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Correlation between Biotic Factor and Abiotic Factor™
- Focus on the Case Streams in Kyonggi District-
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ABSTRACT

The analysis of correlation between the 9 element (used as the classification standard of
stream typology out of the 25 elements pertinent to the survey of hydromorphological structure)
and both emerged benthic macroinvertebrate as well as vegetation indicated that the substrate
diversity, curvature, and degree of development of the transverse bar had a high correlation
with the species composition. Only COD concentration was found to have the statistically sig-
nificant correlation with the distribution of benthos among the 12 aquatic and chemical
elements. Specifically, the analysis of the biotic and abiotic factors in this study indicated that
there was a statistically significant correlation between the sand river and cobble river in the
positive(+) and negative(-) aspects, suggesting that there is a distinctive difference between the
two types of rivers in terms of hydromorphological structure and ecological characteristics.
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Therefore, the findings of this study imply that the consideration of a biotop is prerequisite for
the evaluation of stream status regarding stream restoration or the ecological topology of streams.
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Table 1. Curvature

Index by stream

Standard for estimation typology
A F S K

Curvature

Strong meander -1 i
Moderate meander 2 1 x
Weak meander 3 2
Non curvature

~30 % very weak meander 4 3

~10 % very weak meander 5 4 «
Straight 6 5
Constrained 7 7
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Table 2. Erosion due to curvature

Index by stream typology
S,A,F
Curvature Non curvature

Standard for estimation

Frequently strongly 2 2
Rarely strongly 2 3
Frequently weakly 1 4 x
Rarely weakly 1 5
None 1 7
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Table 3. Diversity of currents

o] 50% ol4to] S12FYAE HolX| e Feoltt ¥
ALY B4z W olof wret thact,

Table 5. Width erosion

Standard for Index by stream typology
N Index by stream typology estimation S,A,F
Standard for estimation S,AK F Depth of cross ~ Very deep~ Moderate~Very K
Very high 1 1 section Deep shallow
High 2 1 Strong 3 3
Moderate 4 3 Weak 5 1 x
Low 5 5 None 7 1
None 7 7
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Table 4. Variation of depths

Index by stream typology

Standard for estimation

S,AK F
Very high 1 1
High 2 i
Moderate 4 3
Low S 5
None 7 7
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Table 6. Width variations

Index by stream typology

Standard for estimation

S,A K F
Very high 1 1
High 2 1
Moderate 4 2
Low 6 4
None 7 7
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Table 7. Substrate diversity

Index by stream typology

Standard for estimation

S,AK F
Very high 1 1
High 2 1
Moderate 4 2
Low 6 4
None 7 7
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Table 8. Special bottom structures

Index by stream typology

Standard for estimation

S,AK F
Numerous 1 1
Several 2 1
2 3 2
i 4 3
172 5 5
None 7 7
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Figure 1. The location of the study sites and
the geology of the Han River
Basin
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Table 9. General description of the study basins(Gyeonggi District, 1993, 1995, 2003a,b,c,d): N(National
stream length(km)), L(Local stream length(km))

Cobble stream (Bukhan River Watershed) Sand stream :(Namhan River Watershed)

Variable Gapyeong Jojong Guun Cheongmi Yanghwa Bokha
Stream Stream Stream Stream | Stream Stream
Stream length(km)  41.82(L34.82) 39.30(L39.00) 18.43(L15.00) 60.80(N25.0+L.35.27) 33.20(L29.81) 38.50(N19.8+L17.30)
Catchment area(kmz) 306.60 260.59 87.76 595.00 183.82 308.50
Riverbed slope 1/26~1/320 1/21~1/298 1/74~1/206 1/300~1/1,000 1/55~-1/3,500 1/151~1/658
Average basin 46.40 36.90 28.00 16.00 5.46 34.81
slope(%) .
Average basin 479.7 326.0 2710 1470 102.8 134.5
elevation(m) :
Sinuosity 207 '1.68 1.31 1.70 1.27 ) 1.54
Dominant bed Cobble Cobble Cobble '
material (5~30cm)  (5~30cm)  (5~30cm) Sand Sand Sand
o . . Agriculture:33.92  Agriculture:42.74  Agriculture:41
Land use(%) Forest: 83.23  Forest: 83 Fprest. 81.3 Forest:52.86 Forest:36.7 Forest:52.6
Geology Gneiss,Schist Gneiss,Schist Gneiss,Schist Granite Granite Granite
pH 7.1 75 72 - 7.96 7.7 777
Chemic Electric
al water conductivity , 85 127 68.9 - 340 236 658
quality (4shos) , : ' '
BOD(mg/ ¢) 1.0: IClass 1.1: IClass 0.7: I Class 2.1: Il Class 5.4: MClass
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Bukhan River
Watershed 1.0 1.3 1.3 1.3 2.0 2.0 2.0 2.7 33

Figure 2. A comparison of the hydromorphological structure quality classes for the stream

typology among the study sites

Table 10. Structure quality classes(LAWA, 2000): *EU Water Framework Guideline

Ecological condition by

Class State Index EU-WFG*
1 Unchanged 1.0~1.7
2 Slightly changed 1.8~2.6 Very good
3 Moderately changed 2.7~3.5 Good
4 Distinctly changed 36~44 Fair
5 Obviously changed 45~53 Poor
6 Strongly changed 54~6.2
7 Completely changed 63~7.0 Very poor
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Table 11. Common benthic macroinvertebrate species of cobble stream and sand stream

Cobble stream Sand stream

Scientific name of the benthic (Bukhan River Watershed) (Namhan River Watershed) Sum of

Variable macroinvertebrates Gapyeong Jojong Guun Cheongmi Yanghwa Bokha population Q
Stream  Stream Stream  Stream  Stream  Stream

21:Paraleptophlebia chocolata 14 37 58 109 4

3:Nothopsyche KUb 48 28 29 105 4

45:Stenopsyche bergeri 43 39 22 104 4

58:Semisulcospira coreana 55 38 11 104 3

51:Rhoenanthus coreanus 12 20 69 101 3

32:Cincticostella levanidovae 31 40 20 91 4

Species of 15:Ecdyonurus levis 39 15 36 90 3

cobble 23:Ecdyonurus kibunensis 29 49 12 90 4

stream - Tipulide sp.1 32 39 13 84 3

44:Sieboldius albardae 20 17 37 74 3

8:Glossosoma KUa 19 18 27 64 4

38:Davidius lunatus 16 28 18 62 3

20:Ephemera orientalis 19 11 7 37 3

2:Tipulide sp.2 7 2 16 3

25:Whitmania pigra 4 3 7 14 2

40: Limnodrilus gotoi 89.5 89 82.5 261 1

48:Physa acuta 715 66.5 48 186 1

Species of |3:Baitis thermicus 34 58.5 48.5 141 2

sand 11: Micronecta sedula 33 40.5 39.5 113 2

stream 28:Ephemera strigata 8.5 10 16.5 35 4

31:Muljarus japonicus 14 9.5 7.5 31 2

33:Orthetrum albistylum speciosum 12 5.5 13.5 31 2

Common  9:Chironomidae sp. 1 23 27 40 835 1015 93 368 1

species of 37:Aquaris paludum 30 28 28 41 445 40.5 212 2

cobble 30:Lymnaea auricularia 20 28 66 23 8 9 154 1

and sand  6:Calopteryx atrata 7 19 15 27 17.5 23.5 109 3

stream 0. Potamonectes hostilis 6 20 3 30 20 11 90 2

Table 12. Comparison of the vegetation between cobble streams and sand streams

Cobble stream (Bukhan River Watershed) Sand stream (Namhan River Watershed)

Variable Gapyeong Jojong Guun Cheongmi  Yanghwa Bokha
Stream Stream Stream Average Stream Stream Stream Average

Total number of 195 198 128 173 138 111 99 107

species

Number of species |, 4 133 14.7 13.1 8.6 8.9 9.4 8.9

per Im” of belt

Percentage of annual -\ 4o/ pgg00 4149  292% 319 % 442 % 414% 391 %

or biennial plants

Percentage of 62 % 136%  141% 113% 87 % 12.6 % 141 % 118 %

immigrated plants
Phragmites Phragmites
Salix . Japonica, Phragmites  japonica,

Principal gracilistyla, Phragmites Phragmites Humulus Jjaponica, Phragmites
dominance plant  Salix Jjaponica  japownica Japonicus-  Phragmites communis-
communities koreensis ~ community community Phalaris communis  Humulus

community arundinacea community japonicus
community community

Common species

29 species

7 species
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Table 13. Common plant species of cobble streams and sand streams from the belt-transect investigation

Plants from low-flow channel

Cobble stream

Sand stream

(Bukhan River Watershed) (Namhan River Watershed) Appearance

Variable to the levee Gapyeong Jojong Guun Cheongmi Yanghwa Bokha frequency
Stream Stream Stream Stream Stream Stream
1:Salix gracilistyla 50 17 40 107
2:Equisetum arvense 18 49 14 81
3:Carex dispalata 13 44 14 71
4:Clematis apiifolia 29 25 10 64
5:Chelidonium majus V. asiaticum 1 17 27 45
6:Stephanandra incisa 23 7 12 42
7:Amphicarpaea edgeworthii V. trisperma 9 8 23 40
8:Rosa multiflora 18 2 20 40
9:0enothera odorata 2 6 28 36
10:Youngia sonchifolia 5 18 11 34
11:Commelina communis 4 12 16 32
12:Persicaria hvdropiper 1 16 12 29
13:4ster yomena 9 9 7 25
Species 14:Lactuca indica V. laciniata 4 9 12 25
of cobble 15:Setaria viridis 3 6 15 24
stream  16:Securinega suffiuticosa 16 4 2 22
17:Viola mandshurica 5 16 1 22
18:Hosta longipes 15 4 2 21
19:Viola acuminata 7 9 4 20
20:Lysimachia vulgaris V. davurica 16 3 1 20
21:Festuca ovina 10 3 4 17
22:Miscanthus sinensis V. purpurascens 9 2 6 17
23:Morus alba 10 2 4 16
24:Viola verecunda 7 2 5 14
25:Rubia akane 2 3 7 12
26:Chenopodium album V. centrorubrum 2 2 4 8
27:Rhus chinensis 4 2 2 8
28:Fimbristylis dichotoma 4 2 2 8
29:Glycine soja 2 1 1 4
30:Phragmites communis 17 7.5 38 62.5
31:Artemisia selengensis 3 33 23 59
Species 32:Salix koreensis 3 28.5 2 335
of sand 33:Bromus japonicus 4 16.5 13 335
stream  34:Rybia cordifolia var. pratensis 5 3 7 15
35:Agropyron tsukushiense V. transiens 3 4.5 7 145
36:4gropyron ciliare 2 3 3 8
37.Artemisia princeps V. orientalis 70 91 115 13 7.5 16 3125
38:Phragmites japonica 62 129 84 12 9 10 306
Common 39:Humulus japonicus 8 43 48 30 30 56 215
species of 40:Phalaris arundinacea 3 28 50 33 52.5 23 189.5
cobble 41:Erigeron annuus 21 25 23 13 345 8 124.5
and sand 42:Stellaria aquatica 2 23 15 14 15 32 101
stream - 43 :Erigeron canadensis 4 35 27 13 4.5 4 87.5
44:Rumex crispus 2 15 23 3 12 4 59
45:Persicaria perfoliata 1 5 6 7 10.5 17 46.5
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Table 14. Result of the RDA for benthic macroinvertebrates and stream hydromorphological structures.

Result Axis Axis 1 Axis 2 v;lrr(i)atlablle
Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.821
Eigen values( 1) 0.589 0.168 1
Cumulative percentage variance

of species data 58.9 75.7

of species-environment relation 71.7 922
Species-environment correlations(R) 0.989 0.977
Canonical coefficients(c) and intra-set correlations(») ¢ r c ¥

of environmental variable EN2 -0.0575  -0.4265 -0.4708 -0.3829

of environmental variable EN4 05015  -0.7316 1.7271 0.6294

of environmental variable EN6 -1.3867  -0.968  -1.0978  0.2435

‘Range of correlation: Generally, if the correlation coefficient between two variables is 1.0, it represents perfect
correlation, =+0.9 means extreme correlation, £0.7 to +0.8 reflects high correlation, +0.5 to +0.6 means ordinary
correlation, 0.3 to +0.4 expresses weak correlation and +0.2 < represents no correlation(3 %<

I} o4, 2002).
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Figure 3. RDA ordination graph for 62 benthic macroinvertebrates and 3 stream

hydromorphological structures: Focus scaling on inter-species correlation, Species

scores divide by standard deviation, Species scaling factor and explanatory scaling

factor are 1.
Species number and their scientific name:
1: Tipulide sp.1(Qi:3), 2:Tipulide sp.2(Qi:3), 3:Nothopsyche KUa(Qi:4), 4:Kamimuria KUa(Qi:4), 5:Baetis
fuscatus(Qi:2), 6:Caloptervx atrata(Qi:3), 8:Glossosoma KUa(Qi:4), 7:Ranatra chinensis(Qi:2), 9:Chironomidae
sp. 1(Qi:1), 10:Laccophilus difficilis(Qi:2), 11: Micronecta sedula(Qi:2), 12:Hydaticus grammicus(Qi:2),
13:Baitis thermicus(Qi:2), 14:Goerodes KUa(Qi:3), 15:Ecdyonurus levis(Qi:3), 16:Macromia daimoji(Qi:2),
17:Whitmania edentula(Qi:2), 18:Semisulcospira libertina(Qi:4), 19:Erpobdella lineata(Qi:1), 20:Ephemera
orientalis(Qi:3), 21:Paraleptophlebia  chocolata(Qi:4), 22:Sympetrum  eroticum(Qi:2), 23:Ecdyonurus
kibunensis(Qi:4), 24:Cercion calamorum(Qi:2), 25:Whitmania pigra(Qi:2), 26:Unio douglasiae(Qi:2), 27:Anax
nigrofasciatus(Qi:2), 28:Ephemera strigata(Qi:4), 29:Rhyacophila XUa(Qi:4), 30:Lymnaea auricularia(Qi:1),
31:Muljarus japonicus(Qi:2), 32:Cincticostella levanidovae(Qi:4), 33:Orthetrum albistylum speciosum(Qi:2),
34:Platycnemis phillopoda(Qi:3), 35:Epeorus pellucidus(Qi:4), 36:Drunella aculea(Qi:4), 37:Aquaris
paludum(Qi:2), 38:Davidius lunatus(Qi:3), 39:Hippeutis cantori(Qi:2), 40:Limnodrilus gotoi(Qi:1), 41:Ischnura
asiatica(Qi:2), 42:Rhantus pulverosus(Qi:2), 43:Baetiella tuberculata(Qi:4), 44:Sieboldius albardae(Qi:3),
45:Stenopsyche bergeri(Qi:4), 46:Gabbia misella(Qi:2), 47:Hesperocorixa kolthoffi(Qi:2), 48:Physa acuta(Qi:1),
49:Wormaldia KUa(Qi:4), 50:Laccotrephes japonensis(Qi:2), 51:Rhoenanthus coreanus(Qi:3), 52:Corbicula
fluminea(Qi:3), 53:Semisulcospira tegulata(Qi:3), S54:Hydropsyche KUa(Qi:4), 55:ron aesculus(Qi:3),
56:Macrobrachium nipponense(Qi:3), 57:Anodonta woodiana(Qi:2), 58:Semisulcospira coreana(Qi:3), 59:Stylurus
annulata(Qi:2), 60:Potamonectes hostilis(Qi:2), 61:Dytiscidae sp. 1(Qi:2), 62:Dytiscidae sp. 2(Qi:2)
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Table 15. Result of the RDA for benthic macroinvertebrates and COD: See "Range of correlation*" in
table 15

Result Axis Axis 1 Axis 2 Total variable
Sum of all eigenvalues 1

Sum of all canonical eigenvalues 0.447

Eigen values( 1) 0.447 0.224 1
Cumulative percentage variance

of species data 44.7 67

of species-environment relation 100 0
Species-environment correlations(R) 0.868 0
Canonical coefficients(c) and intra-set correlations(r) c r c r

of environmental variable COD -1 -1 0 0

1.0
>
w

Legend
<+—— Species from cobble stream
o Species from sand stream
<+ — — Common species
of cobble stream and sand stream

(224%)

Axis 2

+

-0.8

1.5 Axds 1(44.7%) 1.0

Figure 4. RDA ordination graph for 62 benthic macroinvertebrates and COD: Focus scaling
on inter-species correlation, Species scores divide by standard deviation, Species
scaling factor and explanatory scaling factor are 1, See "Species number and their
scientific name" in figure 3.
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Table 16. Result of the CCA for plants and Substrate stream hydromorphological structures: See "Range

of correlation*" in table 15.

Result Axs Axis | Axis 2 v;rr?;%lle
Sum of all eigenvalues 2.519
Sum of all canonical eigenvalues 1.495
Eigen values( 4) 0.624 0.398 1
Cumulative percentage variance

of species data 24.7 40.6

of species-environment relation 41.7 68.4
Species-environment correlations(R) 0.997 0.979
Canonical coefficients(c) and intra-set correlations(r) c r c r

of environmental variable EN2
of environmental variable EN3
of environmental variable EN6
of environmental variable EN7

-0.5251  0.3741 0.7858  0.6571

-1.6684 -0.9007 1.2269 -0.4117
-0.7324  0.7517 2.1906  0.573
03125 0.7816  -1.069  0.2493
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Figure 5. CCA ordination graph for 116 plant species and 4 stream hydromorphological
structures:” Focus scaling on inter-species correlation, Biplot scaling(LAa), type,
Species scaling factor = 0.5, Explanatory scaling factor = 1

Species number and their scientific name:

1:Ailanthus altissima, 2:Galium spurium, 3:Setaria vidis, 4:Rorippa indica, 5:Ampelopsis brevipedunculata V.
heterophylla, 6:Salix gracilistyla, T:Youngia sonchifolia, 8:Pteridium aquilinum V. latiusculum, 9:Staphylea
bumalda, 10:Securinega suffruticosa, 11:0xalis corniculata, 12:Stephanandra incisa, 13:Carex lanceolata,
14:Festuca ovina, 15:Trigonotis peduncularis, 16:Vicia unijuga, 17:Impatiens noli-langere, 18:Corydalis
ochotensis, 19:Actinidia arguta, 20:Maackia amurensis, 21:Acer palmatum, 22:Commelina communis,
23:Bilderdykia dumetora, 24:Parthenocissus tricuspidata, 25:Carex siderosticta, 26:Aceriphyllum ossii,
27:Ambrosia artemisiifolia V. elatior, 28:Alopecurus aequalis V. amurensis, 29:Woodsia manchuriensis,
30:Kummerowia striata, 31:Berberis koreana, 32:Hypericum ascyron, 33:Impatiens textori, 34:Bidens frondosa,
35:Aster pilosus, 36:Cardamine leucantha, 37:Angelica decursiva, 38:Duchesnea chrysantha, 39:Stellaria alsine
V. undulata, 40:Weigela subsessilis, 41:Rhus chinensis, 42:Hosta longipes, 43:Torilis japonica, 44:Rubus
crataegifolius, 45:Morus bombycis, 46:Crataegus pinnatifida, 47:Rhododendron yedoense V. poukhanense,
48:Vicia angustifolia V. segetilis, 49.arex dispalata, 50:Menispermum dauricum, 51:Amphicarpaea edgeworthii
V. trisperma, 52:Lycopus ramosissimus V. japonicus, 53:Acer ginnala, 54:Lespedeza bicolor, 55:Aster yomena,
56:Malus sieboldii, 57:Chelidonium majus V. asiaticum, 58:Onoclea sensibilis V. interrupta, 59:Potentilla
fragarioides var. major, 60:Persicaria hydropiper, 61:Hemerocallis fulva, 62:Lactuca indica var. laciniata,
63:Youngia denticulata, 64:Callicarpa japonica, 65:Trisetum bifidum, 66:Viola mandshurica, 67:Artemisia
japonica, 68:Arthraxon hispidus, 69:Lespedeza maximowiczii, 70:Spiraea prunifolia for. simpliciflora, 71:Viola
acuminata, 72:Quercus serrata, 73:Boehmeria spicata, T4:Lysimachia vulgaris V. davurica, 75:Gleditsia japonica
V. koraiensis, 76:Aristolochia contorta, 77:Hemistepta lyrata, 18:Plantago asiatica, 79:Rosa multiflora, 80:Lilium
tigrinum, 8l:Aster scaber, 82:Pueraria thunbergiana, 83:Viola verecunda, 84:Euonymus alatus for.
ciliato-dentatus, 85:0enanthe javanica, 86:Metaplexis japonica, 87:Pinus densiflora, 88:Quercus mongolica,
89:Rubia cordifolia V. pratensis, 90:Salix koreensis, 91:Persicaria perfoliata, 92:Robinia pseudo-acacia, 93:Rosa
multiflora, 94:Artemisia selengensis, 95:Phragmites communis, 96:Bromus japonicus, 97:Quercus aliena,
98:Morus alba, 99:Miscanthus sinensis V. purpurascens, 100:Beckmannia syzigachne, 101:Dioscorea batatas,
102:4Agropyron tsukushiense V. transiens, 103:Stellaria aquatica, 104:0enothera odorata, 105:Rumex crispus,
106:Fraxinus rhynchophylla, 107.Persicaria thunbergii, 108:Erigeron canadensis, 109:Clematis apiifolia,
110:Carex dispalata, 111:Phalaris arundinacea, 112:Erigeron annuus, 113:Humulus japonicus, 114:Equisetum
arvense, 115:Artemisia princeps V. orientalis, 116:Phragmites japonica '
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