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 The main goals of the study were: (1) to test how diversity of The main goals of the study were: (1) to test how diversity ofe a goa s o t e study e e ( ) to test o d e s ty o
wetland birds varies among different wetland habitats including R ltwetland birds varies among different wetland habitats, including Resultsg , g
i ddi d t i d (2) t d t i h di it f

Results
rice paddies and estuaries and (2) to determine how diversity of 1 Bi d Di it H bit trice paddies and estuaries, and (2) to determine how diversity of 1 Bird Diversity among Habitatsp ( ) y

tl d bi d i d li t h Ri f i t
1. Bird Diversity among Habitats

wetland birds varies under climate change Rice farming creates  A total of 155 species of birds in 36 famwetland birds varies under climate change. Rice farming creates  A total of 155 species of birds in 36 fam
di erse c lt ral landscapes incl ding e tensi e padd field and

 A total of 155 species of birds in 36 fam
diverse cultural landscapes including extensive paddy field and populations in the 52 inland wetlands anddiverse cultural landscapes, including extensive paddy field and populations in the 52 inland wetlands and
irrigation canals intermixed with wetlands

popu a o s e 5 a d e a ds a d
irrigation canals intermixed with wetlands. The shorebirds Charadrius alexandrinus airrigation canals intermixed with wetlands. The shorebirds Charadrius alexandrinus a

E t (2002 2003) Th d i tEstuary (2002 2003) The dominant specEstuary (2002, 2003). The dominant specy ( ) p
(A d A il h h ) th(Anas crecca and Anas poecilorhyncha) th(Anas crecca, and Anas poecilorhyncha) th

 Bird species richness didn’t e hibit s Bird species richness didn’t exhibit s Bird species richness didn t exhibit s
F =0 302 P=0 583) Species richnesF1 242=0.302, P=0.583). Species richnesF1,242 0.302, P 0.583). Species richnes
different among years (GLM F =8 69different among years (GLM F10 242=8.69g y ( 10,242
i i i i h d i 1998increase in species richness during 1998increase in species richness during 1998p g
Th b f bi d d d tThe numbers of birds recorded were notThe numbers of birds recorded were not
F 3 718 P 0 55) b t i ifi tlF1 308=3 718 P=0 55) but were significantlyF1,308 3.718, P 0.55) but were significantly,
Bird abundance of Lanyang Estuary wasBird abundance of Lanyang Estuary wasBird abundance of Lanyang Estuary was

Lanyang Estuary Wetland (06 01 2012)52 jia wetland (06 01 2012) wetlands was highest in 2008Lanyang Estuary Wetland (06.01.2012)52-jia wetland (06.01.2012) wetlands was highest in 2008.g
I l R i f ll6000 I-lan Rainfall Average:2761 72 mm6000 I-lan Rainfall Average:2761.72 mm
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MethodsMethods
 Th t d i d t f J 1998 t A t 1999 d The study was carried out from January 1998 to August 1999 and The study was carried out from January 1998 to August 1999 andy y g

f J 2002 t D b 2011 l h t i ti t thfrom June 2002 to December 2011 long enough to investigate thefrom June 2002 to December 2011, long enough to investigate the
i t f li t fl t ti Cli t h id d thimpact of climate fluctuation Climate change provided theimpact of climate fluctuation. Climate change provided the
environmental setting for these wetland birds studiesenvironmental setting for these wetland birds studies.environmental setting for these wetland birds studies.

 We surveyed 52 inland national wetlands and national wetlands in We surveyed 52 inland national wetlands and national wetlands iny
CLanyang Estuary I-lan County northeastern Taiwan I-lan is 2 C i t S TiLanyang Estuary, I-lan County, northeastern Taiwan. I-lan is 2 Consistency among Survey Timesy g y, y,

h t i d b hi h l i f ll (2839 9 ) d
2. Consistency among Survey Times

characterized by high average annual rainfall (2839 9 mm) and  W d t it b d h bit tcharacterized by high average annual rainfall (2839.9 mm) and  We compared two sites based on habitaty g g ( )
dd W d th i it ti d t f th t

 We compared two sites based on habitat
paddy coverage We used the precipitation data from the nearest the categories waterfowl shorebirds epaddy coverage. We used the precipitation data from the nearest the categories waterfowl, shorebirds, e
weather station in I lan to examined average monthly

the categories waterfowl, shorebirds, e
weather station in I-lan , to examined average monthly composition fluctuations over timeweather station in I lan , to examined average monthly composition fluctuations over time.
precipitation for 1936 2011 average monthly precipitation from

p
 fprecipitation for 1936-2011, average monthly precipitation, from  In Lanyang Estuary the total number of inp p , g y p p ,  In Lanyang Estuary, the total number of in

September to November The rainy season from September to
y g y,
(GLM F 5 857 P 0 000)September to November. The rainy season, from September to years (GLM F13 616=5 857 P=0 000) ap y , p

O t b i l th j t h i T i T h d
years (GLM F13,616=5.857, P=0.000) a

October is also the major typhoon season in Taiwan Typhoon and 13,616
F 3 616 P＜0 05)October, is also the major typhoon season in Taiwan. Typhoon and F3 616=3 616 P＜0 05)j yp yp

th th t l th t j th t
F3,616 3.616, P＜0.05).

the northeasterly monsoon are the two major weather systems ,
 Total number of individuals in the 52 inlathe northeasterly monsoon are the two major weather systems  Total number of individuals in the 52 inla

that generate most rainfall in I lan Taiwan 2007 2009 rainfall
 Total number of individuals in the 52 inla

that generate most rainfall in I-lan Taiwan. 2007-2009 rainfall (GLM F =6 386 P＜0 05) and among cthat generate most rainfall in I lan Taiwan. 2007 2009 rainfall (GLM F13 616=6.386, P＜0.05) and among c
during autumn (September and October) was relatively high

( 13,616 , ) g
during autumn (September and October) was relatively high,  In Lanyang and the 52 inland wetlands estduring autumn (September and October) was relatively high,  In Lanyang and the 52 inland wetlands, est
precipitation decreased abruptly in 2002 2003 with extremely low

y g ,
t 2011 H d t f 52 i l d tlprecipitation decreased abruptly in 2002- 2003, with extremely low to 2011 However data of 52 inland wetlp p p y , y

t i it ti d d
to 2011. However, data of 52 inland wetl

autumn precipitation recorded h bi d id bl hi hautumn precipitation recorded. shorebirds were considerable higherp p shorebirds were considerable higher.

i D t i i W tl d Bi d Di it T ige in Determining Wetland Bird Diversity Taiwange in Determining Wetland Bird Diversity, Taiwan.ge in Determining Wetland Bird Diversity, Taiwan.g g y
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milies were recorded from the study sites The birdmilies were recorded from the study sites. The birdmilies were recorded from the study sites. The bird
the estuarine wetlands exhibited obvious fluctuationsthe estuarine wetlands exhibited obvious fluctuations.e es ua e e a ds e b ed ob ous uc ua o s

and Pluvialis fulva were the most abundant in Lanyangand Pluvialis fulva were the most abundant in Lanyangy g
i i th 52 tl d h bi d d t f lies in the 52 wetlands were shorebirds and waterfowlies in the 52 wetlands were shorebirds and waterfowl
h t l b d t i hhat were less abundant in summer each yearhat were less abundant in summer each year.

significant differences among habitat t pes (GLM The landscape of 52 jia wetland (04 10 2010) 52 jia rice paddy (05 02 2011 52 jia wetland)significant differences among habitat types (GLM The landscape of 52-jia wetland (04.10.2010) 52-jia rice paddy (05.02.2011, 52-jia wetland)significant differences among habitat types (GLM
ss of birds recorded per survey were significantlyss of birds recorded per survey were significantlyss of birds recorded per survey were significantly
90 P=0 008) Data analysis showed a pronounced90, P=0.008). Data analysis showed a pronounced, ) y p

2011 i l di i bi d d id bi dto 2011 including migratory birds and resident birdsto 2011, including migratory birds and resident birds.g g y
i ifi tl diff t b t th t h bit t (GLMsignificantly different between the two habitats (GLMsignificantly different between the two habitats (GLM
diff t (GLM F 2 553 P 0 002)y different among years (GLM F13 308=2 553 P=0 002)y different among years (GLM F13,308 2.553, P 0.002).,

highest in 2002 and 2003 and abundance in the 52highest in 2002 and 2003, and abundance in the 52highest in 2002 and 2003, and abundance in the 52

Anas crecca (03.02.2012, 52-jia wetland)Platalea minor (06.05.2011, Lanyang Estuary) as c ecca (03 0 0 , 5 j a et a d)ata ea o (06 05 0 , a ya g stua y)

Gallinago gallinago (02 12 2011 52 jia wetland)Vanellus vanellus (01 01 2010 52 jia wetland) Gallinago gallinago (02.12.2011, 52-jia wetland)Vanellus vanellus (01.01.2010, 52-jia wetland)

DiscussionDiscussionDiscussion
 The critical objective for wetland bird conservation The critical objective for wetland bird conservation The critical objective for wetland bird conservation

in I lan County for the next decade is to maintainin I-lan County for the next decade is to maintainin I lan County for the next decade is to maintain
th i i lt l l d Th i lthe rice-growing cultural landscape The main goalthe rice growing cultural landscape. The main goalg g g

f t ti i t li k th t i bl fof restoration is to link the sustainable use ofof restoration is to link the sustainable use of
tl d t h ll b i Th 52 i l dwetlands to human well-being The 52 inlandwetlands to human well-being. The 52 inlandg
l d l l l d i h d i l bwetland cultural landscape is shaped mainly bywetland cultural landscape is shaped mainly byp p y y

rice cultivation Consequently wetland birds andrice cultivation. Consequently, wetland birds andce cu a o Co seque y, e a d b ds a d
their habitats are closely linked to human life andditi d f di ild i i l di their habitats are closely linked to human life andconditions and feeding guilds in our survey including their habitats are closely linked to human life andconditions and feeding guilds in our survey, including
culture Traditional paddy field landscape providesegrets and resident birds to assess community culture. Traditional paddy field landscape providesegrets, and resident birds, to assess community culture. Traditional paddy field landscape providesegrets, and resident birds, to assess community
important habitats for many wetland bird speciesimportant habitats for many wetland bird speciesimportant habitats for many wetland bird species

f ff hil i i t i t t ti d fndividuals recorded were significantly different among while increasing nutrient retention and foragendividuals recorded were significantly different among while increasing nutrient retention and forage.g y g
d i ifi tl diff t t i (GLM

g g
T d th i t d d i I l C t dnd significantly different among categories (GLM Today there is great demand in I-lan County andnd significantly different among categories (GLM Today there is great demand in I-lan County andy g y
th h t T i f h hthroughout Taiwan for approaches such asthroughout Taiwan for approaches such as

and wetland were significantly different among years
g pp

i i ddl d i l dand wetland were significantly different among years reconnecting rice paddles and restoring wetlandsand wetland were significantly different among years reconnecting rice paddles and restoring wetlands
categories (GLM F =10 094 P＜0 05)

g p g
categories (GLM F3 616=10.094, P＜0.05). that allow rice farmers to practice traditionalg ( 3,616 , ) that allow rice farmers to practice traditional
timates of wetland birds were not consistent from 1998

a a o ce a e s o p ac ce ad o a
timates of wetland birds were not consistent from 1998 agriculture without deteriorating the ecologicald h d th t th t f t f l d agriculture without deteriorating the ecologicalands showed that the percentages of waterfowl and agriculture without deteriorating the ecologicalands showed that the percentages of waterfowl and value of natural habitatsp g value of natural habitats.value of natural habitats.


