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Community Patterning of Benthic Macroinvertebrates in Streams of South Korea by Utilizing
an Artificial Neural Network. Kwak, Inn Sil, Guangchun Liul, Tae-Soo Chon* and Young-
Seuk Park? (Division of Biological Sciences, Pusan National University, Pusan 609-735,
KOREA. Department of Agriculture, Shenyang University, P.R. China. 2Department of Forest
Environment, Korea Forest Research Institute, Seoul 130-012, Korea)

A large-scale community data were patterned by utilizing an unsupervised learning
algorithm in artificial neural networks. Data for benthic macroinvertebrates in
streams of South Korea reported in publications for 12 years from 1984 to 1995 were
provided as inputs for training with the Kohonen network. Taxa included for the
training were 5 phylum, 10 class, 26 order, 108 family and 571 species in 27 streams.
Abundant groups were Diptera, Ephemeroptera, Trichoptera, Plecoptera, Coleoptera,
Odonata, Oligochaeta, and Physidae. A wide spectrum of community compositions
was observed: a few tolerant taxa were collected at polluted sites while a high species
richness was observed at relatively clean sites. The trained mapping by the Kohonen
network effectively showed patterns of communities from different river systems,
followed by patterns of communities from different environmental disturbances.
The training by the proposed artificial neural network could be an alternative for
organizing community data in a large-scale ecological survey.

Key words : Benthic Macroinvertebrates, Artificial Neural Network, Community Pat-
tern, Environmental Disturbance, Species Diversity, Streams of Korea
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Fig. 1. Schematic diagram of the Kohonen network (Adap-
ted from Chon et al. 1996).
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Table 1. Summary of selected publications reporting community composition of benthic macroinvertebrates in Korea from
1984 to 1995.

Environments®

Source Sampling . . . No. of

and Authors? method Unit River  Tributary — Stream  samplings  gop pH Pollészilon
Yoon Zggé‘ll.),' 1084 ~ Surber  /m? Masan  Samho - - -~ 62~68 M
KEEG’ ;LZS') 1994 Surber /0.5 m?2 Han Imjin Gokneung 4 1.1~85 69~78 L,M
Ké';’eze?(aﬁ)." 1995 él:;tger /m?2 Han Namhan Lower reach 1 — — L
Ké';ezfég)?’ Surber /m?2 Han Imjin Gokneung 4(annual) 05~7.2 6.8~80 L,M
Ké';é?(s())'oy 1993 Surber /m? Han - Wooyi 4(annual) 0.3~94 65~104 L,M
K}%Ie_\'e%gll.,)iggl Surber  /m? Youngsan -  Kwangju 4 (annual) - - L
oon i?e)ni., 1989 (Sotfggergzw fm? Somjin  Posung - 1 - ~ L
Kgilale%é(lz.,)'lgsg Surber - Somjin Posung Isa 4 (annual) - — L
Kgll?nze?gl) 1995 Surber /11 m?2 Han Bukhan Chojong 4 (annual) - - L
Kélﬁbze?(:l).', 1993 Surber - Somjin - Tongbok  4(annual) -  6.6~68 L
Kgla_H(Z?gESc):.hO, 1995 Surber /6 m2 Han Bukhan Pangtae 4 - 6.0~6.9 L
Kélgé?(ég{rk, 1992 Surber /m2 Han - Yangjae etc. - 06~114 57~81 L,MH
Kile_ezlga Eckman /m? Nakdong - Low reach 4 1.2~39 6.6~74 L
K\\;Igér}zgsa;lf)igm Surber  /m2 Jaeju - 83c;crj{hgryong 3 - 6.8~9.1 L
Kt ;I 1085~ Corer  /m? Kum - Lowerreach - - - M
KiII_mZi(glgl Corer /188.6 m2 Mankyong - Lower reach 4 - 6.65~7.45
K(J)E’;r?é%hon, 1991 Surber - /m? Nakdong - Paenae 4 0.9 59~69 L
KIL, 24(3). Surber /1.2m? Suyong - Onchon 2 3.8~60 6.1~7.0 L,MH

Chon & Kwon, 1991

DKJL; Korean Journal of Limnology, KJE; The Korean Journal of Ecology. 2Samplings were partially conducted in 0.25 m2 unit.
3BOD and pH are expressed in total ranges during the survey period, while pollution level was judged by the authors based on the
reported conditions in publications (L; low, M; medium, H; high).
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2AqWAd el =M the] A7} B8k Chironomus
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Fig. 2. Streams used for patterning benthic macroinver-
tebrates data in South Korea from 1984 to 1995.
The character in the map represents the name of
the sampled streams. C: Chojong, J: Jungryang,
W: Wangsuk, T: Tan, A: Anyang, G: Gokneung, N:
Nakdong River, M: Masan River, S: Somjin River,
I: 1sa, P: Posung, Y: Youngsan River and TO: Tong-
bok.

107} 26% 1083} 571%Fo] R yE o gqeHo=w =
Zo] wol @ AAH o2 TelF (156%), 317
Abe] 7 (91%), E =7 (89%), 7=l 7 (46%), |
7 (60%), HA2) 7 (49%) w02 JeRg, 7leh §HF
FTEEAE HUER(17F), 557 (1337t v ¥ =9
Aot ol E F w2 TEFREE HQl EF<2 Ephe-
merellidae (&e}8}34ko| 3}), Baetidae (Zu}a#Ako] 3}),
Hydropsychidae (22 =2 #}), Heptageniidae (*32}35}-%
Abo]#h), Hirudinae (71 2] &), Tubificidae (A X8 o] 7}),
Perlodidae (L.&7} = #}), Chironomidae (2w} 9 ok
(Table 2).

g7} A (e} 1 1992; wl e} -, 1993; wl], 1993; o
T, 1994; A &, 1995; utz} %, 1995)0| A= A H oz
146%o], F57 AR (&2k A, 1991)e M= 126%

of, AA7Z} FF E o AAFAAME 117F ] (4 5,
1989; & =, 1989; & X, 1993), JA} (L} =, 1991)e]]
M 75%¢] RaHqdeh 37 pAlCAM g8 XEo @
> Fo] AMAE o= A AFT wiel o] REH
o2 YA A | AA A7 kel 7] dstAdet #
715 29 59 ] we} ¥ Z Aol
el = Aoz 48x ¢Jvh (Cummins, 1964; Hildrew
and Townsend, 1976; Reice, 1980; Hellawell, 1986). -
Atz A M= o] 5 Fal & 4 Qi) A el
A AFRESE SR WEH eSS 3] AsAH
BOD7} oA 3L (o], v e} -, 1993) F-FH- =7} F43]
ZAaEE Agke] vebgEd, £ 47F B oA RE
e Foz 2AL 3] MA37t 73l (Fig. 3A).

7H gkt 23 7S B2l AR 53 AR
ZZ2A 4 vl oz 77k 158 U 146F0] &3 sl
(2} =, 1995) (Fig. 3A). o] A A= F2 HA 3 3
AellA FAHE At |/, Sl A=dF 2 I
2] (Chironomidae 37} AR F vhd 2935 oA
wel ¥EFE Chironomus sp.i o] el A 7] 55
Wt 2FHAA 7 weo] Z3 3 42 Hydropsyche
(B2 =), Serratella (H m2]s}54ko] <) 2 Epeorus
(FA A o] &) ol o™ Tel of] RFLo] HhFEt
AR =Ttz s g (23 £, 1995).

FHHER 299 X2 7 FANA F5 $eol,
b ZAG H FEH o oo L A I w
+ oa v} FFHEIL FHAste] 40014 1004%
s, AAT ol FH3= T4 295 el
A dehds Fe] A AR AT A AR T FellA
233} Serratellag:3} Epeorusdr 50| A% A=),
Hydropsyche, Baetis, Chironomus 5-¢] o4 &33t 7]
o2 ®wyEgele) &, 1993; v, 1993; o] %, 1994).

718} 294 A7 AN E FFH=IF YobA 30
of Z ol3hrt EAstet. v, FEEA, <k W o=

A solA ARE 2L DALDL ol wo} Foho

o ool

=7k AA8] vrol 77k 14,13, 17 W 28%F"te] B
W W= vl A debdo (el el 2t 1992). o
283 BE7e 99y o] 9l: Chironomuss 2

Oligochaeta®} Lymnaeidae (Gastropoda) 5-o] 1o} () &+
vt 1992; v £} &, 1993).

ARLAE ALF G M E e o A
o wel FFHEO xlelrt FEEA el (Fig.
3A). dl &, vl A (57 A5 (29 A, 1991))2 FFH
=7F 32 b wHbd (v S s (& 5 1984))¢l
A g woket 3 wEkel] whE AA Al EF A
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Table 2. List of families abundantly collected at different sample sites in streams of in Sourth Korea from 1984 to 1995.
The numbers in parenthesis indicate density (ind./m?).

River Stream Taxa

Suyong Dong Tubicidae (534)

Suyong Onchon Perlodidae (61) Chironomidae (53)

Han Chojong Hydropsychidae (2517) Ephemerellidae (2671) Heptageniidae (1407)
Limnoniidae (400) Baetidae (265) Chironomidae (239)

Han Pangtae Ephemerellidae (273) Simulidae (110) Chironomidae (105) Hydropsychidae (96)
Heptageniidae (95) Glossosomatidae (94) Limnephilidae (92)

Han Gokneung Baetidae (1831) Hydropsychidae (1813) Ephemerellidae (1144)
Chironomidae (223) Heptageniidae (148) Nepidae (134)

Han Kyongan Chironomidae (784) Hydropsychidae (170) Baetidae (140)
Coenagrionidae (90) Pleuroceridae (42)

Han Gonjiam Hydropsychidae (699) Heptageniidae (388) Ephemerellidae (190)

Han Anyang Lymnaeidae (378) Coenagrionidae (292) Platycnemiclidae (104)

Han Wangsuk Chironomidae (290) Pleuroceridae (24)

Han Jungryang Chironomidae (7409) Tubicidae (180)

Han Wooyi Chironomidae (239) Baetidae (165) Hirudinidae (106)

Han Bokha Baetidae (198) Hydropsydae (88) Chironomidae (68)

Han Tan Chironomidae (1531) Tubicidae (484) Lymnaeidae (232)

Youngsang Sanjang Chironomidae (46) Baetidae (7) EImidae (1)
Ephemerellidae (60) Heptageniidae (88)

Youngsang Chungsim Chironomidae (42) Baetidae (10)
Ephemerellidae (70) Heptageniidae (116)

Masan Samho Psychodidae (80) Tabanidae (12) Tendipedidae (1820)

Masan Kyopang Tendipedidae (20) Ephemerellidae (14)

Somjin Tongbok Hydropsychidae (2690) Ephemerellidae (1305) Chironomidae (892)
Baetidae (493) Hepageniidae (278)

Somjin Isa Hydropsychidae (3485) Ephemerellidae (1883) Heptageniidae (1371)
Chironomidae (1013) Baetidae (584) Elmidae (472)

Somjin Posung Hydropsychidae (279) Ephemerellidae (10)
Chironomidae (80) Baetidae (41) EImidae (70)

Nankdong Paenae Chironomidae (1520) Baetidae (42)

WA5AS fAS G5} SA) wnd AR
MR Az 126F0] At ¥ FEFVEE b
drd, ks Fo) THASE WP =
3} fatsleler o) RelN FHE Fo BRE
o5, G x5, Zt=z FQ}. Chironomidaed| A= F=
Diamesa (972t} +-4), Lasia, Orthocladius (7 @t}7<5),
Rheocricotopus4: 5o A= g}, sh-FAke] ol =
Ecdyonurus (e84 o] 42), Heptagenia (2 5}5-4k
o]<5), Ameletusn (2] g}u]3}#Ako] <), Paraleptophlebia
(FRH AL o] %), Epeorus Fo] el EA3}3L, 7]
e} 7}=F<l Capnia, Klotina, Neoperla3} ‘G = 7
¢l Lepidostoma<-o] xjA = gle} (L9 A, 1991).
Ax7Ee) 3 AFe 5 BA F o e AT

He dAgom fabstedor 100050 Zdshe] ]

24 AYe A9 2AFAE Bk T2 9 w4
X shFAkelFal Serratella rufa (5-&3h5Ako]) <}
Pseudocloeon<ro] tro] Z33lgict (v} 5, 1989, = %5,
1993). Pentaneura (Diptera)4o] ZE3 2 o] A} o A]
A& Wb HAAHe A= Chironomusdre] o] &
Asldok (4 &, 1991).

JAVEE FFAH 5 N AFelM =AEREE A
H AA F e 75FoE ga Wi shAkel Rl
Epeorus, Ecdyonurus (3'g2sl#4to]<4), Cincticostella
(q18}%4Fo| 4), Emphinemurag: S-o] &8 3}9]d}.

2499 3 FARE R AlFE Qe shA o
ZFE AL, vk Al w2 oAM= At
oz A wwte] ks A7 wrol F 4 7R W29
3 FATFAAE M2 AR e, o] kel A = Tendipes
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Fig. 3. The number of species in benthic macroinvertebrates collected in streams of South Korea from 1984 to 1995. A.
Total number of species, B. Number of species in Ephemeroptera, Plecoptera and Trichoptera C. Number of species
in Chironomus, Chironomidae (except chironomus) and Diptera.

(Diptera)dro] F= gho] ZRshodeh AIF=e] 5+ 33
SAE B FREA Rk oA fel 24% 0], 3

A Foll M 2050] &3}k =4 E#H Ql Deronectes
& 3}FAro] ¢l Baetis4:, Choroterpes<:, =274l

Stenopsyche (Z'2 =2 )4 % Rhyacophila(E2 =2 §)

& o] W,

i AT el A S Fwdlf, FEel 5
A F(o]3h EPTZ A3 o9o] wol 4H 3}
ANMNE 24 ehsieh(Fig. 38). BEHFr 4o

o2 &4 Fol 2T 29de] A=Y
4 b Aoz vehde dwelfE ol
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At 7o o R AFT
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musE A €3 A5 A EPTZF Yepli &= 73 gefsle] 295 F3ACAAMRE HASE spR7bA] dE
AR 293e] A EE ez ZA4E FRaEE T2 Hael dX|3FsH (Rosenberg, 1992; Armi-
AgrS wooh 2=y WAle] EPTe| vl& tha =9k tage et al., 1995; %3} %, 1999).

o), dl24 4&He] EPTE vl$ @A Jepgod Zu 716t AN = FA L fARE ke vERi ol
T3 % Chironomus<e] v B 1¥ gt 273 B 2ol ¥ # wiiAI AL EPTTAS &3
Zol wet A-gHell zfol7t YA|RE dubq oz A5 o) o A M = G F{rb FR8t BAHAA = 3



streams of South Korea from 1984 to 1995 A. Total rivers B. The Han River C. The Somjin River.
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A
0 1 2 3 4 5 6 7 8
35,37,38, (Masan River)
0 41,58 39,52, 67 77,79 91,92,94,99 102
100, 108

1| 97 51,54,59 46,48 45,57, 66 96, 103 109
(Somijin River)
8,10,11,12,13,

2 49,50 28 14,15, 16,17, 18, 23 23 :g
19,20, 21, 22, 29, '
31,47,111,113

(Han River)
0,1,69,70,71,72,
24,25, 26, 73,74,75, 83,107,
3| 32 30,33, 34 88 56,124 114,115, 117, 118, 89, 90, 93, 106
119,120, 121,122,
123
(Han River)
4 87 2,3,4,5,6,7,9,
110,112,116
40, 68, 84, 95, 101,

5| 44 36,81 85, 86 104

6 | 61 | 27,64 105 63 62,76

7 65,82 42,78

8 | 43 98

B
0 1 2 3 4 5 6 7 8
0 41 40, 67, 76 64 50, 59 2,3,4,5 52
6, 47
1
0,1
2 86 84, 85 46, 48 56
53,55 69, 70, 71
3 60, 81 83 72,73,74
75

4 44 66 43, 49

5 42,78

6 65, 82 45

7 63,77, 79 58

8 61 54 51 57

C
0 1 2 3 4 5 6 7 8

0 27 114, 117 111, 116 7,9 8,18 16, 19

1 115

2 110

3 26 30 24

4

5 25 23

6 29 113

7 32 28 22

10, 11, 12
8 33,34 21 13, 14,15
20, 31, 112
Fig. 5. The map trained by the Kohonen network for patterning the occurrence of benthic macroinvertebrates collected in
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Appendix 1. List of sample sites for collecting macroinvertebrates in South Korea from 1984 and 1995 and the location of
patterned neurans trained by the Kohonen network. Numbers in brackets indicates location in the X and Y
axis respectively in the map shown in Fig. 4.

Number River Stream Site CO%SL?%EE of Number River Stream Site CO%SU;?)? of
0 Han Chojong HCJ1 [51[3] 50 Han Gonjiam HGJ3 [2][2]
1 Han Chojong HCJ2 [51[3] 51 Han Gokneung HGNC1 [21[1]
2 Han Chojong HCJ3 [4]1[4] 52 Han Gokneung HGNC2 [2][0]
3 Han Chojong HCJ4 [4]1[4] 53 Han Gokneung HGND [81[2]
4 Han Chojong HCJ5 [4]1[4] 54 Han Gokneung HGNE1 [2][1]
5 Han Chojong HCJ6 [4]1[4] 55 Han Gokneung HGNE2 [81[2]
6 Han Chojong HCJ7 [4][4] 56 Han Gokneung HGNM1 [4][3]
7 Somjin Isa SISl [4][4] 57 Han Gokneung HGNM2 [51[1]
8 Somjin Isa SIS2 [4][2] 58 Han Gokneung HGNM3 [2][0]
9 Somjin Isa SIS3 [4][4] 59 Han Gokneung HGNM4 [2][1]

10 Somjin Posong SPS1 [4][2] 60 Han Gokneung HGNW [81[2]
11 Somjin Posong SPS10 [41[2] 61 Han Jungryang HJR1 [0][6]
12 Somjin Posong SPS11 [41[2] 62 Han Jungryang HJR2 [51(6]
13 Somjin Posong SPS2 [4]1[2] 63 Han Jungryang HJR3 [4][6]
14 Somjin Posong SPS3 [4]1[2] 64 Han Kyongan HKA1 [2]06]
15 Somjin Posong SPS4 [4]1[2] 65 Han Kyongan HKA2 [51[71
16 Somjin Posong SPS5 [4]1[2] 66 Han Kyongan HKAS3 [51[1]
17 Somjin Posong SPS6 [4]1[2] 67 Han Kyongan HKA4 [2][0]
18 Somjin Posong SPS7 [4]1[2] 68 Han Kyongan HKA5 [4][5]
19 Somjin Posong SPS8 [4][2] 69 Han Pangtae HPT1 [513]
20 Somjin Posong SPS9 [4][2] 70 Han Pangtae HPT2 [51(3]
21 Somjin Posung SC11 [4][2] 71 Han Pangtae HPT3 [51[3]
22 Somjin Posung SC12 [4][2] 72 Han Pangtae HPT4 [51[3]
23 Somjin Posung SC21 [51[2] 73 Han Pangtae HPT5 [51[3]
24 Somjin Posung SC22 [2][3] 74 Han Pangtae HPT6 [51[3]
25 Somjin Posung SC31 [2]1[3] 75 Han Pangtae HPT7 [51[3]
26 Somjin Posung SC32 [2]1[3] 76 Han Tan HT1 [51[6]
27 Somjin Posung SD1 [2][6] 77 Han Tan HT2 [4][0]
28 Somjin Posung SD2 [31[2] 78 Han Tan HT3 [61[7]
29 Somjin Posung SE1 [4]1[2] 79 Han Tan HT4 [4][0]
30 Somjin Posung SE2 [2]1[3] 80 Han Wangsuk HWS1 [81[2]
31 Somjin Posung SR1 [4][2] 81 Han Wangsuk HWS2 [31[5]
32 Somjin Posung SR2 [0][3] 82 Han Wangsuk HWS3 [51[7]
33 Somjin Posung SW1 [2][3] 83 Han Wooyi HWY1 [51[3]
34 Somjin Posung SwW2 [2][3] 84 Han Wooyi HWY2 [4][5]
35 Han Gokneung  GK1 [2][0] 85 Han Wooyi HWY3 [4][5]
36 Han Gokneung  GK2 [3][5] 86 Han Wooyi HWY4 [4][5]
37 Han Gokneung GK3 [2][0] 87 Jaeju Gwangryong JG [31[4]
38 Han Gokneung GK4 [2][0] 88 Jaeju Oedo JO [31[3]
39 Han Gokneung GK5 [2][0] 89 MaSan Hoewon MH1 [6]1[3]
40 Han Anyang HAY1 [4][5] 90 MaSan Hoewon MH2 [6]1[3]
41 Han Anyang HAY2 [2][0] 91 MaSan Hoewon MH3 [6][0]
42 Han Anyang HAY3 [6]1[7] 92 MaSan Hoewon MH4 [6][0]
43 Han Bokha HBH1 [0][8] 93 MaSan Kyopang MK1 [6]1[3]
44 Han Bokha HBH2 [O][5] 94 MaSan Kyopang MK2 [6][0]
45 Han Bokha HBH3 [51[1] 95 MaSan Kyopang MK3 [8]1[5]
46 Han Chojong HCJC1 [4][1] 96 MaSan Kyopang MK4 [6][1]
47 Han Chojong HCJC2 [4][2] 97 MaSan Samho MMS1 [0][1]
48 Han Gonjiam HGJ1 [4][1] 98 MaSan Samho MMS2 [2][8]
49 Han Gonjiam HGJ2 [21[2] 929 MaSan Samho MMS3 [6]1[0]
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Appendix 1. Continued.
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Coordinate of

Coordinate of

Number River Stream Site Neuron Number River Stream Site Neuron
100 MaSan Samho MMS4 [6][0] 113  Somjin Tongbok STB4 [4][2]
101 MaSan Samho MMS5 [8][5] 114  Somijin Tongbok STB5 [5]1[3]
102 MaSan Samho MMS6 [71[0] 115  Somjin Tongbok STB6 [5]1[3]
103 MaSan Samho MMS7 [6][1] 116  Somjin Tongbok STB7 [41[4]
104 MaSan Samho MS41 [81[5] 117  Somjin Tongbok STB8 [51[3]
105 MaSan Samho MS42 [3][6] 118 Yongsang Kwangju YKJSAL [51[3]
106 MaSan Samho MS43 [6]1[3] 119  Yongsang Kwangju YKJSA2 [51[3]
107 Nakdong Paenae NP [51[3] 120  Yongsang Kwangju YKJIBA [51[3]
108  Suyong Dongchon SDC [6]1[0] 121  Yongsang Kwangju YKJIYA [51[3]
109 Suyong  Onchon SOC [8][1] 122 Yongsang Kwangju YKJSE1 [51[3]
110  Somjin Tongbok STB1 [4][4] 123  Yongsang Kwangju YKJISE2 [51[3]
111  Somjin Tongbok STB2 [4][2] 124  Yongsang Kwangju YKJSE3 [4][3]
112  Somijin Tongbok STB3 [4][4]




