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Correlation Between Environmental Factors and Plant Species
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Spectrum of the Streams™
- Example of Tributaries of the Han River and Nakdong River
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ABSTRACT

For this study, which was conducted in the summer from 2004 ~2007, 10 small and medium sized streams
in Korea were selected(Munsan and Gokreung Stream in the Han River watershed, Mi, Ssanggye and Nam
Stream in the Nakdong River watershed, Gapeong and Jojong Stream in the Bukhan River watershed,
Cheongmi, Yanghwa and Bokha Stream in the Namhan River watershed), and plant surveys were performed
using the belt transect method on the most natural 1km sections of each stream in order to clarify the natural
environment condition of the plants in each stream. In the results of the plant survey, the total number of plant
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species recorded was 296. After selecting 121 species of those surveyed plant in order of frequency, an

RDA(Redundancy Analysis) and a Pearson Correlation Analysis were performed to determine the correlation

between the selected plant species and environmental factors(such as distance from channel, size of bed

material, number of bars, altitude, bed slope, width of channel, and measured data of water quality) of the study

sites. There was no significant correlation between the 121 plant species and altitude, bed slope, and number

of bars at the research sites, but the correlation of plant species with size of bed material, width of channel,
electrical conductivity, and phosphate(PO4-P) concentration was from very high to moderate. Also, the
spectrum of these plant species reflects the actual environmental conditions so the method used in the study

seems to be correct, but owing to the range of diversity, the results of the study seem to be difficult to extend

to other streams. Nevertheless, it is expected that this data can be used as a basic material for researching plants

by stream characteristics or in selecting plant species for streams.

KEY WORD : PRIORITY INVESTIGATION SECTION, BAR, BED SLOPE, SIZE OF BED MATERIAL,

CORRELATION ANALYSIS
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Figure 1. Location and geological feature of the study site
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Table 1. Standard for calculating index value
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0.500]% H-59] A, &3 AaA 571 0.40~0.30

RER

index variable Size of bed material Elevation(m) Bars Riverbed slope  Width of channel (m)
1 Silt < 50 none < 1/3,000 < 10
2 Clay 50~100 12 1/3,000~1/2,000 10~20
3 Sand 100~150 1 1/2,000~1/1,500 20~30
4 Gravel(2~10 cm) 150~200 2 1/1,500~1/1,000 30~40
5 Cobble(5~10 cm) 200~250 3 1/1,000~1/500 40~50
6 Cobble(5~30 cm) 250~300 4 1/500~1/100 50~60
7 Cobble and rock(5~30 cn<) > 300 > 5 > 1/100 = 60
Table 2. Environmental factors and grade of each stream
variable Elevation Width of channel Riverbed slope bed material Bars
Stream name m  grade m grade slope grade Size of bed material grade Number of Bars grade
Munsan .
stream 3.5 1 15 2 1/1818 3 silt 1 2 4
Gokreung .
stream 0.5 1 80 7 1/3225 1 silt 1 0 1
Mi
stream 86.4 2 30 4 1/619 5 Gravel 4 4 6
Ssanggye
stroam 56.5 2 38 4 1/495 6 Gravel 4 4 6
Nam
stream 86.5 2 35 4 1/662 5 Gravel 4 3 5
Gapyeong
stream 209.3 5 15 2 1/84 7 Cobble and rock 7 1 3
Jojong Cobble
stream 71.7 2 25 3 1/311 6 (5~30cm) 6 2 4
Cheongmi
stream 45 1 48 5 1/1408 4 Sand 3 4 6
Yanghwa
stream 313 1 45 5 1/909 5 Sand 3 4 6
Bokha 305 1 40 510990 5 Sand 3 3 5

stream
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Table 3. General description of the target stream
. National Local Average Average
Variabl Stream Dortl)ngant ?trear}rll stream  stream Catchment Si it Riverbed basin basin
anaple name cd | erﬁﬁt length  length a}z;fa 1nuosity slope slope elevation
material () gy gy K0 (%) (m)
Munsan
) ) ) 1/10~5300 243 102.2
Alluviomebed  stream i 292 116 1615 1882 1.42
streams  Gokreung 457 1606 2965 2531 175 1/67~3,500  15.4 96.42
stream
Mi 59.1 5250 374.82 203  1/208~650  29.40 2873
Nakdong stream
tiver Ssanggye  CGravel ;¢ 3840  501.83 129 1/80~1,570  25.00 197.2
watershed stream (2~ 10cm)
Nam 242 1925  164.85 1.14  1/100~400  30.00 356.0
stream
Gapyeong 2 306.6 207  126~320  46.40 479.7
Br%g?n stream - copple | Y18 34.8 : .
watershed égga’:g (5~30cm) 444 39.00 26059  1.68  1/21~206  36.90 326.0
Cheongmi 608 250 3527 59500 170 1/300=L00 g4 147.0
Namh stream 0
amhnan
river Ys'“‘t‘r‘eg;‘r’;’a Sand 33.2 2981  183.82 127  1/55~3,500  5.46 102.8
watershed
Bokha 385  19.8  17.30  308.50 154 1/151~658  34.81 134.5

stream
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Table 4. Results of the RDA for plant species and environmental factors

Result Axis Axis 1 Axis 2 Va];(i);ablle

Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.364
Eigen values()\) 0.241 0.123 1
Cumulative percentage variance

of species data 24.1 364

of species-environment relation 66.3 100.0
Species-environment correlations(R) 0.957 0.972
Canonical coefficients(c) and intra-set correlations(r) ¢l ¥ cz 72

of environmental variable Width of channel -0.7766 -0.1728 0.879 0.985

of environmental variable Size of bed material -1.1553 -0.7494 -0.2027 -0.6621
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- Legend -

emm—

Environmental factors

——
Plant species

O: Alluvium-bed streams
(1: Munsan stream,
2: Gokreung stream)
n: Streams of Nakdong river watershed
(3: Mi stream,
4: Ssanggye stream,
5: Nam stream)
0: Streams of Bukhan river watershed
(6: Gapyeong stream,
7: Jojong stream)
A: Streams of Namhan river watershed
(8: Cheongmi stream,
9: Yanghwa stream,
10: Bokha stream)

% Plant species No: refer to appendix.

1.0 Axis 1(24.1 %)

]
1.5

Figure 2. RDA ordination graph for main plant species and environmental factors: Focus scaling on inter-species

correlation
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Table 5. Water chemical factors used for forward selection

variable  water DO BOD COD SS MPN TN TP Elcrcal o b NN POLP
Stream\ {SMPREUC PH gy (ng/L) (mg/L) (me/L) /100m¢ (nelL) (ne/L) ety (nefL) (nglL) (nglL)
name

I‘ft‘rl::;n 24.0 75 59 23 64 930 2250.0 2.6565 0.2465 5540  1.8590 0.3465 0.0940
G;’tlr‘;;‘;ng 29.5 87 147 91 107 187 2500.0 3.2970 0.1400  350.5  1.9210 0.9710 0.0390
sti\ed;m 253 7.6 102 13 47 91 3700 45157 0.0537 2587  2.8700 0.0700 0.0190
Sz';‘r‘fge 273 7.8 108 25 59 9.1 3867 3.2877 0.0530  330.0  2.5483 0.0713 0.0053
S{g‘r‘n 26.7 7.9 121 15 37 33 2200 57293 0.0393 2370  4.6457 02743 0.0037
G:‘gzzf;‘g 247 75 85 06 17 04 4233 20587 0.0400 753  2.0007 0.0143 0.0357
ifrlé’;‘ﬁ 25.7 79 86 12 27 12 5667 2.3663 0.0683  135.0  2.1440 0.0030 0.0627
Ctgzgimi 27.0 80 116 35 68 17.8 146.7 2.8183 0.1210 211.0  2.2270 0.0897 0.0423
Y;‘r‘g‘r;va 27.0 82 87 28 62 644 6733 3.8000 0.1923 2377  1.8387 0.4567 0.0530
Bokha 273 7.8 92 28 61 139 140.0 43670 0.1803 4867  3.7510 0.7243 0.0890

stream
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Table 6. Results of the RDA for plant species and water chemical factors

Result Axis Axis 1 Axis 2 Total variable

Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.370
Eigen values()) 0.220 0.150 1
Cumulative percentage variance

of species data 22.0 37.0

of species-environment relation 59.5 100.0
Species-environment correlations(R) 0.904 0.910
Canonical coefficients(c) and intra-set correlations(r) 1 FI c2 2

of environmental variable Electrical conductivity -1.1651 -0.7926 0.1254 0.6097

of environmental variable PO4-P 0.7145 0.107 0.9289 0.9943

- Legend -

1.5

R N
Environmental factors

>
Plant species

QO Alluvium-bed streams
(1: Munsan stream, 2: Gokreung stream)
D: Streams of Nakdong river watershed
(3: Mi stream, 4: Ssanggye stream,
5: Nam stream)
Q: Streams of Bukhan river watershed
(6: Gapyeong stream, 7: Jojong stream)
A: Streams of Namhan river watershed
(8: Cheongmi stream,
T : e R 9: Yanghwa stream, 10: Bokha stream)

% Plant species No: refer to appendix.

Gty C
1.0 Axis 1(22.0 %) 1.0

Figure 3. RDA ordination graph for main plant species and water chemical factors: Focus scaling on inter-species
correlation
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Table 7. Result of correlation analysis between plant frequency and distance from water channel

species name corrclgtion Plot with maximum frequency
coefficient(r) 1 2 3 4 5 6 7 8 9 10
Phalaris arundinacea -0.957
Salix gracilistyla -0.929
Zizania latifolia -0.904
Persicaria thunbergii -0.891
Phragmites japonica -0.885
Potentilla paradoxa -0.821
Phragmites communis -0.816
Rubia cordifolia var. pratensis -0.757
Carex rugulosa -0.696
Viola verecunda -0.687
Persicaria hydropiper -0.670 -
Oenanthe javanica -0.641 - -
Paspalum thunbergii -0.638 - -
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Table 7. (Continued)
. cotrelation Plot with maximum frequency
species name coefficient’y 1 2 3 4 5 6 7 8 9 10

Humulus japonicus 0.667 - 1
Chelidonium majus var. asiaticum 0.674 -
Echinochloa crus-galli 0.680 -
Lactuca indica var. laciniata 0.690
Trifolium repens 0.734 -
Bromus japonicus 0.740
Aster fastigiatus 0.740 -
Ambrosia trifida 0.751
Amorpha fruticosa 0.761
Impatiens noli-langere 0.774
Bromus tectorum 0.793
Commelina communis 0.805
Ambrosia artemisiifolia var. elatior 0.808
Impatiens textori 0.812
Erigeron annuus 0.823
Aster yomena 0.831
Setaria viridis 0.839
Chenopodium album var. centrorubrum 0.859
Lepidium apetalum 0.866
Artemisia princeps var. orientalis 0.869
Parthenocissus tricuspidata 0.870
Lindera obtusiloba 0.904
Fraxinus sieboldiana 0.919
Equisetum arvense 0.928
Miscanthus sacchariflorus 0.938
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Appendix 1. Woody plants that appear more than 5 times and herbs that appear more than 10 times in belt-transect
research of each streams

. Nakdon, Bukhan Namhan
name allu\t/rlum-bed river & river river Total
Sp- streams watershed watershed watershed freque-
no- , : Mun- Gok- .. Ssan Gap- Jo- CheonYang- Bok- ncy
family species san reung Mi -gyeg yeogg jong g-mi hw§ ha

1  Gramineae Miscanthus sacchariflorus 114 22 93 35 28 292

2 Cannabinaceae Humulus japonicus 184 32 60 99 191 43 30 45 56 748
3 Chenopodiaceae cCe};zetfglrf bd;::z album var. 12 10 4 1 22 2 2 7 60
4 Cruciferae Lepidium apetalum 34 10 3 18 21 86

5  Cruciferae Rorippa islandica 4 2 20 26

6 Polygonaceae  Rumex japonicus 32 8 40

7  Compositae Artemisia selengensis 112 2 7 14 2 3 495 23 2125

8 Gramineac ~ /Opyron tsukushiense var.  poq 3, 97 g4 gy 73 675 7 52375

transiens
9 Compositae Hemistepta lyrata 2 2 8 2 12 2 2.25 30.25
10 Compositae Aster fastigiatus 38 28 66
11 Compositae Artemisia feddei 6 16 2 4 1 1 30
12 Convolvulaceae Calystegia japonica 6 6 15 18 18 7 70
13 Leguminosae  Robinia pseudo-acacia 2 19 14 23 6 64
14  Gramineae Phragmites communis 22 62 52 49 117 17 11.25 38 36825
15 Cyperaceae Carex rugulosa 16 16
16 Umbelliferae  ium suave 10 10
17 Pinaceae Pinus densiflora 9 9
18 Lauraceae Lindera obtusiloba 8 8
19 Compositae z:lrggcr)(:sza artemisiifolia var. 26 7 40 11 84
20 Umbelliferae Oenanthe javanica 5 26 6 3 1125 51.25
21 Labiatac Lycopus ramosissimus var. 28 8 1 46
Japonicus

22 Leguminosae  Amorpha fruticosa 10 25 43 3 135 94.5
23 Salicaceae Salix koreensis 5 6 4 3 4275 2 6275
24  Gramineae Setaria viridis 16 9 48 16 3 6 98
25 Fagaceae Quercus mongolica 2 11 13
26 Polygonaceae  Rumex crispus 54 92 51 2 15 3 18 4 239
27 Rosaceae Rosa multiflora 41 10 18 2 26 18 115
28 Fagaceae Quercus aliena 3 3 10 16
29 Polygonaceae  Persicaria nodosa 3 3 20 26
30 Gramineae Paspalum thunbergii 3 14 17
31 Leguminosae  Vicia villosa 2 48 3 53
32 Compositae Tagetes minuta 14 19 33
33 Salicaceae Salix glandulosa 21 1 22
34 Ulmaceae Hemiptelea davidii 7 7
35 Gramineae Setaria glauca 7 27 34
36 Cyperaceae Carex dispalata 26 11 1 13 44 17 1125 123.25
37 Ranunculaceae Clematis apiifolia 2 10 19 1 280 29 25 18 132
38 Cyperaceae Digitaria sanguinalis 2 35 5 3 45
39 Compositae Xanthium strumarium 15 1 16
40 Dioscoreaceae  Dioscorea batatas 11 1 6 1 9 28
41 Compositae Bidens frondosa 3 17 28 8 56
42  Moraceae Morus alba 10 2 22.5 345
43 Commelinaceae Commelina communis 4 18 15 4 12 225 1 56.25
44  Oleaceae Fraxinus rhynchophylla 10 13 23
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Appendix1. (Continued)
name alluvium-bed N?Ii(\(/ie;ng Bgl\il?n N?irggfn
sp. streams watershed watershed watershed frlé (thsi
no- ; . Mun- Gok- . Ssan: Gap- Jo- CheonYang- Bok- ncy
family species san reung Mi -gyeg yeoli)lg jong g-mi hwg ha
45 Gramineae  Miscanthus sinensis var. 5 9 2 11.25 2725
purpurascens
46 Borraginaceae Trigonotis peduncularis 2 11 13
47 Balsaminaceae Impatiens noli-langere 43 43
48 Betulaceae Alnus hirsuta 8 8
49 Rosaceae Rubus parvifolius 7 7
50 Salicaceae Populus tomentiglandulosa 6 6
51 Rosaceae Crataegus pinnatifida 6 4 10
52 Rosaceae g?r;r;lfngll) 5 ;‘:’ﬁ)ha for. 13 15 4 32
53 Violaceae Viola mandshurica 4 5 16 25
54 Aceraceae Acer ginnala 23 5 28
55 Rosaceae Rubus crataegifolius 2 34 3 39
56 Leguminosae Lespedeza maximowiczii 8 4 12
57 Euphorbiaceae  Securinega suffruticosa 1 16 4 21
58 Rosaceae Stephanandra incisa 23 7 30
59 Liliaceae Hosta longipes 15 4 19
60 Actinidiaceac  Actinidia arguta 8 2 10
61 Primulaceac gysichhia vulgaris var. i6 3 19
lavurica
62 Caprifoliaceae ~ Weigela subsessilis 11 2 13
63 Aspidiaceae Woodsia manchuriensis 13 2 15
64 Ulmaceae Zelkova serrata 6 1 7
65 Moraceae Morus bombycis 2 8 10
66 Urticaceae Boehmeria spicata 1 14 15
67 Balsaminaceae  mpatiens textori 36 36
68 Cyperaceae Carex lanceolata 26 26
69 Vitaceae Parthenocissus tricuspidata 24 24
70 Staphyleaceae  Staphylea bumalda 14 14
71 Ericaceae gz’ggzgs gjsr eon Yyedoense var. 14 14
72 Rutaceae Zanthoxylum schinifolium g 8
Euonymus alatus for.
73 Celastraceae ciliatg;-dentatus 8
74 Leguminosae Maackia amurensis 6 6
75 Leguminosae l({?led?tsiq Japonica var. 6
oraiensis
76 Gramineae Phragmites japonica 18 111 87 155 62 129 12 135 10 5975
77 Caryophyllaceae Stellaria alsine var. undulata 2 5 24 1 225 34.25
78 Plantaginaceae  Plantago asiatica 2 2 12 1 4 2 2 25
79 Salicaceae Salix gracilistyla 36 54 56 118 50 17 8 13.5 352.5
80 Compositae Youngia sonchifolia 10 1 5 18 34
81 Polygonaceae  Persicaria hydropiper 8 5 23 1 16 2 1 58
82 Gramineae Festuca ovina 18 2 10 3 1 1 35
83 Compositae ;‘r’l’::l"tfl’l;’ princeps var. 120 8 32 8 34 70 91 13 1125 16 57725
84 Papaveraceac  Chelidonium majus var. 3 12 18 36 1 17 5 6 127
asiaticum
85 Leguminosae Glycine soja 14 7 54 4 2 1 82
86 Onagraceae Oenothera odorata 12 2 11 27 26 2 6 45 5 95.5
87 Leguminosae Pueraria thunbergiana 14 8 22
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Appendix1. (Continued)
alluvium-bed ~ Nakdong Bukhan Namhan
name river river river
sp. streams watershed watershed watershed Total
no- M Gok san, Gay Jo- CheonYang- Bok ﬁitgl;e-
. . un- - . - - - -
family species san reung Mi -gyeg Nam yeoflg jong g-mi hwa ha
88 Labiatae Stachys riederi var. japonica 26 5 4 9 4 225 1 5125
89 Gramineae Phalaris arundinacea 156 38 67 72 3 28 33 7875 23 498.75
90 Compositae Lactuca indica var. laciniata 22 16 5 28 16 4 9 100
91 Chenopodiaceae Chenopodium album 2 6 15 23
92  Umbelliferae Angelica decursiva 22 4 13 39
93  Cruciferae Thlaspi arvense 4 2 10 7 23
94 Polygonaceae  Persicaria perfoliata 24 12 64 34 1 5 7 1575 17 17975
95 Rubiaceae Galium spurium 82 4 9 225 97.25
96 Compositae Erigeron canadensis 30 8 18 31 4 35 13 675 4 14975
97 Salicaceae Salix purpurea vart. japonica 4 9 10 23
98 Polygonaceae  Persicaria thunbergii 208 8 44 17 16 5 2475 32275
99 Equisetaceae Equisetum arvense 164 74 6 41 10 18 49 135 3 3785
; Amphicarpaea edgeworthii var.

100 Leguminosae triszermap 8 36 18 2 9 8 45 71.5
101 Gramineae Agropyron ciliare 76 4 3 5 5 2 4.5 3 1025
102 Gramineae Bromus tectorum 100 1 101
103 Caprifoliaceae  Lonicera japonica 10 2 6.75 18.75
104 Gramineae Arundinella hirta 18 1 1 20
105 Compositae Descurainia sophia 22 2 24
106 Gramineae Zizania latifolia 44 44
107 Labiatae gfgi’;%”a" hederacea var. 16 16
108 Urticaceae Urtica angustifolia 14 14
109 Compositae i’febg’r‘;%‘;i Irifida for. 10 10
110 Compositae Aster yomena 22 46 7 9 9 93
111 Compositae Youngia japonica 12 2 4 18
112 Gramineae Beckmannia syzigachne 76 3 2 1575 96.75
113 Gramineae Bromus japonicus 196 23 52 78 2 4 2475 13 39275
114 Convolvulaceae Calystegia hederacea 18 2.25 20.25
115 Compositae Erigeron annuus 180 38 1 14 50 21 25 13 5175 8 411.75
116 Asclepiadaceae  Metaplexis japonica 6 12 23 10 10 2 63
117 Leguminosae Trifolium repens 70 6 12 35 42 4 6.75 175.75
118 Cyperaceae Carex neurocarpa 34 2 2 21 7 4.5 70.5
119 Caryophyllaceae Stellaria aquatica 36 4 30 7 53 2 23 14 225 32 2235
120 Compositae Artemisia lavandulaefolia 64 4 68
121 Compositae Ambrosia trifida 234 8 242




