist of Kinmen.

Advice 4: Strengthen studies on Kinmen migratory waterbirds to reinforce

conservation action.

Organizer : Kinmen National Park

Co-organizer - National Parks Division, Construction and Planning Agency, Ministry

of the Interior

The study found that the number of Kinmen migratory waders have declined
significantly during the past 20 years and this avian group needs more attention and
actions. It is suggested that more research projects on Kinmen migratory waterbirds
should be conducted in the future, in order to strengthen basic information on their
population dynamics, migration behavior, age structure, sex structure. It is also needed
to review current related management measures based on research results and reinforce

conservation actions on migratory waterbirds of Kinmen.
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BB XERAAREDERIFERE R EFE RS EET 2 S G
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AP d L2882 ¢ Au A 2018 &% 2019 F 22 L3 iF

/

2018 & 1 iTx@ p :

HEME FeEAL AP RS 2B R LR kIR AT o
?

fo b R BT T RAME R AT 20 E o § BIERE -
MEP L EEEREE BP RS e BN ET IR

PHABTEN > TRFOFL P 5 R FRRE BT 5 .

2019 & 1 fF38 p
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[3X)

FEL 1998 &3 S SERITH 2245 SRR EIIFEHR AR

oo

MERTHE SVHF SRS BRI SRS AR E R

FOTERIFET RSB EET R FOA B ASS  MERRE P RE AR

FERTERFFEA T2 RFOFFERE & 2% SN2 5 5 R

PETZRE R SR DEPESE (5 T 5 ) 2T K o
MARFRESAPFLEFLEDTRIERE -
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APRFOF T L 1995 £ k> HFEFLEP LT BHAF S
BERFLIRET S LR RBREFIHIEALFER AR T AREAS
P ) EHPIEE (D) EHPT R M2 (Z) 2REEME A3
FHPFLFHEITF LRI ET RS AL R AU R GHTLH
THR  RA - TRHAHA B2 2R ERN ikt t (RER > 2002-
2004 » 2009-2010 » 2015-2016) ~ §8% (= % # » 2005-2006) ~ &~ B (| 4>
2011)~ gEs (234 52007)0 1% 4oz p (%] 40> 2004 5 2007 5 357

¥ 02006) k5 (Bl 400 2012-2014 5 $h 25 > 2015) &g 4 (R4 4> 2014—

—

2015) g o 1Y > Aepdd L CEH 2 TR FIE AT I RHEL N AL A

A APRFO ML ER TR f 2002 EATHHF M H w0 LR

>

R 2 B LR (BT 2 2002-2006 0 2009-20125 F £ £ - 20075 5 -
2015) -

TS ROt o R A T BB E AR R A F T P E AR
AHLATR e AP A2 AP (P EARABLEE 1996 Ha & > 2002-
2006 + 2009-2012 5 fp %% » 2009 5 Hh 3 » 20155 thF e 2 2016)~ v i (¥ F
NHEBLEH € 0 1996) kEE (¢ EAEBH L€ 0 1996) &R E%r (5
TR 1998) ke (FFE S ~3F"a »2002)~7 L (FF 2 >2007)- ¢
L A+ (F82 52007 2335%52009) * &4 (28352009 -85 (%
F 55 2009)~ 38 HRok B (2325520095 thE 45 2016) -~ fF (28252009 5
HRE 240 2016) if (35T 12020125 25 2 2015) B % -k & ($hF 24 2016):
R Flapz Bk (Y EARBTLEE 01996 F 8 2 020075 EE i 2011

2012 ; Hﬂil,l 020155 +rF 84> 2016)~ o (FEd &> 2012) M2 L 4R 5 &
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(##Qfl: » 2016 ) °

FHEPXR2ZEEAT A 1 8 I FHEEHREMH FaOFHE L F &
BERC O EAPRFOFIR A2 FAAMOA AL e EP LR

(ZEF 198D EF LA BFLHRL(MEZ > 1990~ £F+ % 5495 (3
T 199)E > AAP R RSB 8 REFNEFAPDE > I EP R RS F
A BBy (8l 400 1999) s £ iz P 5 & A (5] 4o 2004) 0 12 2
AP EHEBAGFT S F 400 2010) 0 FlEEFEFF A 1998 £ 9 7 3 1999 &£ 6
PR AP NG 2 7 eE R 20 B (TR E A T AR A(F 2-1-1) 0 v
B e B0 R AT 2 B AR S B 4 (2004) BT &
PR RERE PR AREEH - A B (B 2-1-2)
2004 E30 511 EXEF2AF LT AT (2010) Fu s
2 A h 3 (B2-1-3)3 20108 3% 1 120 2758408 & o

Aabd 2 2018 E LA A R % 2 1998-1999 £ (5] 4e > 1999) ~ 2004
CFl-1 402 2004) ~ 2010 # (3575 35 0 2010) 38 & FAMAR T W IR 0 355
RHEDT o NS ERFREFNEEDAFL 2018 £ A FhT 52 L
ez ABF e AR T L FHR eSS P ES BB E 2 Rrgodkg 2 A
TG R AR g B E R A RRET ST Z A 0
ARF T A d A 3L Y AL B AR Y AN EE>E B Y
AL RTOEPER BT AP LFERER DR F] D A
PR 2018 EAAEFET I ABE SRR TR S 2P S R IROE
B a2 5 5 i iR a 3T 35 (2010) 1A 47205 filicr e sl =

2 ML BT S 4B E T L e p ]é‘_;fﬂ & o
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Nud

IR BEEERE G R A 1990 £ 4

m

AR T FER
W o2 1 TG AP ER ) B2 R R e A KR 4o cPARE 4 35
AR RR S T $ R R LA R ERE (£ PRI 2003 5

b 2005) (B 2-2-1) ° ZIpw P & (2004) 4 45 02000 & 4= 8 > £ & 4

ﬂI

‘T_

m

BT 200 0] 5k 34% BB 48% ~E A B 5% Ak FEE 10% ~ -k A 4% o
Pl 4e (2005) %5 5 BIBET > & F & 1995-2001 & B £+ ~ e & 85 4 5%
Bo 2 i E i ARBE 2 REE (R 1-2-1) B+ RBHTFF AL S

AR R WL ERNANER RR AR B ATR S

» Ik A pERARS o

APE R ELRGAEPE B RS F K- 1 $ 1996 £ 2000 £ ~2006 £ -
2013 &2 2017 & & & > FH > #474 FE PGB 10m R R RS B RES
WA TRIT20ERAEPE BRB o BEKET O APE FAS LEFARE

b R0 B A A e R /52 Bl b S AR o S e L R kP R

Hit REAAM R R iy Ay a2 de 2 PEBROERGE - Kls
%

TEORRFAEIIRGEASHITA PR R AL



FoE EF LA S RERBE LS FIRR

EraA P S HREL AR BN AR A#H P ER A P R AE
REERERT XRERLa%d o 45 R s 0 k% d Myers & 1988
ER - RAPRIRIT R R F P ORF Vg P TP G Rk AR D
R ER I ARG A > R HEREERT 0B RDRTE RAS S
it gg (Myers, 1988) c BL s 5 5 RERE - & 2F VHFRT » R
B 2xF enifT & % (Myersetal., 2000) - & Myers % 14 $ 5 kb & gkis > £z
2 ZARBERLIR LI H P AR SRR HOET R FIFRAEYFAR
FURLE T IT T BN BRGRFERRL (1) G S

(total species ) ~ (2) & # & (47 4£) (endemicspecies) ~ (3) #F ¥ 4&
(rare species) ~ (4) #g 5 4 #& (endangered species ) (Reid, 1998 ) -

AP ERHEFEDERS 2 0EI A AT RPFREEEDPFBAAL L AT
FRHIX E FEF o #g~ 47 (hotspotanalysis) 27 % 4~ 37 (gap analysis ) >
TE KA P ERERAIRERS F o RRLA AT A RE G RDIEFA T

NP AR EEY B e R(RE) RAREZE R % (Myersetal., 2000 )-
RBAPEZEFAOAFFTRITINESF T3 FRPAEDEL BETHR
PRERE GHAOZERE > RPGE S F o 2 A TR AR doahd P i
NIMFRERAEBE o EN D P e B G EAEY 2 M BRI P IR
PR T B RS ERNRT NRETR Y B NIRRT FIRER LG AR RE
1% 4 (gap) (Scottetal., 2000 ) - 3“;]‘5%14\%%8,% TREpEAE TR L TR
PRSEE RE TR BRSO RRA - FRREL SRS R OITR
BEAl e PR 2 AT & TR E ~ F & R FEIGE P RS AR

%u,‘,hﬁ”f#’*’xﬁ 4 ,}Lf'm#ﬂ;fé/\#éggiﬁ Hoa FLFEY ‘/);ﬂa),g P i i

BRPGETYFON AT T 2 e A ERRR TS S

TRk sz S 2 484 F HE5Y (species distribution models, SDM ) » 4
9
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Lo P AT HRT LB @A S BT (Wuetal, 2013) ¢ $ 464 # #
NAFHBRBEFFEASF LA GOEL I E RIS AERE 2 Bl o f
RAFARFTAAPE R R AT RIS L AR LEY A3 LE BT
8~ %3 %77 (Elith & Leathwick, 2009; Engleretal, 2017) « &5 %3 % » fr
PR EHARBR R LG R RBRRBELFEL T U A5 S
Pz e o B RBIND BFF L B 2 A5 SR F s BT ARY 0 O

ey

LT T E L N4 F (Guisanetal,2013) -

PREASFRNHEMA R A B 12% (ecological niche theory ) » 2 4 ¥+
PRAORBRFF G LR ENEREL GHER  FRAEAESEER (-
dimensional ) % 8 F]+ 2_if & FRIE Lk AR ( fundamental niche ) >
b AP PF I oL AN AP F O T EREREA 2 FERER

(realized niche ) > % # #5% % 5 & 4~ # (Hutchinson, 1957 ) « # f& 4 # #5% & i d
Cdrend NIRRT PR FAORBRA G EF ARSI G oY
MEB ABEF T2 F T st RN IFRGF R FERSISF AT
43R 4% % ((Guisan and Thuiller, 2005; Elith and Leathwick, 2009; Guisan and
Zimmermann, 2000) » B # A8 R F ¥ chd o FIRRIHEN G S AL 0 F 42
Sptiw fF s i o 4ot @B §F (Logistic Regression) ~ & & #I4H°5¢ (Generalized
Linear Model ) ~ B % 4c = 3] ( Generalized Additive Model ) ~ Bl
( Discriminant Function Analysis ) % ; & & 4]* A 1 4 & (Artificial Intellience )
% B H Y (Machine Learning ) #-5% &]4c @ & o5 %2 (Genetic Algorithm for
Rule-set Prediction, GARP ) ~ # i ¥ i+ %]+ & 47 (Ecological Niche Factor Analysis,

ENFA) & & o 37 & a7 7 B~ % 305 & = % #3] (Maximum entropy, MaxEnt )
EF R FPRIERE o B R APRG RN R AR
( robustness ) ° PR AT ARG B IR R Y 0 o “ﬁf ;ﬁ d Pt

(regularization) " 3 4. #7538 8 & fie i (overfitting) PR 4L » & RiTEH A F 9

10



BIRENAPMAT T B ¢ B S0 ~ W ALR * eniit;% (Phillips et al., 2006; Phillips and
Dudik, 2008; Elith et al., 2011; Merow et al., 2013; Wisz et al., 2018 )
BRI 2 A NRTR AR AAMEAFAGTHE B B
Pld o MRS DARFFRAL FRBAIF AL RN RTBER
IRESF RS B RA R F L o R FHRET KGR

BEE AT R EAFRBOET A LA AR R AR 3

‘% (ﬂ}

)’ A
RRAE A e o A F 4 (Citizen science data) > d 3F L& E G

HEORBEIRSPFEFUE ZEF R R ESRPFF T ER S

[}

BORERER AR CRT A SR HER S ARRHL ] B

F_k

i

&

PHBIEFTHEETSLA2 A -PFRFELF 2% 4 §7 353 %1 4L (Dickinson et
al,2010) E R4p TR 7 i F R ERIZEFE AR * o P HEFTHRETLY R
Tk (Kosmalaetal,,2016) > E F i€ * £ Py Fnh s o A F L5
L kS ERITOR > R g 2 RN E 8- v RER o d 2t e
FApESBAPEFE T I a2 TREFRBELFSUHEHAF AR TRE S
DRAE TR ARARRR S N RT A RS R F L
REETre > w2 £ 8 43 245 (Pimmetal,2014) 23427 RMF B 4

TREELD LT S APFLE 0 R LT LM RS TR AR

\\\?{r

TR ARPRBRET 2 B0 Y FR2

FFA S F RO R T RS R

FHEYS B2 FREFLLE ERmE 0e FRFR L ARTNFRLT

AP RFHOL 16T 28 hARFRF BERETT I gL XA 4
2 REFHUARESGAET AT AL LR RF AP FREFZ 5 RN A2
AR BRFRE T R 112 BBk b3 R/45 A (presence/absence ) 2 A #

FH-ITRELEME RO RIENBATHE R EEFEALEMZ
EMG AL ES FHIERS R B AT B F AT &

TR E A F LT DIV IERIS BEA R S R R A TR 2 TR
11
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TR AP TR FAL F F P BRARAPRR ORI FLEFSA
T IER] 0 APV MERFIRRE R AR REL Y - PRz ERA T AL
FTHREI S RERA GRS HRBILEALEF 2 AT B I E AT
FBLo P oL R f £ e ?F—Fm LA FEPRRS ﬁja]%]; U

MEMLIHG  RHENEPR R FAFEIN DA I REETIH
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& R EREAF IR

%ﬁﬁﬁﬁfnﬁﬁﬁﬂ*’&iﬁﬁ"éy{&ﬁwé%@’?%ﬁﬂ%
GARFERZBE R FHAFALT IR RS BT RERLFF L IR
ROREF R FERI IR ARKREREITY A2 A A B Ao gy Dk
Fr oA pai fIr P s A FLHEE AN A ARG T
oL FEINTHEALHPFBET AR DA SRR EE R AR
B IER € IR B Bldog - EHE A MRR A 4 i 2 R 7R 8 (Searcy
and Shaffer, 2014 ) -

V- AW b g2 AN LR BT Y - EA TR TS
W %E T E (Lawetal, 2017; Fois etal., 2018 ) o % 384 SRz 4 F» o F
Flen 2o FAMTR AL LR F A E (Training dataset) 2 #0001 2 H%FEF
LB (Testing dataset) » K3 H N FERE S NBFLR o HldoF * B di3xw ep
Fi¥e2 (bootstrap ) T4tk ~ B~ 4 2xw eidr 7 ;2 (Jackknife) 4 4% > #-p £
FTHREAREL S22 R T2 2RBTEE AABEFY ¥ & * kit
2 & % (k-fold cross validation) » £AF#-FA A Lk EH> > F - k1 BF

RR

9“

MEEH % kP FHREY RBRETRES > 88T 5T IHE TS
%% (Merowetal.,2013) « & {5 £ 3+ 5 AUC 12 2 Kappa % 451 » 3= 5% 0]
PR A -

EFGHOS 1462 22 LA T A AR R R Y .
ABBF AL EFRBALEF R BI EA R HET OBREI T - PEAAETRIE
PN ZRETHE R AR, RZT A F TR A

lt’i_o
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¥=F Fpi

o8 2 SHEEEE
AEE A 2018 EFEFA AP 2B LA L 0 32 1998-1999 & (%
4e 5 1999)~ 2004 & (%] 4> 2004)~2010 & (F 7 3% >2010) 3 3 & < R4p
o AEfRES 355 EFAE TR E AP SRR R 4T 4 B
ERTALBTHEENG R E3545459 L e o d 205 3B AEFNT >
= (F3-12)0 @ EARPANRERE S OIS D f Y B (R 3-1-3)
FERNTEGIB PG AR EP AR ER -AAP I BT L BRF R
PRCHE B LREY 2 FTH(E 3-1-1)-
ﬁ*‘uﬂ‘?% BEBPRAITOTRAIE S N A BERDEERR 2 F R
FPIREBZTIHEERFE AR AN EFFIRFD22 BIRE > A H G A
FEBEP) A LERR) A ERFRF T AR RR R0 KRS0
BAST BT HB AV RE S £PET G Lk R EE S ELET
FEARE S FEP BB b LA A AR AP R BRI RE
2R GESI T v4 0 S50 200 S 107 11 RE R FAEE R -
ABERF THHFEFR T A HHETIHBAERZ BT HLAFERE P&
PATARRGIEMFDOB T Y o DM A LS BRE LWL HPE R
Bl% ~ 0@ @@ Bk 2 B9 LIRS R Rdpdc 353 R R 7] 2010 #
22018 #3593 HiF 1 P32 12 P enFHR B2 BEREFRFOEE 0 X
20 BHRFAPFERIpES P THEG E)2 2 G EREyp S 2 45 #(TRIM)
BICF3EFRATHROBER L3227 BHF 2 ARG EE D6 B
B> o 5 ABE A 4T (DCA)FALFR 1L 2018 £ :ch36 BT 5 AW 1 # 1 BHTR 5
B o i LaR2) 5 ABRE > QHPFRG THOER -
Zyp? FARTELEEE 2017 # £ LM L4 CEREE 2017)EFF %
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T LA £ 3 M PR FH AR RS EABR T ALK

HAAIIN AF 4 BERDTHR o TRAIES AL T L EP L ETER
N e S HEC WA S B IVANS S EPA ¢ ceoV AR S A QP o BT S
FTREEAEE N REF L ERET AR TR ER o A TR BB
EBEFREE R AR EHBMEEEE RF B T F 0L A 338
A RUBALE REA 0 R FRIR G BB EAVER LA 0 2018 & R 6 fEdK
BE G 10 L5 Ryp AR GAR LG R FrE 0 By TR
238~ REN2AERE 2 £ > TR 1999 £ 2004 & 2 2010 & it

1085 & FRERERT LT THAZS A HA4TALRG EFN2 BHEF

A1 3 120 FFE 0 chT g iR i o

2311 FEFHEARE2A D

EN ﬂ@ﬂﬁﬁ*iﬁﬁéué%* B WL s pRLHE &E TRELLE ks
R R % ¥R R

1999 4 14 NA NA 12:46 13:43 057 £V R w 46 NA 738 5 B NA

2004 3 17 NA NA 910 10:3 0:53 a @ 8 83 v § 12 kR B P 1

2018 1 6 &% NA 06:50 06:57 0:07 ¥ ik A+k 2 2-1 &P 3 s ¥4

2010 3 16 NA NA 14:20 15:15 0:55 VRS 10 NA & 1 B #

FHKR AV EBERE
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FZIR FY 2
%312 FERFDAZ 7
£ R

v iy 1999 2004 2010 2018
1 v v v

2 v v v

3 v v v v

4 v v v v

5 v v v v

6 v v v

7 v v v

8 v v

9 v v v v
10 v v v v
11 v v v v
12 4 v v

FHRXR: FVERERE
2313 FEALERT
E R
R L " LA 1999 2004 2010 2018

1 X HE L (FEHW) v v v v
2 Yok AR v v
3 * (2 F R 4 v * Y
4 XHE R v v X v
5 THPEERE v v v v
6 vk R v v X v
7 0 HiE R v v v v
8 & v v X v
9 & F @ v % X v
10 ¥ v % v
11 &7k v 4 v v
12 kT 4 X v v
13 % LR v v v v
14 PR v v v v
15 L A 4 v v
16 it g A v v 4
17 TiLikT 4 v X v
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%313 FEAEHEFGD)

£ R
XL ®E A 1999 2004 2010 2018
18 R v v v v
19 Bk v v v v
20 WA A v v v
21 kR v v v
22 Foliis A v v v v
23 B v v X v
24 Z 4 X * v
25 PR v v % v
26 BEAT v v X v
27 ¥ v v v v
28 B -Th L e B2 B 5 X v
29 TR X v
30 i v v v
31 Aok B v
32 A v v
33 e 4 [ v
34 FRAR T v
35 &VEY PF v
36 £354E v

MR ERMRRSAAFFE 0B ERTPHELE o

R ETERSETETY
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L S A

\H

AFEHEY DA SRR BRAER CFREY SR LR E Rdpd
55 BAy e AR R HS P T 06 2 T PR B 2 B2 AR
A1t 0 & IE«'}F] L2t B P e

— ~

B 2R (total abundance)

WP R T EZHE R O B W (total number of individuals) o & 45 153+
EFE4 2NEB CAERRFILINAYIEERE 22 HE b
SR BT 2 e Bl R f S R - AP RS AT

EREC HPLEDAFTRFER PRS2 BHRE AR D6 BT (3
Bv4n v 50 598 100 1L M) ApR S EATEAEA LA j\m‘?“\#,'ofg

FA RV REFTE IREFIEERE S8

~ % % & (species richness)
R o A E R TS 8 8 B(number of species) o ¥ b T 02 -de 4
&ﬁ”{‘f MBRBHEE DS M R RAT c AT EI A AKRTR I Fp
PREBEXELFAER R
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= ~ § B 2 R 45 #(Shannon-Wiener’s diversity index)

% B B R 45 8c(Shannon and Wiener, 1949)* & iz B # % § #1103 i
H PR LHRLS Y A A kR 4105 0 TR RAYG R
253 R AR 0 S HRDOT B R BB * (Pielou 1975) « HH B 2 4o

H' =531 (P X InP)
N;

P, = —
N

P oS EATRFAEOPIATY I BABHES B BMET B o NI

ST R T ETE SR NERNTE A R IE

=~ 323 & dp #k(evenness index)

-2 PERY AP BHMAIRFBET AT REE > L EERL
¥ 3 & 4p #(eveness Index) (Pielous,1966) ° 353 R dpficz B R A 0% 1 2 & >
l REAFHRP LV BATEX2PF - - 25 EREFTF SHAT L T LA
TER2APF BB BE R S logSe Flt & R RZERT EL
RBSR Eiﬁﬁi% MPELSESE TV IR LS ATREZERR TEOI R

() -

J'=H'H'_
H . =InS
J'=H'/In§

P o H'= 2ERZ LR R RIpiR o S= R ke o

AP EHE R dp 8B e T 3218 (Geometric mean of relative abundance indices)

IHERpESPTOETHEL GE)EL- BEHRERZE F 53
R NECH 5 & 4 M (Buckland etal,, 2011) « &5 B 47 it & 4 A3 90 P 9 A g A
TARRERE® > L AREY S 5 RT AFEAP S REREF R R

L&A P S HEET PR 38 25840,

20



Gi - exp(% ZlogN

AP GERAEHRE LY jENG E S 4 AR B Al N &
iy - 2B WEo Ny s iy j& Bl

TR G ET PE D - BURABEF(AAE S 1998-1999
E) L ERNG PHRERART c R YR > B G B d EiE
Hp AR R % > BRESRE R ST X PR E AR > e L
B R TE SR ER A g F o GEVRPBEATHLIY IR
FT B FIEAPEFE LG G K LET R R & LT
o bFpEPERYRZFBLER G AEERESENY fARERESE

HREOH AR EH O A B2 Ao E AR TR K .

» o~ 24 R E Ry i 2 p #c(TRends and Indices for Monitoring data)
TRIM H_d jz 7 3 & (Statistics Netherlands) #7477 3 4%+ & #) 75 4 5 4 & 7|

Tl o % AT E TR ABR S P gk o TRIM 585 # 97 § 5] eh

FREPOEE A ik £ k274 4 T A (missing values)shig v 0 B R
5 ql* " X e §F (Poisson Regression) & 2 & 85 75 & chesig k@ &2

BRI TAIXEFRRTRHFDPET b it HABF 1 07 1 A (Strien,

etal. 2001 ) -

= ~ "2 45 ¥ & & 17 (Detrended correspondence analysis * DCA)

FABWH R AT EERE A RE RE T R Y P B 2 E 2 — o P A (ordination)
Lo s 2 Y5 R o P F GRS $HE ML B & 23 (Austin
1985 > ter Braak 1995) » # B enp 8 € i le = 2 B F R4 00 enP- R BE L pL
Pl E RS T AR RS AP REEZ BRI A RGE o I R T

D2 FHRBHEDLRREH R N2 BB T RAPM & 170 RT3
21



EP LA P 5 BB ABE A 19(212)
N pEERE T ML ERE TS .

DCA 12 zE@ 4 & #7%] 4] (nonlinear rescaling) %2 *# 4%(detrending) == 3% i3 &
¥ ~ #7 (correspondence analy sis » CA ; also named as reciprocal averaging ° RA)
PR RAE 0 TLR S ARE Z phenik Bl @ @ A P HROR B R L D RER PG

£ B #h + (Hill and Gauch 1980) »
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$o8 2017233 FARAFEE RIS REHE
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BRI
PHEBH R BY BT KEE B SR i kR A g

Maw o FEERG I RERT AGES S L0 s R R R LY S

PSR ARk S

# BAOR A h) M LA LR B Y @R F end
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AF AR BB RE L AP T R B AT 0 R F BT A Pt
JAk KRR E R B Aeie IR R B s R i Rk
¥
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rLRp PR 282013 SPOTHE B2 0® Rt &5 KA B 5 MBHRORE N A
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Kilometers

2017 & 47 28 P A p R4 & AL SPOT ik Biffer d & FIEPEF
BoKMRER CEREA G F MR PLBERS L -
® 3-2-12017 & SPOT 6 %
FH %R : SPOT % 81

4 3-2-1SPOT fiFh B fitm TR

p#Ep I i 34T R B B
2017.04.28  SPOT6  1.5x1.5m Bl (Blue) Pan-sharpenedf £ ¥
B2 (Red) i
B3 (Green)

B4 (near IR)

FHRKR: AP ERE
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¥z & FFIARESEEBELS T

PER - S P A FARRIES T EAY LSRG B T
(MaxEnt) ¢ | % 7z & &4+ (Elithetal., 2006; Kumar and Stohlgren, 2009 ) o # 3+
BB FHCR RAERIE A AT R A T oo R0 R e TR
#EHF ¥ (machine learning ) 135 = 5 2 # Sffo & g s F o
BN EPRE G FHI46T 3 22 AFEFINPENRFR - FBEELLIFERR
FREF A AP ARSI P201T EAF L H RIS HAMA L AR
3-8 3 § 22 (landscape composition) % 3 # fic & (landscape configuration) i&
QBB RFIRFRERLS T o BT F e 7 A REHY DG #F (4o
ke b)) REE e LR EEA T B R B (doies
FECEIERE AR KRR ERE ) T REEHED AT TG H
$et B~ SPOT Gk B ijenfaijd 2 £ 285 ff > %1 250x250m e #
S SBRBRTFFFHRE EHELFARRDZIFEC-FRIZFFR 7 £ 2 7
2@ G, His ] §d 3042 KA AT SRR PR F R RS

)= pas i - HA o~ o B-g 5 3,728 B 250%250m e -

Nk A

& fa i R-44 F (presence/absence ) F AL & 31 3% (presence only ) 7 44
g KRB 2018 & ik B E (£ 2-12) R FhE T RE AL 0 A
eBird FALE A 63 I T AL &R kA Blie 7 A F TR ] be (1999 ~2004)
2T A (2010) A AT FiBAEFDFEFTVES (BP0 2
FRE ) TGS 2 &3 A0 A FIERIAS AT o A B A 2018 E 3k 2
AT By B E Bk w FFE e (centroid) shi iR 5 N4 o
eBird T EG ML & Bl L R G wARTHN > IHEL E AT F S

ERABF B2 BB T ARBPRE S PRSI EP 2R e )
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PR RIP LA s (WA R A )Y ERERTARE 1 X
ko R RE - Fefi2 KRS (Gldc A A EATEE B 48

@;fié; I S 1 P i -3 A L

Flffis PR AR S > BB T RE SR M F A0 30

B BT 0 g e A4 F RS TR 4 R4 (Wiszetal,, 2008 ) o F]p
BN AT R G 0~ A F B R A 0 30 HhE B B AT )~ A (A R
BigE) ABMGFA20I8 EARDALE BE 3 THEFL 2P KEDLA
BT BERE 1344 DieddRd o 211 B 5 A 112 BRI o
RBFW30BF PP BEE g0 r AT 2P fEe 7 5040 5 7 A 49t eBird
Foaler 2018 # B AN A %% » eBird ehF A7 E 5 2018 & BT HL - 54
B A 3,180 ivjesdR 2 0 266 5 AR 616 BB FR  dep R AL AT
Bk NMBEFI0BA R B2 igpr s P fhe 7 0Ty
2 B SR 0 B WS TWDO7 Bl i 3 (1 119 & 5 ¢ & 58 ) i

(3 RARUE AR

VO ABMBEARTIA ST R GRS AN EETLA R 2
FORERBRLSATE BT FARBELS  EATHESERATE 2018 2R S
FALE eBird & 2018 & ek g7l o WA A AT~ A F BRI R < 30 g
Ao £3 1205 Vb T BB AZE 302548 £ ¥ eBird o7

$REETOR 2 AT BB 0 24 i WA AT £ 4 46485 FE -
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AR N RV SRR S 3 A Rl N AL
BEOAHEE £73 10l BHREFF -T2 EFP2afFHl46 T3 202 > 102z
A B R 0 RE FF TR € 12 250mx250m f 4 347 R T (K] 2-3-1) &
2HE S TWDO7 2 Bt 4% (14 119 B 5 ¢ & 4 ) » ¥+ ascii fa38 (75 A
Fr o cRBFFIEL F R RIS B E R ERPEY L RE
Fl+ o AW A 5 £ A (multi-collinearly ) 2. B 4F > R € ¥ f 3 P-4p B 1246 B

%30 F]F B E b~ 3t 0.8 2 B ¢ #% H ~ (Elith and Leathwick, 2009 )-

SEAPM RGP BRMEY L 21 BRRFF 02 F S5 BFFFF L EDE
(Biol) ;g B2 =%+ (Bio03) & £ (Biol2)-~ 3% ? 2 "4 -k ¥ (Biol4)-
Fokz Z &M (Biol5):3 BEAFF CTHEHNFRE S AHREC -HE 9B
BRFF B CRBR CRR/E A AR kPR A R ED
AR s B mmB g R~ # B AR R Y 4 BB TS s A EGTEE
B BRREECGTEESE S p BRI  ER R A o £ 1477 2 (Jackknife) 7 5
PR i RO 2 RERVRTEEERBETREE 0 2 AUC TR0

\5%;734_1:;’:%0
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W3-3-1 &7 23 REWA L 250m #4:40 & W)
FHAR: rda

=~ F iE F]F
FipFF kgt d w2 AR BRLEH (BESAR AP B L
WEHEE)ZHRBFFFTRE CEBEF L B ueE B0 F M TS TR

B H lkmEREE o F TS FA LKL 2017 £4 % 9 CHELSA V12 §

AL % (Kargeretal,2017) > f#47 & % 304 (¥ lkm) » PFRF § Fli% F 1979-2013

vﬂb

£ FRAMERERMFTR c T EAIT LS AT RS 2018 & (> > FPE B
B.iT2 2010 & & (2009-2013 & ) FTAE > #2010 E AR 5 BE L T
REAEBIIOEFES ) T FE 0 R E 0 TamhiGp s E 0 T
BpRAE VR kEE 60 BF B EESEF FREE 2R
WorldClim( Fick and Hijmans, 2017 )2_ 2 &3+ & 11 19 B 2 $ § i % #( Bioclimatic
variables ) » M5 § 79 B F]F o FlEF A P o B2 TR A Ixlkm e TR 0 A

& * 3B (interpolation) =77 3% > & 373 B 41 250x250m et 2 F i FAL o
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EF LA S JRIEARLAER S 7(22)
(-) "R FBP 2 THEpEE HEiC k7 1287 b2 P 2ERE -

() "RE AR THEPEFRECECIC L5 1262 2" Z3ER

() " Mt E B2 THEPRME BT £ 128 2 HGE

r) FP TP RAL AR 2 THAEDPRLCECLICoEF 126 T
F
PpRLRE -

(1) " kB HBI 20 kR B i mmo 24 12 B0 20 FkEF

() #3238 (Biol): > # 123" " 1282 TiaE » Hi=52°C
(<) TopE % (Bio2): 2# 123" Top g iz TmE > E+52TC -

(~) EARERE (Bio3): X350 @ £ (Bio2) 4 1R £ (Bio7) £ %14 100

H>35%-
(1) BREZ & (Biod): 2& 12" 1 aF2 8L Hi=5C o
(L) B 32 5 B8 (BioS): 12 %" " 32 kX E H=52C-
(L-) 4P ipz g (Bio6): 12 B”? * KBz 5] & H=3T-
(t=) #R A (Bio7) &5 2 5 Ff (BioS) &84 7 »2 & g (Bio6)
ERIRIN S Ol
(t2) BPRES2Z TR R(Bio8) @3B AfbkiAag p ? g
Hx:TC-

(L) BirkE &2 T8 R (Bio09): B4 3 B AAE AR p2 o

B HEEZTC-
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(t37) R Ea2 T3oE R (Biol0): @34 3 B2 2 "398 &g " »2 315
BoHEEZTC-o
(7)) BFL T2 T8 R (Bioll )4 3 B2 2 "3HF&M? (»2. 1 35
BoHEEZTC-o
(=) 2%-kE(Biol2): - #cn@d" -k &> 52 & 12B 7 PR -RE2 4 BE>
Hi*% mm-
(™) BB 2% kE (Biol3): &g "M k& P2 % k¥ H= 5 mmo
(L4) Bdz®? 2%-kE (Biold): M -kE* i>2 % k8 E% mmo
(=4) k2 F &K (Biol5): ># 12 B * » '3k 2 %3 %8k (coefficient of
variation) » ¥ = 5 % o
(2 L+-) BPREH2 % LE (Biol6): @ 3 B2 M kP R4k sz a
£ » ¥ = % mm/quarter °
(L) g E & 2% k8 (Biol7): 34 3 B? 3% k& RseimkiM A
+ o HE >3 mme

(Z+z2) BB E 25k (Biol8): a2 3B " i»? 58k

<k
{w

AR
7
g
=

‘e ¥
I~ & ImMm e°

(-te) BEAFTF 2" LE (Biol9): @3B oFHhm2 s kg Eix}

mm e
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PN B

PR TG 2 7 TR R R AR MBI BB ARET
HE B TREF - FHELLFFFRMF: 4P 27 (L &M ) 5
ASTER GDEM V3 ?7}*’% CHRERS LA (H4230m)eBdifmy f]?]
EdpeaE ¥ 2 250m 0 @ * A % A3t (Zonal Statistics ) 3B # B 2 #kc

L
B ©°

—\

() TEAER I ERPDBERFATIHE EES me
(Z) BFAR I ERpPOBRFARAE HEEIme.
(Z) MBI RPN DBERFREE]E HZZme

(z) AHUEE ERN AR RPR 53 AREEMARLLE Hixg

(I) AHRECAKRBAREBARE FERREMTF ARBADREL - H 23

(=) B &  H =5 degree °

(=) % @ H =i degree -

I v P Es TS

FPREAFIRG 9FFF AR LA B AR J* LS S EER

ﬁﬁwiaﬁw@pgiyﬂ%y@wwygﬁ%W@%mn&&sﬂﬁauj
x1.5m )SPOT 6 ek B gkl A2 = 2 2 1% 41 £ & 22 % 2 250m

PRFH > FETBREN LT E I A A RN A R B
(=) B D RN AR G S R ARk 2 1000 B2 5% e

(2) (kA - R R RS R SR R 1000 i 5%
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() WA - R p P ARG S R e AR 1000 5% e
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(z)ﬁ%%:-%ﬁmﬁ%%ﬁﬁﬁ%;&ﬁﬁaﬁ%u1m,ﬁaé%o

SR LSRR NS FNEEENE EES ST S SUNUNS Su

% e

IR A 8% R B
BEREFFEFE 4TS I ik 2R REEAUMR S LH e
iR R £ E D R Btk e
(—) 3% FBTEEY 3 HF BARR Y S BRIEYS BAUEY > A BT
ALBE T & P /2 2018 EAARE AL BARTLE (MrainyEE

2019) % A% B =% mo

(Z) HRkRBITHEY 1 EF Bt BRI R MEES > KRBT A ROR

AFFEa A 2 E Y SERA o Ei2i mo

(Z) 2 ¥ REFIUB -8 - PG BB P2 BT AR -

() 2+ BEMHA Z 4 4% Shannon-Wiener 17 ;83- 5 — e p 4 3o | %

A2 F i
(I) B%BR FE- P FEER 28 e Exime

() # < (patch) dpfic: — FHp > & fide S 2 BB AT IRR2Z G fEvt B
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= ~Hp e R s TS

(=) AR ARIptR: RdpA b2 JUH LS =L 0 5 4RI ARG 100 4
AL ARl XREHRBEEPEFL L0 B2k L 60 B 5302
SEG LR R AR T5

(=) BB & : BA& K p Open street map BRI FAL > 3+ 5 & - P F i

ERZBAc Hizime

N
A EPE S ftke 5 NDVI &2 EVI> £ 2 k3% F]F » & * SPOT6

2017 & 2 fiek # i > SPOT6 ek H ke § 44k B (£ 2-2-1) Jfd iz vh &

Srizehskgh g 493 E UNDVIG @ % spim bk s Gmeb sk s R E 0 R 493

1 EVIe & Rk B ijugdt = TWDO7 Atk k5 (1 119 B 5 ¢ L/88) 14

Y

% ArcGIS 3+ 5 91 1.5m %4 F 4 NDVI & EVI» 3~ 5 R FH - 2

_FJ

o Z_250m A% 0 @ * & F 43t (Zonal Statistics ) 3* 5 & B p T o4
2tk
(=) NDVI: R i fafhdpde > 5 A30-1 3] 1 e @ -

(=) EVI:sfsfiidgdic 5 130-1 3] 1 de@ -
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I
el

1~ AL F AR

B RS - A SR R TR RIERERBF R E R
B34 B o R AE iRy ISR o R RITL R R BB TS
% P % B (features ) » -3¢ e*24] (constrains ) 7 & — FicR B | 1 & ©5%
' 157 (empirical average ) ) & > £ jEATF B & APl F A F ¢ o IR
FERAPROPI AT TG 355 A F ol A~ F (Phillipsetal., 2006) 0 *
3+4 # * R3.5.1(RCoreTeam,2018) & {7 4p B 3L3+ 4 47> 2 2 @ * MaxEnt3.4.1

#4822 R 22 “dismo” (Hijmans and Elith, 2013 ) & = $ = % 558

BARPAAsTHACAN SR SRS T PRI AR R B
% —%‘ 1T £ s 3 (Receiver Operating Characteristic curve, ROC curve ) H & 5T
e f (AreaUnder ROC curve, AUC) k38 BV FE RN % » T o B it i A 0
Ffenaiii 34 4 T & eBird 5 g e &k 27 b TR KR P fas F IR i
- AUC i 4 3t 0.5~1 AUC \_} R A RN mlﬁ’-ﬁ']ﬁ}_@ i8> 0.7
r b - e s AR 2 2 35 (Fielding and Bell » 1997 ; Pearce and Ferrier - 2000 ) -

PRI RFE DGR - B RBE L P SR ORI TR T AT

*?*Y

eBird 5 8 e &P ME R B AFTHOIFRILARIT E LR > 457 eBird FHE

i AP EF ﬁﬁ#ﬁﬁﬁmﬂﬁﬁ%’ﬁm%}ﬁﬁéﬁﬂﬁo%L%@ #

13’3
-

1

=

FRHOAFER I EIFEA R L N E AREPE FAOEELYERAT
vl Bee FTAHKEE APPSR JATERS S DNPEFE RS
#t & (Breeding Bird Survey, BBS) P # & 5 2018 & B 4538 {7 e L FRif
R RS B AR, EEEN AL EG - 2D AL TASHD
AR ARFREUFTAL AR EDT KA RIS DR X F YR R

AP NEG KRB AR
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Lo A ARRD R

WAt E 2018 £ B v 2 eBird2018 (HFRLIERI S R 0 22 L RS BT
ALEPTE R A T A5 B B R TER S S B p o M2 AR 2019
EREF RN S0 TG s @ % BiELre jF(logistic regrssion )
3718 > 3+ % McFadden's pseudo-R squared %t #s FAl & Ap R chL B o
McFadden's pseudo-R squared H £ 4 773t — 4L @ 4 1 ﬁya errsqured > HoiE i+ &
oS enfE g i 4 45} Foom - MAMHZP rsqured Hd A LT e B2 e
#3+ & » @ McFadden's pseudo R squred P #_* log likelihood #iz* & o

In L(Mgyy1)

seudo R*=1—- ————=
p lnL(Mnull)

L v HEmAHEz AN

RYpHARA T IR S > B E AL S SRR RARSBE
BRABEE B REE -FRA TR ENZ R FERPI LT EE E 10
percentile training presence (Radosavljevic & Anderson, 2014 ) T 5 B & » SERE
B T > - AN (binary) eI 2 MRk > B AL TR BIE
FAERIFET A NI E o EREAE £ RTY AR S T R
EERHPBE G ARBEOT A - o DEFS B Y G A (species richness )
T 5% (T B o RE T RRMELE FAT R IR NE PR B REL LS
o ERAERA T R B2 gk SR RELES T o R RL
RGBSR BT FRBOTRAR G o DEB G RTL DA T 5%
R TR BB BT RALLEME 4 T e B RS FR B 0 ¥ ArcGIS
ERVEEREROPAY G R DB NIRRT 40%F Ak (Troumbis &
Dimitrakopoulos, 1998 ) » T % # 5 #4418k -

RipZ FHRBDAFER TR EPRTOFIFFLBA > H LG €3
RErAARRI > P F2 BRI X3P E A7 7 AR R FlFEFP 2 ik
T fRE B2 S SRR R el e

36



& R EREAF IR

AE2009EF 47 67 ~107 o g S FeERFT L HPT S
B Ao PR Ef A4 60 100 o B 24 BIIFI > G 14
FEFAEMALGKRIDARFE -NEPF 4 1pAFRF MR U2
67 PABHBFNMAR > LB F AR 0 AR APFE I A L2 A
Mo ERLTERFALOFAFHEFLLEE 4T PAEFEL 3 31247
5P 6" PAAPEFL6Y 63267 10p LA 67 23367 28p »10 7 &

BAFRFLZ107? 24p 32107 30p o

ST E2I8EA LM  HEFEHRELA0I8EFITALEL T KR
PEF OEE IR RTINS LI B RENA L N ARTREY AR

R ORHERLF O AR RO RS P 2R AR

PRERFPECEARSST SRS (£ 242)1(- ) AE Y L
DF KR kR A A A TR A TR A LA A3
BR; SR S RBEL SRS F L sl X 2B Flap aEp B s 7]
AFRREEF ~d @B AP I - A RE-4 7 TPk e Ry
(Z)FA®F A RE - BPERAE - P38y ~THPEINEC 20T
TR P A A S LR TR AP S A LAR R
Wz REF(Z) a8 R 5T AE RS kB e PR AR BLGER D
1Ry s s -l F R EEA A FROF S TERE [T P LR
FLg~d Ltk Rl £33 2 ¢ LWHRAR () AAF D FIR-5 L
MR LR E S R RE kT EARAE BB T L A
SR AL R R S PR 0 AT L LR
()R %  HBPEKE -3 EF@ &R KR~ LS4 /T~ 2L P3|

DAL ~ B AR L AP~ BT AP HIT R s R AR 0 A9E S g
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;‘%\ /\: %,\Ié-;\!;.o
EHEEN IS RFFYUES ERTRAGE SRR R R RILEER
(2 2-12)c HHA BTN 12/ 2 REFES G 1 bl4oppm b 2T Lo

HRE R » REFY TG R ol w R HRRP LI RER

@Jé’}%ﬁlll‘afi#‘#]ﬁﬁi% ’V'J'&V'Qﬂ')tgf"i Pl;.r:}r' ,rﬂ’dﬂi—_;gi-kq—f

'jtyjﬁ;tt\‘? g K (k,J\,J\%‘g‘%H ‘/Fr e "k‘v/";’J\ J\'Eﬁ.?‘;- °od ’5/\) *{?r\%@$&1 ’

0

TEF S A BRI A FREFIRNEE S S BER L L M
B ER R o Fl A %@@ﬂmﬁ&’ﬁﬁﬁéﬁjﬁiﬁﬁ’%¢ﬁ
RAREF I BIBRAMAL TN AT FRP R A2/ H BT
Ko Ard 2 68 B E 0 B & 5 200 B =< T (B 2-4-2~F) 2-4-6) - {7 §
HAAB S T TRY LA BTGB e LR eh b A S KT
Pl 2 HEFOT R A 2 o EHAFTHNIER D B LR R DL A
TR RB TN o A e b RS ER DT AR

BEDT - d 2R AR RPPFEF w8 RINEFIPE M 2R 4
PR B AR R A G R R A EERS ] LR BT AR
PRENHFEOFTFREEFIRTPTT R LS UEFEIRESEELA kB
B RERGE YRR RW R BIE FRE NAEFRE R kS
ENOHBP KBEREBEXP PRI ET ORNET EEY DL TP RR Y 0-
lerleF A2V RE BP: iR i 0 83 PR3 TRAKRFT €352 &

WPFEFLEHEAL  AARK2Z IR ZFF b kE IR E 2

PREWL SR Y e E P XGRS BEEEEETR
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%341 AP FRPHRBLAEAERFZ GPS B

Yo% ®’E% A GPSEL i+ 7
37 T R-5 L 118°24'32.74"E  24°31'11.95"N
38 & Bl A 118°23'57.83"E  24°30'42.85"N
39 SLid ok R 118°25'42.50"E  24°30'20.51"N
40 B ok B 118°25'54.50"E  24°27'41.77"N
41 2 B 118°26'46.86"E  24°27'25.72"N
42 Wk R 118°27'29.15"E 24°26'2.93"N
43 S 4 118°24'42.49"E 24°29'8.76"N
44 ok R 118°22'57.42"E 24°27'6.19"N
45 kR AR 118°25'4.00"E 24°28'45.89"N
46 B oL 118°23'14.80"E 24°29'6.32"N
47 EALEENE 1 S8 118°18'49.40"E  24°25'17.44"N
48 kRt 118°18'49.80"E  24°25'32.60"N
49 PG 118°18'0.30"E 24°28'18.18"N
50 FEREEC AN 118°15'0.15"E 24°25'30.02'"N
51 ok -F Lok Rl 118°13'14.34"E  24°2529.42"N
52 AR E-ARE SR 118°1521.21"E 24°27'1.06"N
53 Faw s g 118°13'9.38"E 24°25'6.53"N
54 e A 118°14'58.01"E  24°2520.89"N
55 S - R ¥ 118°14'55.83"E 24°26'7.89"N
56 e B G i 118°2022.54"E  24°2427.91"N
57 2L(GERZ RS 118°18'45.80"E  24°23'35.47"N
58 =R 118°19'50.30"E  24°27'23.96"N
59 sefF -l & R ARER A AL 118°1828.60"E  24°26'20.41"N
60 Zu P dA T 118°20'10.52"E 24°28'6.36'"N
61 kO F 118°19'1.90"E 24°25'38.27"N
62 ESUEIL Al B 118°21'29.43"E  24°27'39.28"N
63 ok % 48 118°24'54.48"E  24°26'35.88"N
64 Ehv i 118°25'13.67"E 24°28'4.29"N
65 PR BT AL R 118°24'3533"E  24°27'43.56"N
66 I b 118°26'10.20"E 24°30'0.76"N
67 43 118°26'56.78"E ~ 24°29'59.25"N
68 vt s A 118°27'23.11"E 24°29'6.51"N
69 s 118°25'47.73"E 24°31'5.72"N
70 Y- kA A 118°22'30.90"E  24°27'40.72"N
71 i 20 % 118°24'33.89"E 24°28'5.52"N
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% 3-4-1 23 FRP HRBEL

T Oy

I

# A %2 GPS BLin(H)

%% #W L GPSB: i F 4
72 ARTiE B § 74P 118°2727.94"E 24°26'32.94"N
73 [R--%2 118°1820.57"E 24°25'18.75"N
74 TR 118°25'13.14"E 24°30'58.82"N
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EF L2 5 5 AR 2 49(22)

3 4-7-1 S 58 8B B RHRITG TRk

e .. TR Y EE T
i S 237K
e Anser cygnoides G2 G2
*VkE2R  Anser fabalis R AN
WRER Anser serrirostris G2 G2
v 3R Anser albifrons G2 G2
% e Anser anser 7. o HF
| x4 Cygnus columbianus ik i
X 48 Cygnus cygnus ik i
WA Tadorna ferruginea R R
=& Tadorna tadorna R R
Tﬁ' g Nettapus coromandelianus 3 ko
Gl Aix galericulata W~ W~ A
kAl Mareca strepera R R
By Mareca falcata RN 1 o HF
7 SEVE Mareca penelope R IR |
I RCR Mareca americana % ﬁ‘ i#
Sk ER g Anas platyrhynchos A2 Py
[ A Anas zonorhyncha PRI 1 %/ ~2 %
g Spatula clypeata RN 1 RN |
X Bvg Anas acuta IR 1 1}~ %
v favg Spatula querquedula R P HFE 7
=g Sibirionetta formosa R N2
kg Anas crecca g A
S ERENE Aythya ferina R A
R Aythya baeri i i
BB Aythya fuligula o R
¥ B Aythya marila R A
48 Bucephala clangula U i
REARY Mergus merganser i i3
S F i) Mergus serrator ¥ R
E
1838 Coturnix japonica i ~ 2 fFE A
s 34 Phasianus colchicus sliefd ~
| A Pavo cristatus jliedd ~ #» 4 Jliedd ~ ¥
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2471 GP LN LB HE SRS EERGE D

T 2 017 £ 4B K4 ¢ B pm
EreEFBT RN CASEERS
b
L Gavia stellata o i~ A
2 g Gavia arctica i i
%r@%ii
‘| R Tachybaptus ruficollis T % g4
i—k%’ﬁ-}' Podiceps auritus o HF i
R H Podiceps cristatus R R 1
2 5ERBE%8  Podiceps nigricollis R R
% % s%#  Diomedeidae
2 %ri; X 35 Phoebastria nigripes el el
ek % % 35 Phoebastria albatrus el el
+-K#EE  Calonectris leucomelas & Al

2 R k&% Oceanodroma monorhis  # A
B

2 Ciconia nigra R R
L > ¢ ¥  Ciconia boyciana R R
% 4y f

HATE Fregata minor el i
v s E L Fregata ariel el i
v M E  Sula leucogaster i~ W~
i

 §8%8 Phalacrocorax pelagicus ~ # i#

k878 Phalacrocorax carbo X X
2~ k848  Phalacrocorax capillatus i i#
igEnE

¥ 334BvH  Pelecanus crispus i~ A W~
4

i ] Botaurus stellaris 2 R
% 8 Ixobrychus sinensis E~2H/E~2E T2 EEF
o g Ixobrychus eurhythmus i~ A i~ A
8 Ixobrychus cinnamomeus % ~ #f [
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2471 P L 4B RHERREELRH2)

2017 & 4 4

B o s

‘2t g 2 5 bk Pl fiﬁ;
(i o

T2 E  Ixobrychus flavicollis W~ W~ A

3. Ardea cinerea 1 R

%1 Ardea purpurea i~ o H/E A

~ 6 % Ardeaalba R P

v B Ardea intermedia RN I R 1

B @ Egretta eulophotes /8 E~24/8&~2 ¥

i) % Egretta garzetta PR AR 1

#8 Egretta sacra CARNFAE 1 ¥~ g

LY Bubulcus ibis F-~2g/E~2F F-2F/E~F Y

» ¥ Ardeola bacchus R 78 SN | N 8 SN

/i~ F /B~ E

CE S | Butorides striata i~ B o H/E

& Nycticorax nycticorax FARI CARIE

2 5%  Gorsachius melanolophus i i

B

259 g5 Threskiornis melanocephalus % ~ #f W~

v Y Platalea leucorodia i~ o H/E

2 5 %«L% Platalea minor RN 1 R 1

ik Pandionidae

,\%JE Pandion haliaetus T2 % g2 4

A

2 e p Elanus caeruleus T2 % g2 4

L > 8 JF  Pernis ptilorhynchus i~ A W~

2 %F8% Aviceda leuphotes ¥ #

¥ Spilornis cheela 7., i ~

1*18 Ictinaetus malaiensis i i#

=18 Clanga clanga Pk i ~

v A 3B Agquila heliaca 7., SRE 2

v "L Aquila fasciata i i#

418 Hieraaetus pennatus i#

ok BE Butastur indicus g W~ 74

L= % & Circus spilonotus i~ A i~ A

T EE Circus cyaneus i~ A i~ A
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2471 P L 8B RHERREELRHEI)

2017 £ 4 % 5 & & BY R

vt g .
ook AL e L CASEERS
—EE Circus melanoleucos W~ A W~ A
BEEE Accipiter trivirgatus # 5.
R Accipiter soloensis W~ W~ A
p A8 Accipiter gularis W~ W~ A
IO . Accipiter virgatus ¥ B A ¥ AEE
A% Accipiter nisus W~ W~ A
'3 5 Accipiter gentilis i~ B o HFE M
2 Milvus migrans o HFE M 22 EE- A
43 Haliastur indus i ¥
v s 18 Haliaeetus leucogaster i i
L E Buteo lagopus i i
L8 Buteo japonicus LR 1 R
~ & Buteo hemilasius W~ W~ A
G %
A - Rallina eurizonoides i3 i
A g - FE Lewinia striata k¥ ik
i Rallus indicus i~ W~
S Amaurornis phoenicurus § ~ ¥ T %
B Zapornia fusca i i
| FF Zapornia pusilla i~ W~
T 5t Gallicrex cinerea i~ W~
k3 Porphyrio poliocephalus ¥ S
Bk Gallinula chloropus T % g~
v B Fulica atra X o
+ %rigf
B ML Himantopus himantopus § ~ % /% ~2 % F ~2 F/% ~ 7
/B~ 3 £/~ g
F g Recurvirostra avosetta % ~ % % s E W
Y L
¥ 1 Haematopus ostralegus § ~ * ¥/% ~ %
A BafE Pluvialis squatarola R o
* L FE & sa i Pluvialis fulva A2 EEFE A2 RESAE
| S8 Vanellus vanellus i~ A i~ A
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2471 P L &R B SHERREESRHE I

B Vanellus cinereus B~ A & - i
B Charadrius leschenaultii N LT I PN AN

% R
&1y
Sty

> g8
15387
.38
ks

F 38
7538

v ML 38
+ &38
448

7 ¥
EaRE L

| &38
5D

# X 38
17138

¢ 1138
L]

= 1738

2 E3f
A
WEIB

< %38
L VL% 38
i
A

% k%38

Charadrius alexandrinus
Charadrius placidus

Charadrius dubius

Charadrius veredus

Rostratula benghalensis

Hydrophasianus chirurgus

Xenus cinereus
Actitis hypoleucos
Tringa ochropus
Tringa brevipes
Tringa erythropus
Tringa nebularia
Tringa guttifer
Tringa stagnatilis
Tringa glareola
Tringa totanus
Numenius minutus
Numenius phaeopus
Numenius madagascariensis
Numenius arquata
Limosa limosa
Limosa lapponica
Arenaria interpres
Calidris tenuirostris
Calidris canutus
Calidris pugnax
Calidris falcinellus

Calidris acuminata

FARNY IS VE N
i‘k

AR VAR
W~
& - #
i~ fF

R
£ KB
R
& 4
AR VA &
£
& A
R
&7
£ KB
& A
£ K8
&
£
&
& 7 A
£ K8
R
R
&
R
LR

FARN I VI 1
CARIEIE WA N
i~ A

& -~ A

AR EAS
SRR 1A
R
RSV
SRR A
£
& - A
AR
AR EAN
SRR T A
& - A
RS I A
& - A
£
& - A
AR EAN
R R
&
&
& - A
R
AR
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2471 P L &R B SHERREELRHE D)

‘e . 007 £ L AL BT
PErE R RN i3 3TiE R

el SCE Calidris ferruginea A WAy
+ X %38  Calidris temminckii W~ A W~ A
£ %38 Calidris subminuta i~ w72 ¥
EHig Calidris pygmea W~ A W~ A
28 %38 Calidris ruficollis A2 d/E~F A 2R EF
= Bk 38 Calidris alba A LRI R I
2% 38 Calidris alpina A LRI R I
‘| %38 Calidris minuta W~ i~ A
+ %938 Calidris subruficollis i iF
£ X I8 Limnodromus scolopaceus i#F ik
g Limnodromus semipalmatus i ~ #f i~ A
v 38 Gallinago gallinago R 1 I
k38 Gallinago stenura W~ i~ A
¥ 8 Gallinago megala W~ i~ A
L 3g Scolopax rusticola i~ o~ HFE
SARPERJE  Phalaropus lobatus g w7 g
% ¥EX 38 Phalaropus fulicarius i~ i~ A
Z mt3gf
F %= K38 Turnix tanki i~ i~ A
# 8 Glareola maldivarum R HE M % HE M
PREE A
Lk Stercorarius pomarinus # i~

~.
RN £
N
S
SR

%@htmtn@ar
FE &SI &
2B E

=

REW

5
#H

Synthliboramphus antiquus

Rissa tridactyla
Saundersilarus saundersi
Chroicocephalus ridibundus
Ichthyaetus relictus
Ichthyaetus ichthyaetus
Larus crassirostris

Larus canus

Larus argentatus

A

i
A A
R |

i~ A

i -

R LR
IS VAR |
i

-~

-

-~

Y AR
£
£ 418 FF
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2471 £ L8 88 B RE R RG EE R 6)
‘e . 007 £ LHLH L BYHR
e PRy KRR PASEE
T REW Larus fuscus i~ 2~ HGE 2
¥
A& w8 Larus schistisagus 1 R 1
- Anous stolidus A [
RIS Onychoprion anaethetus % ~ * % RN 1
o # ¥ Sternula albifrons E®~* g ®~ ¥/
piak o ) Gelochelidon nilotica LI I 1
BaE Hydroprogne caspia I R 1
v 22 % wh Chlidonias leucopterus LI I 1
R Chlidonias hybrida RN | AR VAT o
%78 Sterna dougallii FERN I 1 F RNt
£ w Sterna sumatrana FERN I 1 F RNt
¥ Sterna hirundo i~ A W~
R Thalasseus bergii FERN I 1 g2 4
2 v =8 b BF # % Thalasseus bernsteini & i > ﬂi‘
. Koo
Lage o) Columba livia SliEfh ~ A sligdfd ~ §
2 4R Columba janthina i i
&%+ Streptopelia orientalis 1 R 1
A B g Streptopelia decaocto i i
g Streptopelia tranquebarica § ~ * % PR
TRFE B Streptopelia chinensis U PRI 1
=k FB+E Macropygia unchall t3. i~ B
R4 Chalcophaps indica i ik
g Treron sieboldii i i#
LEp % Treron formosae i #
28 1F
A2 G FE Centropus sinensis T4 %
HF8 Centropus bengalensis ¥~ A ¥
v 7B Eudynamys scolopaceus % ~ % ¥ ¥
FFE Clamator coromandus U I
~ B 78 Cacomantis merulinus ¥ i ~
> k5T Surniculus lugubris i~ A i~ A
9L Hierococcyx sparverioides % ~ #f i ~
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vt g ¢ , . . g gy
o A i S PRSEER=
‘| 7B Cuculus poliocephalus W~ A W~ A
= 4L FE Cuculus micropterus EAE/EAE R A HE A
~ 78 Cuculus canorus W~ W~ A
A3 ¢% $F8  Cuculus optatus i~ IR
LS
3 Tyto longimembris A R
AR 4 5§ Otus lettia i i
L= 45 Otus sunia W~ W~ A
KRS Athene noctua ik Bk
A B 5 Asio otus R R
e 5y Asio flammeus R R
w8 Ninox japonica W~ W~ A
LY Caprimulgus jotaka W~ W~
2 LR Caprimulgus affinis W~ W~
v vtk % & Hirundapus caudacutus i~ W~
®W £ 35 & Aerodramus brevirostris i~ W~
R B i Apus pacificus i~ W~
o] Apus nipalensis ¥4 ¥4
®E Alcedo atthis ¥~ % ¥~ %/&
a4 Halcyon coromanda i~ A W~ A
y3 a4 Halcyon smyrnensis CAREE A | RN |
REEHY Halcyon pileata R 1 RN 1
5l Ceryle rudis 724 CARIEIE
et Merops viridis i# #
8 vzt oL Merops philippinus 2%
T Merops persicus persicus i
ik i
CREN ! Eurystomus orientalis i~ A W~ A
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2017 # 1 BEH L B HR

T FE BEMATRR BT
Fale Upupa epops TF/E~2F FAE-E
AL
Eale S Yungipicus canicapillus a2 g A2y
4
i Falco tinnunculus RN 1 R 1
gk Falco amurensis i~ A W~ A
& Falco subbuteo i~ A W~ A
e Falco peregrinus SRR SR |
NG h g
~E K Pitta nympha & &*

1§

Ao & Pericrocotus divaricatus w7 g W~ A

A L¥s & Pericrocotus cantonensis # i~ B
BRIl % Lalage melaschistos i~ A i~ HF A
L g Pericrocotus speciosus i

TR ia g Lanius tigrinus i #

i BR O Lanius bucephalus i~ A W~
LAy Lanius collurio i i#

bk BF Lanius cristatus W~ g W~ F

A oy Lanius schach ¥4 ¥4

BE Dy Lanius sphenocercus i~ A W~
iy Lanius isabellinus isabellinus

3B Oriolus chinensis T~ FE A i ~

-y Dicrurus macrocercus RFHIF M R AEIT A
4 E k Dicrurus leucophaeus i~ A W~
ALk Dicrurus annectans i i#

Y5tk Dicrurus hottentottus i~ A W~

2 ELE Hypothymis azurea

G

a3 Terpsiphone atrocaudata

il & ~ A
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RO
i 3TiE ik

2017 & £ % 5 4 &

4 z
: 7 e Bk PET kW

Terpsiphone incei

g Dendrocitta formosae i i

t 4 Pica serica AN AN

L= %78 Corvus dauuricus G2 G2

788 Corvus frugilegus R R

| ¥ 5 78 Corvus corone R R
E¥g Corvus macrorhynchos Pk i~ B

1 57 %5 Corvus torquatus CARV A 1 T2 %
W2 Alauda arvensis R R

| 2% Alauda gulgula T3 % T2 4

SRR = Riparia chinensis ik i

RQUF = Riparia riparia i~ W~

T Hirundo rustica LR ] W %/% - %
P2 Hirundo tahitica IRV | &~ /T M
EA S Cecropis daurica o M A oA A
G Cecropis striolata i i

v L % Delichon urbicum 45 i

L= = %rd  Delichon dasypus i #

N

T LR Periparus venustulus i i

v oL Parus minor ik ik

SR Machlolophus holsti # #

-

¥4 Remiz consobrinus R A
LA

CEBLE Aegithalos concinnus Pk oS E
4538 Troglodytes troglodytes #£ i#

L

v Ef 55 Pycnonotus sinensis ¥~ 8 ¥~ F

v v AX88  Pycnonotus aurigaster # i ~
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%471 &F 5 L &34

RS R 10)

.. . 007 £ 4 AL H - BTRR
i i Y S E i 3Tk 2k
A -8 0 Hypsipetes leucocephalus % 0 HFE A
248 Hypsipetes amaurotis # #
& ¥ m%ri§  Hemixos castanonotus oS HE A oS HE
SR
E AR Regulus regulus i~ A W~ A
A F
Eh Y Urosphena squameiceps N Y
wo ¥ Abroscopus albogularis £ i~
PABTH Horornis diphone i~ A i~ A
B AAY Horornis borealis N Y
N} Horornis fortipes T~ g CARNV 1
e #
o eh o Phylloscopus collybita & 3.
W d R Phylloscopus fuscatus RN | R 1
E iy Phylloscopus schwarzi i~ A i~ A
T TR Phylloscopus proregulus I I
TR Phylloscopus inornatus I R
TR ] Phylloscopus borealis ¥ N2 ¥ IO TR 2
20 B Phylloscopus examinandus — ? ?
pArg Phylloscopus xanthodryas ? ?
oy 1 B Phylloscopus trochiloides ¥ i
Eoa el Phylloscopus plumbeitarsus i i
At B Phylloscopus tenellipes i~ A i~ A
R §¥8  Phylloscopus borealoides i~ A i~ A
et | Phylloscopus coronatus i~ A i~ A
v X F XY E Phylloscopus claudiae £ #
¥ XX ¥ ¥ Phylloscopus goodsoni b3, R 2
v P38 Y Phylloscopus intermedius ¥ %~ ﬁ%‘

E¥FY Arundinax aedon
Eh¥d Acrocephalus bistrigiceps
X *¥% Acrocephalus orientalis
9 4 4

Ehiel Locaustella fasciolata

2
‘1%-

>R

§/% ~#

E-)
&
=R
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2471 P L bR RBRFR R ELHRGE 1)

e .. 2017 & 45 L BGRR
Brg Rk 1% 37iE R

A B Locustella ochotensis W~ A W~ A

4 ms@ B Locustella lanceolata W~ A W~ A

#»#i8 ¥  Locustella mandelli melanorhyncha #& % Jﬁr

A CH A

¥ 5kB  Cisticola juncidis W~ ¥ o~ HFE 7
¥

% % % kB Cisticola exilis i i

X E48B  Priniaflaviventris ¥ % AR

%&EE’,%%‘% Prinia inornata % 7%

vtk B Sylvia curruca i i#

%32 BH  Yuhina torqueola i ¥k

R Zosterops simplex AR ¥4

e Leiothrichidae

2wk Garrulax perspicillatus i this

“KEh Garrulax canorus UK 2 PRI 1

A

A oA 38 Muscicapa griseisticta W~ W~

5 38 Muscicapa sibirica W~ W~

k3 Muscicapa ferruginea i i~ B

% v 88 Muscicapa dauurica I I 1

a8 Copsychus saularis ¥4 RIS

%3 §Eih88 Cyornis hainanus & i ~

v 313y Cyanoptila cyanomelana W~ W~

I ESE  Cyanoptila cumatilis ? ?

iF 558 Eumyias thalassinus A A

v V&SP Brachypteryx leucophris i i ~

k@98  Larvivora sibilans & I

P %898  Larvivora akahige #£ i#

T8 Larvivora cyane #£ i ~

rizaf Luscinia svecica A A

v % B Myophonus caeruleus T W&~ T/t
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% 4-7-1 £ 5 8BRS R RINE FERWN 12)

‘e s 2017 # 4 % 5 4 & ﬁ?%ﬁ
g PR RR CASEEE

La ) Calliope calliope R 22 ¥

EEkug Tarsiger cyanurus a2y Rk

IV Ficedula zanthopygia i~ A W~ A

R Ficedula elisae ? ?

+ A% 8B Ficedula narcissina i~ A W~ A

v % 88 Ficedula mugimaki i~ A i~ A

i vEsg Ficedula albicilla i~ A i~ A
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