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Statistical Methods to Evaluate the Occurrence Probability of Exotic Fish in Japan. Han,
Mideok and Wookjin Chung* (Department of Environmental Engineering and Biotechnology,

Myongji University, Yongin 449-728, Korea)

This study analyzed and modeled the relationships between the probabilities of two
exotic species occurrence (i.e. largemouth bass and blue gill) and environmental
factors such as climatic and geographical variables using Generalized Additive Models
(GAM), Generalized Liner Models and Classification Tree Analysis (CTA). The most
moderate occurrence probability of largemouth bass was predicted using GAM with
an area under the curve (AUC) of 0.88 and Kappa of 0.42, while those of blue gill was
suggested by using CTA with an AUC of 0.92 and Kappa of 0.44. The most significant
environmental variable in terms of changes in deviance for both species was the
annual air temperature for the occurrence probability. Dams had stronger effect on
the occurrence of largemouth bass than blue gill. Model development and prediction
for the occurrence probability of fish species and richness are necessary to prevent
further spread of exotic fishes such as largemouth bass and blue gill because they
can threaten habitats of native river ecosystem through various mechanisms.

Key words : classification tree analysis, blue gill, generalized additive models, gener-
alized liner models, largemouth bass
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oA, 7154t 2 AeH 27 28 E o]4sly
279 2324 E£EE 9 Z(Gonzalez-Taboada et al.,
2007)3 Bho] AF7E olvk ol dt FHSIgE 2 Qe 9l
ojxe 71& 2 AF T2 HAARE o] 43 HE 29
2z vzl uby.e 2l eAA (Remote Sensing) o]}
A RAI2E 7o) AE A g, el g 99
o] AefAel A4 5 e BAZIES Ado] wiegte]
i it

&g £ Bx 29 ) IPHSLE o) 4T AE
X FAEL N 2) HAE Atw o] yhe] A2A
d 71eg 53 2929 9L 3) 2 A4 & o4
T AEFS Fxx g 59 71 HA4-& z33.
%9 Fxeds} 0 A 4E5E Az Add BE:
olut Ae|AE Hilo] =Ro] gk HBAe A glod, B
zEAA ol AR BALE 7eg HETG N2 F
A71eE o B2ARE o8 F 4 gl 23 37
A A3 e Qo] eA pke A2 4 9
o 39 ¥2 29 A4 A F2¥ F IR Role H4
=0 Azt g4 9] AL Folot

HT Bo] AEY FAH EEE AS3) 93 GIS
22, GLM (Generalized Liner Models: YJu¥l3}A 3 = o)
GAM (Generalized Additive Models: ¢ulslr}w] mdl),
CAR (Conditional Autoregressive Models), ANN (Artifi-
cial Neural Networks: 1-341449h), CTA (Classification
Tree Analysis: 23 Z54), GARP (Genetic Algorithm
for Rule-set Prediction) 5-2] t}oF3l mdllo] ojst AL o)
o] %022 k. Teit o)l @ mAE Apole] Aol ol
7 e 2o BES A3shed dlolde] v e
o AN ol AT 2B 3E3)o

web B Ageirs mdo] A43 deaAde F
dapA A 3 =l H BEX 9 w9 spsAd wig
A7E AAEuA g Gekg R0 dAnd F 3
2o o8 dTelA FeF3 glE GLM, GAM, CTAS
ol-g3te] Y&A el ol A HL Aol B} g
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AFAGE Qe A HA P 24F Wpoz

o dEe B9 20°25'~45°33, 7 122°56'~153°59'
o Bl glow] FEo= 3,000kme] G Fo
F3 7 AYA BEAE /AT 9o, BERY Eile]
=L, E4 M), A 2T, F4r2] )9 Ho=
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and Lee, 2008). d23H7A0] Lo &5 5 (1998,
1995) 0] oJ3}, GB AHell= oF 20052 Fge] E
714017} AAE T et gt o] & Abdee] oo
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Aoz Jdelx 9Jck(Hanet al., 2008a, b). & 8072 g
Holl 231 FAE 5a0A] 1359 efeiFe] FHH
et ol gt el Fe] AeiA mat @ Akl &7 o
Jgfe] MM AR om o3} HHA eFe] FHH B
9} o]Fo] Aol Fe LA PIA = Aol HE H
Alo] mxE 1 gl

2. W &8} 5732 28

vl 2 (Micropterus salmoides, largemouth bass)e} £-%
7 (Lepomis macrochirus, Bluegill)}2 7% d2ojlA 717
FH % Ao FAkF o] e HwA Y Foz o
214 vk BE olEd fuioiFe] AL, Fvdlz
A3A =l AdYeRA ] A Gkt JEF Fol
g Qe i Ae) BRA-E 47} 192589 1960 o
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afoiFe) ARk HhlEln deoly AojE 2AFow
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alt} (Azuma, 1992; Yuma et al., 1998).
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4. FAEH 714
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A 22 (stepwise model selection) S o] L3024
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2217 A (Likelihood Ratio Test)& &3l P<0.01¢ 7
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S 9 2de BY o] RIS ARE B Fo)
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bers and Hastie, 1992).

5. 54 A

FAREY 28-S AF HAMe 923
. wx}¥<l (cross-validation)2 AlA) 8l (Neter et
al., 1996). $4 A3l 1472718] ARARE PHA2 A
583 5,440 0%2) ARE olg3le] 2AE 2yl
3,7 mde eia] 10%2) Aol g 7 48] A4
S 29 402 A3 WA, 7 2qlel A
107he] F9%E DA, 015 FTRE 7 25500
9w A2ghe sgeh T2t ASgke) 0
19] w2lgkal Ao Wl I A2 04 1 Abo]2]
g3ttt 2 dFedME =3 P=05F TEHSR
sod BN AN AEA ohdAE AU g
T, 03E] 1718 10003-&3}ed 7Hzhe] A (threshold)
Pzkoll o3t 33 2] 7} % (sensitivity)@l E-o] X (specificity)
& A5l A3 2 AUCES Kappadh® A3}
9v}h. AUCZE-S ROC (the Receiver-Operating Characteris-
tic plot) 22| = W o} HAZFE 2u]sh (Fielding and
Bell, 1997), 7L 3t-& &3} 22 9Jv]E VepATH0.90~
1.00=excellent; 0.80~ 0.90=good; 0.70~ 0.80=fair; 0.60 ~
0.70=poor; <0.60=fail, Swets, 1988). Kappa}< 7 %%}
Eolx9 go] 7l & wo] k& AEslglon, 1 3k
< ghest 2o onE LJepdt}(0.81~ 1.00=almost per-
fect; 0.61~0.80=substantial; 0.41~0.60=moderate; 0.21
~0.40=fair; <0.20=fail, Landis and Koch, 1977).
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Table 1. Summary of environmental variables of largemouth bass distribution in Japan.
Present (n=580) Absent (n=893)

Variable Mean+S.D. Mean +S.D. tvalue, P
Annual rainfall (mm) 1,646.0+4434 1,816.1+585.9 5.782,0
Mean elevation (m) 180.3+209.6 339.6+:298.1 38.186, 0
Mean Gradient (°) 13.6+9.3 20.0+9.5 65.767,0
Annual temperature (°C) 13.0+2.0 10.7+3.6 129.746, 0
Human population (person) 105,878 +207,947 29,986 +89,972 15.056, 0
Proportion of water body 0.06+0.08 0.03+0.04 31.528,0
Proportion of forest area 0.42+0.30 0.61+0.29 5.562,0
Proportion of agriculture area 0.28+0.18 0.19+0.17 16.738, 0
Proportion of development area 0.14+0.16 0.05+0.08 26.758, 0
Dam (count/mesh) 1.3+2.0 0.8+1.6 11.478,0
Table 2. Summary of environmental variables of Blue gill distribution in Japan.

. Present (n=445) Absent (n=1,028)

Variable Mean +S.D. Mean+8.D. t value, P
Annual rainfall (mm) 1,657.3+434.9 1,788.9+576.1 124.153, 0
Mean elevation (m) 166.5+192.7 324.7+295.0 38.201, 0
Mean Gradient (°) 13.2+9.3 19.4+9.6 66.186, 0
Annual temperature (°C) 13.7+1.6 10.8+3.4 131.110,0
Human population (person) 128,247+234,474 30,270+ 81,916 15.056, 0
Proportion of water body 0.06+0.09 0.03+0.04 24.433,0
Proportion of forest area 0.40+0.29 0.60+0.29 12.966, 0
Proportion of agriculture area 0.27+0.17 0.20+0.18 9.376, 0
Proportion of development area 0.16+0.17 0.06+0.08 20.095, 0
Dam (count/mesh) 1.3+2.1 0.9+1.6 13.766, 0
& YERIT(Tables 1, 2). A7), £UA745, S99 "ot et o)2jdl 34A Q) o3 olof] Frte|=e] 8}
Aol SR E, APTRAE, B S wS B A L saela] ash 2270 A e ol 9

SN, AFR4E, B3, A4, AR EE R Zol
A sk 854 25 A4 491347 g Hoe

et W] A$ shelAF HAE AR A

o o] &S] 20010 =B EREFEE Wiy
i?é?r’-qoﬂ 23 ozl o] o] Al Al (S ML HEAR D) HAE
o]F oz AAH] XA Qs H 342 UFH

ey

F7)-&ol Oig t3ko] 129.74602 AU} = Ho
Bel wel Qgd7] o] W] A4 o) sg
FE v)Ae Aoz BAEQL, 872 A4
ST Y@l oJelA fARE pFoz AMa
Fol & J3E & Hom FriEsh 44 13
A2 124.1533} 131.1100]¢c}. o838k EXo 9B %
9] T o]Fe] FExe2RE & 7lsdi) viag
FAL 429 HEdo| AXsa U FTlel=9] A
S B 34olME= 2005\ HAZEA] A4le] FHelx T
337 9k} (Ministry of Land, Infrastructure, Transport
and Tourism, Japan, 2005). £7}o|x2] AL =g} q)
AA7E Aoz Eqpel viwste] dE7bggke) A3 o
FE7]&e] W& I EAL Bl o]2F o f2 i
B 271319] 71594 37QlApr) wjag B2 A4
Fell 23S viAE A FrkEe HAes g

> rﬁ:
e @y Jo ofe rly e o L

= o] FAIH I gl7] WFeole}d (Yodo and Iguchi, 2004).

Wash 257 2F A7 @ A4 59 AAHA 27
Haps) Aol AAE Bk & A7 B ge] B A
g w2 @ BFAY A4lo] s Felsg =
3] Rell 27 wi2e} B2 o AR e V1S
o Q753 AT AseA A4 sl Arle
Aol| & Hgdh= A AFAA MAE] 22
AL A3l 7oz od8lA 9lvt(Holmquist et al.,
1998; Quist et al., 2005; Marchetti et al., 2006).
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A0 9= GAM RN A F7L, 93704,
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Table 3. Changes in deviance (GAM and GLM), and number of terminal nodes (CTA) when dropping a variable from the
final models of largemouth bass and bluegill. ns, not significant.

. Largemouth bass Bluegill
Variable
GAM GLM CTA GAM GLM CTA
Annual rainfall (mm) 62 37 14 59 11 6
Mean elevation (m) 14 ns 1 26 3 1
Mean Gradient (°) ns 12 ns ns ns
Annual temperature (°C) 154 70 14 292 89 14
Human population (person) ns ns ns ns ns ns
Proportion of water body 37 4 ns 25 ns ns
The ﬁrs't principal component of the 9 1 ns 19 s s
proportions of three land use types
Dam (count/mesh) 38 7 6 15 5 1
WA S, pdwA vg oz mHYdx FogARtz Table 4. AUC, Kappa, and a threshold P values for each
A, A QT4 28 B4 AY model,
HA) ek GLM 2o iE 99371, 437345 7 AUC  Kappa  Threshold P
Am, ded] £o2 Fewst 2 B4R Priuglm  Largemouth bass
_ GAM 0.88 0.42 0.37
E19) TS F3HA @ Zlez BAEH. o GLM 0.83 0.34 0.35
T FFmdae 98 CTAYY 7$+= 7 37dx 48 CTA 0.87 0.39 0.20
AAgke] Aol e ol 42 7 24A4E 2Al  Bluegill
FEUE 499 A9 terminal nodes:2] W3t GAM 0.88 0.34 0.28
N L GLM 0.83 0.25 0.21
E-R Z AoIxle] Q=& Hyls = i
o] [ 6]'0:] ’} :?]_' o \lx]"4 T—“‘-EE %7]—_6]'9\:)]\‘4‘ R terml CTA 092 044 015
nal node42) W3h7} 2 QApl 52 wello)ale] ojakelo]
2 Rew AFSYT 1 A% A3Y4Y, AR,
Y47t wize) AARES Aol T AAz WlE e

Aok 2270 93 GAM Rl e AR )L, 957
S, B3, SN E, P4o) £o2 Jaeol
2 AAHY W, GLMY A5 4] 57| eo] 272
DREEE SR L

Lo
—

A7) W) f23
FAHANE 52
HAt
AEdez T 79 ol3) gl 7 wdEe AUC
S} Kappaghe Wlmsil Table 45} 7). wlze) 7
GAMe] 0.88% 7}&} =9}31 KappaZt 94| 0.422 GAM
=l 1% ¥e Aoz Wrlugs. #7279 A
CTA”} 0922 713 &2 AUCZS B9 Kappag: &
Al 0.442 CTAAAN 7} =9th AUCHHE 7Zeo = &
A% vlash 92 F A W 2% vwd o
W AN Bl Aoz #rHse) Teht Kappadt
S FAld 2 Aol v GAMHINO) 93 =
192, CTAYY €)% 229 595 7
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