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Abstract

Since the 1990s, Da-du Estuary has experienced large-scale projects such as the
construction of Taichung Power Plant and Changhua Coastal Industrial Park. In order to
understand whether the projects affect the landscape, thus leading to changes in
waterbird assemblages, this study used Landsat satellite images from 1990 to 2014 to
explore the effects of landscape changes on waterbird assemblages in Da-du Estuary.
Da-du Estuary was divided into Changhua Coastal Industrial Park, South Coast Zone,
Taichung Power Plant and Chang Yu-Ku Temple. Hybrid classification (a combination
of supervised and unsupervised classification) was applied to a series of Landsat images
to explore each landscape area changes in the four zones. We used species richness,
average abundance, Jaccard similarity index and Simpson evenness index to examine
the changes on waterbird assemblages structure. Then, we focused on three waterbird
guilds, which were shore-mudflat, water-shore, and water-shore-highgrass, and used
simple linear regression to understand the long-term trend of each season in each guild.
Finally, we compared the relationship between landscape changes, waterbird
assemblages and long-term trends of waterbirds.

The results showed that the species richness and abundance of the whole
waterbird guilds decreased, and the decline in the Changhua Coastal Industrial Park was

the most obvious. We speculates that it is related to the total mudflat area decreased, the
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area of aquaculture ponds decreased, and the building area increased. The Jaccard

similarity index and Simpson evenness index of waterbirds increase during the years,

which means that the waterbird assemblages is more and more similar and the

abundance is concentrated on a few bird. After 2000, the overall disturbance of Da-du

Estuary decreased, although some of the waterbird guilds have gradually increased their

abundance, they are mainly concentrated on a few dominant species such as Kentish

Plover (Charadrius alexandrines), Dunlin (Calidris alpine), Great Egret (Ardea alba),

Gray Heron (Ardea cinerea), Cattle Egret (Bubulcus ibis), etc., while Anatidae, and

Saunders’s Gull (Chroicocephalus saundersi) showed a negative trend. As of 2014, the

South Coast Zone is the most species richness and abundance of waterbirds. Chang Yu-

Ku Temple has truned into a region more suitable for landbirds.

In the environmental management, we recommend controlling the number of

roaming dogs in the Da-du Estuary. The aquaculture ponds in the South Coast Zone can

take turn to dry pool and clear weeds on the the bunds to improve the visibility, and

helps increase the roost of the waterbird during high tide period.

Keyword: Da-du Estuary, landscape changes, waterbird assembalges, guild, satellite

image classification.
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CU SRS S S I8 DY T RN S

LA W4 gt YA ) 55 <
Ferg#t Family Anatidae
%A Tadorna ferruginea MW WS
7 I E Mareca strepera MW WS
R vy Mareca falcata MW WS
#ZE8 Mareca penelope MW WS
Sk ERVE Anas platyrhynchos MW WS
[k A Anas zonorhyncha MW WS
g Spatula clypeata MW WS
X kvg Anas acuta MW WS
9 Jp g Spatula querquedula MT A
= g Sibirionetta formosa MW WS
| kg Anas crecca MW WS
L iR Aythya valisineria L WS
o« Ef B E Aythya ferina MW WS
7 5 EH Aythya baeri MW WS
b 5 &g Aythya fuligula MW WS
s g Aythya marila MW WS
AR Mergus serrator MW WS
AL Family Phasianidae
e Bambusicola sonorivox R TG
5 Phasianus colchicus R TG
R Family Podicipedidae
‘| BEE Tachybaptus ruficollis R WS
TR Podiceps cristatus MW WS
2 SPRETR Podiceps nigricollis MW WS
B Family Procellariidae
oy Bulweria bulwerii S
fEKFES Ardenna pacifica S
B Family Ciconiidae
L 2] Ciconia boyciana MW WS
A5 Family Fregatidae
v A H K Fregata ariel S
’E Family Sulidae
0 RS Sula leucogaster S

P

Family Phalacrocoracidae
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k848 Phalacrocorax carbo MW WS
K Family Ardeidae
i1 Botaurus stellaris MW WSG
w8 Ixobrychus sinensis R WSG
NS Ixobrychus cinnamomeus R WSG
/-1 Ardea cinerea MW WS
e Ardea purpurea MW WSG
~u Ardea alba MW WS
| Ardea intermedia MW WSG
B ¥ Egretta eulophotes MT WS
A | Egretta garzetta R WS
TR Bubulcus ibis MS WSG
| Ardeola bacchus MW WSG
HRE Butorides striata MT WS
i3 § Nycticorax nycticorax R SMTG
258 Gorsachius melanolophus R WS
B Family Threskiornithidae
¥ 3 Frpl Threskiornis aethiopicus E
2 EEv gR Threskiornis melanocephalus ~ MW
T HEY Platalea minor MW WS
Lo Family Pandionidae
& Pandion haliaetus MW F
% Family Accipitridae
22F Elanus caeruleus R F
Lo Pernis ptilorhynchus R F
< =¥ Spilornis cheela R F
T BE Butastur indicus MT F
Gl 3 %‘ Circus spilonotus MW F
St ¥:n Circus cyaneus MW F
BEZE Accipiter trivirgatus R F
* Accipiter soloensis MT F
pPAaREE Accipiter gularis MW F
e Accipiter virgatus MW F
¥ Accipiter nisus MW F
2 F Milvus migrans MW F
L& Buteo japonicus MW F
66
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~ B Buteo hemilasius MW F
Fedpft Family Rallidae

A 3 A FE Lewinia striata R WSG

FE Rallus indicus MW WSG

(S 1 Amaurornis phoenicurus R WSG

AL Zapornia fusca R WSG

75 Gallicrex cinerea MT WSG

Sl Gallinula chloropus R WSG

v FIE Fulica atra MW WSG
+ w3t Family Recurvirostridae

% ML Himantopus himantopus R WS

kO Recurvirostra avosetta MW WS
w3 Family Haematopodidae

5, 7 Haematopus ostralegus MW SM
Hf Family Charadriidae

A B Pluvialis squatarola MW SM

L FE g Pluvialis fulva MT SM

] Vanellus vanellus MW TG

B Vanellus cinereus MW TG

% v 8 Charadrius mongolus MT SM

7 8 Charadrius leschenaultii MT SM

>R Charadrius alexandrinus MW SM

/| 5 Charadrius dubius MW SM

R Charadrius veredus MT TG
VIgF Family Rostratulidae

$248 Rostratula benghalensis R WSG
kst Family Jacanidae

& A Hydrophasianus chirurgus R WSG
B Family Scolopacidae

& 38 Xenus cinereus MT SM

7538 Actitis hypoleucos MW SM

I S| Tringa ochropus MW SM

+ &4 Tringa brevipes MT SM

E R Tringa incana L SM

G Tringa erythropus MW SM

IR Tringa nebularia MW SM
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* i Tringa guttifer MT
T F R38 Tringa stagnatilis MT SM
JEsaig Tringa glareola MW SM
# K38 Tringa totanus MW SM
1138 Numenius minutus MT TG
Y 1138 Numenius phaeopus MT SM
238 Numenius madagascariensis MT SM
=~ 1748 Numenius arquata MT SM
2 k38 Limosa limosa MT SM
=k 48 Limosa lapponica MT SM
W38 Arenaria interpres MT SM
~ %38 Calidris tenuirostris MT SM
%38 Calidris canutus MT SM
o fRAE Calidris pugnax MT SM
%48 Calidris falcinellus MT SM
% k%38 Calidris acuminata MT SM
ok 38 Calidris ferruginea MT SM
2 K %38 Calidris temminckii MW SM
£ bt %38 Calidris subminuta MW SM
®e g Calidris pygmea MT
289 7% 38 Calidris ruficollis MW SM
Z R 38 Calidris alba MW SM
2 ¥ %38 Calidris alpina MW SM
o k3B Calidris mauri L
£ LR Limnodromus scolopaceus MW SM
L i Limnodromus semipalmatus MT SM
v 3§ Gallinago gallinago MW WSG
4k 38 Gallinago stenura MT WSG
® B g Gallinago megala MW WSG
AR PR R E Phalaropus lobatus MT WS
AP E 38 Phalaropus fulicarius MT
ZHEF Family Turnicidae
% = k3§ Turnix suscitator R TG
=P Family Glareolidae
# g Glareola maldivarum MS TG
i Family Laridae
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2w Saundersilarus saundersi MW WS
GaL &) Chroicocephalus ridibundus MW WS
2 k78 Larus crassirostris MW WS
% Larus canus MW WS
838/ Larus argentatus/ MW WS
2 %38 Larus fuscus
A A Larus schistisagus MW
B4R x v Onychoprion fuscatus MS
Lok Gelochelidon nilotica MT WS
| ##8 Sternula albifrons MS WS
R Hydroprogne caspia MW WS
B A ) Chlidonias leucopterus MT WS
LA ) Chlidonias hybrida MT WS
= % Sterna dougallii MS WS
3] Sterna sumatrana MS WS
# Sterna hirundo MT WS
b EE & Thalasseus bergii MS WS
G Family Columbidae
& &g Streptopelia orientalis R
g Streptopelia tranquebarica R
TR H Streptopelia chinensis R
Hig# Family Cuculidae
HF8 Centropus bengalensis R TG
B =1 Cuculus optatus MS T
g Family Strigidae
=R 5 Asio flammeus MT T
Gl Ninox japonica R
(L8 Family Caprimulgidae
L RE Caprimulgus affinis R 0
oL Family Apodidae
R B # Apus pacificus MT
| Apus nipalensis R 0
X5 Family Alcedinidae
2E Alcedo atthis R SMTG
2ER Y Halcyon pileata MW SMTG
ik Family Coraciidae
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CFEN | Eurystomus orientalis MT T
o Family Upupidae

Al Upupa epops MW
BH# Family Megalaimidae

7454 Psilopogon nuchalis R T
i Family Picidae

ek A Jynx torquilla MW

o) ER A Yungipicus canicapillus R T
& 4 Family Falconidae

=& Falco tinnunculus MW o)

b3 Falco peregrinus R (0]
g § L Family Campephagidae

ol g Pericrocotus divaricatus MT

L § Coracina macei R
=L & o Family Laniidae

Ik 0y Lanius cristatus MW TG

A my Lanius schach R TG
FEf Family Dicruridae

-2 Dicrurus macrocercus R T
EX1 Family Monarchidae

28 Hypothymis azurea R T
r e Family Corvidae

%4 Cyanopica cyanus E

58 Dendrocitta formosae R

b Pica serica R T

L xR Corvus dauuricus L
RS Family Alaudidae

2% Alauda gulgula R TG
= Family Hirundinidae

N ROE Riparia chinensis R 0

AV Riparia riparia MT 0)

T Hirundo rustica MW 0]

R Hirundo tahitica R O

7 Cecropis striolata R 0)
g Family Pycnonotidae

o Ef i3 Pycnonotus sinensis R T
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o 248 Hypsipetes leucocephalus R T
tr 2 ig Hypsipetes amaurotis R TG
YA Family Scotocercidae
poARTH/ Horornis diphone/ MW T
B AHE Horornis borealis
el Family Phylloscopidae
Rl Phylloscopus inornatus MW
(T ] Phylloscopus borealis MT
¥y Family Acrocephalidae
ERFTH Acrocephalus bistrigiceps MW
L3 <53 Acrocephalus orientalis MT TG
By Family Locustellidae
gy Locustella ochotensis MW
e P Family Cisticolidae
Bakd Cisticola juncidis R TG
TEHEBREY Cisticola exilis R TG
AR Prinia crinigera R TG
4 SR AR B Prinia flaviventris R TG
BEAE B Prinia inornata R TG
BEH Family Paradoxornithidae
o B Sinosuthora webbiana R TG
B Family Zosteropidae
P Zosterops japonicus R T
A Family Timaliidae
Bk ol Pomatorhinus musicus R T
wep Family Leiothrichidae
S Alcippe morrisonia R
~HKEA Garrulax canorus E
o #E / Garrulax taewanus R
EI Heterophasia auricularis E
Fy Family Muscicapidae
I 58 Muscicapa griseisticta MT T
98 Copsychus saularis E TG
LEE Calliope calliope MW TG
) Myiomela leucura R
Frag Tarsiger cyanurus MW T
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L gt YA T8 R A 2
W kW8 Phoenicurus auroreus MW TG
T8 Monticola solitarius MW T
2 vgag Saxicola maurus MW TG
A Family Turdidae
0 g/ Zoothera aurea/ MW T
ol ] Zoothera dauma
v 1§ Turdus obscurus MW TG
e Turdus pallidus MW
ks8] Turdus chrysolaus MW
B BL B Turdus eunomus MW
~F L Family Sturnidae
L Sturnus vulgaris MT
[ 7 & Agropsar philippensis MT
2AER G Gracupica nigricollis E
A h Sturnia sinensis MW T
AR b Spodiopsar cineraceus MW SMTG
B Acridotheres tristis SMTG
g kAR Acridotheres javanicus SMTG
~H Acridotheres cristatellus SMTG
84 Family Motacillidae
L% 4548 Motacilla tschutschensis MT SMTG
% 4848 Motacilla cinerea MW SMTG
v 4§48 Motacilla alba R SMTG
<~ “75 Anthus richardi MW SMTG
bizpidl Anthus hodgsoni MW TG
v 458 Anthus gustavi MT SMTG
ik ] Anthus cervinus MW SMTG
A Anthus rubescens MW
@ Family Emberizidae
'] 38 Emberiza pusilla MW TG
W FEIg Emberiza elegans MT
£ Emberiza aureola MT TG
4878 Emberiza rutila MT
75 78 Emberiza sulphurata MT TG
2 9% 18 Emberiza spodocephala MW TG
(¥ Family Fringillidae
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o Fringilla montifringilla MW TG
TR Spinus spinus MW T
£ Coccothraustes MW
coccothraustes
| %8 Eophona migratoria MW
% =g Eophona personata MW
B & A Family Passeridae
Ji: ‘& Passer montanus R T
AT Family Estrildidae
R Lonchura striata R TG
Ee Lonchura punctulata R TG
2Erh Lonchura atricapilla R TG
mg Family Psittacidae
AR S BN Psittacula krameri E T
B2 By Agapornis spp. E

FIRTFE CMT: 8 E MW 25 -MS: Righ ~Ligks ~E 7 @&

BRI SaE o

ok D QM R HEAH A ~ WS D oRB R Ak 4 C WSG ok A3 ¥ 54~ SMTG ¢
RAMREG T HHELIES TG ¥ RIS F 28
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