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Abstract strong seasonality and habitat use according to waterbird
group such as shorebirds, herons and waterfowl.
BACKGROUND: In recent year, there has been great CONCLUSION: Our results showed that the combination

concern regarding agricultural land uses and their of SOM and random forest analysis could be useful for
importance for the conservation of biodiversity. Rice fields ecosystem assessment and management. Furthermore,
are managed unique wetland for wildlife, especially we strongly suggested that a strict management strategy
waterbirds. A comprehensive monitoring of the waterbird for the rice fields to conserve the waterbirds. The strategy
assemblage to understand patterning changes was could be seasonally and species specific.

attempted for rice ecosystem in South Korea. This rice

ecosystem has been recognized as one of the most important Key words: Habitat clustering, Random forest, Rice fields,
for waterbirds conservation. Self-organizing map, Waterbirds

METHODS AND RESULTS: Biweekly monitoring was
implemented for the 4 years from April 2009 to March

2010, from April 2011 to March 2014. 32 species of N B2

waterbirds were observed. Self-organizing map (SOM)

and random forest were applied to the waterbirds dataset to =5 A(rice fields)v W& 72 X277} o8k T
identify the characteristics in waterbirds distribution. ol AFHAE & LA SItkElphick, 2010). /IEE <l
SOM and random forest analysis clearly classified into o] AFpA7RE AAAFAE thalste] =EAE v 257
four clusters and extract ecological information from oA AAXE Al¥dthFasola and Ruiz, 1996; Elphick,
waterbird dataset. Waterbird assemblages represented 2000). MEF Z2 AF FF IFCA HgAA A

TFAE Al HAAAZRA 75E THE =AY wEs d
42 o|tCzech and Parsons, 2002). ¥=%419] FE= A
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Fig. 1. Map of study areas. Total rice field areas in the southern part of Asan Bay, Korea, are indicated by the grey and

shaded areas. Regions of water are indicated in black.

HtMaeda, 2001).
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Fig. 2. (a) Distribution of samples through the learning process of self-organizing map (SOM). Samples are distributed
according to 32 waterbird species. Waterbird communities at each sample (total 92 samples) were assigned to 48 SOM
output neurons and arranged in a two-dimensional lattice (8x6). The numbers in each cell indicate samples that are
randomly assigned. Neighboring samples on the SOM share similar waterbird species. Roman numerals indicate (sub)
cluster. (b) Clusters and subclusters (I, II, III, and IV) of neurons were identified based on hierarchical cluster analysis
with the Ward linkage method using Euclidean distance. The smallest branches are indicated by a combination of letters
and numerals in the dendrogram and correspond to the SOM neurons.

TZ Aol FdE 7FItKBottin ef al, 2014). UF =%
Aol JEE FEFE AAA ol go] FHRHAY F H o]
£ HElo] FAsH ¥shy] wite] o] & 7y & w4l
diatSOM package”} &34 o]-8= = Stk
A71zAsA el o3 mdE 2952 el ¢
To48e vERlth 2 e o] 8 g
grey scale?} 7719 7|2 RHGITE T4

R

ok

=
"y off
20

> B HfF ko o

K A ORI
o) o) mig= ek %, el 7k A2 B

& BN A8 AEE BHS L
FU B vl WEd) o) vwe Foz A A

%h(indicator value, IndVal
Holok A xgke] Fods A4sh] HalM EHIEE A
& ARESISIEh & 1,00009] AlEHol S e
133t

o
o]-ﬂ} ¢
N,
“
ofN
tlo
o,
N
o
FIF
dob of{ o M rlo of

E Rag ARgsto] @9 IS HrkskSith s el o
gt AT 27 T2 ol A0 DE veRlor o]
£ olgste] AY HYAE wde| ASick WY EEs
E REd ugd] S S AAA o deke WioR
CART(classification and regression trees)®] <344
Heketa glom Aed s & 5 Qe s g

m\N
ol o

st rdnh A 5k
A7 FREE ARteIt) o|= ZF 57 Wy miruit W
ghsol el AGA vAE ARE VIRE sto] 54
= #ew, Wl $oE meteled] #8sh ol gHrh
e ¥YAE B FQTE minimum  description
length (MDL)Z WUeRATE MDLO] 7% #-FollA] 7+ W
o] T AYEstE RolFE FHoR 004 100714 74
o A= Wgkato] ARGl om, FEle] A2 Prediction
rate®} Kappa #h(k)= ©l-83ted H7FsISit). Prediction
rate$} Kappa #k 0014 12 X, 0of] 7MH&55
5ol TS Hal 1Y A5 e o50] o] FolRE=
sttt

FEF Ie(Ee=uiT, 2T, Faw)E T N
Ag=] Aol= Kruskal-Wallis (K-W) 755 01838111,
171592 Nemenyi-Damico-Wolf-Dunn H5& ©| £
sholth BE 42 R &4 ZEIHME o] §3AThR

Development Core Team, 2012).

fain}
kel
o)
[
(m

>~

E=HAdAN EE 32F0 SRS V|EE 39289 %
AL AR E AEERA A Rl Agste] A e A A 470
O] IF(IV)O.E s 4 gl3lem, o] 5% el
o3t #jo)7} e t(Fig. 2; MRPP, A=0.37, P < 0.001).



172 Nam et al.

Table 1. Comparison of number of species and individuals in relation to self-organizing map clusters. Data are expressed
as meantS.E. Different letters (a, b, c) indicate significant differences among clusters based on Nemenyi-Damico-
Wolf-Dunn test (P < 0.05)

Cluster shorebirds herons waterfowl X Pvalue
1 0.06+0.05° 0.47+0.17° 2.35+0.26" 35.78 P < 0.001
1I 5.00+0.70% 2.18+0.74° 0.82+0.26° 14.06 P < 0.001
Number of species . R b
III 0.36+0.10 1.22+0.20 0.53+0.14 14.26 P < 0.001
v 0.68+0.26" 4.39+0.23" 0.79+0.12° 54.42 P < 0.001
I 1.76+1.06° 0.88+0.41° 1907.12+391.80° 40.13 P < 0.001
11 1250.18+377.05" 61.00+47.80° 6.27+2.74° 20.36 P < 0.001
Number of individuals b b .
I 1.17+0.44 2.61+0.54 16.64+10.89 7.20 P < 0.001
v 7.61+4.57° 100.32+16.56" 26.36+12.57° 45.97 P < 0.001
Flooded and uncultivated field Rice transplantation field

empty

Db wS©
SSSS
©° N

o)
=}

LI

Plowed field

(I

C g
qIp

Fig. 3. Characteristics of habitat types by farming methods for each cell. The importance of each habitat type is
represented by grey scale and size in each cell. Dark cells, which are derived from mean value of samples in each neuron,
represent high importance. White and hatched cells indicate no environmental data and only one data set, respectively.
Cell size is inversely proportional to the standard deviation of the mean for the cell. The presence of the Clusters panel
is to remind the reader about the division of the self-organizing map into (sub)clusters.

A 74 BAL ARA e Aurd 78 13 VA 1 ERTHES: ¥ = 5442; P < 0.001; WAG: X = 4597, P
(L, 10, IV)o] FA W Z2E 81 & & qlsler, v < 0.001). 5 shebitel 15 119 A9 T MR, 7l
2

A ZLEolAM ML IV 2ol Zol7) s & 5= A9 A= L7715 7F A JERth S X = 14.26; P<
Ul(Fig. 2b). 0.001; A5 ¥ = 7.20; P < 0.001).

A N1ZASAE FA A ZF 27 25 2ol Table T 19 A vk =2 FEl 3 & OFE)7E 34
1ol Yepllom, 257 T2FeA #folg & s &+ sh= A} Aot e A7} o] YRt T4 1L 101, IV
AT I Io] A A 2A A Ae] H5 sh © 9] =542 Fert go] #xshs As gl &

X F A KFig. 3). 53] 1F e Fui7] A & 9 IA7}
= 22 o)Rgon, IF IVE Bl @ A i 4R
P WA} A B

= A& =5AE ol 83h= 2718171 Anser fabalis (IndVal
1 = 65.5)9} 47|817] Anser albifrons (IndVal = 100)+= 1

A QX8 1F 15 EEUNTHES: ¥ = 14.06;
< 0.001; NAF: ¥ = 20.36; P < 0.001), 9= Aeki-o]
A% I IV MEF7E el Sk ARt E
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Table 2. Prediction of waterbird species and evaluation of important feature of farming practices for each indicator
species using random forest model. Indicator is based on the IndVal in indicator analysis

Important factors (MDL)

Species Prediction rate Kappa (&) 1st 2nd Indicator
Anser fabalis 0.93 0.77 PL"” (100) PH (53.02) I
Anser albifrons 0.92 0.77 PH™ (100) PL (66.01) I
Bubulcus ibis 0.88 0.75 RT' (100) FU (62.39) v
Ardea cinerea 0.75 0.32 FU* (100) RT (87.90) v
Ardea alba 0.71 0.38 FU (100) RT (44.91) v
Egretta intermedia 0.93 0.87 FU (100) RT (43.45) v
Egretta garzetta 0.86 0.70 RT (100) FU (16.36) v
Limosa Ilimosa 0.96 0.81 FU (100) RT (16.50) il
Tringa nebularia 0.88 0.23 FU (100) RT (27.25) I
Tringa glareola 0.93 0.79 FU (100) RT (20.45) I
Calidris subminuta 0.95 0.34 FU (100) RT (25.35) I
Calidris acuminata 0.93 0.71 FU (100) RT (19.79) I

"MDL, minimum Description length; "PL, Plowed fields; = PH, Post-harvested fields; 7LRT, Transplantation fields; 1EFU,

Flooded and uncultivated fields.

T IoA gl AuFow 7 F B dol oL JA ¢
5 OFH7] 94 IAE olgske e7drIEs o
FARD TR Q=T SR =S Limosa limosa
(IndVal = 100), ¥H2|=Q Tringa nebularia (IndVal =
65.0), ¥==Q Tringa glareola (IndVal = 84.0), TY%
Q Calisris subminuta (IndVal = 455), WFe7|EQ
Calidris acuminate (IndVal = 89.3)& 15 II°|A &21%
AxFoR By A 25 A FAY 2] & 2A9 =5
A FHE FE ol gshs A Bl & 5 Stk A5 =
FAE o] gshs MEFQ A= Bubulcus ibis (IndVal =
46.0), A712] Ardea cinerea (IndVal = 27.8), Tt¥l=Z
Egretta alba modesta (IndVal = 50.9), ™% FEgretta
intermedia (IndVal = 81.8), W% Egretta garzetta
(IndVal = 82.2)i= I3 IVelr E1¥ AEFOTE e
49 g 124 olgske s & 7 ATk IF 1M
M= 54 AEFS LR otthTable 29} Fg. 4).

S ° T4

FEF TR BAQ AR B EAdst o] ISt
=EAE Gl wet A9 et g o)
HHE31e] YR Elphick, 2010). ]2 3} oko] A=t
FEF T B 242 2907 Aga= S gkl
sk &= QUTHNam et al, 2015). A71Z213pR| ol 23] 47
o IFoR BRE AW V2% UY EYrE 2Ei A
EF S A4S o olgst dHS FElo] itk A
A =54 A= FUE wa olu 71878} 3719

715 X et =uAE €EARE o)getl
1), o] ZAEE s Al Sy dEte
QF ¥t T BuAlFAAlE SIIEAZ(1E 1), =2
L gE ke wzRofAls o5 WAle Pt ofiu|
2 58 $ 9l FHAFIo R o] I IF V). 19
FI|E2 AHH 07 ks =5Aw tFst FxfFolA o
FEe] AAAE Alwshes 2s G20 & 5 A tHFujioka

et al, 2010; Nam et al, 2012).

Bfj7] Aell o] FolA|= =5A1Y] HaE Aol Bt oF
10cm W22 FAIEHNam ef al, 2012). ]t F3o]
FHE A A EQle EUr] A B W E3A)7,
“EuU7Iet A, vzt 23 BA77F Qlek 3714 e
AR 29 feF Wine] w2 2jolE etk B
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A A RU]EE JATE sk e o AT
(Table 2). 7|24 = A5 vlHOE F27 1F°]
FAT =440 44 B0 S B8] wE, meE
AR B A =5 A 2R BYelA, MERe R
y7igk dA7ell F2 gRlEE Zle & 5 USIThFig. 3).
Q=T “BEur] A 25 W A= Y AL
g 545 7K e EuMFTE £ deshs Ao R
Abgo] golsltiNam ef al, 2015). W27 49 o5
HAIFET & 2717 2 FEE 94 Fold vt AHE &
e Hol] AhES & F gle SAS 7HRIHChoi et al,
2007). 7 AAA B ok SR EE wAR, A 2
of et F2F 272 ol o7t Aes G & 5 3l

t{Nam et al, 2015).
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Fig. 4. Self-organizing map illustrating the distribution patterns of 32 waterbird species. The degree of shading represents
the occurrence of waterbird species, ranging from low (light shading) to high (dark shading). Dark cells indicate a strong
association in sites located in a neuron. The self-organizing map is the same as that used in Figure 3. The shading is
independently for each waterbird species. Species with identical self-organizing map patterns represent similar habitat
requirements. The highest IndVal recorded for a given species, and the respective significance level (* < 0.05; **P < 0.01;
***P < 0.001), are shown for each species. Values are presented as log scales.
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