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Community Patterning of Benthic Macroinvertebrates in Urbanized Streams by Utilizing an
Artificial Neural Network. Kwak, Inn-Sil*, Jwa-Kwan Kim?! and Tae-Soo Chon?2 (Brain
Science Institute, The Institute of Physical and Chemical Research, RIKEN, Wako, 351-0198,
Japan, Department of Environmental Engineering, Catholic University of Pusan, Pusan
609-757, Korea, 2Division of Biological Sciences, Pusan National University, Pusan 609-
735, Korea)

Benthic macro-invertebrates were seasonally collected in the Onchen Stream in
Pusan, from July 2001 to March 2002. Generally 4 phylum 5 class 10 order 19 family
23 species were observed in the study sites. Ephemeroptera, Plecoptera and various
species appeared in headwater stream while Oligochaeta and Chironomidae were
dominated in downstream sites. Community abundance patterns, especially the
dominant taxa, Oligochaeta and Chironomidae, appeared to be different depending
upon the sampling months. Oligochaeta was usually observed in July, December and
March while Chironomidae was appeared in September. The biological indices, TBI
(Trent Biotic Index), BS (Biotic Score), BMWP (Biological Monitoring Working Party)
were calculated with the appeared communities of the sampling sites through the
survey months. TBI showed 1 to 8, BMWP was 1 to 93 and CBI appeared 9 to 387 in
the different sites. The biological indices decreased from headstream to downstream
sites. We implemented the unsupervised Kohonen network for patterning of
community abundance of the sampling sites. The patterning map by the Kohonen
network was well represented community abundance of the sampling sites. Also, we
conducted RTRN (Real Time Recurrent Neural Network) for predicting of the
biological indices in the different sites. The results appeared that the predicting
values by RTRN were well matched field data (correlation coefficient of TBI, BMWP
and CBI were 0.957, 0.979 and 0.967, respectively).

Key words : benthic macroinvertebrates, artificial neural network, community
pattern, predicting, biological indices
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5 g Ezes dAHHE mE AR
F73wstel] lzka}a, —Er%%fﬁl ohe Wl S

FoAdAe] $4e Brbee
Ax2A ¢ Tro?f}ﬁh— H 15l (Hynes and
Coleman, 1968; Hellawell, 1986; Resh and Rosenberg,
1984). 71&8] FAAEE A7) &) AHE-E oz
R A9l Clusteringe]t} Ordination ¥l Bo} A]Z7HA
ol MIAHA FAFE BEAT]7]C FAlA D] Fout
£ d77F #2 5ol ®e] o]Fo{3 = (Legendre and
Legendre, 1985; Chon et al., 1996). o]l A A4
PEHzxr 228 tAlo= Chon % (1996, 2000a)S
H2| =3k ol FA17dwkel Kohonen 417378 & 4-3)o]
24 49 mados 328 Aol AT
o QAT Sk Al 23 A7t
3} ZA <= (Chon et al., 2000b), F2] A&7} 7| 3A]7]
(Elizondo et al., 1994), 573 2] =7] ¥ o] (Stankovski
et al., 1998), 52| WAl (Recknagel et al., 1997), =%
2] AZ (Tan and Smeins, 1996)¢] =Y = g}t o
o83t dFo =¥l mHle XA (static)o|t= I
A WEsha gle} HANARH Be ATH EEol
W=z AlA"e] A, A5 (Kung, 1993; Giles et
al., 1994; Haykin, 1994). 95 )4 E3], & 9T =
AA S} e 2Ae) BAe FAAY wH(@FRAL B
42, AFF A% $9 5l o) o] +3
ERE 99 BRTe) 28 BWAe|w =T 4T
As} wxﬂoaz% FE el e Ul of
U e & QTolAE ofm 2Rzl 28E o3
SRS Twﬁn M ahe A4 o Sl T
AR A AR Terste] A4Hel e
Fedstiat sl

1. AAAE =4}

2001y 7¥€XE 20024y 3Y7FA] = 3 o
2 7t Fouin 3 S dAboz 33 whE AdH=
zAFskd o} (Fig. 1). == =7]7} 0.5mm<l Surber sam-
pler (30 X 30 cm?; Surber, 1937; APHA et al., 1985)2-
43}e of 10cme) Zo)= 147 % 33) A 3
A} 7Jeh 225 B AR BBl ANA S
HZ2zEue Ayl & formalin 8%l A A ZT) o] 3
73_‘?1‘44 AMAE-> "rl7 (Olympus SZH10)3}ell A+ 54
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Fig. 1. Location of study sites for collecting benthic mac-
roinvertebrates from Beomeosa to Onchon Stream,
Pusan, Korea. A: Beomeosa, B: Pusan National
University, C; Onchon Stream, D: Sebeung Bridge
and E: Hapleuboo.
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3. AR A% 44

A YT FFES F2 STl Rl
AMA st pale] wWste)] whgate] A mAJe] gl B
215 le} (Hynes, 1970; Hellawell, 1986). &z A}&-= =
Aeze AMAEY 23 Fdo w2 TBI(Trent
Biotic Index), BS (Biotic Score), BMWP (Biological
Monitoring Working Party)So] ¢lo}. TBI®] A= F
= AAAe B4E el £ 28 (PR G
W Al B 2D T Ywol weh A4
Aol AL A47h F et FEge ovd.
BS (Fehvtelol, mehsh 28 mast 7w,
WFeldEdst Sl R WA R B 5 2
A3} Fywol we} A7) AR olg FPAkse] A
2k BMWPS A1 AAAe $87¢ welale
SR ICLERBESE EERBERNEEE SR
sl RAre|3h, el Aol 3, A3}, 18
3}, A o Fel s 53 Yo et
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4. 234 A7 (Kohonen Network)

R Sete] A =3 AFAIA 3]
H\j Z 7 48] AH8EE 23417 (Kohonen,
& A}gstgdh mawl AlARe M29) ZEnao
Folxl &= (output layer)?} N9 ¢Jgnzlo=
—Er°ﬁ_ 122 (input layer) 2.2 TA =™ (Fig. 2), 25
RE] ke WE3 s el e 7] %7 (self-organiza-
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Fig. 2. Schematic diagram of the Kohonen network (Adapt-
ed from Chon et al., 1996).

tion)& el X3 A& AH F3 e "ok (Wasser-
man, 1989). ¥ A Fox= gJHZ3 2H=o FU|=

= |
27t 20 (N7} 40(M2=5x8) & o431 &
43l job Ui it QAAA S (weight) wiz A2
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oz ztasp stlch A steAdE Ed= 2 A7
oHE 01~0.4 8919 e AHgstelnh ol 2y =
7% debE r)e ezl M-1)28] A5 3
& Abgste] SRy BB AA gastel ooz
WahAl shodeh. AAMFE s> Chon 5 (1996,
2000c)°] W& wisieh Felnke] AlRAQl daelE
2 Lippmann (1987), Kohonen (1989), Hecht-Nielsen
(1990), Zurada (1992) 52 Frstgit}.

5. 3] 417 9} (Real time recurrent neural
network)

AA7E 3]HAI A (RTRN)2 Hopfield network3} 7+
<> & od=Al 39 vashd SRS A
ool vl A5 HRE Lol FE2T 5 3
of, A7k Wo|7} Al 2tz o] YEHE 2oz A
& 4 itk (Haykin, 1994). AAZE 3| A7 AA
1 A=} (fully-connected network) +2& 7}A| =1, M7
o d¥wd olF 3 N7/He] A (processing
layer) 27} o N8| 3r2lo] AlzE Ao} BHA] t+
19] d=H %z M9 d8x-A d#)= (concatenated
layer) N+M7H2] oz FA =] glot(Fig. 3). «37]
A 9 FE2 N-M7I2 FAE 93 3lEEe
M7Re] Ab: (x ()& € A7 tol]l HE45n 255
3 Nell A3k HEE AIZE 214 6] 3 AF] 2
t+le] YAEE yE+D2 A 48 9H x (0
g 28 A7 EEIE y(t+)E u()oE BAHE |

il

M oifpuls
{Binlogical rvdices)

HA (M+N)] HE ui(t)S JAsH] $18] Ad2==
o} (Haykin 1994). A4 o2 N(M+N) 37 7122 v
EYart PAEAZIT A2 tol] - jo] A activity
function o}l 2} Zo] mH )

Vi) = 3 wii(t) ue(t)

A71A wi()E dFHF 293F Abele] A elnt
i€ RsE welEka sk viE x()7F H AL
=9 wRleol=ha sk vi()E yi(t)7h Fo t+10] 5
o ojel 82 @AM AAE vz RAdE d4

7] sigmoid function)2 E3)] A Ak= o).

TR o

yi(t+1)=d(vi(1)

o} 22 AR FxolA, dA3} dare|F (back-
propagation algorithm; Rumelhart et al., 1986)c] Al A]
7+ 39845 (real-time recurent learning)S 733 4
=S HLHsS S5E ZAlHEE (coefficient)2
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Fig. 3. A diagram of a real-time recurrent network for patterning community changes in benthic macroinvertebrates in

streams. T: time delay.
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2 7.4mg/le| A 10.4 mg/l2 FAE gl om] 3}l ¢
28t grRie AdfH oz Y2 39mg/lelA 6.2mg/l=
b Hewee] 49w HelAlt 747014 100ps, &
AR I A mE 91504 2,200 usE, IFF3= 24,400
oAl 34,300 pse] W9lE WA 2AP ol Folxl 74,
093} 1299 §43 419 ¥xr AW Aol n
of AFReIN SR 2ad RolAr Al 1Y
o} 20024 3ol ARE 9] Aol Feap v}
SR shskow] b Aol At kel A 2
sl $A3 §4¢ 28T 5 99

TR el AT THED S AA
R R EEERE I
23S ANYEENA FoT BHLe
. 2= 27t 1293 396l olsold WA,
20014 12909] A¢ AMas A A ARl 8
mm elske] A7k AHshe W Fel 50% o] Aoz %7
chebdtet (Fig. 4). el ake] A4 s0mm o 4ol 917
7 20% o bE A et NATNE AT
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o) A7} 75% o4, FRF-= 8mm oJake] A7} 70
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Fig. 4. Relative abundance of substrates compositions in
different sites in December 2001 (a) and March
2002 (b). A: Beomeosa, B: Pusan National Unive-
rsity, C: Onchon Stream, D: Sebung Bridge and E:
Hapleuboo.
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5). 2 AL AL o]Feldl & ATl F 5
AEFE 237 2 MAHRA L] Adzdd= 2ol
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Fig. 5. Relative abundance of different observed taxa in
different sites in July 2001 (a), September 2001
(b), December 2001 (c¢) and March 2002 (d). A:
Beomeosa, B: Pusan National University, C: On-
chon Stream, D: Sebung Bridge and E: Hapleuboo.
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o2 A A wls SRR FA o] wheksk WeiAt
AAL 79,99, 129 183 39 FAMA 7 13%F,
12%, 17%, 20%°] 2AHFSIE 2ol w29 A7)
793} 9 FAJo|A] 9o sl R EAlo] 9= AulT
Fe A FH=7F 25% A 50%E A F7tE o
o] & HLo] FoE AHQl 12937 3Yoll= HHA] 5% ]
st= 7kasloh (Fig. 5). =3 AA g fudl 2
FA < 7}= 5 (Plecoptera)7} 2 XA oA 2ALE <]
o 793 99 ZARA el 10~15%2] Edo| Bgle
w 129ell= FA3] F7leke] 55%7HA] Frfstel ot 3
Yol = vHA] 35% = FrAE Ak sl FALo] 72 Al
2z2] W3l w2 AAHAQl oJgfe] HtdEo] 7ol =
A A TR} 50% o] & 2R FF ot o] F 7|0
dolx = 997} 12Yo = 15% o]3t= Yolxw ©hA] 3
Yol = 55 %2 F7hEE oz vehdah v 297

240 e HIERE & ZAAE 2 W3kglel 5

b el 718 Sdell xE® ZARR|elA s} o] 2
ook ERe] Ede] ddEde fel ga
A 55 4 e ANE ez <lF wlERe
¥ = 2% vtellom AmTfE o Al nl)
o] wold 7€ &

BRHY o ol F G Fam Folr 2AHA
of AREyEe] §lol we YAHe 2ARE T 4
alsieh

SHAAANHL 995 A <lgt A A7) WIEFI} 95%
ol & AABIH ot 9Y2 AwtTRIt AR F ¥F
o] 99%E ztA|Ble] wj9- FA<l WsE B} o]
74 F el FA43 UM 99 AR 2 st
3 el &2 g7t FAHAD Al
2 Ats ¥ o] ol A thefe] Zul

fred dAEe] FAFNH. 3, $AH3AH R
= Alw o] SRl Mw e} gt
2= JAg B o|F 2HAH AHY $A-4E o

A= P Bel MAAzA des

AAE ol AMEAAE Aoz WEFIL A
A= wFol 85% o] Ak& AR skt (74 45% A
A). 79 2Atel A= AwTR7E 50% o] & AR skl e
ool F 543 gtaste] 94 10%, 124 15%E H.ol
7h 3ell= &aF 2AbE ] AMAd FHERT 92

BejFoleh wq Yol FIh Fag 259

i

Aesst A ZRYE) 98% ol 4E AX T FRE
ARe e AR FHE A9l o] FolAA o}
Az NAHZAE Qdobgre AAETh 79 2l
Ne AnFR a4 25k A AHNA BARd
A4 Q) edako] wked =91} (Fig. 5).

3. AR A%

B 2AIA A" A AP FHFEES e
2 oA ¢1F3s TBI, BMWP % CBIZ =A}slech
(Table 1). Aoz WAL AHAM F-F2 7pHA
7y A pEo] delAx A gke] vehtt. WA TBIE A
AR, WolAb AL 793 992> 7, 1243 3¢ 8
S veigden vmA AdES A 7Eet 1~22
vrebgeh. BMWPS] 74, Wefab 212 793 99
45-46%, 1292 932 Mot} 3ol 84F BT}
w2 AHEL 793 9¥ell= FHFF-(BMWPE 3-4)F
A 9)slar 65, 12900 = 2AAA A ar 9, FHIE
12 A webA 74, 993} 1296l WAt T
o, A AA A A A7 7o, FFE T
oz 39 R TR AT T2t 3ol = Al A

Table 1. List of sample sites for collecting macroinver-
tebrates in Pusan, from 2000 to 2001 the loca-
tion of patterned neurons trained by the Ko-
honen network. A: Beomeosa, B: Pusan National
University, C: Onchon Stream, D: Sebung Bridge
and E: Hapleuboo. The numerical digit present
the month of survey in this research.

Sites TBI BMWP CBI
A7 7 45 416
B7 2 6 16
Cc7 2 6 13
D7 2 6 38
E7 2 3 16
A9 7 46 383
B9 2 6 22
C9 0 0 0
D9 2 6 41
E9 1 4 9
Al2 8 93 387
B12 0 0 0
Ci12 1 9 58
D12 2 9 58
E12 1 1 9
A3 8 84 332
B3 0 0 0
C3 2 6 13
D3 1 3 21
E3 1 3 21
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ol Tish e BUWP 305 4] Felel 4
Aol Wb} ehioh CBIE A ue, AFR T A4
sl Ash mhRIA 2 el 7ol 416, A AR
Aol M = 332-3839] W$1E R A x|H (9-589)
M= ALY 2 AelE ek

4 TEAFE oS FYEA

247 ANAE Ang msddel U F Heg
Folo} 4Asekedet (Fig. 6). 42 HAl oz 700~
100098 WEAAE AR SRHN GAF 2HT
He 4R AHE] FUE oFE Aoz vekdeh o
@ AFE T2 AR FoIA epdeh o2, Hela
£ map2] I AHE((0,0), (0, 1), (2, 1), (5, 0)ell =
Hew AHE D) 4% F3tel, FFH-(E): L85 F
2o, LR ()& 225 sgtel el ¥ArhAH
& 1293 390 2RT BRwel FapRgel Woid
o} W (8 0l melzeh 12208 LA 24 (€12, (O,

)L Aume] ZAFAIY SAFsle] TAHFt] 23R
o} =3 A¥ae] 39 (D3, (8, 6)> =AM A TA
I 24 i}ﬁli Ho] ]2 o]2gic) whdo] 23 A
348> st el s AR 7Y
oAb 191‘& AL moizglom 124% o}

o
g A ok RS AlLdE AHES x7} 02 ==
‘_-i__

4 ANNAEE T AZHY A% A5

e RPN} 2ol 7 ARelA FRT BF

Neuron| O 1 2 3 4 5 6 7 8
0 A3 A7 B12,B3
1 | Al2 A9
2
3 |C12 E9 E12
4 D9
5 | D12 E3
6 D7 B7 E7 D3
-
8 | B9 Cc9 Cc7 C3

Fig. 6. The mapping was presented through the trained
Kohonen network for patterning occurrence of
benthic macroinvertebrates in different sites. The
character and the numerical digit present study
site and the month of survey in this research.

2 xE 2 (log) A3l shepdlelelz st
R ool W EAARE A AdFEER AEITH
Z]4=Ql TBI, BMWPe} CBIE Fitt whebr] 3]7]417
we B3 7 A 23 2R AL FdgolEie
e 7AA 7] (weight)7F A= e =} (network) o]
HA=A = o] Al =Fst F A2 HoHE
a=stA HW o)u] FAHARA HE EF 7z A5EB
AZ3HA HE Aok AAH oz 7k A4 o &2 A
AR} A dA|ste] vebgt (Fig. 7). AA A2} o] Z3]
9] zfo]E ¥ A} AFZA S (correlation coefficient) S )
Aekedt (Zar, 1984). TBI, BMWPS} CBI2] AbahA 4=
(correlation coefficient)= z}z} 0.957 (F = 45.512, P<
0.0005), 0.979 (F =94.238, P<0.0005), 0.967 (F =59.606,
P<0.0005)2 w4 %7 ekt #Ael see Fa) A
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Fig. 7. Field data from July, 2000 to March, 2002 were
trained and tested the RTRN network for predic-
ting of the biological indices. The numbers of x-
axis in the graph are explained in Appendix 1.
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Aok wq HANATE BG AREYe] B A
4 A4F o 2o AL oW Fol} ¥Rzl 2
RS d5s Aun dez SAdAE %7}
g 4 QA T 5 gleeiet AN 53], AAle) 2ol
AR 2R G AT A2Tt BET A oW ¥R
o £8E dlZa7): ofele Aol E s Chon et
al, 2000). WA AEeHozr yFre ZAol v

58 A58 A

+ TR = Bt ogh 22 A
= Be] QAL Fosht & 4+ 9

Qb oz G Bl AN A AxA
(indicator)el] &t} 77} o Foix B A
2 AFS-E 31 gl o} (Hynes, 1970; Hellawell, 1986) $-
2] vt M R =el gt A7) wn| g Aol
g A mA Bl A3 A7 F2 AAIAY vl <k
33k Bl Al AJEE AZEE A o] Rl SlE
A7} olek el 2] el 87 e 2 At
A &5 NEatr] 913 712AQ AF7F g o] FolA
of 3k ZIubH el #AIZF ot A&l o=z, 52
2te] el M &3] M aEE Z4wT-F{ (Chironomi-
dae)= 7]Z2] AE3A x4z yEFoe] QA ke A
T2 ulg mjula Agolw el
F2 A3 AN ol FolA &

A FAT 2ol AR esyelAol B3 Q7
w4 BAslc. BAMel Bedes s AnAEE
shelsl A% 148 2 Aoz ARdEe Hus
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AFR| el A 8l 2.7 (Oligochaeta)®} 72w+ (Chirono-
midae)7} 33tk F SHERFE] FIAE 7,
1243} 34 WIEFFo] S AAs o 9d>
257t 1S 2R sl zpolE Bolnh AEIH A
4=¢] TBI (Trent Biotic Index), BS (Biotic Score), BMWP
(Biological Monitoring Working Party)& ZA}Ig=4)
QiAo Polah AHelN sz JFA 7 A5E
o] Yol Aol vrhdeh AAA A5 FE:

TBI 1-8, BMWP 1-93 12|31 CBI&= 9-387¢ R ¥ =
velth M Sewel medl AAWE Fakd A7
H AMAE 230 337 2 kedEe] 2EF 3
=3 s A&A<l HEE S8 AETA A4E 3
A RE B3t o FEaed AAH oz 7 A4
| & AAR| e} & dA|Fte] el (TBI, BMWPS}
CBI2] A=A 4= (correlation coefficient):= Z+7t 0.957,
0.979¢} 0.967).
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