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The Records of Spoon-billed Sandpiper and Nordmann’s
Greenshank in Taiwan from 1995- 2015

Chung-Yu Chiang'? & Chien-Chung Sha

'Taiwan Wader Study Group,’Center for Tropical Ecology and Biodiversity Tunghai University

Abstract

Spoon-billed sandpiper and Nordmann’s greenshank are two rarest species in shorebird group and are
listed in the IUCN Red List of Threatened Species. Both of them breed in Russian Far East and winter
in Southeast Asia. Their habitats loss due to many economic developments occurred in their flyway
and wintering grounds. We collected the records of these two species in Taiwan during 1995 to 2015
to figure out their statuses in Taiwan. We also summarized the related research works in recent year to

know more about their facing threats.

Keyword: Spoon-billed sandpiper, Nordmann’s greenshank, records, Taiwan
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Avian Biodiversity on Stopover in Rice Field -Take Tin-Liu-
Yang Wetland for Example

Zheng-An Wang & Hsiao-Wei Yuan *
School of Forestry & Resource Conservation, National Taiwan University

( *Corresponding author: hwyuan@ntu.edu.tw )

Abstract

As wetlands decline, rice field is considered as one of the most important habitats for aquatic creatures.
Due to its special location and steady aquatic cycle, some rice fields become important stopovers for
migratory birds. Although rice field management and stopover ecology have been widely studied,
synthesized discussion was not common. Tin-Liu-Yang Wetland in north-east Taiwan has always been
considered an important stopover for migratory birds. This research tried to find out the characters that
made Tin-Liu-Yang Wetland a important stopover through bird surveys from 2013 to 2015. We also

discussed how the cultivation cycle in rice field: transplant, grow, harvest, post harvest, influenced

14

bird aboundance. We observed 148 bird species. Variances among seasons mainly were caused by
transient visitants’ arrived time & the duration they stayed. Landscape mosaic which consisted of
nature & manmade habitat provided different bird spaces to live. Cultivation cycle routinely changed
period by period, made birds to adapt and decide if they stay or not: In transplant period shorebirds had
the highest number; in harvest period herons, raptors, and sparrows had the highest number; in post-
harvest period ducks, thrushes, and buntings had the highest number. Our result not only identified the
characters that Tin-Liu-Yang Wetland had, but also confirmed the close relationship between avian &

cultivation cycle, provided a conservation strategy through traditional farming methods.

Keyword: Cultivation Cycle, Habitat preferences, Harvest, Season, Transplant
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RERAEERNEZEBEFELEZR  UREESFEER 2 EEEBARED  HRHE
HRMEYERE BE—SIEESRAECHREKEHMEERAHNES,  BFZHEER
WE 4 RBE HEMEEE - B2YWEL SAS #1T ANOVA 917 - LB Y EAFEEBH
AR Bt -

W FE G R
HERBARERI 4R 148 ERE Bt 22375 &R - EPREEEEESHR
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DRI E R ( Scolopacidae - 16 7& ) ~ EIE Al ( Anatidae - 147 ) ~ ERl ( Ardeidae 9
&) ~ EBR (Accipitridae - 9T ) ~ 88 HR ( Motacillidae - 81 ) ;| EXRRZIHWWED A
e ( Passer montanus - 6,118 £8R ) ~ /NKBS (Anas crecca - 4,193 ER ) - =HE
( Bubulcus ibis - 1,614 ER ) ~ {TEWE W ( Anas poecilorhyncha - 1,019 ER ) - /NBE
( Egretta garzetta - 671 ER ) - (& 1)

MEEZENEREEN TARFTH UHUEZAZEAANEEEEEREBESHN - &
EEEFH AEZFTOULIEHZEII112E ERZZLFTWI103E  BFEEMUFT3E HOH
EEFTNE -BHEEAIVERHEFFENREAREELREAND BEBSA/EZFIR -
BES ZXER BEENEH UXRFESESEEZENTIZRNZEZEEEERZES -
BEERESEENREDRAEZTAIIE XFTHIIB -HEHF 15 -BEFRIEB27E;
REERESEEARKEDIALZT481E BFF37TE -NKF30F -EFI0E(E 3) -

ERNEREN  REAREHNRENSEZENZE JILEHWEARERERYEY &2
BESRRENEZEMKES KEH60E 2418 tiE191E - EH 1418 SEHRIE -
EEEEEMNREF LUEEZR ERGRAZRE KERH -  EEE (4Ardea cinerea ) B
KBE (4. alba ) BEMAR  BREFOUBRE , BEENEE ROV REIENIRE ; &
REBHNEE—RREKEHERE EHBECOREBRERSNIZLESH ;, BERPRKRX
{638 (Anthus richardi) ~ 138 (A. hodgsoni ) iR R EAE L S - HAth 19 (R 1 K
HIRE - (&R 2)

REREBENAKEHBRAEN RHUEKXKEH#MEERNESLLUHIESEFREE
BEAENMNEFE - REOENERNSEEER  WEHHEESRERKRKH I (ANOVA,
p<0.05) - MUEHHRAIEARMBLIEZE , MEFEHNENSREHENTWERSKE
MEARMEZE (p<0.05)  MIKERREBERALSEEZEE  ELXNREBRSHEAS TR
HES (p<0.05) ; MARNEEBERSHENERALZEEZER - EXWHITHRBEHETEW
ERAMBEBEESRER (p<0.05) ; MEFURENHTHRBLNERKEGHNLSEERE -
EXNGEEEREAETEEMPRS (p<0.05)  KMHESRKRERKH (p<0.05) - BIRKFH#H
HEWERSMRSEEE , SIBENGEERENEZEEREREES  BEMEHEBEEE
(p<0.05) BRNEBHIEENRMBSRNEMEE (p<0.05) - ELHNBERNBSHEIAESR
BESLEAEZR , BARHNBENERAIZEEEMREES (p<0.05) Hf EMESGRAEE -
BERNSRHEENRMBES (p<0.05) HMBHRALSEEE  MeENRBEASEARH B
SRERE (p<0.05) EtMEEGHRIERAEEE - (B 4)

HE

KMAFMBERINSREEEE  HR 1INV FRRERE/NHNMNBHEFERERN 207
fBLIK 2011-2012 FHBEFAMKEHRBAERAEN 175 BERWND - IbEZFEIBROlRE
KERESELMNEEREFE  URMABENEEMEUBED AABME - KIFRXZE
EEEYERANBENHEZL AULFERERE BENHRE TELCHESHRE
HENRBERE,; MAAR 1998 FR 2011 FHMRABRIUSEEEELATEBE -
IWHRNAERLEAN BEREZ EXHEERRAENSNET - BFEBUE - BERER
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ER 148U LLNEREEE  MAREEFEAHESHNEYZ RN -

MESEEEEEZEITHE BEENEEEEERFAETE 2FT MF MEZEE
TERERBESERENEL MEMETNERAEREEEE4TE H2OBREREER

FEHEYF  HEEFLENBRESEEHL JRUEENBESEENRERSES - M
BEENERBLYERMENERMNEKEHEAERNEBY  ZHXENEH - €82
BEEARMNESHREEEREMRILER  JERERILERKEPHENRRA -
BREMBAKEHERBEXBHZMALBMENRERE —BRIBBRELERS
NWRBEEE KEHKEEIZNABERRMHKENEEZY  REFRERRMOEFTIR
#% ( Guadagnin et al., 2012) - MAHRGRABRKEHERZNREERTILERE - M
MIERKBERMMBELZARMNDRNERERE=2RFN - XMREB AMENER - REREH
EFNMESARERS . (1) RRBEENZSEEAR  MEEZAMLEZRKERE - A8
SZHBBEREER - (2) KEHRAMEBHALFTRRERTE RES(CHKHIER -
KEHEE  HEIGR  RKIFEK EREESHYEEKEHPIRIBESECHER
B BMREEMNSEUES "  ELEREEZZHEBERURESAE  EHEFHRMEA

RMBBEREN THERMSHNEEEEE  IFEEHRIOMEMENARIENEEGE - A
EREPEIRMNEMENEEER ( Urocissa caerulea ) RARHIEER - FREEEHN

BE (Falco peregrinus ) ERNRBEENRBZMPHOAR LER -

KEHHMEBRHBENSELE FENERONER MEEIBEHE LNEL W
RHESHEERBRKEHNEZE RELENENSRIBVFENEER/)  HELWELE
ZREREMZTNEE MERBANEIHECEEMEZTEH  SHEHERKRERARSH
HE REBHNERSRARIFEBERNTE  WEHRASKREBEREARME - RO
AERWEHEESBRENZHEN WEBNASEHEECSEHENENE S HER
SEmE (WWE - #Fx)  SHMMMEALSERNBSEHKUMNRZEIERS ( Strum et al.,
2013 ) - FEEEEE KA ZEHNHKRES -

ELHNEEREE REMREHNE BHELNEECEUEKKEHBEBYEAS - 2M
EEEHRGEN  EBRBHEUFZHILER RMEBBANMSAERNE - LIRERAD
AEHEMHARNEESAR  EERNEREERBT - S IEREIEHIER  BEEB
BRPEBEERBEENES N EERERGEREEROWEIEERERI - CURDRF
BR RABENEBELILERBILR -

EREELYBRENERREE BEEEHRPHERNEHEERSR Y BHTEFRITEE
B/ AEBUENBEREREASZHEENT N —RERY  EL0KESEFEESL - MER
HAEWEHNEZERAEXRERHNERER . 2GR AEHETRERERY  THEKENER
SEBENZES KA EENEE - KUSE  MEEEEARELINRERIE HE83
EHEERRZ/NWKEEZEE (Santiago-Quesada et al., 2014 ) ; WHEHAREEH P K E R KK
KBS  WEBREHNEERER_PHBERNEAEREER  BEAMNRBHBEKEER - B
HEREWEHNRRERE  SERETREMKHES LEENEE -

ELNBEERER EBERKHMAHELNSE BREFEFBAEYE  BZEFL
HEFEREEENEEY 2MERNSEEREER EHRBARSHNEE  HRAD
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FERBEMPEERRENEHE BN LRNKEEHEREFRZRENEYREETHIE L
BE - EEHBERRES  MEEEFHE -

ERRENSEENRHPHERSHNER - WIFEKEHAKM B KIRIEHERE M8
REZETNKEHNEARESHE F_FHNRHPHE FPRERBHITE KKE -
ERE-—BRBREAMEERELER  HMUKRENEHENZ ERERNEZEELESBREAR
MEE EEESNEMAEEVIBHNEABRNSE FHREENEFENERNER
HETRA —FEMFS -

MEegERER FTENEHBRENEFREL  BENEZLCHUERARNMERE
BRENEL BREERPINEBHRR MetHERETRE EWENERZRE
WEEEME  BEUWEEBEREREMR HMENMAEMBERABEE  EKMERN
ZHREARNER RXKEBRSEEREHER  BWREZFE-—ELEEIARMBRHMET E
B YR8 G &8 0 B -

KERATEMEHNE EESBEFEIESENHEEZ—RE  ELNHTHES
EMeRBRENRY  BEHRFER  RENMeRALBSRTENRY - B2 LS4
IWEBBEELX  MEFEREMKBAN  MEeWHHNE ERESEMRIERBEE -

SEKEHNZECEABRFNEE  cERBEHE  TREBFENEHR  EBEUBRE
B HIENE - AEER S KENER CUESBUNSEEEERRENBHRZHERE -
EREGENMEHNBREILN BEGSBUENKE XMRAEBRRNLRSEBEERNME
BHPEACTONESG  EOBR (KEHNERERMEEHERESRENLEERERZ] -
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210 REFHEAL LB HEA LTS F AR LEINRE

hXH B = B 54 £ #a
HEEE Rl Podicipediformes
VB B Tachybaptusruficollis 14 0 1 10 25
E5ZH Phalacrocoracidae
B5 45 Phalacrocorax carbo 0 0 0 3 3
E® Ardeidae
BB Ardea cinerea 118 0 73 80 271
B Ardeola bacchus 0 2 1 7 10
=EE Bubulcus ibis 199 233 907 275 1614
e Butorides striatus 1 0 0 0 1
ABE Ardea alba 43 10 83 40 176
NGB Egretta garzetta 84 61 471 55 671
THE Egretta intermedia 58 65 92 92 307
=/NE Ixobrychus sinensis 0 1 0 0 1
RE Nycticorax nycticorax 38 6 1 9 54
REAR Threskiornithidae
2 NEERS Threskiornis aethiopicus 3 0 0 0 3
FEBS 7 Anatidae
EE Aix galericulata 0 0 0 24 24
REE Anas acuta 2 0 0 49 51
e Anas clypeata 27 0 0 49 76
I\ K BB Anas crecca 1396 1 100 2696 4193
& ig Anas formosa 0 0 0 2 2
InSEEE Anas penelope 1 0 0 40 41
#EgEiE Anas platyrhynchos 11 0 0 271 282
BB IS Anas poecilorhyncha 305 51 307 356 1019
HE Anas querquedula 2 0 0 0 2
7 B BE Anas strepera 0 0 0 1 1
=N Anser albifrons 2 0 0 0 2
A e AR Aythya ferina 0 0 0 15 15
IEERER Aythya fuligula 0 0 0 9 9
iv=ped Aythya marila 0 0 0 ? 2
[ERl Accipitridae
E£E Accipiter nisus 4 0 2 3 9

24

AFL(F)n FEEED AL HERALZEE PR eI DR T H .

hXH 22 & E & £33 #an
WeEE Accipiter virgatus 0 0 5 1 6
TRIE [E Accipiter soloensis 0 0 2 0 2
BlEEE Accipiter trivirgatus 3 0 4 1 8
*EEE Butastur indicus 0 0 5 1 6
= Buteo buteo 3 0 0 5 8
2E Milvus migrans 30 8 23 46 107
RSB Spilornis cheela 15 3 13 13 44
BB Elanus caeruleus 0 0 0 1 1
55%} Pandionidae
BE Pandion haliaetus 15 1 8 21 45
£ H Falconidae
i £ Falco peregrinus 0 0 2 5 7
4] £ Falco tinnunculus 4 0 8 16 28
M Z R Galliformes
7 2 Bambusicola thoracica 2 3 2 6 13
s Coturnix japonica 0 0 0 1 1
Al Gruidae
SEEE Grus monacha 4 0 0 0 4
MR Rl Rallidae
A g fr # Amaurornis phoenicurus 1 0 0 1 2
=P Fulica atra 5 0 0 6 11
41 7 K 2 Gallinula chloropus 28 6 25 38 97
4E TR 2 Porzana fusca 0 3 0 0 3
TR Bl Ao 2 Rallina eurizonoides 0 1 2 0 3
¥ % Rostratulidae
¥ e Rostratula benghalensis 2 0 0 0 2
5%l Charadriidae
BHESEE Charadrius alexandrinus 11 0 0 0 11
INRSETE Charadrius dubius 130 5 25 64 224
%l 18 Charadrius placidus 2 0 0 0 2
Bk 118 Vanellus cinereus 9 0 0 0 9
NG Vanellus vanellus 16 0 2 15 33
& D16 Pluvialis dominica 10 0 1 0 11
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hXH B =S B 54 £ A
% #l Scolopacidae
REERE Calidris acuminata 64 0 0 0 64
RIEET Calidris alpina 3 0 6 0 9
HEELG Calidris ferruginea 1 0 0 0 1
A1 M & %5 Calidris ruficollis 8 0 0 0 8
RHUEE Calidris subminuta 8 0 5 0 13
KB % Calidris temminckii 2 0 0 0 2
H 5 Capella gallinago 117 0 23 28 168
BEE Limicola falcinellus 1 0 0 0 1
EEE Limosa limosa 1 0 0 0 1
oK) &S Numenius phaeopus 1 0 0 0 1
[& b1 %5 Tringa glareola 94 3 18 1 116
78 Actitis hypoleucos 22 0 16 27 65
=S Tringa nebularia 23 0 1 0 24
B s ZE Tringa ochropus 63 2 30 103 198
INE B S Tringa stagnatilis 2 0 0 0 7
INE B Tringa totanus 4 0 0 0 4
M E R Recurvirostridae
= BEs Himantopu shimantopus 7 4 58 6 75
A8 Al Glareolidae
e Glareola maldivarum 6 0 0 0 6
5%l Laridae
E I8 S Sterna acuticauda 0 6 0 0 6
MEaE R Columbidae
BES Chalcophap sindica 1 0 0 0 1
EX Columba livia 0 0 3 0 3
IRSE BT IS Streptopelia chinensis 5 4 17 1 27
Er=—fL=] Streptopelia orientalis 1 0 12 104 117
FANIS Streptopelia tranquebarica 21 11 137 41 210
1 BE R Cuculidae
EEE Centropus bengalensis 7 8 29 6 43
o &t B8 Cuculus optatus 1 4 0 0 5
[& B8 Cuculus sparverioides 0 1 0 0 1
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hXH 22 & E & £33 #an
Rl Apodidae
)\ BR 38 Hirundapu scaudacutus 3 2 9 38 52
22K A Alcedinidae
2E Alcedo atthis 0 2 6 4 12
&% Capitonidae
ARy = Megalaima nuchalis 10 12 14 20 56
BHE R Alaudidae
g Alauda arvensis 37 0 6 27 70
## Hirundinidae
5 fie Hirundo rustica 161 118 89 7 375
TR & & Hirundo striolata 5 20 13 5 43
p=E Hirundo tahitica 23 64 127 66 280
i b 38 Riparia paludicola 151 27 52 257 487
& B8 Hirundo daurica 0 0 4 0 4
& E M Dicruridae
REE Dicrurus macrocercus 52 32 120 38 242
5%l Corvidae
HETE Corvus frugilegus 2 0 0 0 2
15 85 Dendrocitta formosae 45 49 58 79 231
=§e Pica pica 2 0 0 0 2
= Urocissa caerulea 68 12 10 53 143
ERS A Leiothrichidae
WIRS B Alcippe morrisonia 12 0 10 25 47
=B Leucodioptron taewanum 2 1 0 0 3
£ B ® Timaliidae
RNEE Pomatorhinus erythrogenys 7 3 6 7 23
INEE g Pomatorhinus musicus 26 8 22 30 86
AT g8 Stachyridopsis ruficeps 15 3 7 14 39
85 Pycnonotidae
PRI Hypsipetes leucocephalus 37 54 12 14 117
HES Pycnonotus sinensis 142 67 129 282 620
58 Muscicapidae
g5 98 Luscinia calliope 2 0 0 6 8
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A1:(F)e %ixh

KRR L8 BB A S AL BT i

AL (F)n FESED LS HEAL TSI BRI T H o
hXH B =S B 54 £ A

BE R ED Monticola solitarius 3 0 2 1 6
EEL Myiophoneus insularis 4 1 3 0 8
=E B Phoenicurus auroreus 2 0 0 33 35
EER Saxicola torquatus 2 0 1 22 25
A Turdidae
TNEEE Turdus chrysolaus 0 0 0 10 10
bt 24 %5 Turdus eunomus 19 0 0 44 63
=PEES Turdus pallidus 13 0 0 87 100
ik = Zoothera dauma 1 0 0 2 3
Z 8% Acrocephalidae

=8 Acrocephalus orientalis 0 0 0 2 2
i B R Cettiidae
R E Cettia canturians 9 0 0 2 11
B EEH Cisticolidae
=HEEE Cisticolaexilis 0 0 1 0 1
EEEE Cisticola juncidis 0 0 0 3 3
Tk 58 £ & Prinia flaviventris 1 0 1 6 8
1SHEEEE Prinia subflava 0 0 0 7 7
HMEHR Phylloscopidae
15 b A & Phylloscopus borealis 29 26 29 12 96
=FE Phylloscopus inornatus 45 30 70 100 245
F %% Monarchidae
R EESS Hypothymis azurea 5 4 7 4 15
#5 BB Motacillidae
oNlE Anthus cervinus 12 0 6 18 36
HE% Anthus gustavi 1 0 1 0 2
1ai 28 Anthus hodgsoni 15 0 1 61 77
RIEZE Anthus richardi 0 0 0 5 5
= EZE Anthus rubescens 9 0 0 0 9
=FEE Motacilla alba 19 0 2 25 46
K ES B Motacilla cinerea 21 0 19 28 68
=E% Motacilla flava 134 0 366 42 542

A5 & Laniidae
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hXH 22 & =] & £ #an
FANCER =k Lanius bucephalus 1 0 0 0 1
#LERS Lanius cristatus 8 0 9 11 28
THEAS Lanius schach 5 1 7 6 19
R E R Sturnidae
% )\ 5 Acridotheres tristis 9 0 12 5 26
HE/\ T Acridotheres javanicus 3 6 97 8 114
RERE Sturnus nigricollis 5 0 0 0 5
= Sturnus cineraceus 0 0 4 18 22
INZRE Sturnus philippensis 1 0 0 0 1
IR Sturnus sericeus 3 0 0 1 4
BOM IR S Sturnus vulgaris 0 0 0 2 2
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200 FEEIERE BEF A B G pFDE
Wb A3 50% M EEd R o NI BE G LD s e
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22:(F) 0 FELNRE T A6 B0t B Fg

e R R N T TR T
AL Bl A 3 50% B B o IR gtg_"ﬂ)s 1 =g R NOSIUEA L

7K

¥ & By W B oy B Jh 2E 22 A8 em
/e e Tachybaptus ruficollis 58 33 8 0 0 0 0 0
BE J8 Phalacrocorax carbo 0 100 0 0 0 0 0 0 0
BE Ardea cinerea 70 24 3 1 0 0 0 1 1
e Ardeola bacchus 0 0 88 0 0 13 0 0 0
=HE Bubulcus ibis 31 0 62 1 0 2 1 0 3
HEBE Butorides striatus 0 100 0 0 0 0 0 0 0
KBE Ardea alba 58 7 20 10 0 4 0 1 0
AN=E- Egretta garzetta 33 1 45 3 0 18 0 1 0
hEE Egretta intermedia 14 0 79 0 0 2 4 0 1
=HINE Ixobrychus sinensis 0 0 100 0 0 0 0 0 0
RE Nycticorax nycticorax 0 60 40 0 0 0 0 0 0
BREE Threskiornis aethiopicus 0 0 100 O 0 0 0 0 0
KRERS Anas acuta 71 29 0 0 0 0 0 0 0
B Anas clypeata 84 0 16 0 0 0 0 0 0
TN IK B8R Anas crecca 91 0 9 0 0 0 0 0 0
Eie Anas formosa 100 0 0 0 0 0 0 0 0
TNSEHS Anas penelope 100 0 0 0 0 0 0 0 0
4FeEEE Anas platyrhynchos 95 5 0 0 0 0 0 0 0
ElE e Anas poecilorhyncha 77 12 9 0 0 0 0 2 0
==L Anas querquedula 100 0 0 0 0 0 0 0 0
=Ry Anser albifrons 50 0 50 0 0 0 0 0 0
ALERVENS Aythya ferina 100 0 0 0 0 0 0 0 0
B8 e Aythya fuligula 100 0 0 O 0 0 0 0 0
DA ELE Aythya marila 100 0 0 0 0 0 0 0 0
b=EE Accipiter nisus 0 0 0 100 0 0 0 0 0
N Accipiter virgatus 0 0 0 100 0 0 0 0 0
EpEEE Accipiter trivirgatus 0 0 0 100 0 0 0 0 0
2E Milvus migrans 0 0 0 100 0 0 0 0 0
KB Spilornis cheela 0 0 0 56 0 11 0 0 33
EWE Elanus caeruleus 0 0 0 0 0 0 0 0 100
BE Pandion haliaetus 0 100 O 0 0 0 0 0 0
4] £ Falco tinnunculus 0 0 17 67 17 0 0 0 0
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B E B I B Ly B Jh mE 22 AR em
(M Bambusicola thoracica 0 0 0 100 0 0 0 0 0
=g Grus monacha 0 0 100 0 0 0 0 0 0
=R Amaurornis phoenicurus 0 0 0 0 0 0 100 0 0
AS # Fulica atra 50 0 50 0 0 0 0 0 0
41 75 7K 2 Gallinula chloropus 43 0 51 0 0 0 7 0 0
HEFR 2 Porzana fusca 0 0 100 0 0 0 0 0 0
¥ e Rostratula benghalensis 0 0 100 0 0 0 0 0 0
RHIRSEE Charadrius alexandrinus 0 0 100 0 0 0 0 0 0
INIRSATE Charadrius dubius 0 0 98 0 0 0 0 0 2
%l 18 Charadrius placidus 0 0 100 0 0 0 0 0 0
Pk 178 Vanellus cinereus 0 0 71 0 0 0 0 29 0
& M5 Pluvialis dominica 0 0 91 0 0 0 0 0 9
INHEE Vanellus vanellus 7 0 93 0 0 0 0 0 0
REBEE Calidris acuminata 0 0 100 0 0 0 0 0 0
EEEL Calidris alpina 0 0 100 O 0 0 0 0 0
& E e Calidris ferruginea 0 0 100 0 0 0 0 0 0
A1 B & %5 Calidris ruficollis 0 0 100 O 0 0 0 0 0
RO E % Calidris subminuta 0 0 100 O 0 0 0 0 0
FCE#E Calidris temminckii 0 0 100 O 0 0 0 0 0
H %5 Capella gallinago 0 0 63 0 3 2 32 0 0
BIET Limicola falcinellus 0 0 100 0 0 0 0 0 0
& BT 78 Tringa glareola 0 0 100 0 0 0 0 0 0
Tk 78 Actitis hypoleucos 8 8 79 0 0 0 3 3 0
==k Tringa nebularia 0 11 89 0 0 0 0 0 0
HiEEZE Tringa ochropus 0 0 100 0 0 0 0 0 0
NS BB Tringa stagnatilis 0 0 100 0 0 0 0 0 0
INE T Tringa totanus 0 0 100 0 0 0 0 0 0
SR Himantopus himantopus 21 0 79 0 0 0 0 0 0
Fe 18 Glareola maldivarum 0 0 100 0 0 0 0 0 0
22§ R ER Sterna acuticauda 0 0 100 0 0 0 0 0 0
IRSE B IS Streptopelia chinensis 0 0 90 7 0 0 0 1 2
Er=—fL] Streptopelia orientalis 0 0 48 39 0 0 0 0 12
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220(F )0 RELERE REF A B BTG E’?“T%%ﬁ’cfb’ﬁf‘% it SR A 2 R4y
&b s b B & A 50% 14 .3+ﬂﬂ9°"'m:&gxufp IR 2) T - I SPANUPA S
X B I ORR g MM 4k 5% 25 4B =@

AN Streptopelia tranquebarica 0 0 34 15 0 0 0 7 45
EE Centropus bengalensis 0 0 0 0 50 38 0 0 13
EE Alcedo atthis 0 83 17 0 0 0 0 0 0
Ralzzy= Megalaima nuchalis 0 0 0 100 0 0 0 0 0
B Alauda arvensis 0 0 100 0 0 0 0 0 0
5 e Hirundo rustica 0 0 0 4 0 0 0 54 42
T~ B2 J5e Hirundo striolata 0 0 0 0 0 0 0 100 0
pEE:E Hirundo tahitica 0 0 7 11 0 0 0 78 4
1= 7D 35k Riparia paludicola 0 0 33 0 0 0 0 67 0
KER Dicrurus macrocercus 1 0 8 30 11 1 0 14 36
15t 85 Dendrocitta formosae 0 0 0 86 0 0 0 4 11
BB EEEE Urocissa caerulea 0 0 0 81 2 0 0 1 16
HWIEEE Alcippe morrisonia 0 0 0 100 0 0 0 0 0
£E8 Leucodioptron taewanum 0 0 0 0 100 0 0 0 0
K& Pomatorhinus erythrogenys 0 0 0 100 0 0 0 0 0
INEE Pomatorhinus musicus 0 0 0 71 29 0 0 0 0
AT 58 Stachyridopsis ruficeps 0 0 0 50 50 0 0 0 0
A E R Hypsipetes leucocephalus 0 0 0 93 0 0 0 0 7
HES Pycnonotus sinensis 0 0 0 23 59 0 0 2 16
g5 98 Luscinia calliope 0 0 25 0 75 0 0 0

BE T gE Monticola solitarius 0 0 0 0 0 0 0 100 0
=g Mpyiophoneus insularis 0 20 0 80 0 0 0 0 0
=R Phoenicurus auroreus 0 0 18 45 5 0 0 0 32
Iz 95 Saxicola torquatus 5 0 80 0 0 15 0 0 0
TR HE BB Turdus chrysolaus 0 0 75 25 0 0 0 0 0
EEE Zoothera dauma 0 0 0 100 0 0 0 0 0
FANEY Turdus naumanni 0 0 71 0 0 0 29 0 0
BLEAHS Turdus eunomus 0 0o 71 0 0 4 0 0 24
SPEES Turdus pallidus 0 0 25 25 0 3 0 0 47
Tk GE R Prinia flaviventris 7 0 20 7 20 40 0 0 7
BraE e Prinia subflava 0 0 34 3 38 20 2 0 2
E M EESE Hypothymis azurea 0 0 0 100 0 0 0 0 0

220(H )0 FELEFEE GET AV b Bt B RS R B B E S EE AR T
A b B A 50% MBS R o I 1 Kb AT p\ A i
X & B W ORR g B L wE S 4B =@
NG Anthus cervinus 0 0 100 0 0 0 0 0 0
==F Anthus gustavi 0 0 100 0 0 0 0 0 0
15 28 Anthus hodgsoni 0 0 19 5 0 0 0 0 77
RIEZE Anthus richardi 0 0 80 0 0 0 0 0 20
=EZ Anthus rubescens 0 0 91 0 0 0 0 0 9
H# % Motacilla alba 0 0 97 0 0 0 0 0 3
X35 3H Motacilla cinerea 0 o 77 7 0 2 0 0 14
=S Motacilla flava 0 0 94 1 0 0 0 0 4
#1881A %S Lanius bucephalus 0 0 0 0 0 0 0 0 100
AN =R Lanius cristatus 0 0 10 24 24 5 0 0 38
=R (== Lanius schach 0 0 0 0 45 9 0 0 45
% )\ 5 Acridotheres tristis 0 0 0 17 0 0 0 25 58
AHE/\F Acridotheres javanicus 0 0 4 0 0 0 0 78 17
= Sturnus cineraceus 0 0 6 0 0 0 0 0 94
INR B Sturnus philippensis 0 0 0 0 0 0 0 0 100
MR E Sturnus sericeus 0 0 75 25 0 0 0 0 0
B AR B Sturnus vulgaris 0 0 100 0 0 0 0 0 0
4R AR Zosterops japonicus 0 0 0 99 0 0 0 1 0
MxE Lonchura punctulata 0 0 42 0 55 3 0 0 0
BEXS Lonchura striata 0 0 75 0 25 0 0 0 0
e Carduelis sinica 0 0 0 100 O 0 0 0 0
Ee Fringilla montifringilla 0 0 0 100 0 0 0 0 0
7 5 I8 Emberiza fucata 0 0 100 0 0 0 0 0 0
L Emberiza pallasi 0 0 100 0 0 0 0 0 0
INTE Emberiza pusilla 0 0 83 0 8 0 0 0 8
5 U8 Emberiza spodocephala 0 0 46 15 25 0 0 0 14
it &2 Passer montanus 0 0 30 4 41 0 5 5 16
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Revealing Formosa’s historical breeding avifauna from
notes by the Western naturalists who rambled across the
island in the 19th century

Chie-Jen Ko

Taiwan Endemic Species Research Institute ( Corresponding author: jeromeko.tw@gmail.com )

Abstract

During the 19th century, when Western naturalists set foot on the island of Formosa searching for
new species to present to the world, many also left sketches of the status of the birds they met. This
paper review journal papers published during 1859-1912 by European or American naturalists, and
transformed their field notes into categorized population status of 95 breeding birds in Formosa. The
population status category has two levels, the first level describe seach bird species’ distribution on
the island with 2 categories: island-wide and restricted geographic distribution; and the second level
describing its population status with 6 categories: prevailing (8 sp.), common (49 sp.), abundant(19
sp.), throughout (5 sp.), uncommon (9 sp.), and rare (5 sp.). Another 5 species were discussed

separately due to obvious difference between individual naturalist or current knowledge, this includes

34

issues of species identity, observation of population status and geographic distribution. Understanding
the historical avifauna that inhabits the island before industrialization, provides baseline information

for bird conservation and ecosystem restoration.

Keyword: Swinhoe, La Touche, breeding birds, population status, historical literatures

Hil &

SEUREESEMRA /REZHNENBRZ— - KM  BSHNaEZRBKRENRE
ERETREFREANCEIZATENEERMEEMMAIERIER - BE - EEZAH - tbiZDER‘
0N ERERLED  SENIHEEBRAERGEEMBENZHELUNIE? &
ZERNBRESLEENNEE  SENZRELFEEEN  BEEBESAGFFHNAZ : BAR
BZzEgA—% BARAZSA—KR?NEZEMESBEA—R?OERARSESBEHNRESL
:”JrJrE’JS(J““H’”“‘JT%EE’J?"‘EEJ_EQ?E%(bﬂﬁdié 2007, M7 1997, Bl E 1998 ) -+ A&
MBRXMPESENGRERAEELINRDE

BU—MENSEKRFENENAE  —RERBEFEME T (bird atlas ) FRFEEE
ZEHFAEER MEBRRZFBRAREBEEXRERGATE RS ERERGBEINERERINE
SERBEREERES (2% 2010) ARPERBE S FEERELRZEEEHNEN
HEESEER (BEHES 2014) MELRESERERE  BEIEEWNEEHNREER
— A Z%®E (common) * AEZ%E (uncommon ) ' UKEEB (rare) (PERKBEFE
Bg2010) - ‘1'711'2235—1:./%iﬁ/zﬁfzaﬁ%%‘%?EEFEHKEEE’J SHEEt  BANLEE( Robert
Swinhoe ) B2 [E|ZE ( John David Digues La Touche ) &2 HESERPEBHNBEAEE (300
AUE)  THHBEXRVOXNEABGELOHPEERA 7 HMAHR %E%%Ltzgﬁﬁﬁﬁ’ﬂé
oI ANMEREENMPRERESEHNCEILERSENERHRENREL - &
NEFHaENEESREREN -

WHsEJiik

AXEIEHRRNISSIFE IN2EH HTNAELCKRENREZEEHHBAESHHS
KBTI E  UAESEERBETNECNERRKE HEb LHEHEEEREGE
RAREEHENEREENESIMANBERERMEENZRNEABELE - 5
SIMURERARENBREZFTERE : EHH ( Augustus P. Holst ) B H B & ( Walter
Goodfellow ) @ BEAARBRRGERSBEMHANHTINE - BHEUBEEERZES ( William
Robert OliVie-Grant) SANFRERNXNEPESSIAZMAHBZIEENIRMEL - XN
HEXERMATHELERP -

RIBXFHIMPFEZBNESRHNE  RES B _EERR A EBER - _EHIEEaE
EGEFRERESEH M ERERFRRE - /\E%i&%ﬁ?ﬁf:@imﬁ?ﬁ# KR %A (rare)
AZ & (uncommon ) EZ N ?ﬁ( throughout ) » = (abundant ) &% ( common ) -

UK & BE (prevailing) - B 1@#@%%%&%#*% &E?JE BIRBSEXBMPREAN
RVNAERFAAE  KREBRABERZT S[ERERERREZEZNIEFRER
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AIEREBINS - HBEALS LE’Jpj%EAz‘EEE)EEE REFE BEZoTERGLHERYRERS

BoatmE HIR - BRHFELNEE - Bt - KBERITRAKEZD ?ﬁ?&ﬁ%ﬁiiy%mﬁ
FERERIBEEHERZS E\-E’\J}i?%ﬂk%%} - BREEEE CURREBI

3EER 2 ENERIER - FERFFEBFKRAGFHE ( The Pocket Oxford Dictionary and
Thesaurus ) (Jewell 2006 ) PRBUSEENRAAREREFEMBMWEE , EHNSEES
IHEEER AUBMZAEE, MAMESHELEEIEE AN "=ED , WILHAE
MERELHELLWESY APRALEKBELIARIAREIEHAEZENERIER (&
1)
TMEUEESEAMEHRR  ZESBHNXITENRES LHFES (2014) - EEEES
EMEAMAEMBUREBUNERE  NEZEE=ZLEREZLAEFEALEERDPEBEENNE
EAE RHitawalEEt FTEmMEENES -

# 11 2 Swinhoe (1863a) ¥ 7 f& 5 flcnds i 22 % #k & 2| %] 5 & -

5 JFE 52 ST Bk o R i T B AR 55 U R

“I only procured one of this species, and that was in April in

=/NE # A rare

Tamsuy. It would appear to be rare in Formosa.”
“It appears on the island of Formosa to be entirely restricted to
the interior mountain-chain, where it is said to be by no means
TRIE L& common. I have never found it on the cultivated hills, nor yet in the RE¥w uncommon
plantations on the plains; and, strange to say, no species of Parus
whatever occurs to take its place there.”

=S “...found throughout the plains and lower hill.” [&Z 7 5 throughout

“In Formosa this is an abundant resident species, being met with in

HEXS . . . 22 2 E abundant
all plantations throughout the low country in small parties.
e “This is th tch F , and is, I think, .
= i 5 48 .zs is the Cf)mmgnﬂyca cher of Formosa, and is ink, a 38 common
resident species...
_ “The ordinary resident Turtledove of all North China, from Canton  _
T 94 51 8 " fove of all from Canton g i 24 prevailing
to Shanghai, is also the prevailing species throughout Formosa.
- . “From the high ranges of Formosa my hunters brought me a e
ST T gh ranges of ’ roughtm 5% 218 unknown
solitary specimen... I have unfortunately only this one...
W FEss R
ERSREEAER T NEEREELGHEN 1S BRET (AEZRBMBHVEIET

& Zoothera dauma dauma ) - HRESFHBE RN EBEZLEGABRENSERES 144
E(87%) - WLHEIIHE (60% ) BEUlEREMRESEN X FHEA - HER21 & (13% ) &
ZE9N2FEARKBBENBURBLRRE (WF—) - EE99RBZP  BISEEESHEIMR
BATHEHAE (R2)  BMNMMEREANFHII EHEEF BIREERE  BREFHAE L
BEER  BEATE  RE . URKEXRE, IGEHREREALEZZBNHEBSER
R J\E -
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22T H R SR ERS B IE R ORI B S ik

SEH REH

It BE 4R 25 5 4R R A KEHE BUKE

# A Rare rare 5 0

uncommon, not rare, often came across, by no means

AZ¥E Uncommon 8 1
common

&2 % Throughout throughout, found on most of the ( habitat ) 5 0

s e abundant, very/great/extremely abundant, plentiful, most

S ZE Abundant v'e Y P 12 7
numerous, abounds, very large flocks

o common, very/seems common, not uncommon, ( described

Z® Common i 38 11
as more numerous than a common species )

B {83 Prevailing prevailing, most common, commonest, excessively common 7 1

—  AERERE

BESE

Bt REHE g REEE o228 &4k KBE UKRKBENRAS
ZEREEERE W AREBENRE B EGEAESSBINERE - HY
AREREREERE BEUER "EFENAFAE,  EELREHASENEDL "&#
EERTE T FamEl  #FE—E0EZHNSEHEXNEE (Here, in all parts,
both north and south, almost every bird you meet with is a Black Drongo. ) |
( Swinhoe 1863b) ; UK BEEHSEZEEMNHIN "EE@BHEDSWFIMEBESNE
EHEMEZE - fAHEUEERFERL B BEZTNEMABTIMR 2 RE
EEHHEEUREHEREEERENERIR  HEEEZEREERAEBNTE (is extremely
abundant all over the lowlands and lower hills of Formosa. Not a village grove
or bamboo copse in the valleys or plains but shelters some of these cheerful

and interesting birds, wherever the cover affords them shade and good hunting

grounds. ) ;5 (La Touche 1903 ) - HOIURKRAE 2 EEENERAREE -

EESE

EFtaREBMMEEER  RMES  NEE - FH BBE  /NEE - BES
B 5B TEE RZUBURRE HE2EERE, HFENEZEHKIRE  SE
FEANBE 2R RAREB RE URKXKBE,, #BBHUERE  EES
BEEEBENRBEAILAE XEHEE  HAEE AREER UREER, &
ABRMBRIZAEERS HREE - L1l W BER  XBELWMS - TH - X

RAEIE ;, ZEHIAERBBKERTS ; ﬁ&ﬂlﬂf—ilt}ﬁﬁﬁﬁ HEEE Sele-
AIBELE - BUeE  XKEBEHS  UKERTRIBEEERE -
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HESDERE

ARBEBEBSR BHELEENSADNRFZANEER  £E8F  ABERE -
UREHPHNBERSE BERES & =808 XS BEXE BI)NE HEE -
NRGEMS -~ NERS , BEERLAPEHNLE -  AIBKRENBEPEE -

DHhEZ

BELESRBRHEALERSR HETFSANDNRFRAMSZ  BEZESIMEZ - &
BREBEESHMNZERE KEZMNAEKE  BEKRPHVIRER  UAKRMHEN
INERERRBES -

FEBSE

BEENGE SFEEER REWLL B8M%  /NEE  AEMNE  ZEME -
KE - UKREE -

wERRE
WA BERBNGERE  EFFHENNS/)E PERULENSEZBRIEE - IX
RIE - 4ALMIKTE - LIRS BN ME -

Z - 5 8B ih & iR B AK AR
ALEYEBNEGRHAEEEPTEREEENIRER  SEERBARERERB It E K
R Z Pt -

EEtEERESE
WHLAREEDNEEERES  BERENERXERRNEEFS (ERRE
MmENSHEBEFERLHE) -

Bt E &R S E

ORIt EEEAEE  HHRSERILERS  UAKEEZHHEESES T - 46
MEBEMEHANSE  SRLGFEBEHNEERE , MERENIESTPHE  RE
BEE HRAUEBE, MREXESMANSEZRBEREESZES - HHN REXEER
BASHENSE  REREBEREN/)RE, ZHMEZEZNAERHE , BEEXERME
MENARES - AERBARZHHEESESR -

BHtERELESE
HWESEHOURAEES (EMESKE—F )  EEHRBRENES UK 82
RIE - BB, SERRPOMZMES ; UREMZ ZR0T I E G R A -
BEtEAEESRE
AEEEEHEHPNEH -
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ETNMEHLCEBEEEMERN M EREZS A RBEZEEARERENEEAN - o
RERNEEREEER/TSHABRMBRMBERNMRELS Mol EEFEEHENSE
HERHBEGAMEG HEEXHMPESHNSEERENESEEZUNBEREERES
ZER e ANF@mMERE ENRSG - REREHE LWAREY  UREMGH®NYE
R B R RS

—hEE - -REE SENERNRZ

TAHCHBSEBRENE  UEEZINRTENSERENAR - AXEZREN
SEGHNEORELRELANES  ME_ AN EEEONARNEZEOD (EE
FTHEgER ISANSEESRE,; LR KEERE ) At RSAEBREEMN(E
BRER)NeERE HEeZ2RNTtE X UREFENSERR SR IBWIEED -
LWETERENRE : AEERLEENTERMRBEZRRBIN 1,000 ARLN (ZKE
2007 ) - AEMNBEEMBFTZERSEAEBTULERE - SEAPIKRMILE ( Baksa ) ~ S#X
EULE DUEKRREHEEEIE (Bangkimtsing) - PESBHHOBE B EHFHAE
ERTAEREILTEERULENACH  BEAXTPHNPSERSENRSRGHRKES
tMABRE_ANEHEABTHE - WHENERRE @ XRREEEART 2RI E - K

0

m

8% UKRBEBH 1,000 ARMENTESBNEE  ERBREIERZBAXNERESRS
= .

EERNRFET  ALESENEGHABDIUMBENELARSAHMRAR  LEH2BT
ERSHRANGRE -l - tMHEARRPBEREZYENSEEERSABRBREIR
(04 FEERBRABNERREIRAEERE)  EFERERAREIEBNEESRENE
BEEXE BESHARBRE (BILES 2014) - HHEW  BERANSRE WAL
F=E/EEAKREKIE MER 204 FEREIBNEHNREBEISERE - BEEANK
ENNEEAABENERNRAIEZEZEELREBLEAASEE - 8208 - R - LLRS

SENNSERENR 1895 FEARRRBURERERER - WE)IIZm (1929 ) EBEE S
THHAYVBEENEERENN ST ARESD TER  TEESHMIEE - RKHE
FEBRE IS FE 1945 F2E -  HARBMKHARBE TNSESERBHAXE - X
ik URBER - BeEBRE _tHLCYHNSREENE  HEMEBERENWHE L

RABTE -

— BEERERTELNAEEN

THAHAEKESESEMRETMHEDS  ReEBRENREEEHEREELFEEINE
HATENBREINSZZF/ENRENE NHERTRLEERIARENCIREER - £4
REw - EIRENR 1863 FRFRMALEA NS ( Swinhoe 1863c) - RN 1866 FECHHEIER
g REASMEBRLUECEREEENABEZBEARAZETERENEDMZE ( Swinhoe
1866b ) - HIEE 1893 FRIERRESEMEABINN 600 ARSENEREFMNKRER - &
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INAISHEBARZA TARBENXKELNE  TRALUMSHFEBIREZEME KNS E (La Touche
1895 ) - BARNEEMNZR - HEBSEAMBEXRN=-"FRNEERSEXT® ( AE821E 1907
FEHEERBESHRE XM On the Birds of the Island of Formosa ) T& 8 BRI/ NEENAL
B MRTHESEAMNEANGSERARSEEL _SBMWERBTEEY (cf. La Touche 1895,
1898, 1903 ) -

BRyYMEHWEUS  ZERENERLEEZE S E R A& o B )R @ o 8 B & 17 %

C ARTERERAMNEEAEEERSENSES LNBEE - HESHPEPEN
15”? FORERE 183 FREBERRMBAMNMEBENGRHRERS .. EEFLEBERELHNE
HEES HAERESTEKRKEHTE  LIFEAFEEHFIERNBEYNBE | RIEFRIZE
sy B X L& # (is a constant resident in South China and Formosa, frequenting
wet paddy-fields during the day, where they feed on grasshoppers and almost anything
they can catch, and roosting at night on the banyan and other large trees ) ;5 ( Swinhoe
1863c ) ; RME 1871 FIRBEBHBEIEER "HEXLAEHEENETL LT (HE ) JIA
EREIHSESFE - W EGTEZE LRE D o (1 entered it in my Formosan list on
insufficient evidence. It has not occurred on that island. ) ; ( Swinhoe 1871 ) * RS
MHETEEEENNREZLES  BRELUXE  HERSENBERLCEHENDS 1861
T 1862 FMFRA (M B 1997 ) AIOIEEBEEE -

BlfE A L EpiER  EFERLBENHELCHRLASHILEMAEZUEE - UE
EHRRAZTEENEY  BHRE  DURBEBEALIFERA  LPEREEAZIRELLE
EFECHEERNER - KIEFEE&CEH# EHHEBED  EEBXEEEEHEF CMOEE
B RBESEZRESEBENEGHRAEBESERBRLEN®  AXSTEIB=] : YEBHHE ( 7(

BE - RE - DUEREERE)  BREAE (N\F)  DUEREES ?E(EHE%) DA
P i i
CATEEERE

BSMATEEERBEMNREUBEEEAR ESESRE  RBEARRES -

JrnﬁiEE—JJtI:_%%EEUBsCEHK EEm{a:Eﬁ}mLDP ARER 1862 FH R E4 7B
FPRERAANRERE BERENBLR "BEANMATREEL FE#ZF (not
unfrequently occurred ) - UHFRHBE  EZFEMEHLE 1 ( Swinhoe 1863a) ;
ABEBENRIRRRER 7 2F (1864 F ) »r MRITOE WL EREARK KA ABESH
=4 8 LS ( Swinhoe 1866b ) EE%ZIK/\ﬁEﬂ%]/\%UJE&E%%U ( Swinhoe

1866c) + BB ARG TILENKREREHRL -+ FRAUBSINSER - #AM
RAERERFEARCE - 1EED—FEE’E.5H$ZEHE/JE:%EEM NESEa &L ERRKS
B "RBHERELCE W "EAW(F: SEAMN)  BzHF (2 BRE&E ) - KX

RIEEFENEHEFZEREEE (crested eagle) ( BEHKRTEHIZEEE 1B LT
9% ) 1 (La Touche 1895) ~ T (XK ) XFEHEFIE (eagle ) e (71 : B
BHETENEATE  BENAFTRIMIASEETEZSLIREEENLUE) o (La
Touche 1898 ) - {-E 1903 MWEEEEEENAYT  NBZE—TEL "W _BETZF
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Hf#A BFEl (f: 808 ) 2IWEEF - BZEEZEH jUEﬁ‘ﬂ“Tié'?i)\
PRI BB B (tarsus ) EREBAPERMBI AL EEMRE ( La Touche 1903 ) -
Lt TAEHECRKAETEUEANRESIPESE RERRY bxﬁﬂiﬁvﬁﬁﬁ*ﬁﬁﬁ
BUBFAERARERREHENES RS BrldaRENSE - B —RENZE -
PREENEBEEMUEHNEARLEENIESRBEFEHEEONT ( FTWEX
K) - BMAENLELER 500 ARMTITHWEESKRER  £#E5KNEEELERR
KD REBEAERERINES  RUBEBTERBENANBESIPERS -

* B ER

EXBEERESRHRPNENLCEHE 22 9 FTHEAEEREARHRERZ
EXREMIAR( MR 1997) AWM WHFREISSFLREFBESKRE 7 EHEE -
RERBER/NEEE - ZFELRERE T HMS Inflexible EMITEE—F - Wik 6 B 18
HEEs R B BNt R R REERE " 85 FEAH /) 761 EEWEEE LZEE (vast
numbers of these birds breeding on the precipitous sides of the cliffs ) 5 ( Swinhoe
1859, 1871 ) - RBRSH/NEBEELEYEN /B EHE FEABBREHIELIF
NEREBSRETEE M (AR 2008 ) - HER - EXRBOEEZHAFS UL —HET (5
itk 2008 ) B - AWMBEENEE  ERBEHEA/NKBMEG  LEE/NKBIFEE
PHNENWEERBREITH (EAS 2015) - ERBERELCEN/NEBLSERBHR
#H o BEEXRBRIUEESEAE L BERAGHNBRERT»HBHEEENIHRMG
EVHEBRE -

T IR B8 5 G
«J\F

FORETE 1863 EREN\IWNALZE "EES ?Eiﬁﬁ’?ﬁ*fﬁ?l/?i 4 ( Swinhoe
1863c) - HIBIEZEE 1895 EmAERAIR/\S "£8E/~F (2. S6m ) AITHFEH

BIFEIRIFE AREZdE ( very uncommon in the plains east of Tazwanfu and Takow ) |
(La Touche 1895 ) - 188 FREHR/\FELEZLN "EZLEERELEEBELD L (La
Touche 1898 ) - MM TN HEALFEZENCEREEEHNEA —REMETEHRNWIEH
ARG AR -EEEE HES I3 FRRNEEELERE—XPEHRM™H
EEENRRZ/FEENBESIEH ( feel sure that the species has been introduced
by the Chinese settlers ) 5 ( La Touche 1903 ) - HIBIEMNHEREAR T /\FHE (&
BH) B0 EERMEBEIESEN G2 REAFREER—FTHN/\FBE "EFE
SERIAKIETTIE ( they have none of the impudence and bold ways that render them
such interesting birds, on the continent) ;, - WiR & EW N\ " HFUWU#E—EFEE
WEIEHEX T  EEZRE (HEFPEH ) REZHNEMBE  WREZEOHFELFES
F B AEZERNIC T (they seem as if lost in a strange land and all their favorite
avocations, such as following the plough, or attending cattle, are taken up by the

Black Drongo ) i -
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HALHAGREAETE  BUEBERS/N\IFHESIEINENRIBEIFEHE : A
AR 1895 FEFTRMNEBE / —EHPFEEMTRN/\SF - MEZRABESRRMK
B &)X (La Touche 1898 ) ° SEIRETHE 1863 FH/\FWH A PN ERKEASEEH
&\ ( Swinhoe 1863¢c) - sma il - NFE+TNELHNEHFRERETH/ET ? E—
OEERAMAURR 30 FNEHEEENHEIAE - \NFER 1860 FE 1890 FRKIEA
HRBERAE, E_AIJERAEP—UNAEGER - - MRSIBEERHDRRE (ssp.
formosanus ) W\ SFBERBEIJRERESF —1%K  SEFRKEBEFMENEASIERNIIRK
BEEE AT EEMRENLE -

3T |
=FEE
HEBTETNAHLHNEERAEARELRENNE ST IERBAER M -
BN ELAMUSBEELIEBR SO0 ARBHNERERER - B Z N 1893
FIIAIHREREEZETEAMBEAL - tENHEPES SIS (La
Touche 1895 ) - EMERBNSEALBE 600 AR (2,000 R ) - EREMN 1865 &F
O 2HEITNRENFRLRE —EMSE (Swinhoe 1866a) ' EMASRSELTE
MENNUE  BRUBEEZEAR 100 AR - ZERSHNRABEFTHNEMRIE  ENH
SERERBN 1,100 ARE 2,500 ARWEEMA ( 2/ 2010) - BREERER
EENEALRZEMARE - AN OFNARNEBRAEFENAIN 2013 FWE
REZERMBLEBA4EFNEREREVE—F  BHREABEBEERAASELHIEX
HRAWAHE  BEBIREEBTESEU ( nomadic migration ) 30/EEBUE (irruptive
migration ) I EME MK LT (cf. XM 2015) - eBird EEB RN B E
BHIRUEBETER TEBFNEREIESR (2015 F ) BHIEEEHW (2016 F£ ) (eBird
2016) - HETHAELEE _+—HLENLHE  BEBSN S HREGHSBRRIEEFRE
BEBARNES  FEANEUBRERTBRINEEMSEER -

= -BHERAEREEHBER%

EMEEAERD  HREBBEHEAENHAZENBEUREREG  JUES
BN - AMANHRERNT  FWLERE  HNEE  UASEFSSEASDREIES
WX FiEa - ARSKEEBRFERED REEERNEAAR - BIMEE 1895 FEHH
AERBERENEERSEXH  MEE)IZM (1929) BATEENHRERESR
(BoA®% -V 2 H=ZEFH)  HHEHAIASESBENZHAEH  FHEE MU
FRUBSEORAETNECRESES2EEUNEARLSSENKRENRE - BS
ERNSEEUHBEHENREZE DR =_EHAER : %8 (rare) ~ AEE (uncommon ) -
MUKE®R (common ) - ENSEEE (N2 SEGHESEEHSFEEE) - &
R (WNeZSBRik)  UASERERHORAL DR ; E=EEEEBM The Sibley
Guide to Birds ( Sibley 2014 ) REI EMWZ2RAEEN DA - BN SHEE KA Z &
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DAPERHE T EEE (abundant) 0 RN EEES B EEFARE - WEOMNA Birds of
Europe ( Svensson et al., 1999 ) - EXBHNEHREDHKEE . %8 (rare) ~ FEH
S E 3B ( scarce or local ) ~ M EE ( fairly abundant ) - {22 E ( abundant ) -
PUKEEMHME (very abundant )

ISy MEEESHEEENERSAIESNEE - WFEER A Field Guide to
the Birds of Korea ( Lee et al., 2000 ) - HEEAMNEERESRLEBEEZERIKE
& %mAB (rare) ~ VR (scarce) * AE¥E (uncommon ) » % ( common ) - !
AEEEE (abundant) - HHEEEIRUEEEEEDERANIFEEL  ROUEKRBEE
MBEPEHHW ACFOR ElE#Hi)% - B =2 = ( abundant ) ~ F . ( common ) -
® R (frequent) - 8% (occasionally ) + BULK# A (rare) - ACFOR xF =2 1958
FRELESNBRNEFEVEYHIESITMERBREINEEHEES AR ( Murray et
al., 2006 ) - EBREREZ WEAREFTENLAEZNESEYEES RELX
(cf. Morris et al., 1995) - EE ACFOR W EFHNEREAMEN B ZXBF IR
MFEETLD  IIHENEREEZEALATRANBENESRSZRES - AIERFRKE
G RRFHERARARAE  HUSEENHESARNERBEREE HEEF IR
O AR E&GEMRENHEEZERIERAE -

TAHEZERAMNBERERCEZE TR BNEARALLCHENRY EHREEREH
BEHRSISEBHANENEL  AXHAETEFAINIS BEESENHEAERER B TH
EMNHESH MRERUFASEREALEREFTHNSE -

2% R

PERBETSESE - 2010 - SESEZH - PERDP 23:66-95 -

RIKE 2007 - SEREEFRFR (1853-1945) - S EZBARALMRE -

MIHE <1997 - BEBSHEBIAL - FWHEKRSERD A -

HEM 2008 FENEBEFTELEXEABRECANEZEF -ETHRX -REBKRE - &
)L -1929 - EEROBUAE - QEBYEZT T 19(104), 438-464 -

BEE - TRE  2RRE - BREL - MIRE - 228 BRE(TERETSEGRELH
ZEE) 2014 014 FEERHERE  PEREFTRESE -

Bl - TRE - HRES MR- BEWE - -BER -2010- @ESEG - THREXZR
EEMER

ZITEEE - 1998 - S E S MM IATE (1840-1912) - MR H IREZENT -

EIER - 2006 - WMBESIERBENEENEBEERBRR - BLRX - B PUKRE .
Sy

BAT 2015 - AEBRFREE - THREEXZEEMES - &4t -
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MNEE Accipiter virgatus 8 1 BF AR B Rt BN N
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X % B4 + 71 1t 42 1 B R 2 7S 1 B AR A il
AL 7 K 2 Gallinula chloropus BNt B2 . i
= B Himantopus himantopus i R 40 8% B .RE /R
RAERSEH Charadrius alexandrinus ] =N &SN
INRSETE Charadrius dubius HEES AN P SN
s Rostratula benghalensis HEZLE (M) 2N 11
IK % Hydrophasianus chirurgus & & £ K 88 Rl N - N I
e i g Turnix sylvaticus HELS (HEH) BB
™ — B 75 Turnix suscitator LR B2 .
3 118 Glareola maldivarum gEws (AEY) B2 11
Z s Anous stolidus EZHT 5. 1
5 B ES Onychoprion fuscatus oK 40 8% 5 %/B B
SN=E Onychoprion anaethetus TR (@S ) B -fE I
1)\ 3 S Sternula albifrons MR B AR AE St = BN S BN o 1
#1 3 B8 Sterna dougallii ok 40 8% B .RZ I
B ES Sterna sumatrana im0 E YA ERW S 1
Bl B8 3 S Thalasseus bergii & (1580 ) 5.1 = I
TR AR 05 Columba pulchricollis 4 i BE R BE St =N -
EHR Streptopelia orientalis ] =N
FANI= Streptopelia tranquebarica H=2Z2E ( HIEEL) B
I S8 DR S Streptopelia chinensis =B =N
RER Chalcophaps indica ZE (FREE) 7. R
FS Treron sieboldii TE (AR ) = BN
#1 BB 4% 15 Treron formosae 4 T B¥ 4R BE f =N I
I\ Ptilinopus leclancheri i 7k 42 5% = N
[& 55 Hierococcyx sparverioides |8 7 4C #% 2.z
1677 P85 Cuculus optatus ZiE (1530) Bz
Eie Centropus bengalensis Z iR BE
555 Tyto longimembris 99 W BE HR BE St B2 . % I
=EAS Otus spilocephalus 4 15 B 4K A5 St g .o -
EEN=E Otus lettia 4 1 BY 4K B8 Syt g . o 1
=R Ketupa flavipes & R 40 5% =N 1
#5 &5 Glaucidium brodiei 4 1 B 4R BE St = = 1
18 K 55 Strix leptogrammica IR =N 1
R 7 KRS Strix nivicola i ok 40 5% =N 1
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h X & B& TN AR RF AR RS IR S k8% A AR 22
18855 Ninox japonica 2 It B AR AR AL BREL/ B KL 1
aERE Caprimulgus affinis YELS (AEH) BT
XWEetE R  Hirundapus cochinchinensis &) 7K 40 $% 2N >
X R Apus pacificus 5 i B AR AR A B REZL /B
7]\ R Apus nipalensis EZiR (FAEmER) N
2F Alcedo atthis iR B2 . B RE
hEE Megalaima nuchalis iR B
AN PN Dendrocopos canicapillus &2 9 B2 .

VAL N Dendrocopos leucotos R BF K BR R B .RE I
#x K R Picus canus 4 1 B A BE St =N < 1
s &= Falco peregrinus 49 W B MR BE St LR RRE B RE ]
Nes Pitta nympha 3 R B A RS AL B AE 11
B i LU S Pericrocotus solaris ] .

£ LS Coracina macei 4 i B 4R BE St B2 . % I
BB Lanius schach SER ez . o

“EEE Erpornis zantholeuca 97 W BY AR BE St 52 . i

= Oriolus chinensis TR BB B I
KB Oriolus traillii BZnm N -~ 1
ARERE Dicrurus macrocercus RIEE B2 X8R

NS Dicrurus aeneus $7E = BF K BE R B2 .

= 0 BE 5 Hypothymis azurea =R gz . o

NV Garrulus glandarius I R BY 4R BE £t B2 . i

SEER Urocissa caerulea ZiE (1530) N 111
fil &6 Dendrocitta formosae ] =N

=i Pica pica HEEE (AMmE) BT

275 Nucifraga caryocatactes =R B2 .

EER Corvus macrorhynchos rEE ez . o

INE Alauda gulgula ] B

R D Riparia chinensis ENg— g,

EE:0 Hirundo rustica HEEES =N SN R - N

¥ Hirundo tahitica S AR 42 8% B2 . i

7 B2 5 Cecropis striolata iR = N

R 77 % M 35 Delichon dasypus & Rk 42 5% N &

i RIIE=S Poecile varius IR 7. R 1
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b3 % B Lt R B R A S B A il
p=SIIR=S Periparus ater T iR B 111
=—=—AlIR=3 Parus monticolus iR B I11
=& Parus holsti I I B R AR ALK B % 11
ARERIIR=S Aegithalos concinnus =B B
ZHEmS Sitta europaea mIRA AR A B
=g} Troglodytes troglodytes 5 15 B AR BE R B, =
5 Cinclus pallasii Z iR B R
HIREE S Spizixos semitorques Zi&E B
I=TEES Pycnonotus taivanus RED (EE¥E) B TTEAREEFEL I1
HIES Pycnonotus sinensis HEEE BT
FANIESY Hypsipetes leucocephalus i@ B
KEEHE Regulus goodfellowi =i B I11
BEEB Pnoepyga formosana i8] K 40 % B
s Abroscopus albogularis 5 T BF K BE R 7=
IV Horornis fortipes I i B IR RR R B/ 8- %

LB Horornis acanthizoides 2 R B 7K B8 Rt B

BEERE Locustella alishanensis 18 7R 40 B% BE

EERE Cisticola juncidis HIEE B E/%B- %

=AREEE Cisticola exilis Z R B2 E

DA s E Prinia crinigera Zim (68D ) B

Jx GE B & Prinia flaviventris T iR B

1BEEEEE Prinia inornata TR B .

BELTE Fulvetta formosana iR BB

L FAR -1 Sinosuthora webbiana =B B

=P Suthora verreauxi R B AN BE R B %

wPEB Yuhina brunneiceps H=E=EE B &

A ER AR Zosterops japonicus RIEE B

L AT 88 Cyanoderma ruficeps =B B

INEE [ Pomatorhinus musicus ] B

KE 5 Megapomatorhinus erythrocnemis & i& B =

FE=FH Schoeniparus brunneus LR B

mIRERE Alcippe morrisonia L& B

BEEF Garrulax taewanus RED B A 11
SERBMERE Ilanthocincla ruficeps wAa B % I

b B U1 R B A S i Bk A il
Y= Ianthocincla poecilorhyncha ¥ 158 B RE 11
=01 I Trochalopteron morrisonianum & Ik £ AR 88 R it B
HEZE Heterophasia auricularis TR B
=WEE Liocichla steerii 35 iR B A AR R BB
WNEEE Actinodura morrisoniana 3 1R B AR 8% KU B 111
NS Muscicapa ferruginea 1] 7R 40 B frE
=ETRIE Niltava vivida EGEAIRERM B AE 111

INEB R Brachypteryx montana RE IR B &

=-S5 Myophonus insularis EiE (1680) B-5

/NED R Enicurus scouleri 7 1R B AR BB R B % 11
BHE S Cinclidium leucurum BN ERM B AE 111
=N=RINE Tarsiger indicus = iR B % 11
EEMNE Tarsiger johnstoniae AERE g2 .

= =S 5 Ficedula hyperythra TR BE AR RE AL B

£ B K B8 Phoenicurus fuliginosus & B 11
ESTEES Monticola solitarius H=EE B H%/2x -

=LEE Turdus poliocephalus N HIRIRIR B % 11
N&F Acridotheres cristatellus AEm  IRREARGHIMER B - AE 11
% K 1E Dicaeum minullum 18 IR 40 8% 2. AE

AT [y [ 1 Dicaeum ignipectus %A B

=F Prunella collaris BN BE

=k Motacilla alba =i B T/ X &

BE Pyrrhula nipalensis AER B A&

& & Pyrrhula erythaca AE & B A&

=05 -3 Carpodacus formosanus 8 15 B K BR Rt B

LL| i &8 Passer rutilans TR B AR R R B I
ik 28 Passer montanus EEH B &

HEXE Lonchura striata HE=LZE B

RS Lonchura punctulata HEEE BT

XS Lonchura atricapilla 32 1R B AR AR AL B %
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TegEo S NMAAENER  AMRMNAD FUHREERN - R 613 EEXE
FEXAERNBERNERIEMR BOERSERERZRBESHRIETE 21 EHSA
HIRESHREPE - (EHARRBEMBORA - BN EBUERF —FENFEES -
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Temporal Variation on Plumage Coloration of Wintering
Black-faced Bunting (Emberiza spodocephala) in Taroko
National Park, Taiwan

Yu-Cheng Hsu* and Chung-Chi Hsu

Department of Natural Resources and Environmental Studies, National Dong Hwa University, Hualien, Taiwan.
( *Corresponding author: ycsheu@gms.ndhu.edu.tw )

Abstract

The Black-faced Bunting (Emberiza spodocephala) is a common wintering bird in Taiwan. Males and
females differmainly in their facial plumage coloration. According to long-term banding-recapture
records, some individuals showed facial coloration changes to a degree that affected sexing results.
This implies the inaccuracy of sexing by plumage along. In this study, we conducted molecular sexing
on 613 Black-faced Bunting banded since 2009 to 2016 in the Taroko National Park, Hualien. In these
birds, forty-nine males appeared like females, and 21 females had masculine facial character. The
former might be the first year young males, while the later might be females older than five years old.
The result confirmed an 11% false sexing if judged only with plumage coloration. In addition to sexual
dimorphism in plumage coloration, there is size dimorphism between sexes, with male larger than

female.

Keyword: Black-faced Bunting, Emberiza spodocephala, Plumage color variation, Sex

identification, Taroko National Park
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EFHE_FUENSE VNEeNZEZEEEEE2»UNNEZRE - BRI (Emberiza
spodocephala ) EEEMEBEEENZERS (TREHEZA2014) #HH—HA=-@EDE %X
FHESEHURIR S BEESRTIN Ve LEARPENER  BHENSEHERSE
ERENARBIENPTERERE  MESRISBIRE (Copete 2016 ) (B 1) - BthE2E
BN EERIEMAIN EZRE -

B2009F 48 EMEXEEMNBETREZMN  BEAKREBIAE EXPER
BRI FAMBAFRI  BRMETED—REREE - HPBINAD 1,000 ARKNER  HE
MBEEE R SHEMABRARIBEUS AMNMEE - REXMANBEREELSHE  UERERW
HEBHMNGEE  EREEXAEEAMESZEENELXES  HMASFE 10 A NaEEEEE
BEEANEENE  TWELLMERX  ZERF4BT9EEHR 5 BYBEZEIR (FBEH
2014) - BEREREECEFZPAMPER  BEEHMNEHET  UEKAEMNEBLFNK
RN  FHREHMMECHELSRE (T#KR  FBM2011) -

TERAED  BLERBTE—EXZTNAEAN HEEARELXZ=EEHBAZTRAFBIE
4k - LEREESEAAKERBERNDE  BWAEFIERBEPE EHIRBEYN
B INBLRAZRMBSVENER  UEERENENRPELSESHNTE B
MESTPI B HE RIS MR] - TJgEEE MR - MABHNRMARENEBSRAZEIN DNA -
IBIEMAERETPH DNA RE - OJRIERIMEE S EN MR ( Griffiths et al., 1996, 1998;
Dubiec and Zagalska-Neubauer 2006 ) ° AT EIR B 73 F £ ¥ 2 17 2 17 2= IR 06 79 14 Bl 8
T ERGKBPEMS FRMAAZENUIZEEHEE  RIELEBBELNERBERHN
HRILEA - WAREE —EREREREN—LEWRENERA  (ERERIERI P ENEZLEBER -

FHREBL ST 35

HMAH 2000 F4 522016 F4 8B EXEEBR2ENME  BSWEMNETHSE
MBHAIHEENEZERESE R  -TE2EKEF  KMPSEBE2VET —REENBEMIESE -
BRLERBE BREZS-10FA (REEN 150 2R ) - HIEANERIE 2 Bl ETLL
NEE: (1) B EHBRNME  TREBERISNPEHE MR ; (2) 5 EEE/N N
EEBEELAGTHNERIER, (3)ETISEFENE  8FEE BR BFX BRE &K
BR ER WHEBSR WHESE (WHEERERERE )STEE BHNEIENUESARORE
BNt SRR DAAEESEAZBR (BR) SA_ANEE (BE ) METITHS
B (B&HF) (Ecketal, 2012) ; (4) RIRFERFELR 20 ul MR - ER 600 ul B
100 % BEEPRT - HEEDNAZWNEAKBIEE2TA; (5) HE - T FIERENE
BRUEIRRME W - EHELRWNERE - AIELCERERIRAESR  HRBRAUSEERLEEBEINRK -

REWM®&EALL FavorPrep Blood Genomic DNA Extraction Mini Kit
( FAVORGEN ) #%HI DNA - B AE S5 EHEH X E ( polymerase chain reaction ) - B
Fridolfsson and Ellegren ( 1999 ) FRE8 B A ZETH FHRIETE - R ENEEER -
EMMU aE@iSENERSEIERELEREEEEE (A BREEHHES )  BHREFE
HHNEREFZERAZUNAESEN  AREBRABAEASFENNZREZ  AXREALXRE
“FEFMAIEMNEEE (H 344 &) ETHEEDN -
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RS

2009 F 4 AE2016F 48 EMEXERER 2B LAEBHEER T 917 & - 1,565
ERERIE - HP 613 &~ 1,079 EXRERIEEHE DNA 1914 Bl i E 48 RANKP & E R
MRl (H342EHE 271 E#E ) - REBESFURNEENER BEESAOCHNEEHS
RESHWE=E (K1) HEREEEBNIZE  ZBEERBESEREE  2BEE - BX -
BER ER WHEHBER WHSESHEEHBZANRIES (r-test, P<0.05) - EEBEM
FE_IHELSEBEENUAIEE (R2) -

LB FHEEMNGBEB P EHATUAMNGER  BIRE27TI EERST - B49E (18% ) -
HS57Z£2ERNEFEZRFABYUS - SLEARSTENERSE 78.9% BEHIREE LA
¥*ER(MNAZEZERFEIAR) (R3) - #HAMMEZEHSRERNESPTENEFLENS -
EARABBLSESHNTERENBEEELZM - ERE—EREERBER—EBWEKENERE - 2R
HMPEXEEELPERE Pt RELE - HINIRIK ASII4ATHNES - E2012F 1 A
SHERBEHER RSBV NASMESHEHENBESE (B2a)  -AE2H6 HE —REIWE -
BEBNPEEREKREIEXRES (B2b) ZEEF4 A 13 HBELNKRE  BENTEET
TERESHNKERE BEBEVPEREE (B 2c) -

BRT7TEHESURERSEAREVNEMERIR/MESI  EUIFEEURMN 342 EWS
B B21E€(6.1%) AAERLUESHNEERSPE  MEBRABES - LBZRHARR
BV W HZHIREERBEEREELNEHN (3-48) (&3) - REBHROKER -
KRR ELEERBHSHNEMPEONFERER - AIWIRSE A59056 WIESE 2011 F 2
B 2012F4BM2015 F4BB3WHIE—KXR IMRLIEZMWETIE (B 3a,b) - 1B
TE-RBER BEPENCEBRRECUESHIKEEPE (B 3c) - UILEGERIE
WESFERBESmE SRBLBERHNPIE - RME2009F 5 AFAEMN—EMSE (IR
% A32503 ) EERCEHESHXKECEEYE  ZERBEERIEEES BULHWHES -
SEMSTE 2012 2013 M 2014 FE AR WA W —BHHFRFZESHVPIE - REIME
2014 F3 AFE—REIWKSALEBE 10 5% -

i
EARFAED  BAMUSFEEEBRIENMA - TEBLEREFERFENTI S -
BIRA114% BEEEZEVEERAAEG MR BESNPEEREZEELRMMEEMEFE
Bt ALEREHEXESERSEFHAESHANTE  MALKFRSASEHRE L
FLIESHPIE - Byers FA (1995 ) T BFMABEAERIEERE LA BPNIFER - ith
MEABFHRAMMINERZS £ HEEAAENBRPEENRPEDEER - BE2X
BMIESKHESRBENBEREARPYEMENIRR  EBENXMPRE B -
EEEFENREEMGCHE  Than FMHAIETE  HRBALEME_FEENSESEKD
BHEMR  ARNUESEMRMRABNER EXMOBRIEED - BIRER 7 AXXFAHE
MR BRSNS  CHE-LEARZME_THENEED  BRIIEEANIRSE  BESEKE
( Carpodacus formosanus ) ~ B EH M E ( Tarsiger johnstoniae ) ~ BB M B ( Tarsiger
indicus ) 585 - UK/NIE ( Emberiza pusilla ) B 0§ ( Calliope calliope ) EXEE ( &F
B 2013, 2015, RERER ) - BrElE2MRETEABNERE - EXREPEHE 4RI
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OEEHRER EFLENEMTRS UJEERENVEEUMESNPEMERABES;
MEBRRAWKS RSB EMRN S VRBEMBAGEIREENPIE (Gill 2007 ) -
HitEan FUHAEEMHENERN—[ORLHE  SEIRREMAESEMAIEEMP e
{EF X AIER 3 ( Newton 2009 )

Bt

RALBEHER L 2 BEERERHEMRALE  UREMRPBREAZIERE , PERKH
BEETRHESEHNE  AMANSHRERIF HESKEBBEEXAE - IEEBRBUFHM
TTEMBEEERESENUNGD - RHBEURERSBERERERREAREBEMAEMAM
ENXEREX 2 EZUSTIRABGMSREN - EHEHHZEINE D EARN DNA 25 F
MRl E

2% UK

TRE R Mg  ENE CRIOR SHME BEHE 2014204 FEKHERK -
TERETSES - &b -

HEHE 2013  EHRRREEBEYER - AEERRLAEEERPEAHE (Z) -
BEXA AEEEE - 16E -

RFBEL - 2014 - ERREEBEVER - AEBBRRX L2 BFSERPENGFE (=) -
BEXAEEERE - 16 -

RFBE - 2015 - ERREEBEVER - AEBBRRL2BSERPENGSE () -
BERX A AEEEEZEIBRSE - 162 -

THR FFEM 2011 - AEEMERMAMEMM ZSEHR - R ABEEH - 21 : 9-20

Byers, C., U. Olsson and J. Curson. 1995. Buntings and Sparrows: A Guide to the Buntings and North
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WILD BIRDS 2017 %5 &,

B 1
1 2ogagephfre s d ) et E -

B

1 2 4 5 6-10 11 12 a&f
IS (ER) 154 117 75 10 0 50 138 629
WAONUR A B REER (%) 2.60 0.85 5.88 14.60 0 0 2.00 0.72 3.66
S (&R) 101 94 38 1 0 23 126 450
WRONBIRHAIBMESEER (%) 19.80 8.51 4.48 2.63 0 0 39.13  12.70  12.67
B (E&R) 255 211 152 113 11 0 73 264 1079
RSNBUER HI M RIEE R (% ) 9.41 4.27 5.26 10.62 0 0 13.70 6.44 7.41
2 2% fe A A E (LB L HERRL) o

It S S t-test

(N=192) (N=152) t P
BBE (g) 16.09+ 1.18 17.15 £ 1.19 8.223 <0.0001
IR (mm) 8.66% 0.40 8.67 £ 0.45 0.195 0.844
128 (mm) 5.03+ 0.30 5.06 + 0.26 1.008 0.323
I%5% ( mm) 5.97 £ 0.26 6.04% 0.25 2.459 0.015
ZHER (mm) 28.78+ 0.48 29.00% 0.46 4.381 <0.0001
B R (mm ) 19.37 + 0.63 19.67 + 0.57 4.625 <0.0001
KBS (mm ) 1.10£ 0.08 1.13+ 0.08 2.734 0.006
BRAEER (mm) 67.85+ 2.26 70.73+ 2.37 11.434 <0.0001
EBf (mm) 60.77 £2.97 62.83 + 3.00 6.363 <0.0001
03RRI L ETP R NT G A L ) ik (Ex) o

B

1 2 3 4 5-10 11 12 =El
RADMSHESH 20 8 3 1 0 9 16 57
RABESHIES 2 4 1 5 11 0 1 1 23
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(a) (b)

AR 1 25%384y & L 48 (Emberiz aspodocephala spodocephala) - (a) 2% ~ (b)
rh oo (REAFEHFALIRE)

@ (b) (c)

-

AR 2 R ASII47 203820k 7 b p I BRIV S g o JFEP Y 1 (2)2012 & 17 8 p ~(b)2012 & 2
T 6P ~(c)2012 &4 130 o (REAFELHEET THRE)
(a) (b) (c)

AR 30 B AS9056 h2 R EEE S 7 b p AT ERRINILE g o 4P 0 (a) 2011 £ 127 10 P~ (b) 2012 &
47 60p ‘(C)2015-&4'J 11p - (ig‘_"glgﬁﬁpzzﬂf#)
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EaRihic 30 FMERMAMNEL
SR TRE RERE

'HUEEABRENERER CAEMBAERRRERS CEERERE

18

HE

EXRMEBEBEEENSRER RUENSEEINSAIRZBEMNREEKLESHE -
ANEERFI0FREDRMMOBEMETH 2 A EREH @ TRBESORMIISE
ZERBAKAR  FHMEMN  BIRBFESVNEZEERBEHEEENRIAMNBEERSEEE
EH BAEERED B 1986-1993 F ~ 1997-2003 £ ~ 2004-2007 & ~ 2009-2012 F £
2013-2016 FE S ERE  URFABALHSEEREBRALRE  DUEAESEEIZEEIRIEE
D6 BMEREINEG  SRALBRISHMER AR EHNSEHHEEXREHBE DL - &
REVEFRRMB 1986 22016 FHEHRB 205 EEE  Hp 24 EBFH S0 8% - H 5
534202 &R - ERBAE S AR 2 XREEABEENEBRAMLEAZEH AR - B
BERAZREESNHEHEZHRE MBSNEHESNEZHESHNEE - 2R 6 H
SREENESATHEB 20265 EAE  BEHHAEB EBHAMLATRE T8
B, BEEBRERFTHEH  KEEEBESSE (WS) WHEEEHSEE 1997-2003 FHBIES -
M 2004-2007 FEAMBEZLTRENIRS ; BEIPE (MS) £ 1986-1993 FE#EH 44.0%
HEHE  MEZERD FERE2013-2016 F1ER8.2% ; WMES (F) £ 1986-1993 F£EFH
10.2% MAEHEHE  MEZRLEIME 2013-2016 FE30.1% - FMBEZET R EREN
REHELEEED  F[EHET HRUNSEABAMKER - W08 K5 S A i8R i ¥ 3%
MEBREERENTEE - FS—FHH  BEFESEMTE 20 F@ERENMES  DRIREM 2K
UZEFHBKEEELRS  TEREXRMEBTHTHSENEERE -

FASER . EEURM - SEEMMN EEE

ca

[¢

E - ERERIINEE - HHLE

The Changes in Avian Assemblages at Aogu Wetland in The
Past 30 Years

Fu-Hsiung Hsu"", Tsai-Yan Lee’, Jian-Hua Chen’

'Department of Biological Resources, National Chiayi University > Environmental Protection Bureau of Tainan City

Government’ Wild Bird Society of Chiyi County

Abstract

Birds can serve as indicators of biological integrity and ecosystem health. The Augo Wetland supports
a relatively high diversity of bird species, distributed among several distinct habitats. We compiled
historical bird data from 25 literuatres in the past 30 years. There are 265 bird species recorded in
the Augo Wetland. Each bird species were classified with their migratory habits and categorized
into 6 guilds (WS: water-shore waterfowls, gull, tern and herons; SHG: shore-highgrass waterhens
and herons; MS: mudflat shorebirds; G: grassland songbirds; F: forest songbirds; A: air insectivores
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and raptors) according to the habitat types which species used. To understand the change of bird
composition through time, we divided the data into 5 time periods: 1986-1993, 1997-2003, 2004-
2007, 2009-2012 and 2013-2016, and compared the percentage of species richness and relative
abundances in different guilds and time periods. The species richness ranged between 117 and 184
species and abundances ranged between 28,686 and 287,938 among time periods. The percentage of
species richness of each guild varied through time periods but with no consistent trend. However, the
relative abundance decreased gradually throught time periods in shorebirds but increased in forest
songbirds. The relative number percentage of WS gradually increased till 2004-2007 time period but
later kept decreasing. The relative abundance of waterfowl in 1986-1993 was obvious lower than that
in the other time periods. Long term monitoring for the avian assemblages in the Augo Wetland will
provide accurate ecological information for evaluating the broader effects of resource management,

conservation and restoration activities.

Keyword: Augo Wetland, Avian assemblages, Migration status, Guild, Relative abundance

Hi &

EWEMUR =% R a8 2UEENNAHEEOZE  FELASBELATI ZE
AEL  HEBELN 1,022 AE  ZMWZESEASIE 1964 £ 1968 FRBIEELN 10 2EER - &
EBZERNWAHBA BRI BEE TN BRI (HFERSZA 2008) - BRES

EBRELasREXEETHEBEEMAUL T K SRS GBMEZT M a MRARENE
BUBIRUIMEZ T - 5—70H - 1986 FERMAANBEREASTCERESERE  ERAR

SNNARGER EBRABEKAR - BAABADRAEESE ERAIBRERT
ESXERKEEOLAKPITROT0 A9  MERZMEPILEKAR ERARSH
tHEHEL - AHAINFLERARBORENE MRARSEEZBH IR
M—REERL - WRRSHE TERRLD, OES -

= : WL
& " (311 ha)
8 e R
4 (1,022 ha)

BT |
(137 ha)

I

AF 1 BB F BT RBOLFCEE o B A7 BT SRR RE -
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S—HH MBEEREEREEMAWIO ZEXEBRE  URKeEREHREERZ
AEBRRMEGN - IR 2002 FERESMEDY " FTHSBEEMRGEERLEETEL (FFER

2003 ) @  WEHERSFERMETFEEN  SRBASINERERZF=EE 2002 FRBERA
ESHEMOIREHETFMEMFR - OFKBEASTEFEARETRENEE  ESXHIG
2009 F W EAORSHZHEANN 66448 RIELHBEIXRS EXHEXTFLEEVEERZRIR
B, RER (HMEBEIAGEKINRENEMRERAEEESE 2008) - MMHBEREES
EREREN  BIEBENENZMESRSRE DRENETNVAKRBZEE - 17E 2012 £
RORS EREBREFIEEEIEN 1470 AENIHERS "ESRTARAMER |
(B1)  FEXBRERAA/EBSESRRE NBABREMASERZ KEEREBNEE -

ERRNZEENBERAEZRN Y—  BEHABEBZENEBHIRIE  BRESEBLK 500
PEREARTA—HNERIM 25 BB SRR - BN  BYE AN BHKEE
DEEAEAEAREREA 400 2AENEREEE 5  BELBHEIFRM - E50RM
TERERESBUHENEZZRM  SFHERSIAERBEIEIERIRER  MAZ
REREZBEBATIHNESR FOU—ENENYEARPEOEIIZM ZBEMEENTE MB
AR R W ERERIEEYTE (Root 1988, FFE M 2001, FIF35 - FrE55E 2005 ) - AR
KEZEZMERZNEZEYERTER  BEARERMEEHESER ERHEEEZEH
DREBBENEZINEE (Ricklefs and Schluter 1993 ) - KEEHBAHMNWES - FEFO
REZMERZNZEREREE  WoEMIGEEEMmENES (Furness and Greenwood
1993, Szaro and Johnston 1996 ) @ HIt/KEBH#HBAHAMNENH ZMEREZNWKEEEE
BEEEZYHNEE -

EnRNEEEENREER HEESHNHABEANKRE N EZMIRIENNRE - IE
BORMAEFIMEMNBE FARENEKR EFeEANNEMEEEEEE - 5L ASHKIHM
AZHRHEREBEE—HERENEMERN  TEEZIRMNERED  BEARBEEREN
BEHEENE ZREEANREEAEANT IR 28 % ( Raman et al., 1998, Rumble and
Gobeille 2004, Venier and Pearce 2005 ) - A FEEFZHIEN 7 HEHEAE B /EE) 7 o] gEfE
BEENESHETARAELEL EREMFTELHEHZTZHEGE LNV % ( Madsen 1995, Cardoni
et al., 2008 ) - MESORM Z AR KENKXBEKERE  UEIHMEFYEHSEZ(EE
EFXELEYER UERFEITNEE -

RAORSHE 1986 FIEMEME  BEEEEAZSMAREMNNERBEZMETRERS -
BELRAREIRMEEE - AN -VWHAE ERFELN  SKEEHEESEENENERE
AHNEER  FEIMAROAFARBERAERENWUELEN  RASELCHBESEER (&
EEZAN 2001 )  THURTERRM ZABDZEXBZHNSEAREE - OFRMKER
AETERRMBAMEER ) SUREHE EECENAMENIEEZMELYRESE - m
EEMEEEEEC 203 FREUREENENZTEFERER (FTE# 2013) - HERH

EAERRMNESEHBREANEELEE ITRNHEERENES  MDEXKELENH
R AXNAFERROIOFREESORMAMETHNSEREESN  ROWESRMEARD
FROSEARESE  DEHHERMANESRIMNECEEENSE -
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B RHEL TG

AN HBBEAREE (1988) KB TXEF (1993 ) ~ EIUZKR (1993) - SHME
SEE(1995) BEREA(1998)  MEBZEASE KA REREHRERUEERS
(2005,2008) ~ FF=% (2010, 2011a, 2011b, 2012, 2013, 2014, 2015, 2016 ) ~ B
WARE (2011) ~HFHRIP(2011,2012) FISEERERRMETSBAETNXEES -
SHEHIESENAETENE - BT 2001 22007 FEESCRTETHN S EER =L
DIEFEILERAEXBM AR  BEMNAZEECREVSESERM LHE  RFHE
RENMI2E2ZRZE (F1) HE2SBEXBEABREERP  BREZPULARE (2011)
BIZFEE I (2011b, 2012, 2013, 2014, 2015, 2016 ) DRIERAES - EREHGHETFTE
SREGKBRETEREAEZN  HUXHREBEHZERORBET HP SEMHS
BE (1995 ) WBHESEEREZRENMEERGCH -

Bfme L 2s EXEBEEHEER  SRESRINE 1986 £ 2016 FFAxHZHE - B
RELFENTHARX  KEUEHEAEBEETATEHE  AXENH 24 BEBEERL
HHOXE AXBRAEFREES RN —LEXREMSHEDIA S BRFHE - DRILERERE
HiPMRcit v A B BRI EH 6 HAAALUE 2 EREBINE (guild) Wi S EE LA A
HEEENERE -HPAHEZ 1986 2 1993 FMW3EXE (R 1) - WWHE 1986 FER
MEEHAROESEREAR ZEHIEAEZTXENHRZERE (HERBLZA 2008) ;
BHEZ 1997 22003 FW4EAXE - ILHFEEFMMEMIFEEZR  HE T XEMEE
EXIREREBREMAEL  BEXRMBERIBLABMEBRERLNBRERBEPIEE
BE  BEXEEFLENEER , CHER 2004 22007 F0 6 BEXXE - LWHETESFHES
MENE  EnZHSBRRtRERERKRENEUER  HETSEARURNEER -
FHHEMBER , D BEE 2009 £ 2012 FH9 7 BXHE - LLHEFMISEME 5-10 F - FEM
HMAPBARZHERAN MERAESHNBHEHRTE2000F 48 16 BRERS "E&5H
EXBTEEMEZERIRIE, EHAEE 2013 2016 F89 4 B E - WHEFHISEM
Bl1-15F "TESEMHZMEE., R2012F 11 B24 HHEBR  ExEmMEEBEtTHBE
ERRMETRAMNESEEREN (K1) -

ANFESLZEPERETSEEEHRARZEETZBEHEA (2014) HEERES
B RATEBRESENPNERBEBIUE MERBINFHAISSEEZR (1977) - &
il (1995) ~ fE&EA (2004) ~ LD (2005) ~ sRAHIE (2009) - EIEE (2009) B
HMEREMEE  BAELHRERERKEZTENANEMBUIS D (1) KEEEBFIE
( water-shore waterfowls, gull, tern and herons, 5% WS ) - DIEIER - BRI EIHHER

L 2

SHEARE,; (1) EFEFSElEPE (shore-highgrass waterhens and herons, fi5% SHG ) -

PUM#ARNBELODERNSEREAE ; (111) BE# A E ( mudflat shorebirds, 58 MS ) - LIES
MEBENEFESER/E,; (IV) EMPEE ( grassland songbirds, X5 G ) - TEZRBEEE

BBEEN - BREABITEENEE , (V) BMHES (forest songbirds, XX F) » EER
IEEER - BEAER - BER - BE - 58 B8 \FRELERBE,; (V1) ZHES (air
insectivores and raptors, fN5R A ) - UBRERNERSERSET HoB|ERBINEE( MER) -
HRESEMNVEBNEREEEESHEN  HMAUSEBERSE (X% Duck - BKIEE
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FhRIBNHDAR ) ZOABULRETLER - BRFMBAESRE (X2 test ) KA AE
RE 2 S EL A AR

H = B
= /B E

IR S ol S SRS

"
%}F\?’5;z{,i

-

HEBEERE -

AR B FLEN G LAl b o AT BRIl 44

SR RE HE BE HER®E
s HA SR AR R
(AW F=K RE ey MRERXR EH HBAEXR

A 1 1986-87 7 28 2,536 49 1,658 SREEE 1988

2 1993 28 40 4,907 99 13,247 T3 1993
A 3 1993 11 19 3,381 77 19,313 204 1993

4 49 -- 156 SEBE 1995
B 5 1997 12 23 5,064 76 14,038 B 1998
B 6 2001 12 13 558 36 1,459 EEERE 2001
B 7 2002 15 22 1,163 42 2,460 EEERE 2002
B 8 2003 15 16 1,937 45 2,007 EEEMNE 2003
C 9 2004 23 22 1,177 65 7,013 SEEERE 2004
C 10 2005 14 12 2,056 29 840 SEERE 2005
C 11 2006 13 22 336 43 2,624 SEERE 2006
C 12 2007 18 20 1,119 35 1,804 EEgERE 2007
C 13 2004 12 17 6,389 44 18,758 KAEEE 2005
C 14 2007 9 22 2,350 78 9,156 KAELEE 2008
D 15 2009 40 24 7,875 87 16,931 FFE# 2010
D 16 2010 48 28 6,098 99 23,414 FFELE 2011a
D 17 2009 6 16 2,425 47 7,389 B AE 2011
D 18 2011 4 11 892 29 4,166 HFEIR 2011
D 19 2011 48 38 25,017 121 76,940 FFE® 2011b
D 20 2012 4 12 1,862 32 4,828 HFEW 2012
D 21 2012 48 29 22,642 109 87,459 FFE® 2012
E 22 2013 24 36 14,736 101 50,188 FrE I 2013
E 23 2014 4 27 1,290 67 8,837 FFEW 2014
E 24 2015 12 35 4,142 89 20,718 FFEM 2015
E 25 2016 12 30 4,966 82 14,127 FFEM 2016

#MEr 67 124918 198 409,374
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i e B G i

FEFEREFBMSI AR EERFALHENBSERNR 40 £ 205 & - o EXE
2,017 £ 110,101 ZE (F* 1) r BEHENSEHNEERER  URIIXBAETZ
EihE - KR  BKEBERNRASEEAINTE - RANESORINE 1986 £ 2016 F1
ik 265 TS (MR )  WEEECEEKHEEE (L6305t ) W 42% - B R E TR ]
HERZEE HE205ESEY  BI2BM# - BBE NE TEE - EEBEE - =
MEZREE - /N=WEE - REFER  KBEEH - EBE - KB 555 mEHF - 825 -
EER - -RAOEME - KEE - BEREE - %A ERBEEBRRESE 2 EUEFMUER
Bl c HopM# - EER  BER - FTHEME  REESS2HBNRESHNER - A0
RSN REMREMEES RN IZ -

EMENSETHT  Bl177TEBEE 2SS EAXEPHELHEBB I XU L BhEsS1 &
BEB B PR (M B2) HPEASTHBBI0ER( KMNASEMTEE
T 1995 Z4tx ) WREEE 1581 - IE4h - REBHM 2011 FHEESRMIETRSHEE B
BB NENHEHLECHEE 1597TF 101,957 ER (FE# 2011b) - URFFAH 2011 £ 2013 F
B ERBEBEBHELLMWHEEML (rarefaction curve ) 24T ( FE 4 2013 ) - FF#E
A FERBEABMBE 150 ZE IS0 BASENEEEEED RN AESR -

AXHNA4BAEEHEENN X HLEE 244 1E 534292 ER - HPEEZBE 61
E252,411 ER-LIEF 1147E 264,079 ER - BIEE 918 8,744 ER ~ BIRE 39 T& 3,583
ER KB 66BETERMURIREISTESSIZER(FR2) , M6 BEERNEHR SR E
BKEEERLIES4TE 261,57 ER - EESEHRIE 201 10,742 ER - B # T HE 36 18
70,322 ER - EMIFERE 3918 50,918 ER - FIMPER 651 123,327 ER ~ ZEHES 30 18
17,416 ERXR (R 3) - ESEMETHWARRERESD  ERRMOREFLES 117 £ 184
AL EERAINMK 28,686 £ 287,938 28 - BNHFMBRBLHZ ZEEHHEE R
D H (2009-2012 F ) BiEe » SR ceRBEBMETRAECHELEBEELLEMSHS
FrEL -
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22 BIRE 3 b M AE St adE g E NS BIWE £ §=x AT ERHLELF54 18R

TP .

ERBEFPZAREMEEBNBENEEHARLA - AIDIKEEERSE (19.0%
£278%) - B#SE (13.5% F203% ) - WMESE (145% £25.5%) BEEH KXY
gE) (R3)  EBEEIFHNEEHAKLATEBEZEMEEE (x2 = 10.77, P = 0.95, df =
20) LERBEFBHENEHRERNBHBEARIR - KEEEHRISE (WS) R A BHE 28.1%
REZH  HMEZHIHME45.5% MU EWEE  BROEEBXEEBSE -ME#SSE (MS)
BIDLA BBMh 44% i - MBEHREZ EHEM8.2% - BERMES (F) WHEEHEHEAE
AR 102% ZHIBMEEHN30.1% (E4) - BERPZABDEEDNENEHEHEER
BEHBEER (¥ =74.80, P <0.001,df=20) -

HBEMEEEEE  ERRMESHIMTR AN BEURATERINFNSEHME
PEEBI SRR/  BHELENEHHE FAIBRBENEE - ARBKIEFEISE (WS)

SRENEAENSENERUEM/ERRINEDRHE  BREBASE (SM) 5 - BH
SENERHUELHNARIVER - S—7HTH BHES (F) ZHEHEEEMNE 5-10
FHODHHRABHBESHNIRE - BIUFILAE (2011 ) 2 HFER 1975 22002 FZR AR
SR REE - RIWRARBE 1975 £ 1983 FAM KK EMIF D - BIE& 15 A b H118
- mESENRAEEMERIEN  FMGEMRINIESR - 1983 F 2% - RARBZWK -

SiEg mEER
iS5 AA A HA B #8 C # D HA E A HA B H3 CH D Hf E HA
BE 42 36 43 50 46 14,847 11,621 20,611 141,479 63,852
(%) (27.5)  (30.8) (30.1) (27.2) (26.9) (33.0) (40.5) (38.4) (49.1) (53.7)
21ES 78 64 77 95 91 26,517 16,209 30,475 139,152 51,726
(%) (51.0)  (54.7)  (53.8) (51.6) (53.2) (58.9) (56.5) (56.8)  (48.3)  (43.5)
BERS 7 2 3 6 7 1,448 748 1,778 3,329 1,441
(%) (4.6) (1.7) (2.1 (3.3) (4.1) (3.2) (2.6) (3.3) (1.2) (1.2)
BIRES 16 11 16 23 17 2,138 74 287 845 195
(%) (10.5) (9.4  (11.2)  (12.5)  (9.9) (4.7) (0.3) (0.5) (0.3) (0.2)
KS 2 0 0 1 3 3 0 0 1 3
(%) (1.3) (0.0) (0.0) (0.5) (1.8) (0.0) (0.0) (0.0) (0.0) (0.0)
Ih IR AE 8 4 4 9 7 89 34 471 3,132 1,787
(%) (5.2) (3.4) (2.8) (4.9) (4.1 (0.2) (0.1) (0.9) (1.1) (1.5)
BE 153 117 143 184 171 45,042 28,686 53,622 287,938 119,004

LERBHATHR I ABBBEENSEHAMLLARIRE  SHNBRSBEAMMZ
MELESEHN 26.9% £30.8%  ZIEEBNTNS51.0% £ 54.7%  MEMSE (BEES -
BIRE - KSHENRE ) BINR 14.5% 2 21.6% 28 E3 BBEAEESEEARRBEY
EREHAMLEA T MEZEER (¥’ =3.18,P=0.92,df=8) - BE—SIERZHAEBE
HMEVEBRERVEHEE BB APNBRERXES DAL Z ARG ERM 33.0% 4
58.9%  EHMWBRHEKXZESAMGZIARTHEERN 53.7% M 43.5% - HBSHWEHEES
ZEiEs MEESIEEHBREMNSS(E3) EREMSERSAILEE2.5% X£8.2%
A% E3EBERUEEENEHIEEEAIRBEBEMMWESR (x> =15.31, P = 0.053,
df =8) -
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KB RIm e E KA LAl e B/ - (B EEEE ) Bl A R # & & R D MR M AR
whZ BN EBE - MR 1986 22016 FZARKHNSHEAEAMELE  RUBEHEER

AT RE ZEMANAREEBNNERE  LHEHSOFERNEMS

KX B KB

EEMARMEIRET -

BEER ORMKEZ
bEpE BEESEENRKET RN R KSR N0 F i S 2@ e

220 RBBE G FRED TR 6L LR FEL ARE LT AT ERFP LSRR

[ E I L

SEH ERER

i53:6] A B £ C D E A H B A C A D HA E A
KESEERS S 29 29 39 42 44 12,661 14,459 31,926 148,420 54,101
WS (%) (19.0) (24.8) (27.3) (22.8) (25.7) (28.1) (50.4) (59.5) (51.5) (45.5)

e 85 8 9 11 16 14 2,056 5,436 14,053 71,319 28,429

Duck (%)  (5.2) (7.7) (7.7) (8.7) (8.2) (4.6)  (19.0) (26.2) (24.8) (23.9)
EEEERIE 16 13 12 14 13 829 736 1,046 5,250 2,881
SHG (%) (10.5)  (11.1)  (8.4) (7.6) (7.6) (1.8) (2.6) (2.0) (1.8) (2.4)
TEETE 31 24 28 32 23 19,836 5,934 8,521 26,248 9,783
MS (%) (20.3)  (20.5)  (19.6) (17.4) (13.5) (44.0) (20.7) (15.9) (9.1 (8.2)
EithpEE 29 20 22 28 25 4,936 1,438 1,955 30,041 12,548
G (%) (19.0)  (17.1)  (15.4) (15.2) (14.6) (11.0) (5.0 (3.6)  (10.4)  (10.5)
ol M BE S 34 17 25 47 42 4,585 4,100 8,637 70,177 35,828
F (%) (22.2)  (14.5)  (17.5)  (25.5) (24.6) (10.2) (143) (16.1) (24.4) (30.1)
EEES 14 14 17 21 24 2,195 2,019 1,537 7,802 3,863
A (%) (9.2)  (12.00  (11.9)  (11.4)  (14.0) (4.9 (7.0) (2.9) (2.7) (3.2)

&t 153 117 143 184 171 45,042 28,686 53,622 287,938 119,004
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S—7HH ANFERESINRARITE-—RNAELANELEEHE  FougERIBEREZ
BHBANTE  FZEYNAEERN  EXBNYRBEEERERTEEHEBREAE -
KR #AERENREEIHIEEENRESLE HNESEHE ( Hayek and Buzas 1997,
Longino and Colwell 1997, BfFEHE A 2001 ) - AEAMNREZS HEJEERERHIELER
HEEA—2 (Lande et al., 2000 ) - MEBLUFHEYNEREENNE - SFEM (2016) 3
REFREBRIM ZEMMMBEEMNW S BAREBRERIR - 2009 £ 2012 FELHZE
Mt BRI S E A B LI FE 8 ( Morisita’s similarity index, Horn 1966 ) €772 0.005
20008 2 - H LMBHHMEEVNRERZSAESERMBREET  BRASENMRETSZE
MRS - AL AN EHSHEAXBROAEER  EFIRPEDIHE 115 18 28,000 ER
MR AABRSEEEMNLRARRTOEB LA AETEEER -
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SERHNEREATAKBAERA— B ENHRAELTAKREEEN  HEEHE - &
UEHBEMBEATHEXNR  EEVOSAIREMRENREENFEREZIR  F8EN
SEZEBEERE BEEYHERBETOLOENR 109 FESEHEZETLEVERNEE
WENA (FRAEMMEREDLD 1999, FFEM 2001 ) - WR 2002 EHEESEMEBEES
HRE(KFBEVMRERFREPN2002)  MPESTHEFEEYHRREPLOLZIEMNESR
R2000 FEHNEEZIEBES B AFE ( Taiwan Breeding Bird Survey, BBS Taiwan ) ' £
2014 EHEFEEFFTE S = FE ( Taiwan New Year Bird Count, NYBC ) EH 17— 81k
ZEBRTHAXNARNETRE  SEEHESEEREIN—KRER -

BARENENTHFEFZERCESHERY  FRENE—RBAENEEER
#Bmy "ERBEL EE HENERBABARABERABWLELBE ( Gregory and Strien
2010 ) - EEEEBIFTM - Eﬁ&ﬁﬁEZﬂﬂEE’J%iﬂiﬁiﬁf—iE% SR (BFEZEA 2001,
FIES - FrEEEE 2005 ) - —mMBABEERNERN  BEEHHHEEENRBAER G IANKE
TARZEHSAFRANEERE - MEHE ﬁt:Jéﬂﬁ%%ﬁﬁTtb@x M B —BMNRAES
= ABEEE - ATEHE UAKEEEZE BEANITHFERE MMEEZWENEN -  EEZE
AFFBENEESIANKRIER SRR /EJIT’E ZHREMWIER - A - FSERERENR
TASERPEEIAY  HUETESIEEENRE OFERESRRMEMEREER
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0

MEERENEBEERT  2hEROES ERESHEZEZFTIESHRE T30 BER - 11
1% tﬁ?;%1o1lﬁl,zziﬂzaiﬁﬁ1’ﬁ7% AR EFREEBRAGEREEREEEN 8.5% (=i
2012) - EARH—BREWABEAAEANRAESE 2009 ZE 2016 FHNREHE  BIRETF
WFEF B B 51512 ( bird population index, BPI ) M 2013 A &S « B # ¥ = BPI
B 2013 FHBMRIE (H2012FHEEI8.1% FEE30.1%) - MAEBN BPI 7 E 2014
FHHBERE (H2012 FHEBE 111.9% NEE 65.4% ) - MRS O B = 2 31 F 2R & 80U%
KA EF KEXEHREEBEESEAREOSEMBMMEN (FEH 2016 ) -

AMEREANZ—BEHREANABRNRIPINF ERYNEFEALASE= - AFEWRE
EBESEE ﬁjlﬁﬁ*%ﬁ%%ffﬁEﬁ%@%ﬁﬁiﬁ@i% - B3 lf,—iﬁliﬂx/ﬂﬂﬁ%ﬁ%@ SRR E
FTENWEE MERREEETARAEE  ERRMEBEAVHEEEEREER
BRtTEEFZHAESEMNN—ERE RMAUEFEFECEIEREANIF ITRERET 7F
BEE-—YMHRAEAEZNEEENEN  HEOUSEEZRREEANRREHSER T HAEH
BEENSE BAUPFEENRNMBEET I0FEEZ 20 FNEEAMER - BALLENR
Fr2fE&E A% BBS Taiwan 2 NYBC i EME - BERiEEMEMNGRELAKLESESEMNS -
AI2—EEEEEWTIE - I BPATCHDEBESEN 2  REERISIHEK &
HENEHERAEHWEENRTEAZEELER  BSERTHEFREERAREMAMER
H—HERERE (WMEHTEREFEA 2001, 5F=M# 2001, FIEZS - FFEEE, 2005, BHIFFEA
2009, BBS Taiwan) @ EREMUZEEN T RZRAEIEEZENESBHARBEZMAREE
Al BIENEI D IBEE BB 200 ARMNAREHEERE B FURGEENEECHFIERES
1@ 500 @E(Tiu/\&xﬂ%tﬁihﬁxfiﬁ SRl ) NEEAOAERENRPNEE
HAESE - RSEREEEMENHEBRAR —BWAEH ZEAZKENERZER @ &
EERESE I AYBFEESEEE  FRMARESHARANLOLMEERZEEE - B
HHERBERFRBEIIENSE -

ANHRFEMBEEATEMEERESEHNBALE KA RORSRBEFEIEEN
RHENZEGESE  RIHZEZRTREEE ExmMBPREEeHBUREARETLES
MMRENE SR EGMRAETANREER  RHFENPBEFZEEERATIEAENE
FEHFEZRE -

2% Ik

LW 22005 - BSKSEINERFGBRMNWERER - KEHEERTREMATZHXE -
ait -

FIEZS  FFEEIE 02005  REBEAIEAZEY c X AEEVZHEMEREEAMSZ -
=BIri

MM - 1995 - BEEBR L CEREMSHEBUSHEHREENTE - BUSEREHY
MAFELw - 5dtm -

BR#fres ~ 1835~ SREW - FFEEE  B—F  2XA - FTITHEH - BREBWD - BIFEZF 2001 -
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NEQENBERKERRER—LHSEERAIBENE THRRERESE -8
it -

MR - 2004 -  BRBERMMISBBERER - UBEMEBRBRELHX - 1k -
MEIZAANGEBKARERRMABEABEESE - 2005  RXBREDRMERREE - RIE

EEEREEERERE  EFXHRBN - 2% -
MEIEZANGEKABRERRMALEABESE - 2008  ZXREEZBERENRMT LY
MREBZBRTE(HRBS )  BE2HREF - & -

FER-2011 - BEBERTLHVEZERRBKERZEZEEE (1) - FE2HBEN - =
% .

HERE 2012 - EEREGTLIIVEZERRREKERZIKZEEE 2)  BEBEG - &
% .

SEMBREE - 1995 - N+ FEEBFEHRREHNAIMTRERTLHRE -- TREDER

MRESBHEE (HKRHES) THRERERE - 836 -

BAEYHARERBETLD - 1999 - BEEBYERRBEL ZHBEFM  FEER - FBELEY
WREBDL - EI8 -

BAEYHRFEEFD -2002 SEZESHAESREREENNEFTM FEEHR - F5B
EYHERBEPLD - B -

EE 2001 c SEERNFAERE - HFAEYMHR 3 :81-90 -

HER - BEN - IES - KMimE - 2001 - MAYEEREHRARFIESBEZEUERAE - &
EMEBFH - 34: 393-408 -

EE 2010 ERZERMEBIMEMENSBRAREBMBEGR (1) - THRREZEMES -
aik -

FFEME -201la - ERZRMEBEHEMRMENSHARBEZMEG (1) - THRREZEMHE
B-&aidk-

EE 20110  ERRMAMNEESHEEANRZUENENX ()  MEEEEMEERE -

=

AR - 2012 EREMBMNEESBEARZUERNEN () MEREEMEEEE -
=

AEME 2013  EBRMBMEESEEARBZUENE (1)  -MBERZEMEEEE
=

AR - 2014 ERRMBMEERSHEEN MEBREMEEEE - 2&

AFEIE - 2015  ERRMBMEESHRERRYIEN MEBREMEEEE - &

AEM 2016  EBRRMARMEERSERERRAER (1) - MBEEZEMEREEE -

R - 2003 PHISHEMAEZNR - BUTPERAERMNELRBE LR - 8F

BIZTFULARE 2011  ESRMBAMNERRERIERAEARESE THREE
wRE-ai-

R BN ZEE - FrEE > B9 E 02008 ERRMER BRI EEFHNRIMAZE -
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REMTXER - 1993 - EXxBED [ XERZASEREFEILESE (BF]X) - 86 -
BEE - TR&G 2K%E - iR MInE 228 BRE-2014- 8ESEZHK -
EREFSEERELHREZEET 2014 F 78 10H -
BER S REMIL - BRITHE - KIES CRHEX CKXEBW  MEE - e BEW -

1998 - S E2EEIMMEHEHVERIRBENR (1/4) . EEBTB LN ZHEMR -
BEEYHAREEPL - ER -
2IE -1977 - ESBRERRENAR - AURBRBEYEMRMBLR - F -
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Rumble, M. A., and J. E. Gobeille. 2004. Avian use of successional cottonwood (Populus deltoids) Mtk - ERMBEFME B 2BERZH - PNEBSRBRPEST 04 FLERSRERRE B
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Venier, L. A., and J. L. Pearce. 2005. Boreal bird community response to jack pine succession. Forest 1 EMNSRE W WS 4,19 32 K& W WSG 14
Ecology and Management 217(1): 19-36. 2 BEE W WS 22 33 BE R WSG 1-5,9,10,13,17, 19-25
3 18R W WS 19,21 34 BNE T WSG 4
4 FREEES W WS 4,9,11,12,15,16,9,21-25 35 ZFE/NE R WSG 1-10,13,15-17, 19,21-25
5 &N W WS 3,4,9,10,19,21,22 36 EHRE T WSG 4,22
6 7TREENS W WS 2-5,7-25 37 BE W WS 1-5,7-25
7 #RFAES W WS 4,5,7,13,19,21,22 38 KRB W WSG 1-5,7,8,12,14-16,19,21-25
8 1tiEis W WS 4,57-17,19-22, 24,25 39 KBEE W WS 1-25
9 EEIE W WS 1-25 40 $EHE W WS 1-25
10 REHB W WS 2-57-25 41 EBE T WS 4,11
11 BES W WS 2-57-9.11,12, 14-25 492 hEE R WS 1-25
12 /K W WS 1-25 43 5B R WS 22725
13 4I§EZHS W WS 2,4,57,16,19,25 44 =HRE R G 1-5,7-10,12-19, 21-25
14 SEER W WS 25 45 W  WSG 3,4,13,15,16,19, 22,23
15 BERES W WS 4,6-17,19,21-25 46 HEE T WS 4,78,
16 DiEER W WS 2,4,9,12,14-16,19,22,23 47 ®RE R WS 1-25
17 ALK &K W WS 19 48 RE i E R T 4,22
18 AEEE E WS 19 49 BRI E WS 245,7,9-12,14-25
19 #5358 T G 1,13 50 RIEERS W WS 4,14,24
20 /NERSE R G 11 51 BEE W WS 12,16,19,21,23-25
21 % R G 4 52 BEEE W WS 4-6,9,11,12, 14-16,19-25
22 IRSEME R G 19,21-25 53 AE W O 4-9,11,13-16,18,19,21-25
23 /NRES R WS 1-57-25 54 EWE R O 8,9,11,12,14-17,19,21-25
24 EHEFS W WS 4,21,24,25 55 RAEE T O 16,19,24,25
25 ESAHSRE W WS 10,2224 56 RSB R O 4,15-17,19,21-25
26 EE T WS  4,5,7,19,22,23 57 1ERE W O 4722
27 RAEBE W WS 425 58 KEEE T O 2,4,11,14,15,19,21-25
28 BES ¢} o 19 59 RAEE W O 2-9,11-17,19, 21-25
29 EB#E W WS 1-10,12-25 60 KEE w 0 2,4,7,15,16,19
30 BESUS vV WS 4 61 TEEB T o 4
31 ETEHE V. WS 425 62 EEREE R 0 15,16,21,22,24
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Mgk ERRMEFAMTHRZISERE  FNRS
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aESERER BY

Mgk BEBORMBFRLCBEZRSERE - PXRE

RIPESTI4FERERE  BHE

BB AREINENRSANGR  XBMRARSRER 1(E

§ PFF pe P suem w TE pg POF i

63 RIEE T O 1,2,4,5,11,14,19,21,25 94 NRSETE W  SM  1-6,9,11-17,19,21,22,24,25
64 HAMEE T o 11,23 95 ¥#s R WSG 2-7,15-17,19, 21,22,24
65 MEE R O 2,4,2324 96 IEES T SM 2-4,11,15

66 1beelE W O  4,16,19,24 97 T W SM  1-5,9-17,19, 21,22,24,25
67 EE R O 4,9,11,21,22,24 98 HIEEES W SM  2-59,14-16,19,21,22,24,25
68 HHEBREE \Y% o 22 99 =HEAS T SM 1-4,14-17,19, 21,22,24
69 EEE W 0O 4 100 EMEEBE V. SM 4

70 B T O  4,57,11,16,19,22,24,25 101 %878 W SM  2-4,9,14-16,19,21

71 KRB W 0 24 102 EEE W SM 1-6,8,9,11-25

72 AE W O 1-3,5-7,9,11-17, 19-25 103 FEKES T SM  2,4,15,19

73 FREE T 0 4,12 104 /NEHIE V. SM 4

74 PEE W O 2,4,7,9,12,15,16,19,22 105 NES &L W SM 1-6,9,11,12, 14-17,19-25
75 #I%E##ESEE  E T 19,22,24 106 EHES W SM 1-5,7-10,13,15-17,19,21-25
76 FEEEEIE E T 24 107 7RERES W SM 1-6,9,11-25

77 TR BRIAR R WSG 2,4,19 108 /MK T SM 245

78 TR B AR R  WSG 1-7,9,16,19,21 109 PH%5 W  SM  2,4-6,9,14-19

79 TR W WSG 2,48 110 HidEs T SM 19,24

80 HPETRZH R WSG 1-7,9,11,12,14-16,19,21-25 111 A¥#: W SM 1-5,7,9,11,12,14-16,18-25
81 HFiRzE R WSG 2-59,11-14,19,21,22,24 112 BE®H W SM 1-5,9,15,19,21,23

82 EH S WSG 3.4 113 BEE W  SM 2.4,5,7,14-16, 18,19,21
83 AlS/KZH R WSG 1-9,11-25 114 }A% W  SM  1-7,10,14-16,18,19,21-24
84 B W WSG 3-5,11,12, 14-16,19-25 115 K&E#S T SM 3,4,6,14-17,19,21

85 SIEMR R WS 1-9,11-25 116 #4108 ER T SM  4,16,21

86 MIETE W WS 4,58,11-16,19-25 117 FExES W SM 1-3,14

87 WS W SM 4,78 118 B T SM 1,249

88 MBEME W SM  2-5,7,9,14-16, 19,21-24 119 RE&Z T SM 1-59-11,13,15,16,19,21-23
89 A EEBIE W SM  1-5,7-16,18-25 120 E1EE% W SM  1-59,13-16, 19,21-24
90 /NS W WSG 24,5 121 FAEXEH W SM  4,16,21,22

91 EHMB W SM  1-57,10,14,16,19,21,23,24 122 REEZ W SM  1-4,9,15,16, 19,21,22,24
92 HIES W SM  1-4,6,10,14-16, 19-24 123 AIM0EF W SM 1-5,7,9,10, 13-16,19-25
93 HAREM W SM  1-9,11-25 124 ZRHEE W SM 21
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§ PFF pe PP ks w TR ng OO g

125 EIEE W  SM 1-5,7,9-16,18-25 156 K#tES T T 4

126 RIEXEE W SM 4 157 675 H#E S T 3,4,19,21,22,25

127 F S T SM 24,16 158 /NHES T T 4,25

128 FHE W  WSG 2-5,7,9,10,15,17,19,21-25 159 ZEE& R T 1-5,7-9,11,13-17,19,21-25

129 ohithiEs W  WSG 19 160 B R G 4

130 ATEIBEE T WS 1-5,13,19,21 161 EAE R T 17

131 XIB 2% T WS 4 162 7@ E3E W% T 4

132 =358 R G 2-9,13,15-17, 19,21-25 163 ZERE T o 25

133 #&fB S G  3,4,15,19,21, 22,24,25 164 BERE R 0O 3.4

134 RIEEE W WS 24-6,11,15,16,19,21,24,25 165 X Bk T 0 24521

135 4IRS W WS 1-9,11,14-16, 18-25 166 /)\PR & R 0O 1-58,9,14-17,19,21-25

136 BEEE W WS 2,4,11,16,19 167 8 R WSG 1-5,7-11,13-25

137 /8ES W WS 11 168 EFEIEER T WSG 25

138 #RES W WS 2,4,11,16,19, 21,22,24 169 %18 T T 16,21

139 /MRS S WS  1-5,9,11-17,19-25 170 &5 w G 2,4,9,19,21,25

140 505 FEES W WS 2,4,9,15,16 171 AR R T 14

141 B85 W WS 2,4,5,9,11, 14-16,19-25 172 /NEAR R T 14-16,19,21-25

142 BWERE W WS 1-5,7-9,15,19,21,22,24,25 173 #§8{A% W G 24

143 SRS W WS 1-6,8,10-12, 15-19,21-25 174 A EMA% W G 1-11,13-19,21-25

144 #13EE S WS 24,22 175 W& {ES R G 1-9,12-19,21-25

145 E¥ES S WS 2-4,14,15,21,22 176 =5 T T 16

146 FEES T WS 4,11,15,16,21,24 177 REE R T 1-25

147 [BlsE#ES S WS 24 178 NEE R T 49

148 B85 E T 17,19,21-24 179 BMMEES R T 2-5,10,14-16, 19,21-25

149 £&S R T 3.4,7,14,16, 19,22-24 180 E&E T T 8,19

150 4105 R T 1-57-19,21-25 181 8 EEHE R T 4

151 IRSEBEHS R T 1-59-11,13-25 182 fitEs R T 14,16

152 #LBE#IS R T 16,19,24,25 183 =& R T 2489,14,16-7,19.21-2,24-5

153 BEBA T T 25 184 NESTE T T 19

154 [ERS S T 4 185 BEIETR R T 4

155 MUEEHBS T T 19 186 /NEg R G 1-57,11,13,14,16,19,21-24
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187 #wib ik R O 1-58,9,11,13,17,19,21-25 218 AIRI%E W T 16,25

188 Fb 3k T 0 4,11 219 HEE W G 2,4,538.,9, 12-16,19-25
189 ZH S O 1-58,9,11,13-25 220 EETEE A% T 1-5,14,15,19,20,22

190 ¥ 3% R 0O 1-6,8,9,11-25 221 RIEFES W G 4

191 7RAE & R O 2-5,89,12,13,15-17,19-25 222 IK=EH T G 4,5

192 W7 EMFE R 0O 4 223 [R5 W T 3,4,9,19,21,22,25

193 HEES R T 1-25 224 2% w T 2,424

194 A1 2% R T 21,22,25 225 BIE# W T 16,19,22

195 HAKE W T 2-5,14,19,21-23 226 BiEHS W T 2,4,8,14,16, 19,21-25
196 EREE % T 21-25 227 TRHEES W T 2,4,14-16,19,21,22,24,25
197 fBEME W T 25 228 BIELH#E W T 2,4,9,21,22

198 =HEME T T 24 229 \& R T 1-4,21

199 EEME W T 3,4,16,19,25 230 HENF E T 124689,12,14-17,19,21-25
200 tRICHIE w T 1,4,5,14-16,19,21-25 231 #J\& E T 2,4

201 RAKREE W G 2-6,8,19,21,22 232 KN\F E T 1246,13,14,16,17,19,21-25
202 IREREE R G 1-6,14,19,21, 24,25 233 BERS E T 24

203 =EEEEE R G 1-4,14,15,19,21 234 KBRS R T 2,4,16,22,24

204 BRALESE R G 14 235 #ARB % T 4

205 XERESE R G 1-10,13-17, 19,21-25 236 BUMIRS T T 12,4

206 1BIRESE R G 1-10,12-25 237 RIRE W T 24

207 KALEENE R G 5,14,16,19,21-25 238 BIRE E T 12,4

208 #ERARER R T 1-9,12,14-17, 19,21-25 239 WER E T 24

209 LATER R T 19,22 240 RAEHRE W G 1-10,12,13,15,16,19,21,22
210 K& R T 4 241 REESE W G 1,2,4,7,16,17,19,21,22.24
211 BEIESS T T 14,15,19 242 BB W G 2,4,13-16,19,21,22,24,25
212 XBE5S T T 2,4,15,16,19,21,24 243 RAE38 W G 2,4,6,8,16,19

213 AES S T 4,19 244 %8 W G 2,4,14,15,19, 22,2425
214 EB15 E T 14-17,19,21-25 245 FRIEZS W G 1,2,4,14-16, 19,21,22
215 B568 W G 1-5,9,15,19,21-25 246 7K%E \% G 24,

216 ERES W T 24,22 247 UIHESE W G 19

217 ALIES W T 16,19,21,22 248 KE \Y% T 22

338 G P

5 PXE g AUE .
249 FIE \% G 14

250 =NEIS W G 4,15,16,19

251 18 T G 24

252 BRI W G 2-6,8,9,14-16, 19,21-25
253 &R \Y% G 4

254 fE# W G 2,4,8,1525

255 ZiBARE W T 4

256 &WE W T 2,421

257 =& W T 4,16

258 £f§ W T 25

259 S=EAME E T 19

260 fif e R T 1-10,12-25

261 BIEE E G 19,21,22,24

262 AEXS R G 24

263 WX R G 2-8,13-16,18, 19,21-25
264 BENS R G 24

265 HENE E G 6
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2016 7K AREIRIR KRB &5 iAot B
MER - FHE

HEEAPERBEHSSE

g%

KBRS ( Threskiornis aethiopicus ) [RERIEM RPN - BABSIAGERRE -
CRUEEEHEHEAAIRARE  RUERTBIBRIIRARE  HREEFERAELTE
EEHEAASEHNEE FAAERTHhCRXZEEMEREEZANTERESHAEREE T
BrEEAR UREBRBESZEHEES AL SF (2016 F ) EBEEREREHZIEGHRHE
EE1SZER - FEMBEMAELSR X% SEM BEXW3I0E - UELLEE
HeETHEETEAR REBELZEZHAS EAKSE3I0E MEBETEMUBRINDEE
WE2EANET  HBR63E - 126 A BERWAKRBREZAERHOBEERE - FLERE
EiE - RETENA 19952016 FZHBETEHEEDARBUESI N - £ETEFLS £
FEBHNITI0% B - 7AS50% MEXZEFHEENE - A5t =T REIBRERRAES

- BREKEBFTENNARKEEZH  LURVPEHEREERZEE -
FAfEE : MRERE - BE - INRARE - REFIZ

Experiement to Properly Enact Population Control for
Invasive Species-The Sarced lbis

Yu-Lin Shen & Shi-Peng Tsai

Chinese Wild Bird Federation

Abstract

The African sacred ibis (Threskiornis aethiopicus) is a species native to Africa and Central Asia that
was introduced to Taiwan for ornamental purposes. After various individuals escaped their enclosures,
the ibis became an invasive species, establishing stable populations in local ecosystems. Placed on the
“One hundred of the World’s Worst Invasive Alien Species” list, it has caused numerous problems for
local ecosystems and human communities. To counter this trend, the “2016 Experiment to Properly
Enact Population Control for Invasive Species—The Sacred Ibis” was commissioned by the Forestry
Bureau, Council of Agriculture, Executive Yuan, to test methods of population control for African
sacred ibis.

The known population of African sacred ibis in Taiwan as of 2016 was 1,523 individuals. The bulk
of this number was distributed in central Taiwan’s Changhua County and Chiayi County as well as
southern Taiwan’s Kaohsiung City. Each community in these areas held more than 300 individuals.

We set up our population control experiment in an African sacred ibis nesting area located in Hanbao,

76

Changhua County. At the start of the experiment, 302 nests had been identified via drone footage. Two
methods of population control were attempted, removal of eggs and nest destruction. A total of 63
nests were destroyed and 126 eggs were removed. The results of removing the eggs and destroying the
nests was nest abandonment. Further study also showed that no attempts were made by the former nest
occupants to their former nest site for further breeding afterwards.

Data on African sacred ibis collected from 1995 to 2016 was used to predict the effects of the
population control strategies employed. It was suggested based on this information that even if 90% of
eggs were removed each year over a period of 5 years, the chance of that action leading to a population
reduction was only 50%. Further analysis of potential removal methods for African sacred ibis in
Taiwan was also performed. Comprehensive intervention is needed to control its numbers and reduce

its impact on Taiwan's indigenous ecosystems.

Keyword: Threskiornis aethiopicus, Taiwan, invasive species, population control

HI &

1984 &F - L REBESLBEEERTHIBUENFIINEE  MERBIHBERZER
i EEREZEKEREHCERMEZEASSIRM OB EN  BEPRBZEBEHBELHE  EX
SEEARERE KBNS RLHRRIR  BARESHGEAMBNSEERY  EWE4%
RERLIE#RZEE HESEZEEWIBE ZHE REUREZLXHNEE KBE.-
PHESSE  UREREGREBE LR FHRUE -

FEHBREEBEENTZAERESEL  REIMHLEIR 76 EER - Bix REFZNIEM
REMBUBE ZEREESRE  HBEERENENHG ARG RN BEEESHEEMSE
ZHR% BEREHEMOEBEESBEELEBEMRERR  HBKR 75 €@ (Johnson and
McGarrity 2009 ) -

EBEER 2000 F£513# - £ 2007 FfhEHE 360 £EEEE - WE 2003 F K 2004 F#
RIBEESHEELAOAIENENERHES  HERNEZHHE 1998 £/ 680 EREE 2007 F£A
EFI00E  EMEMSHREREE AW EZBEERR 2007 FRZH EZEEIEREREE
FIETRBIRR - 20072013 FREANAEMABRESN  HBRISEXRERIOERHS @ =
2013 FEHIMEE =R 3 £{EEE ( Fermandez 2016 )

EEIER 1974 FUEERRSIEBERERS 220060 FHRBIIFAEEEIE 1,700
B oH5000ELMELEER(BE1)  EARTEBEZIBRIESEZERNE (FKBR - B
B -R—ES58E) ZEPEABTLEHYEERR 2007 FERMUBEWERZES AFHBBRR -
2007-2013 FHBFR 6,626 EEE K 2,720 @& (E 2 ) - HIEEHEWH 1,700 # HE
£ 280-300 ¥ ( Yésou et al., 2016 )
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Numbers of sacred ibises in Western France prior to the
management work.

:

2006

2007

2008 2939 1400

e s o ~

TOTAL

® Number of birds
Number of couples

1880 1888 1950 1985 2000 2005 2010

AR 12 RTINE 2 FREEHE S E48F (Yésouetal, 2016) -

Birds shot Nests sterilised

1700

226 1430-1 860

887 1013 670

6 626 2720 -82%

AR 2 2FTNE 2 FREFF LS (Yésouetal,2016) o
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Couples observed

635 248 350-410

274 422 280-300

© Inra/ONCFS

© ONCFS/SNPN

Kumschick and Nentwig (2010 ) ZBXRMAERKE  2TBONSIRAREEN
TEN TESA/REAKEMEER REEBEERINEFEZ HFE HEe BEER
ERBMBENRERTS KEEERFES  BXE BUE MENFE  BEXE®RRME -
ANERE (BR)  ASAZEENRS  KELEBIBEZENERERTZELH -
EREXLEREERBEEENH (ERRMEARE ) REBZED2H ( RRMEKXE K 2
BElE) MERFESHAIRVESGRERALCEENACERRMEE (F1) - AL
IRARESENEEFTBEIMN  BREMHEERRATLZNEE -

=1 BMNINRKRAREEFZE D E ( Kumschick and Nentwig, 2010 )

Total impact scores for 26 established alien birds in Europe (detailed scores are given in Appendix C).

Order Family Species Potential impact Actual impact
Environmental Economic Environmental Economic
Anseriformes Anatidae Aix galericulata 3 1 0.057 0019
Aix sponsa 1 0 0.002 0
Anser cygnoides 6 0 0.031 0
Anser caerulescens 5 1 0.020 0.004
Anser indicus 5 0 0.042 0
Branta canadensis 15 21 2281 3.193
Cairina moschata 4 0 0.027 0
Cygnus atratus 6 3 0.026 0013
Oxyura jamaicensis 8 0 0.208 0
(Ciconiiformes Threskiornithidae Threskiornis aethiopicus 9 5 0.036 0020 |
Galliformes Odontophoridae Callipepla californica 0 0 0 0
Colinus virginianus 0 0 0 0
Phasianidae Alectoris barbara 1 0 0.008 0
Chrysolophus pictus 4 0 0.022 0
Cotunix japonica 4 0 0.008 0
Francolinus erckelii 0 0 0 0
Meleagris gallopavo 0 0 0 0
Perdix dauurica 0 0 0 0
Syrmaticus reevesii 5 0 0.078 0
Passeriformes Estrildidae Amandava amandava 0 0 0 0
Estrilda astrild 0 0 0 0
Estrilda troglodytes 0 0 0 0
Sturnidae Acridotheres tristis 3 0 0.007 0
Phoenicopteriformes Phoenicopteridae Phoenicopterus chilensis 4 0 0.014 0
Psittaciformes Psittacidae Myiopsitta monachus 1 6 0.004 0.026
Psittacula krameri 4 11 0.150 0413

BMIRERESHNEY  BRETNEABRETIMEEZER  WRIOMHMERZT
H&#f (Calle and Gawlik 2011 ) - & MRAN  J[MEBAREE - BREBFES
SHNAAREHER H2BXRBEEFRURSS  BERXREFNAHNE - MER L KRR
REXE  HIEEMRBUER  HEFISEEI0FEZ 15 FULE  BEENEREH
AT -

AEBTFREJMBBERERESGEHUEAB MBS - LBl LR - 2009-2011
FTERQEBEARBRZHARETEZOBHAERE  MELNBE 500-600 ENHER - 2015
FETZRAEREURENVHERELNF  UZERRESBEHASEELBRLUREE
AAt > BFELHHSILREE 8P AL BHEE MTHEANZODOAMESCEEZERR -
FAZHERZERAANETRERAE  BRELCEEHBF IV ERS  SkFE 69 EER -
BPAZABF 11 B MTUAMBERERRZR -

0I5 FRMSTETOHASHTERESIHEHUERE  AREZFHHEHEIN =W
MEDRIREERR 1,197 ER - K270 ER - UEkEIEH 224 ER - ERHHKE - 8 H
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DIl - EMEDIESRTREYERZEREE  UEEmEBALPEHER - B8 BMUE - EXN
BULEGRMEHEERGEY  DUEEMEENAREEN B rERELIEEZTEHUES
NBUREMWIRS -

BEREBHEBIRARE  BERMEB 2010 F "I RARBMPESNRERSE T
B8N AERSETINREERLAEBENARYE  AMAERESBINERR  SRES
EREER—HBREAIE BERENTHRIEHGHBIKRARERSE  HIEBEBEERHE
ARnRIBEHESE ER B AFZZREBEGRERATITFEREESRENBEEZD
EREBAMUE - _TBARMNER  HIEREBREKBETIFIEEETE - EitwWm
ﬁjg;'%%%kﬁ&ﬁ Al THRIIRAREBERESHAZVHDEY - BEHEH - T
AETIERESHAIFZEEZN—IR -

KRETERBE2015 FEE W 2 H5EXE (10H28H 11 A14H) 2016 F5H27H
FFERMBEamE s &S ERELCEEET/NRELCEUENEGEHESNTE OIS AHIE
m% MeEMHESRABKREEN AN  REFNEEHAR HAUHEREUREARAS

EHNBRREREN EREESHHEAEUEHNEMEYNEE  RIB2EBLABEET
BrERE BEHREZ SZERERMBRENA  UBRZEHERESZNES -

I

WH5E ik
— BRERZEKRBEHNESELE
B : 2016 F8 A1 HE 2016 F 11 A 31 H
e xe8%m
THEANB :
1LETEHEREEGHEERE 8- 11 BERZHEERadL HE W7 #2F - -89
ELt EMN B 68 S RREEMEZLBE im BN ETTIR R BB RS R B

HERE BAREETZHNEBREEESZETHE R UZ2EIMERESH
EXRDHINT - WHRBEBZMIRIEAR T 26@%#135,%%&;% - BRAOETR BRXE
=g ?rﬁﬁ/

2ETHKRERHHEERE I BEERRESKHRHEBORBI  RBIJHSZ
ERE—MERE  RAAEXRAERZI  BHBEBRRESZZHE R - L
MALEANEEZIERR °

—BEREEZEEEEHRE
ISR 2016 E8 B 1 HE2016F9 831 HZZEEIM
e ELEEEE
TEARAS :
ZERBER TR TZEACERENERERERETEEZHIE BAZE
HRRETSEEEREREVE  UERBHEZERR -

CIRREREETERR
B : 2016 F8 51 HE 2016 £9 A31 H

80

e EEEBEEE -

TEARASA :

1.R7-9BZESEFHE  REIBEESR 5!% EIE - BRI WERE . EBE
BRAAKAER 158 H45 BETHR UBEBE—RZBRETHAEE L

A K 5T B
2ABEZEAHRA, BRIV ZEESBENTHAERER - RBEPHINENEST
B, WRERIR—EIISEZEE RERNREFELERH BEABEENER -
AR R

—  EBEREREEZEEHEHAEZTELE

BEMESENS-11 BEANZEBREN  KEKRERFIELHRBRHNERESHES ZETE
HUSERE AEKe/smUE3 EERBER IR -ZAMKBEERNEK?2 -8 Bt
35 ﬁﬂﬁﬁiﬁ*iﬁ 994 EX -9 B 42 EEAMIEEIR 1,136 EXR - 10 B+ 65 @B 1,285

11 B 68 ERAI 1,523 ER - BRAEEE DB (LIEEHRTE ) ~ P (P

aﬁ Ex) mi(EssR )_ﬁEﬂz DEFRE LM EHEZ KR ETEE  8-11

BoBl& 294250287178 &R ; PEHMEH=E2IRRARAEE - 11 BHBEEL

F-8-11 BORI& 471 - 434 282 584 ER ; mEMEHERZA LA - 8-11 B 7 Al

%5229 - 452~ 689~ 761 ER - Eé‘z"{tJ?lTE,EJMHEAE¥ﬁimﬂéﬁﬂﬁﬁz(qﬂﬁB mE ) -

BERERBNEHERENGHBE AR, MM EREHEZ LA UEARERRAZTHIE
EENEILBHEZIRS -

BEHRMPUZEREESRS  8-11 ADH=ENAIE 75280462 334 ER - DIEA
BHIEERRZ -EEBRE BE=E2A15200197 55 453ER -FESHRNAEBHE -
gliEmEFIEMEEETIRBEAENE  EREBEEEETS  MRXKILGEZZFE -
_ERAEBE - FNEMTEECHRIANEREREN SPMmAETESHRSEZEM  BHE
RPEERBRAEHEANEETS  HUBEMIBEBRNILEEM -

REBREERSIMENZES M AEMIE®  SIEIERES TR (N\NEE -
R ) FRESHZIRE  HAREGHBMETIINEN BHMERESRZEBE>HEN
B 4 -

CBRERBREREEZRAE

ZKuTiﬁfELﬁ§?ﬁ.ﬂéZiacEEE%%EMEC%%I:%%'&E?EB/ BEEih - RRERSZA
AOBEZHMAMARERE  ZERIR/WOMAKREERR  2HIETER D@
TRERREZEXSAMHER - ]I%Uﬁﬁ%ﬁfrﬂiﬂﬁimﬁk/%ﬂﬂﬁkﬁ@% - HZEHBB 3 BN L/
EREEHR—ASBENRE  HUTEAZRREZERRESZEENR

KREFTEESTH I REREE - DAIB 2016 F7H20H - 8H5HK8H20H - BEl&
HAMEMEMEAGMENBRTIARE RRESEERZEAGRERME L (
5) BUEPREBABRIIREZZOLOE  FELBKECRERBEA - SNEE A/
BE REXK=FEEZHEREN THERIIEERBNTH  HINBEEARKRESEERR -
RESENREETRLENBREESHNORE -
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SAEMNEZEMN  HNKREINERET  WREEHBRINREBFTZ2ETHR Bl cEERR Modeled population dynamics and future projection(10 year)
RN HERREBEETERIOMNNZEEMBETHN T  EMNFEEEHEE § I mmmsene s
= i = .a"'--' T
g ° 2 . P—L
%EQﬁEYE%H% CBIREEEANABRRERUERELHS IBMMAEESZ Bk é {-;::" el
233 EEE ESRERITRAEHE - . -
i i
m M i?\ E E E’% 59: g¥ BE % xﬂ ,E ﬁ *ﬁ 41995 2000 2005 a10 15 2020 2025 230

Year

ABTREETEFEXEEEHIEREREHELSBIITE .
PIE & 1995-2016 X RERFER (K3 ) REBER (R 2011)

EHERMEREERS I

> & 2 DAR 10 2 PR E A2 R -
- DUIE AR BY 2= RO 1 B AT 81 A K10 &3 2 FREF &AL 2 SERIF

Suppression rate

AFB 9 > }9_5}3%4#1:}&,;”‘:%%}?5:*

Suppression rate with different population threshold for different Egg-Removal Efforts

=z
Year

il \t‘\ﬂ
> 5Y

!
#ﬁﬂ R A5 %% (Nth 5 % % 2 3 =
L

SYREBTERRETEEES LRENSLBS  ARHIFERERAHERYE E B offon g e f0f 2 v o
DRGEEET . BAYVE M Logistic model with normal observation error °
| Mode|ed popu|at|on dyna mics and future projecuon(z year) Suppression rate with different population threshold for different Egg-Removal Efforts
% 31 2 51995-2016 & # 5 5 FEERFH KT P
5 % 1t BE =i T
g ,n’ sl |
1995 97 2006 342 i Pl
B S o =
1996 177 2007 375 é“ ‘._."-l aSm e 8.
1997 135 2008 544 3o o :;,-4
0 ._V
1 998 64 2009 589 :995 :}UU 2005 2010 215 220
Year
1999 110 2010 634
2000 176 2011 802* AF 10 Ak 2 &5 2 FREFS LA 2 FRF (KA AR 11 > 252 FRAAFFPLEEFEHTHT FFE 4
1) - FBF Ak (Kf ) (Nih PRS-
2001 123 2012 959%* %i b w FFE A effort 5 T2 B ‘,f EN
G ATA Pt ) .
2002 151 2013 1,151*
2003 289 2014 1,340% . o
FLL1995-2016 FEMEBEHER - ETHER - BIE KM Logistic model with normal
2004 132 2015 1,902 N e o L
5005 91 016 |53 observation error - B KAEHEAETES - XIET%)EH python 2.7 W pymc3 EHBITEE
. - " ’ &2 B ( Patil, A., Huard, D., & Fonnesbeck, C. J., 2010 ) « B H A F : 1. Bl R Package
* BMIEFHEEE NP pyme3 BRARIREEH M o .
PVAClone T & :_Et EE 8 & - Ll Logistic(normal)model & & M # F ( Nadeem, K.,
24T AR 10E2 B2 FEEHEHRE - Solymos, P., 2016 ) ERNWEBSEF —TEXIEUNEREMTE  BEEEAP
MMAEERZEZRIE (observation error PP EA R BRI RIIZFLENALE
25% e 97.5 % Ti5ME e N AUREERIE (o ) 3 - N |
B2 -3 BRI EANBEER  E5AEBV0RK oUEASERENTBEN ( Prior
2017 783.93 1529.06 2975.91 1615.77 588.55 ) ) P ~ . o o
information ) » EFEBFENERSEL - EERAEMIENAER  THREMNZFFR
2018 685.28 1644.49 3842.7 1797.74 843.57 > N , ”
BMANTESENED AT BEBWEEHNSHEN - BIE2%E R Package PVAClone
2019 629.73 1742.06 4667.78 1970.27 1104.57 e = " .
FZERANELRASHRTETMA - 4.PVAClone in REBEZBTHMALSERTE - B
2020 593.92 1847.04 5311.44 2125.92 1281.53 N o s o
pymc3 ZERE cpymc3BIRSHEESLENMCMCETIEEA EH /B ARLENESRE AW
2021 570.87 1934.48 6066.45 2278.92 1534.16
NUTS: No U-Turn Sampler ) - RMEKA - B 2011-2014 FREFEER - B pyme3
2022 556.15 2017.37 6554.31 2400.57 1669.16 . NN . . =
RAEMKIE® A ((imputatuin method ) #HMEZIUEE 2% 82 ( Fonnesbeck, 2013)
2023 539.41 2082.87 6854.8 2492.98 1819.88
2024 541.25 2128.32 7338.06 2586.75 1904.92
2025 532.88 2180.47 7595.63 2659.17 2134.83
2026 522.08 2218.96 7826.19 2708.28 2011.23
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HEAE T
Nt BERERB t BAZOEHRE  ERAPEE KL n BiR ;
Obervation model :
BRARNEEE Nt 2 Xt ITLEE?
= BHIRR =

DB RARE « ZBWER

Auj
e

Xt~Normal(ln(Nt),tau)

Process model (Theta-logistic growth) :
ro RERER
K RIBEEEN
o: IRIFEEMN
Xt=Xt—1+r(l—-(eXt—1/K))+e€
€~Normal(0,0)

SHRE (FEAREEREFEIWER )
7,0~exp(Normal(0,1))
r~Normal(0,4)
K~Exponential(0.005)

R BBEKEEWH - S2HREMEE K - Model fit IREE -

ABRZ BRI S B 2009-2010 FRAFBHBHBELNSEHRTE : 2009 F8E
ZIHEMINER 26+6% > EOPEA : 2.49+£0.08 & ~ WIERD 48+6% ~ BER RS 58+7% ;
2000 EF B EEEMINED 33+4% ~ BIPES : 2.5520.05 18 ~ BERS 51+4% - BEE =X
& 61+6% (= 2009, 2010, 2011 ) - BAILIFT - E A beta 2% ( Simpson 2011 ) - [
WELXREERBER  RETER - RERFAKERBSETE 5,000 & -

IKICEREERR 10 FERESHHAREDLNNE - SHEANEEBENER4 - JEL
KIEFER RN EHFEHERAEN  RRESHEHARIFERNR  £95% EL0EEA -
BGHEEWKESE 2025 FRE 27,500 ELL L - HBEUEFNEEARARE 600 & -

BUILERETZERRESHIBEHEISHFEZEH R - 2 2 Quantitative
conservation biology: theory and practice of population viability analysis ( Sabo, J.
2003, Morris, W. F., and D. F. Doak., 2003 ) 51518 BOAIRTE : T=RHEBERL T -
BFETEETE SHAEDRABERMENA 10% ~ 30% ~ 50% ~ 70% ~ 90% - HioIH
FENHRERI100E 3008 500E B I0FRFIIITEHAEZRBRDMAERN
9 -R5 -JELNBFET—REETE  FTBERT70%OHEI - FTBERSE 8 F (2024
F)B50% U LBERBHEHELZEH R S00ELTN - WENEEE90% - AIFERSE 6 F (2022
F)TEASON U EEEREEHESERNR S00 ELT ; RESF (2024 F ) 7B 50%
MERRRHEHEZEHRI00ELUN SEERNEETESHEFEBRSFUL BHEE
IR ENN IO  TEARERHFIECHEEFNEIIHLEN , WENEAEBERHN
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2S5t 2o PRI FRLRHEDT T FFERAIBF -

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
E 10 q100 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
E 10 q300 0% 0% 0% 0% 0% 1% 1% 1% 1% 1%
E 10 q500 0% 1% 1% 2% 3% 3% 3% 4% 4% 5%
E_30_q100 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
E_30_q300 0% 0% 0% 1% 1% 2% 3% 3% 4% 5%
E 30 q500 0% 1% 2% 4% 6% 8% 9% 11% 12% 13%
E 50 q100 0% 0% 0% 0% 0% 0% 1% 1% 1% 2%
E 50 q300 0% 0% 1% 2% 3% 5% 8% 11% 13% 16%
E 50 q500 0% 2% 4% 9% 13% 18% 23% 28% 32% 36%
E 70 q100 0% 0% 0% 0% 1% 1% 2% 4% 6% 9%
E 70 q300 0% 0% 2% 5% 10% 16% 22% 30% 37% 43%
E_70_q500 0% 3% 9% 18% 28% 37% 47% 54% 61% 66%
E_90 q100 0% 0% 0% 1% 2% 4% 8% 14% 22% 31%
E 90 q300 0% 1% 5% 12% 24% 37% 49% 59% 67% 75%
E 90 q500 0% 5% 16% 35% 49% 62% 73% 80% 85% 89%
HOERBBRWENNSHE (EURB %) KEHBIISHE (BEURE)
26 AK2ERIEEBEHERE (KR -
2.5 % oh i 2] 97.5 % EiE BAEE
2017 784.85 1533.34 2998.21 1619.19 568.79
2018 647.69 2002.30 7063.92 2488.50 2862.84
2T 2082 FRAAFFLREFT AT FFELIBSF (KEL D)
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
E_10_q100 0% 0% 0% 0% 2% 7% 19% 35% 50% 60%
E_10_q300 0% 0% 0% 1% 3% 8% 20% 36% 50% 61%
E_10_q500 0% 1% 2% 3% 5% 10% 23% 39% 53% 64%
E 30 q100 0% 0% 0% 0% 2% 7% 18% 31% 44%, 53%
E 30 q300 0% 0% 1% 2% 4% 9% 21% 35% 47% 57%
E 30 q500 0% 1% 3% 5% 7% 14% 24% 37% 50% 60%
E 50 q100 0% 0% 0% 0% 2% 7% 17% 28% 39% 48%
E 50 q300 0% 0% 1% 4% 7% 12% 23% 36% 48% 58%
E_50 q500 0% 2% 5% 9% 13% 20% 30% 43% 54% 64%
E_70 q100 0% 0% 0% 1% 3% 8% 17% 29% 40% 49%
E_70 q300 0% 1% 3% 6% 11% 20% 31% 449, 55% 64%
E 70 q500 0% 3% 8% 14% 21% 29% 40% 51% 62% 70%
E 90 q100 0% 0% 1% 3% 6% 13% 25% 38% 50% 60%
E 90 q300 0% 1% 5% 12% 21% 31% 44% 56% 68% 75%
E 90 q500 0% 5% 14% 24% 33% 42% 54% 66% 75% 81%

i ERBRFENNSNE (BEUR %) -  REHBIIEHE (BEURE) -
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AU 70% - BIfEEERRBE 10F  ZEREHFHEENEELAZR 50% -

MBESHEBREBEERENKBELR  RErBREREHEUAFEKENRR IS
ZARR2EFEHRHARBHERENEBE 10 K6 AERBEINZARBNER  EItERH#2
FREZSEBEZEAN  R5% BELOEEBA - 2018 FHEHENERIES 7,000 EL £ -

MBI EHITBRHEEFHRERIONERWE 11 - R7 - REBEEAFH DK ERES 5,000
M REBTEBRENE (10% 30%50% ) BRT  EFIIEHOBHFSIEH 2#
ERE  ReBHEBEZERIR/) - BETERERHNSHEABEELRERERS
RIRZKE  BRHBAZERAEBE  BEEELELERER -

b B i

AFAERANTI4BEBRBE 3 REARSKREBTEFEX -4 BANAERRT  T&E

LTE2EERERRBEEECE 15238 (R1)  BREZEBYECLEE BEDPBZER

m&%o%%KEE%EWW%?ﬁ BEEREMBZHEUREBREL  REERE
RELEEREZ %MWHMMTE;meE%ﬁkﬁ MmBEFE IERINMIEER
i WREAZLCEZESEERMR  THBUNBERKGEYE -HUHEINZEERESE
REEENN 1,800-2,000 &  EEFS -

BEERZEENRARBE  BEZBRUENES éEA%ﬁEmEETLﬁ'%ﬁE
?&EM%E%%&?”%TWE%%E Kz REBEHREEZEE S  B8H3-10E
HEEE—AER  BE#HPFENRGBZREZEE  -FUEBREEFEEZREE AN
FTERBEAERCERBEEY  E—POHEERERZR/NEHE BAIEMEREREREE
BERltm#EE  EXKE - iTHBEAZEER #EPBEOD -89 KL ELEESE -

RERE 2EBHBEEEANRARABAEAENE HE  BRERESZERTFRITHE
7 BIEREBEBHEAREZIRZ  FIMEHMNBEZMNEEER  TEWRABAEHEE
A - EFEIES "I RESBBERERMAEAEE MEFEE K ebird BILHE - ZMIBEE
A THEBREEERERERBNEHEERS -

SHEMERMNFRPER BREFEN0FEZETRELECEENERETEERK
O ORHEMBEEEARENREZERTEENES  BEHERELINERE  BRRSEE

BERMEMIIBNAMBERABMRKEREE  BRZERES[HE . BLERKOMRERN
BEGEBUXE  BEREZEEmEZXERERBBIERMER -

SETEFETIRBRNEREREMES Z HELREB[ERNURER  REEEE
BEMABEE MUENESHITHRMEABANBRAR  £ETEDGHEBROVETEID -
KSR BUBRWNISE WEREISENRERA  BE1SEHAERAEA £
ETEETE BREBTEE BB RESNTARE -BERIAWNTEETER
HEEhELEBEZE T & MIFABUEHREEBRKRIN WRESTH HREREX

CEFEINEETEZEARY - BUEARTEREHN  REREETEZ  A2HER
B2E HREMZEMBEBEZDNZR  SEETRRAEFRINS 1S HERAREIFEENT
SHETE LETEEME RRZESEERNETEERN  BrRRZEEZHE  ERE
BERBUBFEETHERAZRER -
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REPTESZER  SRESBRONEETERTIER X TULUHHIPAEER
BT BRERESIEETEE  BEIERERZRE  FBEUEANLEETEREEZ
O AFTEEFEER REZENHEBERRMEER  BEETEZHANRE  Hik
REZSmAZE20F  DUEETEEREN FEVSFRTEBLEBRRAEZRE
BEMERRBRZEBRERGFEETE  MEBEZENEHEHHELREAELETMAL -

WERERBHENARBUESN  AREXFTPENSHRRBRRKRE  LIFERIE
AEMS  BRREZKEARSHAZREZEGEEREERMRE  BREBIHANEE -
BHEsRRARBERTIZERE  BEEREEGRHFEANFEABRERE  SASZER
Et UGEBE2HIZRE ZAAZBEEBERZURRAREERNKE  ARERER
TR 1995-2016 FZ2EHR - AERFEH (1995-2008 F ) HYHEﬁX%LKﬁ"%*Ei?J:EH
B IFa#mttREE ALEBIEERAR NFRUEHIGEZRE  BERFTRERY
BEZBE DESEHNZHBHERRBIUEH -

SENRERMAS BEVRHBBRRNESNEEFZTHBRETE BT A0EZEH
%EET%'Mﬁﬁ%ﬁﬁ'E%E%EEEE%EEEE%B&%%@vﬂ?%%*ﬁ

m\

28 RAELRBEBEL S B AL

B EEF FEE ZEFO FE B 22845
Rl Bl F=EBER RTRE TR Eh ENE B
- L, BREBEF B5B/ESE
e 0 X BR zpse ( 1,000 f& / £ )
. BRARE. 258/ FE*5F e
me @) X 9 R Zs (1,000 & / % ) 38 /% (1,000 % -C02)

BHERIATE 485 T
BEABRFE (ZRHE  HERAFAML)

108 (ZEZ-500&) /228
(FEZEEZF 500 8&)

g 0 0 485 T (REREE)

158 (500 )

B4 X o* MRS - ) (500 &) 218 (500 &)
R E
mEE—Y)
] (o} X - B 2HEHRER 458 (500 8) 42 8 (500 &)
il
SR A S I e e
2§ a ab S % %
=48 o) o) iy 45 H (500%) 428 (500 &)
SR A S e e
4 a =< &= &=
4 0] X P 458 (500 &) 428 (500 &)
" e .
2EH o O . umpmamy SR (REF S0E) B08R 4 o)

(FEZEZF 500 &)

it a RNBARMOEBRENF b RNARIRINEMSE -
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— ~ WEORBSTHA

EREBFHORINBEN 21 X - TEERKRETHE  FAEZFRAERBRID K E
B I —HRE - EFIPPEMEE JEXEERSEE  ROEENERT -
HAREEGALRERLEER  BREANRAS  £EXEZTHEHFU 12 B—RAUER
ETRER  HERESNFHOEmMHN20F  EHEERPAREREGHERER  ER
BRiE#HE  EVFEEETI0FEULATEHHBELAN -

— - HEHHE

ERERBEHRIANIS- 40K TEREPBEETRER BRERSTEHENEZ  SREIE -
BEEAXEEERESEERRRE ASEREEZTHNHPBEEE - LA EBEL  EEAEAS
ZHENT U3 4BHAT—R . BEEKEIRVEHIHE - A8 HEHSEZELENS
B2 NREELET UaREEWNSEE BUOTEESWESREIL - BIosEHE
XAEENRE -

- BSEEH

EEDZEFEUER HEFZFRAEESEIME SAHEEUEERDHINK
E - EHFNERABRELESL  RARER/) KAMEEZENIVESIFFBELIK
MMBES - kNSRS  WERNSHEMERE  BEMNARS -

BEREERBEBRRTEADMERBUR S - AUAKFATEATAN - RETME - LT
TEZEE  EADRERFEM -

ERBEHEZEFZE  NEREBREFZIUNBURVERESRKEE  BEARSD
- JBEDSFULRE  THNBERZEGHNENRE  EBROS SFHMTEEZD
140 Bt £ - MBRRSE  HE-—FEMRTERS - BW1FBKRS500EU L BES
FEFBEHER 00 ELUT - UMREBRAZTE-ERETBR  BR 500 EMAFITHE
3B BEETIFHNEIOETES  ERERBCSTBHEHEZRIMES  EEE
FEZIBRETHE CES—Z2E  WURNEBLHABKRUAS RIS 0O LM
K HRATHEAES -

BSELETEARMARTRE  EX KEEBEERIEEUCAYLHBUIETS
FMEANRAINBRRNS  UBARRDERESEHEENER  BREEFTEBNASER
OHUEETEFERROS  RBEEANEFELRE R "IRSEERESHLES
E8 L AVRREHIIKEFEE O TN - MESHBEMMAENRD BRZHAEEI}
KiEHE  DUBEAEREN\IFRXN\IFENKEGEFHFBERAINIFEFZHEBRR - X5t E
ERZIRARBRAESBZEZFIUBREERE  HBWMLUBRNSET -

2% K
REM 2009  ARBRERRESFSHRGENESBELERREEIME - THEREEZEI M

FEEBNETE 908 ME -02.1- R -24 5} -
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REMH 2010 AREBRAERESBEGEHERNBEBRAEZZARE THREXEZESMHEFTEH
BhEtE 99 ME -02.1- R -29 % -

REMH 2011 - AREBEEESBEHEREBRAEZZWR THREEZESMHEFTEH
BhETE 100 MA3& -7.1- fR -26 5% -

EHHEE - 2015 - I RAREBEEREBEFE - THREXZESHKES@BIEE 104
WEE -07.1- R -18 5% -

it
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RIFRR 1994 FE 2017 EBAELEE ( Falco peregrinus ) EEBRIEEERBEEZHE -
ELBGHYUENWEE 201 FHEMRIENRATHERAEE MEANFEEIR 3 Bk
EAFEERETY BIBEFURBBEEBETANEB1I7TEEKE  EXWNBESEEE 558
VA EMREARE  -RAERRETR LEERFEESEEERRIE BEECNEBEREH -m
ZHEGRHLE EERNXREAFHARBE  DURBENSENED  HEFEENBRE -

BB . E - RE - EL - KE - BEILEBR

Survey of the Breeding and Wintering Populations of
Peregrine Falconon Keelung City’s North Coast and
Outlying Islands from 1994- 2017

Zhen-Zhong Shen

Wild Bird Society of Keelung

Abstract

From the period of 1994-2017, surveys of the breeding and wintering populations of Peregrine
Falcon (Falco peregrines)were performed along the northern coast of northeastern Taiwan’s
Keelung City as well as its outlying islands. Beginning in 2015, point count surveys were employed
for the study. Within the last two years, the surveys revealed 31 locations which saw stable Peregrine
Falcon activity, with 17 confirmed to be used for breeding, 5 for wintering, and another 9 which are
still under discussion. The survey results also showed that northern Taiwan is an important habitat
for the Peregrine Falcon, as a stable population exists there. More research must be done to track and
investigate the area’s breeding population rate, breeding success ratio and population replacement rate,

as well as the fledging dispersal rate.

Keyword: Peregrine Falcon, breeding, wintering, population, North Coast Keelung

Hil &
ABAEHRSENRERER  LBFERBELESE ( Falco peregrinus ) HIEK E L KREF
HELADT UREERFENEEANRERGRAR  -TRESEHETH SR . EE 58 -
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& |7 Bl -Be & BE--F HABEREHIIZL -WE -ZE2FAR
REVEES ZTERE -

B RHEL TG

— - RE#HE
IERERTZEWE - RICE TEMIE  mEMILH AR  REEEBEN  OBEMILEHAM -

—~#RERAAN

-6 U 10 SE€@ Ak 25-60 BEFERRES ERBEREEE BAMNRS 34
NFRFERZE M7 B - B &5 B -F05/ IEIZEEE BHERIS
H(XR—) PEEZEI12ARUMBREBEEFABRERBHTRALE -7- 12 HBRAER 1 X
FI3NROBRSERESREBEUEISERAES (KZ) -

= HEE (KERZEIIERF)
LS -~ RERE - RIS - FER - BAE  EE - HFIEE - EEFE - 2R

S
—  HEED

1994 EF 2017 €0 - £EB - LSERMEREER I EHE  ZBH BHEE -
Bl 20 EHE  BEB 2 ARE - B6EREERENEHNE 1| EHECABERE
M EREMEHEREWSE ERBEERSHEYIE - RENE 4 BRE - NE
LEME 10 BRE BRUEBNE 17 BHE (£=) - EPAABEHELEBNE 19
EHE  HANES 0 AREERLATENSEERAREN S EEEELEERY
ENGESE R

_EE - -EXEHIAERZEEER
(—) 2%HE - - EXEBEHIHE

1994 1997 ~ 1999 FEEZE T B REBEESEIREEMINALEE - £ 2015
FEMAAMRATHERRASE - 31 EERETEIBEBEBRINLCHENE 15 BK
B BHEANI4ENS BEETARUIRE -  AEexaell  BEEEZ
BEERNAIEZE (RO ) -2015-2016 FEAEREFOUREEENE 17
EixE  JERELEHENESBAEE  SEIEKERERE  HPHR 7 57%
BEEE 2016 FEFRA 2 RER (KA A) -

2015-2016 FEEAREEAIR 2017 FAREBERINL 2808 - 137X
20 OJBECEWMEFR  RIEREAR  #2E0UEERELUBE®HES XA -
FERAFDBEANEEZEEMEEE  EEZFE20RES LFER - S/ 20 5%
E -
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(Z) ~2E&R

2015 FESEKERIRBERETH  BASHEBERNIHX TENS  EHE
FRINE 62.50%  F£EN1.4E  BAE09E 2016 FF 16 H1iKEER
ZHETAR BITHEERNH 208  EEMINER43.75%  £EN1.7E -
WRAREISE 2017 FF 6 AKERRBEETRS  BIOHEEMRINE 18
EME  BEMRINES6.25%  £BAN2.0E  HAEX1.1E  =ZFF5 40 @
KERERBEETS Bl BEEANHITENR  EEMINES52.5% -
AENI8E BAREOIE(EN) EERAMHOMKRIB . REE WERW -
BBEAM(XIT EBE) HoUERREEZEEIAHER (ZEE 2 EEARE
BWEEMERE ) -

= -Eagln

EeB08aR: LBEERIEUREE LEFE=-EEX (BEE—) - BEEW
B5E BERNBI6E UL B -EEUREEERI/NEANESZ H12EKE(XL) -
BNEHEMNASTRAEEREAR LK T  JEREENEATERAERE  BZERE
EEAEREY/NEANEEUREESNTIRE -ORERR L EESRIEEGER - L8 -F
BUREEEFI/NEANBEABUBARADTER  BEERLLMEZERNAHAEEBREIN
EEFEE  #EHEE BRNAEBIRNAERESL -

EMRalitaZtoE R5@E- -L3@ Fm3@E R A mBEI1E-E
UBHER 100m BB 12~ 101-300m WABE S @A - 30Im U EHABESE - (F/\)

M- -ZBETARBNEHRRESE
ZHEIARER 13 ANRERGES 34 BlEEM - 4-5s BHEHH - 5-7 AEER -
BR7-11 BEIBAR - 11 BEIBEREGTAER (RN ) - xRHERHPEOLRLE &%
HMEZCAPE HEMER EEAUESEMENLNELIREN  BELEKRRERS
ERAERT 1288 -
(—) 285 T
WEMASRWAME  BLUBERAE  ARAFIIEREM BHRER
RER  ARTENEBRETIF - BEEHFIEREREERRE  ARAFTE
oER-BEHAEEETER  HAB -
£2015-2016 FMEME S 4,685 DiELET  ARMWEE 1,272 D& -
BEME 34139 A/ BLEESR :27.15/7285 - TEMEBEHHE  HEFE
HIEBEHL 2,794 DEEF - AEFE 44T HE BREEIFE 2,347 9EE - A
/ BHEEERE 0 16.00/84.00 - BEHWERBEHHL 7,479 0 - 2K 1,719 088 -
B85 5,760 0E - A/ BEEERS 0 22.98/77.02 (&) -

(Z) 2017 F 21 HEWEE - BT AEHAE
2017 F21 5 B4 1500 EWMET A N/ BEEHFBELL S :
24.33%/75.6% (1,003 72 /3,120 ) ; BIERELEA : 22.95%/77.0% ( 28
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RI94R ) EHEHRHELER:26.74%/73.26% (23 R/63R ) BEWRELLSR
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MEHLIS K- EREAHN - HBEHEeAN BEFEREREEBE
DEERBE0DRMETS  BENAR(EMEAEZRIHNRE ) - WRAT1-2X -
ERANE  BRERBHELHA—X  BEEEBREYNES  BERBEWIE
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017 F21 KBS T3 EEHRTARP R/ BEBEEKEHELELES:
0.45%/99.55% ( 18 73 /3,991 73 ) ~ B8 ZNILERRBILER 15.65%/84.35%
(49732649 )  BEEEREZ -2/ BRERHLES : 9.38%/90.62% ( 3
RN29R) - FH IS DERE—KR - F+—KE - HWHIWHBKERERD -
FH 85.55% ZFHHE : 76.39% ~ 58.97% ~ 2.5% ~ 12.50% - B#fH# - BRI AE
BEaWTRE  ARAE(X+) -

BB R

EREERAMXERES  HEFSECAR - -F7-14 K NFEHLHIRE
BPE F4X HNEERBREBCk  F29 X KBRS HIE -
FITRE WEERHRE ZEEEN ZEExH RE ERLREE -
BREABARI-2RXTHE  HERNSFEREE24BSEEREER (
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BNESHEERYE RS Z2FRYFESWENEAFTLERE - MU
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RE—EBHENNESEENMHE 120 - ABEABRHMAR - 1,650
DEEREET  BAB4R BEHTFH 206 0BHLE 1R - BHBLABRE
EEEERFBEBLERDAE 34.24%/29.94% - REBEARBE - ERX2XRRMEE
BERK(XTI) -

A ~2015-2016 FFE - RiT-KMY - EE - HE - RE - G- Kig - 50L& -

BIRRT
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HIRKGRELER (FED + BES + BED + FES + RTH)
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THEER ZEEFHLEEBBE 40489 /K FFEEEFHYHIRIERE 24.31
DR BER 2L/ BEFHEIEARBBLE : 12.09/2033 2 /K EEE
~/BREFHLHIREEL : 14.60/23.37 0/ /K EEEEL / BRFHLHIRE
BLE:6.06/13.02 72/ BEAREBRER (ZF+=) -

FERBLLER (A BEEHERH )
AEEFHEFERERATEEEBNEEBRRER 1 10.34/11.95 73 / K -
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Habitat heterogeneity and wildlife conservation in
agricultural landscape

Da-Li Lin"? & Tzung-Su Ding’

'Taiwan Endemic Species Research Institute > School of Forestry & Resource Conservation, National Taiwan University

Abstract

Agriculturalization has been a serious threat to global biodiversity. The populations of vertebrates,
invertebrates, and flowering plants have decreased significantly in agricultural environment during
these decades. It has been an important issue that gives consideration to both agricultural production
and biodiversity conservation. For biodiversity conservation in agricultural landscapes, it is a general
scheme to understand the relationship between habitat heterogeneity and wildlife distribution. Habitat
heterogeneity can be separated in two concepts: landscape composition heterogeneity and landscape
configuration heterogeneity. It is important to consider three aspects of managing heterogeneity:
(1) increasing heterogeneity of the more-natural areas, (2)increasing landscape compositional
heterogeneity especially crop types and (3) increasing landscape configuration heterogeneity.
Although many studies support landscape management for biodiversity conservation in agricultural
environments, the cost of practical management and crop production must be considered into

conservation schemes. However, even with perfect landscape configuration, species that rely on large
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and primary habitats are still absent in a fragmented landscape. The high-quality habitats are still the

priority for conservation.

Keyword:agriculturalization, patch configuration, landscape structure, spatial heterogeneity,

vegetation structure

A5

BAIZKEBXN 40% WM AEERM - TiMEZ{E (agriculturalization ) 223k 8
RRHFMEBEANEZRE  BREEHEZIKEMZHE M (Foley et al., 2005) - EYPBHEMH
A% ( Convention on Biological Diversity, CBD ) FRE] XM " EMEMZ R M B E ( Aichi
Biodiversity Targets ) - ZEEHEHRE Lt "EENR 2020 FIE - B KEEEERMNEN
EHAEBIRKEEE BREVIEMHBGIGRE, EXIFAERFEENNEELEBRE
FEaXKEBERR  WHRBEYZHEMIRE (Secretariat of the Convention on Biological
Diversity, 2010 ) = 2014 F - EYPIZI KU LRANE 2 EHABREER "E2XEYS KM
BE %R ( Global Biodiversity Outlook 4, GBO4 ) , fEBR KR HAHE E M B ZHH
THS  #HHZEEEEL XELZEWRFEFEBNMWEBE - BEH 2020 FAERKNEEE
B —EZ=#b ( Secretariat of the Convention on Biological Diversity, 2014 ) « EZIK A
OMEBEVELXH RO AFEE ( Anthropocene ) - FEWMHF W EH ( Thomas Malthus ) FT 78
HHNERHAENRREARALDY  HEEEH m - A#EZHRENEK - MNE T
EXERAMPIRERRE - BEIE 2050 FF - #2F 10 AEN I HEESEZEAN ( Tilman
et al., 2001 ) - HIf - TR RBEZLEOHNRIBSEENREZE  TEREREERE
MARR T MEAERAROEFENEEERENAANRE T  REEEREPEYZEY
RE  CERAEZKERERLENEERE (Robinson and Sutherland 2002, Kleijn et al.,
2006 ) -

fi 25 AL I A 1 i iy R

AR EHENEYD  BLEYEECEERETEBR2EEEZEE  AM - 05
K LDEFZHRESEL  SEREEFRETHNFEVDEBEN TEBE - Leadley et
al. (2014) EHE E112 ( wild bird index, Sheehan et al., 2010 ) ZEIRELMN B 1980 &F

( Alauda arvensis ) ~ fii & ( Passer montanus ) ~ ;"MK IJEEE ( Carduelis cannabina)
MERM AR B ( Sturnus vulgaris ) 8B X20F K - 2D FE D F & € @ B - Fuller et
al. (1995 ) BIFEBME 1970 FE 1990 F 2 - B28BRMSHE (86% ) WD mEBEMER -
1878 (83% ) RMIBHENEHNAE IR -RIBEZN  BEEXERIBEPHNHIEY ( Fischer
et al., 2011 ) ~ EiE # % ( Hendrickx et al., 2007 ) ~ # FHEH ( Gabriel et al., 2005 )
METEBEBAIWMEY (Levine et al., 2011 ) - th BB LIANEBE -

EEAEER ELIHMEFREZE HEERENEGCHNEEREEZREFINELEY
TFEFEEEREZ EXrZNREERTEAREMEANEEZ  TEXREBENRELEE
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ZE—FY TEBERFEENHARSEE  REEREEERSE  ERERENREmMESIL
( McLaughlin and Mineau 1995) - BN ELEZKKEELBHEEZNEE - EXEMEBER
BERAMR -BREmMIEAS  UREEGMNIHEmBELEZNZESEE  BRAIRK
EFENFEERNZ RS (Olesen and Bindi 2002, Smith et al., 2008, Godfray et
al.,, 2010) - FSENEEFEENZHEHAEANEFEZFNMEENRERMTELE LA
HARRELECEANNBEDS AMARKEEZIEUREERNNERRE MBS )A (organic
farming ) ~ RB M 2Z% ( conservation agriculture, Giller et al., 2009 ) & - H B RIRIE
KREMWEFELKET X (agri-environment scheme ) IR EEBHREEME (E 2 - FAO,
2014) -

TFBMMNELLEZRAEREZNRMF  BEEREERELEYIRUILERAEBITRZ
( conventional agriculture ) E2MKEST - BE S48 ( Freemark and Kirk 2001 ) -~ &3
Y MEREY BB EMNMO#EBE (Bentsson et al., 2005 ) - IR E M E X (no-
tillage system - RIBREEKMITRE  DIBEERBEEPHIEMEYEENORE ) WEH
. HIBEPWEYEBRZSRNEBITMIMER ( Kladivko, 2001 ) - TEKEZE - BEEMNZE
(agroforestry ) MIIREMUZEHERITWMKEBITRZZE  EETREYEVZHRUEELRANX
ZR0#8 % ( Mader et al., 2002, Hole et al., 2005, Hobbs et al., 2008 ) -

FH B 5 b 7 5 AL 2 W 22 bR 7 R 1 D BE

HEIZBEANAEZFZE®  #HARV /REBEPHERENGE B2 AEZEL
MENEZBMARNBEEHEY  HEHABDEIEAMET  EZTRFRENEERD
BHMMAMHIER  DERBHNEE AR ZBHERHEAY  BNEASIENEMEAR
%l ( Hole et al., 2005 ) ~ BRIEZ % - BN ELEHKIUNEFREEZALARD K& - FY
B J[IENREAKBHRERER  BAENEE - BLUNEISE E % ( Benton et al.,
2003 ) -

EELCTRNOBEMAKRBEZNEEEYZHRY  RENENAEBEMMEZSEFEDH
fEith HEEHEBNERENMYRESEEERNRBONE  BRXRBEZEERINE - IR
MAEENRE REUMIBALIBEMER  EEZ2ERE RSNEESZSALBEY -
EFNFBEAEM ( semi-natural habitat ) IRMERNERNELRE - EMGHE - 2
RAFEBEENANER  HEMINAEESARNBER - Hit - EEMMISHEYZEY
MEBOERIEEMREENIRIEEZRSEE ( Fahrig et al., 2011 ) -

Benton et al. (2003 ) RA  REVWEREFERHBEVNZIEUMNEE  EASKR
EEBERANRZIBEFRENEARASH BREEAMNSNAE BERFEHYNEMRE
REBDH  BRENRFRHRPHZEEREEM (spatial heterogeneity ) HHEFEFY) 2 BRI
% ( Fahrig et al., 2011, Foley et al., 2005, Tscharntke et al., 2005 ) - AR B EEBELFR
EFNERAZHE  UIREHNBFERERFNSRINIELR  ESHEEY  JHFEA
BERAEEYZEMNORBEINEE -

Fahrig et al. (2011 ) &  HFEEARPEFEENKR T SN BEERSREF
BRIEPRNEYZSEYE BAIBNSHSEREMANELESIE B85 ZEAMZERBRIAE
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Exg KAMEBESEAZAUESECLEFTER YV EABERUAEEBEAEITEN A XS E LM
AMALEE (land use type ) (E3) - HRABBEHFNEVNEREMEPFARENERAS
HE . BEZMMAERENERZNEDTAL Bt R EEAUMRHBRABTKRNEARE
BREEBEZNEFRE> T MMANABAERWNER  MFEUREFMRERM D LE - b4 - 48
BEHEAN  EBRXEIBEREASBDESHELUN  AEBEZEAFHREZZEMEHE - 0/E
FEEWN2EMESNEHESRE  AINEBEBSEET0% UL - KEAEYSEZE20m
Mt -

BMWEBSESHEH R AMEMSS: =4 K EEE (landscape composition
heterogeneity ) MM =B EE B E ( landscape configuration heterogeneity ) ° =K
EEEENEARMS RN M KENWERY - 12 - BREA/NSEA - olEREEE
ZE (richness ) ~ #95E (evenness ) X ZHKE (diversity ) WEIZMMUEL ;| W= E
TERENENSR TR ZETCTERENERREE  JEFABREENFHOERNEER - B2
BE - BIRFEARIER (shape index ) WEEREEZ M E(L ( Fahrig et al., 2011 ) -
HE400R -GBS tWSANEEEHEMSREEEENEL  FAEIBEAERAEN
MBRTE - (ADDZ2CEOEGLEMMEAMSAREEENEN RS TEOEEZN;
QDZECEHEOLEAMEANSEEZEENEN  UREMENS TR ZBARENEHE
12BN BEEMAMSTENEBELARMLE (Fahrig et al., 2011 ) - TEMIZI BN SEE
b EFRAREREMEARNER BEZEHNELM=NME  THE-—THEER
R ECE -

HEEENMIERAREREMSEEERES oA -EEBXR: — RAMEFEAR
E 1% ( more-natural area ) - _ BN =EAREEE = REW=EKEEZEBEE (EBES5) -
MME=PERBEHENZEEAMFARBTEANM S TR EEREETNEZARM ZE LK
EFHEWR  EREANESRS  BMEMN  BEARERIFFEYEM (non-crop habitat ) -
RAFEVEMNENEEERELYWIEEEE (species richness ) - BERERIZIEHNE
MER - ¥1iES 22 (Dover et al., 2000 ) ~ B ( granivore ) K8 ( Vickery et al.,
2002) ZIEMEBMER - It EENEEHEBUEFSBEEHYIRE XBMWEZEMR
( Henderson et al., 2001 ) - B - HUFENHEEHYTEERSIXBAIR - KB EEY
MRXEFHEREREEYZEM ( Harwood et al., 2001 ) -

ReERFAEREBARAEM ZBENELSE  UEEEFFYERREELEBDBENING
( ecological corridor) - LEZHEAHEE Y KMZENCITEIY ( Nicholls et al., 2001 ) -
A BRERMSPHMITEENREAEEESBLANM  BERABBNEETLASTSZEKX
AIEZRESEHEEBERENKRE - BNt <4ARNEEE  FEZERESFEYOAER -
tTHhEeEEUERARNRENEFEYEECHEAN S - AENREYELER LR MH
AENBEBMER AUNRELEREEEaNEREURE  BEJRRSISER/NEHIEY -
A ARABAEMARELBNEYREEEHNEYZEUBED (e.g. Siriwardena et al.,
2000) - BERURER - NAKRKLEEAREMAMER ( Burton et al., 2008 ) - MRAEEE
BEFTH EAEREEAEMEEEETTAEREERER  TREKLZEEENONER  BF
MEZTHAEEETHEFEREEANTEEE BAREFEREFEHYMSZERNm
BERENEN  EATEHVRE  RREEAREFEABARAEBENEREEZRZE/)E
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BFRER URSkREEEE  UWEFFEYVERWEHMTNELAEEERA  BEBRESEY
Z 1M ( Holzschuh et al., 2010; Fahrig et al., 2011 ) -

PR 7 f2 5 M 552 P o B2 11 BB Bl

HACEASMREZREZBMIRENERN  HEREHSFIEVIHRUERBRERR
NeE - M BB LABHZERBZRE -BERVHANEEEE  GRBREAINGREML
RE EHEIREEEMACUERSEEEYEREMAREENER (Hole et al., 2005,
Giller et al., 2009 ) - R TENEKEEFERIVIEMEEEZERE  RREFLEMS T
ZNHBEEMHES EHNFYZEEEZLRSEELENAER - /NEREWE MR D
EE-HIt ARFBEREZAREEZYZIHEURE UV ABEFERELEBRREIED
BRIREEEE (Burton et al., 2008 ) - BAZHMNRMEZAN A  NOUEEREZZEERE -
MOxBELERTTHBRERER  NERANEREZMFTEENEERE - ILI - ERmit
SEENBTE IBAEEREBMNBEHY  NEIFEREEEENSES  2E
REWRmZEN  NEREZHEBETHREHZR -

Index value

o O AL nY M T
1980 1990 2000 2010 202C

AB 1M 1980 # 3 2011 # fF > NI E :}‘F?}— (wild bird index ) = B = & sg 0EF R w > F P BT %
%% (Leadley etal., 2014) -
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DY 6 BES - HET 104 EFRERANREDIZERE - BB 61% YT b 1% A5 L A&
EEIZE  365% BALER 1| BREMNEE  HPERBERABENERESE - BRIE
BREAD  RTUHEBARERERHTUHESS  UNERIBSENEESARER
ERUSERENESS HARBLUFLASTAREBEHFISMEREISLT - B34.8% KX -
RBRECEBBTSME oEEMEEESTERNEINIEE - NROREFNER - 2
EESVNEEARBYE UHBLEHYEMRE  NURENEREDBREESHNE
2 AMRE-—MESHEL  BE2HRTEEENRE -
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Residues of Anticoagulant Rodenticides in Non-Target
Species: Assessment in Six Raptor Species from the Canary
Islands

Cheng-De Wei & Tzung-Su Ding

School of Forestry & Resource Conservation, National Taiwan University

Abstract

Rodent populations have caused economical losses in agriculture, and may transmit infectious
diseases. Thus, anticoagulant rodenticides are widely used to eradicate rodents in fields, while the
toxic compounds may threaten non-target wildlife’s health. Ruiz-Suarez et al.(2014) analyzed the
anticoagulant rodenticide residues in 104 liver samples of six species of raptors, determining that
61% of samples have at least one anticoagulant rodenticide residues; 36.5% of samples were detected
more than one kind of residues. Besides, bromadiolone was the most frequently detected anticoagulant
rodenticide. Among samples which had detectable residues, anticoagulant rodenticide concentrations
in nocturnal species were higher than diurnal species; residue concentrations in small mammal-eaters
were higher than bird-eaters. Although there was no direct evidence that the most cases suffered
from anticoagulant rodenticide poisoning after necropsy, 34.8% of samples exceeded the liver low
toxicity thresholds, implying that these toxic compounds could affect the health status of these raptors,

and would make the raptors more vulnerable to weakness and accidents. The use of anticoagulant

129



rodenticides to eliminate rodents in the fields suggests that these toxic compounds have entered the
food chain and threatened the wildlife. There is no doubt that reducing the risks of wiping out rodent
populations or inventing more specific kinds of rodenticides will become the most important topic

among rodent elimination.

Keyword: secondary-poisoning, toxicity thresholds, wildlife, rodents
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BF_RERAEE RELRTEXSE RENEHAB=BMN  BHEZER - #AOEE
RINE T RESRENEE  RORE  HoUERAREYBLEBYEREE - EREB
BEERBLEHYREZPTESNRA FTEREESHRE REZLEH RBEEES BERL
Bl BRAEREHARE oS FERYEEENBETS (B 1) - fINERERS
HaMOERHSHLIRE  ERURBAEABEIENERMERAREEEYE -
ERUNERBNENERANAEREZRENBRNUMEERESYEIZERN - ELEARKT
RYUBEENEEEREE TENES TAHAEFTEEFESHENANE - IEEBEKR LD
RERRELERE  HUUOBOYVENUEFBEERIET  SEERYHEARNEIEE ( Berny, 2007,
Luzardo et al., 2014a ) - ABHEHRRNERITSETREEZHWRIREESANBEE 1960 £
BHHZIER  ERYUYBFLEBYVERBEUNSSHEY —NMRLRED - SEWEEA
EAMEMEEZET -

HeEBNRENS  DEREMREBRANRRAZ - HEBRNEE KRTIZEE
BEHEMFY toUsgABRFES MEREABLMWIER - RIEZI BRBEIEER
BABHRBZERER  AIWMERE (plague ) ~ HImETEIEE ( leptostirosis ) E)EMEE
( Hantavirus Syndrome ) - B BZEAHELBEHBABEURTELSEEZNZHZ - HAINK
FENAHZEZP  URMMAEE (anticoagulant rodenticides ) BB 2 & B FE AN KL - LU
2E5M REZYSVARPMEVYREFMHAERHRNOBFERRSEZR  BEREHNNRE
EY) (ERE REE - TUHE - WEE - o/kE - BRE ) IARNRNLKRED - ( Senja
Laakso et al.,2010, Ruiz-Suarez et al., 2014, JEFFE L 2015) -

MEANKREBNB/EEERZEY)  EBVRALAEER K WERYE  BABRS G
AEMAES - SHRMINERE  HERERERALMMIET - AALKREFEFEE 1940 F
EE 1950 FNRBETIRET  -HBAREZER TP RMARED 1 (first-generation
anticoagulants ) - BEELLMYE  PHEMRNE - " B, ( second-generation
rodenticides ) &R 1970 RN L - _HAREESUERYINER - LEHBES VIR
MHEE HEZEEaWEA—EED HEXRFTER I XRNEIEM BRI -BRIEZIH
BEAFZHEZ  UASTH LT JBEZAXTHGBERIBLHENR  ERHFFBEZAALHMDER
Bl - KA LDEAEET - —fMs  BABRTHEZ _AREH®E®  £4-10XTEET -
EREMERE TEEGEARBEMEHESE HEREASHE  LWUHIRHBEE  ogEEN
TENERE  BHItE "5, ZA - RAESESHENHER  NEPSEYNESERA
BEEROAMPSE  WhH " RA/SZF .1 (secondary poisoning ) = IS BH _HKMEE R
EERYE  HEINGEESATE  XTANUEREEZSE  SELESREETERERN - &

130

ERBHE REREAERZEZYE  -FZIXEHNCREZFREASZTENEE  JEEE
55 - E25 T (Berny 2007, Senja Laakso et al., 2010, Ruiz-Suarez et al., 2014, HZF
%,2015) -

HHmARERERNNENZZNRETE  BERLE ELESEIERIFEEYER
F ERMNEEERESH  UEEHEENSE,, CPSEEaXRXTTHRBUESES
EAMBE WEERRASENUERZTZ— ;, SEUIERESEIYVYER AN
ROBEHHBEESEIVA—CESE EEERZUSHEIERRUBAERE WEE
R #EZE ( Ruiz-Suarez et al., 2014 ) -

MABF) B2 E ( Canary Islands - AT B ) UM AKFEERE - EAMF ARG 1,300
km ~ BIEFERTEREA 100 km - BAMIBUEMSERIEMN - BUESEL KERERE &
BOMBI X AEL - ARSI PREEM - I8 A 2 B % A A8 850 JE M B2 BROM I8 45 89 2h ) 48 £4
BEYH ATRAEEAFAIRNGHEUEREREENEREE - £E LURMN 7EH
TUHRBE2ERTUHESEY  B4EEREAE BUYEBEZE LANBEASREN
B AEFEIMBERE BAXABNOMUARENER  REEHECTEELTETE
HPR#FEHANE D  AXREEREREERREBIDIMES -

HABECRERBENER SRS KEMFEEVEGTERARE - BEEREMIBA
HEDARBRBEEHINENMREBINEEREES LNLCH  NEEMRZEN - SEE
MmBAES e EREBEBANYRUR_ANBOIRETNSE  TFEAREEHHNEMEBIE
BRI BEREENIERE ( Luzardo et al., 2014a, Ruiz-Suarez et al., 2014 ) -

FHRHELG %
— RER

BT ESEANAMENNANMRES =2 - Ruiz-Suarez et al. (2014 ) [@ Tafira &2
La Tahonilla @MW HFEEYREPLONBETRENE  REVEEZ 4 EBMNEE
(Accipiter nisus ) ~ 23 ERHE (Asio otus ) ~ 9 EEIBE ( Bueto bueto) ~ 16 EHNE
£ ( Falco pelegrinoides ) ~ 21 €41 ( Falco tinnunculus ) ~21 £838 ( Tvto alba ) -
H 104 ERRER BLERBHEEHILET  HNATZHEIEMET - HEEBEMRELR
SEXUHIIEREERE  BFEREBHEFXRTC —BREZEALRZRTF - BBNFREA -
HEENHFEHYREP LA  HEAFTXUEZEERRERINEG  EFE—FTakh
AEETHHEMDEINURSY I SN BEMBREERMEONE  KUIRER®E
R -20CRIE - HRETREEREMATIGENSYINETBRER -

—_ WA

MBIOBREBR ZBERNIERBEMET  2TRESEFKEARN 2¢ 8 - KIB5%E - 15
B BRK - ZEWMETR IR KAMEBAUZMESH  BHEAMEIERS T B
SOMNER  DURBEBHT BB ELE (LC-MS/MS ) DR ATFHRIEENETYR YD « &
B UE= (B2 %1) -AWMFEAEASH Luzardo et al. (2014b ) FIB Z AR EMERE -
oERST 117 EBEEYE -
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RS

EEFHEA AL 104E HP61% BALMBMMETRE - 36.5% 87 L8
B1EKEHNES HPEzocf@sxAREH3IERETRE - 1 @A ERE 47ER
BEHEE FENEERF SEEANZYANRONEEEHREE (warfarin ) E7H B
( coumatetralyl ) 5288 - TN 4& A & 17/ B8 ( difethialone ) 53288 - ¥ W ER ( bromadiolone ) °
o] % & ( brodifacoum ) - ZH E ( difenacoum ) - OJ K E ( chlorophacinone ) BIE & &
BEHAERNZEE (B3) -4 EEANBRENREL P  BEHEENENERXRES  SFA
MALHEE A EAN60.1%  IXKEBEREEIERZEE  S@IEERE ZHFREAR
B 14.7% - R AN AEANRIREEH I EDAERBNREERS  BANPUES
R 100ng/g wow. (w.w. RIFFEZE - wet weight ) - A EFHEEEBNV4ERRMBEL I -
NPEHBENEE&RS UHBEMEIPrNEEEELRS  SBREEZIN S ERENE
FrEAENEZENERRERE  EPXUAEREN U RERBRERERS @ Z{O¥1T
ZE 57.4ng/g ww. - ZREYERN  BRHEEENEES  BUNLE - RESK - BK19858E
T0% Al HRE  ZREEBFERIEBENBERANNOS 30% (R 2) - BRUEABEH
KEAED REGFHEEFSARETUHEE HB4ERHTHRE  Z2TERBETLARER
nEMRENZE BAAREENEXRYRERETEEFIHIURTHERERS (B
4) -1 Sanchez-Barbudo et al. (2012 )MIMARGEREFT - EMBEMESY RESE 255
EBELUNARBIEYCRERSTFE A& BMNEEERFEEDEERTFE - £RE
THRNENIRENSZENE (BHE/NAERILBEZEE ) Re  BAZKREEWEREARE
WEHESFIIHATE 2 BHEARIREBEEERE ( 5) ( Ruiz-Suarez et al., 2014 ) -

kT
— - MIBABEEHRER

MBAEBEESLL 104 EEBOHRERES  BRENBNOARMDBREDES  UER
BEIFNERXRES  JREERE BARYEREILRERZENER  RICBEE
N RIEREBBREERLER  MPBABHEARIMERAWLIZERNER  BEIF (UR
FPLHEANFENETEZHLTE ) AR RMEZMNBEXMEMBONBER (ILEHER ASFHR
EHENSRBEBBER ) REEAEL - JERREMEANEESNEZFRERMEEE  ILEE
WEFRUERXBELRARFTE  BARMEBRB/ELD -

MR B ROZERENRESEAN  NMEANEEUELE  JREEEREILESR -
ANFEEHTRAUCKENLEAES - BERZEAE M E KA H 7 5 M A& E 5 6
BB ZR A B P2 ( Ruiz-Suarez et al., 2014 ) - IKBEMRFZFHKEED - UNEHIES
FTENEESEANANRENZEERS  RTUESEANRNKRERZEE - BB
REZRBRENESEFHHRS  BHRBICHREINNMRESEAESE  ET5HNEHE
KEHRBAERECE  BSRUNEBILIESEIENESHE  BERIRSHRR
SERE - MEXMAF  ROUEBEESRESEES 98B R/NEBILIESENE
B HUNcEERT LEESBRESRATHEES - ABESIENE  HERENES
WARBRABRIDBEBRBSENEE - EANROREE - 2UREREBNG SIS
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BEWME AIBERFEEYRB (ALEFEDHY ASNALRENNSEURIEZES
HEY )RR SHSLBBEENNL K AINRSEEARACRERS MBS
FETREZRE  BEAMARERRUERSEEANNIUBEIENAOREREE - B2l
HHEHAACSHERREEMNMZAEE  BHEY—E&=  JUAARNRLIREEROSHE - 4
MFogEE M EEl MIKEREBBIERAN  HARBOEFHOARMAERE 55D
WENER BHEIZESHZBENEZRUSHER HESALEBAYBEEESHMN
ZIMMYE ( Berny 2007, Senja Laakso et al., 2010, Ruiz-Suarez et al., 2014 ) -
Ruiz-Suarez et al. (2014 ) EHRFFA DT 104 EREER - HIEREBBHFEHY
WERLHE KB OWERASER RE BE P8R EAE—XAIJEEEHTERL
HERAMRLEER S (RES )  BRRZHESREETRROVR tMOIAER
B EZEREEAZPERE - A BREAEAEVE  BAAZENESIETHWEZER
R BARREZRSHECERE  —MIAFENRORENRERE 0.1-0.2 ppm &P
FMPE AR 348% NEBELRNEINILZE - B4 FAEBESHRE-—BH AN
MEDABERERE (sensitivity ) A - BIERESPORBENZEIESELRE - ZHAEIET

KPS Bl NUESEENREATENAERE  TERRESIWIEME KR
‘A - BEBENRARZEHENE D THRIARENH D (Ruiz-Suarez et al., 2014, HFEF

%,2015) -

Z oM R RESEREMNKE

HERARNLRERXRNELRE  —AREEHSHERSE  BEER 1 XSHAUZES
RIUAEE HESHAZHFLRE oll@aBERE Bt ERERBNRMEE
MEA —_RNREFNREE BRERERNEANNGE - RN REXBERRSEJEE
CHHBELHYEHEHAERRE  NURIPNRNBRERNHIIFEEHFEIYRBEENZR
B R IBRBHFERYEEERESHE  BIICAREFNEIREZRE "SHIL, K5
EREEREMR  BERMNERENE  HERCUERZIBRITHHBERE - =E
EIRAERME  BERL2MRRBRAXEAREFNEASZ  BIERREEE  HEEREA
—ERERERR  HINEIBRRERASE AR OFEES —EERPHNTEA—#
fitan D3 REH - HEMEE—MRS  HEENSHUHE/) XMEBRZSE -  HES %R

Mfhan D3 HARMERNURAMER  MRURA—EE - 988D  KBRTHREEZE
EEEYSYLERMIEVREFMHYRTENES  HANRLREFEHER - B

S BREZBLRBERNUBEEHFLESYRE  IARBRKBREERRE - ANES
MER "SHEXSRE BEA FE ZBRE MEPNEARRERE  XBRE -
RRBEPE, (THURERZSEXEZYEYARM 2014) - JRBRIaEENn R IRED
REBSEHFLEBHYNZEBE L HEEDFELS  MBEBNIERVIFETEZRER SRR
BERBBENHZP  BRIFNANDEKFORED  ERIECRFKRENTGIE - AMmE
A ZEMNEMRP  HIEHER  MEERIJIERE  KEZRE&E (Berny, 2007,
Senja Laakso et al., 2010, Ruiz-Suarez et al., 2014, EZFE  2015) -
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= - /EMEREWME

MEMBEEMBRTFENRE BEUSSERVEREEFEESHEYE - BEN
BnRIMEEHNERYRTEREENA L BRSRNNMRIREHNEFEEYELEYE
NWEZBIER  HEBWRDNIEFEAR HRZEHER  EEBZAOMARRE - EEOMNE
EAR ZELHREREEEN  -SEHY BELEXMUEERELESEINWEAL
HEMRTIEEHRD -2013F 11 B BERARBETLEHYPYNSFLRER R BHRN &R
E SEEBEA - BIBENNE  ABAEH  MESEAR  TTEEJNRRBELMIBRE -
REECHERBLJRERE  REANEREZERERLEAEZBENAMARELWES - ARE
ZEAVEEBNMRMBREEEZENE K BREREEREGSEMRE  JEREFMER
HMWEIIBERAILT  HBHBRZEINEEIESIEEHEINS  NEENRMRK TS
HogEM - BRAREETEHVNEFPOLTERERGZTSESTNEBREPILTHEM 7
ERE B4EIERLEUBERR BEQENNMANIMEEN CERSYBEREASMUMREN
BE - HugcZHRBREMRRENEBETLEMWREE ( Senja Laakso et al., 2010, HEZFFFE |
2015) -«

i

HTEMPBANEERESEANAMMEEEENIRN - Ruiz-Suarez et al. (2014 ) [@
Tafira #2 La Tahonilla M@ W EHEEFHRE P OIS 104 EXTRERBHONTE - @RILKR
_HRBREBEEHNEREBRE BRER BRI WEXRBRAENRMBRELIRE - 36.5% 18
RAEHBE 1 EREMEE  H43% FAMALEMNEE  EKEINESEISNWPSEFE (0.1-
02ppm) Fr BRUFKREESENZNENBRERNECEATESVNERYHE - WHIFE
EYEERBEE  BESNEMNBERNHFEGHYINEEREE  SAVEWMR LEHEEY
SHRESHZMN - FNEXR  #HBEEEREX  HENRAEZARBMNEILEEE S
( Ruiz-Suarez et al., 2014 ) - HI - BEEERNAMNREEHIREURFEE WS K
MEZE  FICERSNERWE TEBMEE—MESWER  SAHBTLEHYINEE -
LTEZSERYESHENES  BERREERD -

FEEBH O
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Almeida-Gonzalez M., Luzardo, O.P., 2014. Assessment of anticoagulant rodenticide exposure
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2% BiL i3]

4 1 ~ Ruiz-Suarez et al. (2014) % 104 B 3754 & & 470 7 AR A > & W LMW X F (warfarin) ~ 7]
;& B (coumatetralyl) ~ = ;& B (difethialone) ~3# ;& & (bromadiolone) ~ ¥ ;& & (brodifacoum) -~
g B (difenacoum) 2 v & B (chlorophacinone) ° 7 &% 4~ % § 45 chd P00 5= BB 3 > 47 &
BRI T EF & & X (Ruiz-Suarez et al., 2014 ) o

Table 1
Toxicities of the pesticides detected by LC-MS/MS. method settings and results from recovery experiments.
Mass spectrometry settings Validation parameters
No.  Compound Toxicity Log kow" RT vV Firsturansition CE  Second ransition CE  IPs  LOD 10Q Average recovery IS
{LDsp. mgrkg)* in birds (min} (V) mz-amz (V) mz-amz v) (ngmL)  (yg/mL) % {RSD]
LC-MS;MS method 1
1 Coumatetralyl 383 3.46 157 65 201191409 28 291152470 2 4 001 003 892 (136) 1
2 Warfarin 9420 270 171 56 307191169 39 30712500 24 4 0005 002 927(83) 1
3 Chlorophacinone  430.0 550 176 123 373191160 50 37312009 25 4 001 003 1
4 Difenacoum 500 762 183 90 44321349 36 4432 2030 33 4 0005 001 1
5 Brodifacoum 45 850 188 108 52111350 44 5211 1869 39 4 0005 001 1
6 Bromadiolone 138 7.02 202 96 52511809 37 52519 2499 37 4 0005 001 1
7 Difethialone 09 517 208 100 537.11509 45 537.1-9 3709 36 4 001 003 869 (13.4) 1
Internal standard
1S1 (x)-Warfarin-d; 171 56 31211169 39 31212500 24 4
RT: retention time {min); CV: cone voltage; CE: collision energy: IPs: identification points; LOD: limit of detection; LOQ: limit of quantification; RSD: relative standard deviation.
* Average data from different species. These data have been taken from Mineau et al. (2001}, the National Library of Medicine intemet resources ChemIDplus (http:
chemusis.nlmunih.gov ¢l dplus ¢ dheavy jsp) and the H. dous Substances Data Bank (http: toxnet.nlmnih.gov cgi-bin. sis htmigen?HSDB)

P Octanol-water partition coefficients.

L2 AMBBOATARENY > AL ESFRATARR o B3RS R R B R QA § o
RN AT TR A 060.1% 5 ¥ 8 BRI AL R B A A E o D R AR T 2R A
14.7% (Ruiz-Suarez et al., 2014) -

Table 2
Concentration (ng/g wet weight), 95% confidence interval, frequency of detection, and range of anticoagulant rodenticides in the livers of six raptor species from the Canary Islands, Spain.
Species 3 ARs* Bromadiolone Brodifacoum Difenacoum Chlorophacinone
Mean + SD Freq. No.res®  Mean £ SD Freq.  Mean £ SD Freq.  Mean + SD Freq.  Mean + SD Freq.
(range) (95% confide.) (95% confide.) (95% confide.) (95% confide.)
Accipiter nisus (n = 14) 57.7 + 88.0 857% 16+07 319+ 226 357%  132+81 357% 36 +20 357% 034 £ 057 21.4%
(n.d-3219) (—169-80.9) (—42-112.0) (nd.-282) (—06 +21)
Asio otus (n = 23) 1322 £ 1776 739% 16+06 772+ 296 39.1% 158 £ 54 435% 28113 261% 05+ 04 43%
(n.d.-5982) (159-1385) (4.6-269) (0.2-54) (—05-15)
Buteo buteo (n = 9) 36.8 + 324 263% 16+06 26+19 10.5% 49 +41 105% 29+ 126 15.8% 03 +02 53%
(n.d.-889) (—15-65) (—37-135) (—24-83) (—03-08)
Falco pelegrinoides (n = 16) 915 + 1159 312% 12+04 262+ 186 188% 08-08 63% 14+ 14 63% 01+01 63%
(nd. £ 298.8) (—135-66.0) (—09-26) (—16-45) (—01-02)
Falco dnnunculus (n = 21) 2190 £2375 666% 1706 798+ 344 429% 574 + 346 429% 82+ 69 238% 06+18 48%
(n.d.-702.7) (8.0-151.4) (—147-1295) (—62-226) (—06-18)
Tyto alba (n = 21) 1344 £ 1631 762% 20+08 758+ 239 619% 125+ 59 381% 126 +95 333% 12x10 143%
(n.d-500.1) (259-1256) (0.1-249) (—73-324) (—09-33)

# Sum of all anticoagulant rodenticides.
b Mean number of anticoagulant residues per sample.
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i Unknown
Misuse
Approved use

m Abuse

Gleng 4 R Tt 4 o BEEY (Abuse) H S A Y 30 B3 Rk T
FomggaWaHye 457 (Berny, 2007) -

AF | g mid fke 3 7= %
e Ak PR

Homogenize 2 g sample in 5 mL H,0 and grind in 10 g diatomaceous earth

l

50 plL ISs + 50 pL surrogates + 10 mL dichloromethane/ethyl ether/acetone (50/30/20)

!

Extract 15’ — centrifuge 4000 g - 5'-25 °C - filtrate supernatant

|

. _ freezi . )
Concentrate (gentle N, stream) and redissolve in: = tmLerboexancfolfRenpeeniitston

T~ 1mL ethyl acetate/cyclohexane (50/50) for GPC

Purification step(s):
freezing centrifugation,
alone or followed by GPC
(very dirty samples)

Collect supernatant (freezing centrifugation) or elluate from 25’ to 85’ (GPC)

|

Concentrate (gentle N, stream or rotary evaporatory) and redissolve in 2 mL cyclohexane

/\

GC LC

\ \

1/2 volume of sample, evaporate and 1/2 volume of sample, evaporate and
redissolve in 1 mL cyclohexane, filtrate redissolve in 1 mL acetonitrile, filtrate

Inject to GC-MS/MS

Inject to LC-MS/MS

AR 2 2 A7 A B EURI A § o428 (Luzardo, 2014b)
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AR 3

AR S:

A B 1000

100 A o
T
=
E)
(]
€3 104
N2
>
e~
b=
£
1 4 ot
85.7 73.9 26.3 31.2 66.6 76.2
\ )
|
Frequency of detection
0.1 T T T T T T
> ] > 2
N O e &
0\9 o o 6\6 \)\o N
» o &
0\0 ..'&\(\
<

Da RIAE T R AR O ER R T A0t b0 MR AR DR T HBMY 0 LERARMAT SRR T g

1.5 4

DSBS BRI S A R P BUA] > T B BRI TR S A M o b Bl eh g BIER T AL R A BURIR D
R A O AR RBRARTIER DS T B & (F tinnunculus) 7% F kB ¢ = #ck + (Ruiz-Suarez et
al., 2014) -
10000 3.0
- 80 P X -
{506 P<0.001 Gl P<0.05
- E 254
100 1 % 60 4 -
3 e )
g3 - $%
£5 58 i o
L2k 2 40 - 8
£ s cE
3 @
g £
= 2

0.14

0.01

. 0 1.0 4
Diurnal Nocturnal Diurnal

Nocturnal Diurnal Nocturnal

CHORFELAFREABY RSP (W EE S - JEE S B REE (KR8 F8) 0 »

FHE 4 AR EURIZ T ~ WR D AR BUR| G BRI A § AT 5o p 122 4 % (Ruiz-Suarez et al.,
2014) -

75 2.5
ns
1000 1 aad -
T
5 E
100 2 €
g 501 § 204
< @ g3
2 ° 23
w3 10 3y il
3
2. ~T s
w2 o - 0
© S SE
= 3 5~
1 g 251 3 1.5 4
£ £
z
0.1
0.01 0 1.0
Bird-eaters  Small mammal-eaters Bird-eaters  Small mammal-eaters Bird-eaters  Small mammal-eaters

BOBEARAPLT LS8 Bl (b mMWAE S Zar LAY (L2989 -JL B) >
G0 ] Al ST 4 TR T MM EURIE B B 0 e A GR] UM BUR| R 2 2 LRI AR T B0l 2 & v
Lagenjg 5 m g ¥ £ 2 (Ruiz-Suarezetal.,, 2014) -
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U EF & (brood parasitism ) EXERTEERNEREMESENT S  MINZEHE
FRABWERKR  HNOERKBETHIRSTEWNMBE - EINSFSEUBFES)LABANEER - 18
A (intraspecies ) IENFTEBE B EE K (opportunism ) WTH - HRITIFHE E T
EHMRER MW TEEMED - FE (interspecies ) TINFTENEBEZIREHXSTEE -
BESARENAEH - LI BRIWEANFTEREMSE P  EEXRMEEL 2 BERI
SREBLEREBFELL AUEBEEREBHEEZEMNMONSTEZAHNEINRIBEESFTEE
WoRE EEEENEER  EELCHAEEIAWIY - WLEIBHEIE (coevolution ) ITH -

FABEE : FEONEE - HiEE - ER - EE

Brood parasitism and coevolution

You-Ning Liu & Hsiao-Wei Yuan

School of Forestry & Resource Conservation, National Taiwan University

Abstract

Brood parasitism is a kind of behavior that brood parasitic birds lay their eggs in other nests, then
the eggs will be fostered or be ejected by the host. Brood parasitism can be simply divided into
intraspecies and interspecies brood parasitism, the former are usually an opportunism, due to being
busy or other reason, they lay their eggs in other broods. Most of the interspecies brood parasite are
professional. They usually neither nest nor foster their chicks. Besides, in order to lay their eggs in the
other brood, part of the parasite will mimic eggs. In addition to observing the parasites near the brood,
discriminating eggs, the hosts can also choose to reject eggs or desert the brood, or even evolve the

eggs into different colors to defend themselves. This is behavior of coevolution.

Keyword: brood parasite, coevolution, intraspecies, interspecies

138

Hl &

EEMWEWSEE (brood parasite - XBESFE)  tUtmMEAHREEE - BN &
BNTEHEHMESEENTA MELBEEXTWIWNTEESTENE FRA (Payne, 1977a) - BHF
FEBFINEGOIBRBD AEAREGREINFTE -

BARXWNSENRINEZESHAEE WINME#HNED  AIRARELEREA (AWME
I ABIXREEBCHES ) SNFTERBESENEP  FEEMERBEL , MEBT
NHFENIENEBRIAEREE  UAFENANESE  ARESEETAAOTS  WRES
BREIIREENE EDETTENR (EE 2007 ) -

BAERG  BEEREWNSFSESTZHENTEINSTE - MEINFSENBSNSAEREN 1% -
ARABRER  HOZEEEHBWREINFETRS - BEEANTABMER ( Cuculidae ) - H
PAMBEERERNTEE HESNSFTEE 2SBEMSENEP BE2HESH
( Ploceidae ) r EPIENNBELETNEZARINFTEE  HEFHEEE  ZZ2EBTE
Bl ( Estrildidae ) WEH - F=TF 2B (Icteridae ) r BEMN P THBRERESZ AT E
Z . Ho1®E4E ( Molothrus ater ) BEE 200 ZTERHEF EI - 8% ( Anatidae ) T8
EUEYS ( Heteronetta atricapilla ) R R PEREREHNIENSTEE  BEXEEMBER - M
# BHE BHOE - - MEZEEM (Indicatoridae ) WE T EAEFEIF MBI R EDIE
e DURENHOERERMP  ERITINFESE (EE 2007 ) -

—  FEINFENTFEEREE
ETEENBRMNNE  fhg
ERTESEENREER O HEIRNEE
BREEIN—BEARERN  EBIMHNNBEENES DR
ERAZEMOIN M ER —BEOBERBNESR - DUIBEMENS A RN S ( Payne
1977a, 1977b, Andersson 1985, Brown, 1984, 1988 ) -

W N -

BMZEN HNSFEUURESEENRE REFEEEWERI -—EHFNES
NEEM—ETZ ALEBE BREBECHWENR - WIHIBE-—RIHM . FSEEARWED
UnaiEkE  DRERZEERINER  -BERXNSENER  SERFEELRAEENBEIRE
WERETE  UAWEEEEZEENERR RHLESEEL RN BEBENTHMARKEE
21 NS EENNELRE(EHEREEINHEOTEAFES -

— - RFEHEL

EHEIEEHEFHRE N (coevolutionary arms race ) - BEEXBIZHIEAL ( rejection )
MEEN MBEESREAMMENEETEMNBES (Soler M., 2014) - BHRFTEZ KR -
BHNEFEEEXFTEENN (ALEFISRIIRNIMELE )  TEEMREFTEDN
ME KB 7TEITHFEEBENRSE FEEFTELE HEb HFREEIWNEE B 85l
ML ( Michael Gochfeld 1979 ) -

A BEHMEMNER :

Bmt =FEEABELCHENENENEN MERAAREBHRENR
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CEARBEETEZIRERWETE ABEEINEBRE FIEF
1998 ) - BEEFINAMENEMREBNENENR :

(1) EHBEMNNRREBLEFTE UE(2) MHBENERNEERSHNER
BREL -F—HEUETEE ALEIFIMBLIREENSEI  mES5IEEESE
B = A (Davies & Brooke 1988, Moksnes, Roskaft & Korsnes 1993 ) ° 1M
F_BOEZERBINWILUECEBESENERIN - EHWIREAEBFT LI
( Davies 2011 ) -

BNEASERETEZZEENIIRL  EEEEBRELENERBLET K &
MBSLEINERES MeNEEEZEZZENENRAY BAEARZHNEBEELIE
. HENFTEINERIERENVE(AEE S ( Oien, Moksnes & Roskaft 1995, Soler
& Moller 1996, Stokke, Moksnes & Roskaft 2002, Lahti 2005, Stokke et al.,
2007) - AAHENFEWLIFAENBLURBENIE  MEEREEREFE - B&
ENHEOEZATENERRNE  MELARTEANE  BEBNSE ZEIPAY
TtEFESER  HNHENFTEWRERAS -

BEAEZEHNENER BEFEENTAS  #URELCEARNWTEEET
5 HHENTSEENOAR -

( Kelly 1987, Takasu

EEHEHNFTENTEERTS

BEMBEE  BEXoBEMPERE ( counter-adaptation ) REW R :

(1) EESNABMAMBNTEENBEEEY 81 (o) FENEZENEE - AlWEZ
JWEZEE (hole nesting ) HEBERBEE - (b)) BAMEE DK (o) SHERE
RE -

(2)BEFEE (WA EXZEZIMRBELENS ) B/ () HE
(aggression ) 7745 - (b) T Ef (interruptive ) T RUTMOERT - UK (c) B
REEZENEAEMER -

(3)EMTEENNINS (BEZTEWHEETN ) B () AINKWEHIEM
Z2E . (b)HBRFEW UK () BFENHNBEKRXEK ( Michael Gochfeld,
1979 ) -

. EEREELEIER :
Davies & Brooke ( 1989 ) 12 L #t §5 £
(1) BEARIBWRIENEN ;
(2)BHFENRE  BEELCHEBEEBIFEMHNITERN
(3) hEEPENE ;
(4) BEBRANLS MTERE EEHENREAREEEIEIMENSE -
mE  MEMRNPVEESEYE  IREEHRETCWNNREERTEEER ;

BEEENERHELS —ENERIELIERS

Host

<—— Parasitism

'/'

Nest defence

Egg rejection

Nest defence
Egg rejection

./W—"

Chick discriminati \

Nest defence

Egg rejection
Chick discrimination
Fledgling discnimination

Parasite

" shift

Host
successful
resistance

Parasite
shift
Host

successful
resistance

Parasite
shift
Host

successful
resistance

(5) TIREE BN 4N BRI BIAU S 4 - T TIAERR DS ; Host extinction

(6) akBEPRRIEI ( Soler M. 2014 ) - AR - LA R e F S S L Lt Mo @6 ¢ chip 4] § B8 Kb gt - BoIR® > § 5
ENVE & SR -F Rl M‘ﬁabﬁ‘ﬂ’ﬂt%iﬁé - %itm%ﬂ‘* FHAREAFENE L 24 i‘*‘”
TRMESLaER e F LA N KIS ,;rw zigt“ﬁ)zm}’ﬁf“?” aflpd L FES RN U F
Tﬁﬁli’ﬁiﬁ’% Pro PIF e Aw @ & o (MifRL chick dpen A5 F ﬂedgllngﬂiﬂii;ﬁﬁ’}&“?b’?s ’i;a*“ﬂ"h
%k koo )
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Ehlgr#a

— EARWNFE

M.P. Lombardo 5 A7E 1983-1986 F RN AFMHEIE 284 EHRINHANEONIRE - HER
RNBFTERENBRTR SENANBINBESTSEEENBREBERENWEIE - BEH
b ENBRBERERARENFTENESREARTENE  MENTELEENBRESD
BEEMWIPPWEN X  EEREBEESERE S M (Romagnano 1987, M.P. Lombardo et
al., 1989 ) - IR EHEHBENREURNABREXRBRAERNIEIWNSE - BEMWEE
EFA 1983 B 1984 EFOPHAME EMIEFHE - M 1985 B 1986 Ak —RHZE=ZRE .
DEZ 7 12MRISH BET—/NH-ME (1)20 /NEFRALRIREBBE—8E - (2)
Ml AERNEEMBEMIAFTEHENIRNEXER EEBEIANERARTENE -

EMFEINEAR 284 EH P 12% BAEENBIR ENBRBEEREEWNTENE(12/35
34% ) ZRBWIEINTERE (23/249 - 9% ) - RMBEZWOTERNERER 138 & -
B (1) WBNPWEENBY2REALEENSE (Romagnano, 1987) -+ (2) EWHFER
92% ELUREMNBIRN 74% ERFBHME - (3) RENENSBREEHNARNSER
B (BIMMBENRBIINSTER )  FHNEERMUENUBEEEBYR - BLHRES £ A
ENBIR 2B R % ( M.P. Lombardo et al., 1989 )

— CEERINFE

R#E Michael Gochfeld (1979 ) EmEMNMHWELR - MBI 7T HER ( Molothrus)
89 Shiny cowbird ( Molothrus bonariensis ) BlMEHTEL BN EEFE% - WEFRT
A (1) #J\S (cowbird) WAEMBEEBEPEZEBIENBE? (2) H/\FHKE
MITRRE ? IRENEENERE?

B % M. Gochfeld 7£ 1970-1971 B Estancia La Saudade ( 37°46" S ; 62°25" W)
REWNEEZTEHETHE - B2 REIZ27E Bahia Blanca ( IRFIRE ) WERE 7 REBEEE
7 MtARWE 2 FEZ Sturnella loyca B2 Sturnella defilippii - BEZ2HBENERY)
B OMAZERRAEORTZEERMNARE - M. Gochfeld BB AAMNAE  BEEHFES
REBIRHN\FOWH N MHAEZERSTE -

#ER Sturnella loyca LR ST LR (23/24 B ) - MM Sturnella defilippii 8l & 7
TEETR (0/11 B) - tHREIR - HEEWR - Sturnella defilippii WE B & Sturnella
loyca WE EXKBWAMEZEE - M. Gochfeld A& « Sturnella loyca EERTFHNXREE M
( secondary suitability ) ' - A BEREEELAESZEEELIAZENYE -

"FTRB I R EFE M ( secondary suitability ) IENE2BEEALAZRWELLIEZE METE
@M (primary suitability ) BIiEBEFEHNRBEHEEWN S EE  BEALATBERER=
TEERE - ERNESBAELLNEEN  AAFEECBINELYENESREIR  TE
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REZFEMRAIFNE ( Michael Gochfeld 1979 )
i

FRESNBER  DUENEBEFEFTEELAHASARANKMERE UK THEEBEEREN
BEIER - WML BEIREARITENFTENEE  ERLFEERZ  BEBHAZARNEBED
Pletim - AINSEEZ R WO ECHWEBRELEABNTE  BEAMBEERI FNE 125
EEMNER FE200UBIN - 34 RIERFEE SFTERSEBEIEXRERKRE
BE(KRERERE) SNOUEERRHNTA  ZTEERABXNZNWHEEECHZ2WEARSE
— % BN TFEMANER - UK BPEFSEENVNHEEENOLAR  BATEEEBEELR
BEMETNIIEMBUIFECHEN  ERMEEEES  BRATEEARANRE - #iEE
MBEBRBNEBERA - U LTEEBBHIUERKRTNAE - HERRETEWFTENE
HEEEZW T -
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