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Abstract In order to understand the relationship between the distribution of epilithic diatoms and the hab-
itual environments, land-use, water qualities, and epilithic diatoms were studied at 141 sampling sites in the
midwestern stream of Korean peninsula (Geum river, Mangyeong river, Dongjin river, and Sapgyo river). The
total 183 diatom taxa was appeared in the study, while the dominant species were found to be Nitzschia palea
(10.9%) and Achnanthes convergens (8.4%). Based on the abundance of epilithic diatoms, a cluster analysis
results indicate that the sampling sites divided the sampling sites into 4 groups (G) at the 25% level. In term
of geographic and aquatic environments, G-I and -II accounted for the upper and mid streams of the Geum
river, and had large forest areas and good in water quality. G-III accounted for farmland and urban, and high
concentration nutrient levels (TN and TP) and electric conductivity. G-IV accounted for mostly farmland, and
high levels in turbidity, BOD, nutrient and electric conductivity. CCA results showed that the saproxenous taxa
Meridion circulare was the indicator species of G-I, which strongly influenced by altitude and forests. In G-II,
the indifferent taxa Navicula cryptocephala was influenced by Chl-a, AFDM, and DO. In G-III and -IV, the
indifferent taxa Fragilaria elliptica and saprophilous taxa Aulacoseira ambigua were influenced by electric
conductivity, turbidity, and nutrient counts. Meanwhile, random forest results showed that the predicting factor
of indicator species appearance in G-I, -II, and -III was found to be electric conductivity whereas in G-IV it
was found to be turbidity. Collectively, the distribution of diatoms in the midwestern of Korean peninsula was
found to depend more on the land-use and its subsequent water qualities than the inherent characteristics of the
aquatic environment.
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Fig. 1. The map showing the sampling sites (totally 146 sampling sites belonged to 4 river systems) of water and diatoms of the Korean
peninsula in 2013. (a) a dendrogram of cluster analysis and (b) the map showing four groups based on diatom abundance. (I; brown-

1I; green-, I1I; blue-, IV; red-colored circle).
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Table 1. Relative species numbers and cell density of epilithic diatom community at family in the western part of the Korean peninsula in
2013. The diatom community was divided into four groups by cluster analysis based on diatom abundance. Classification of dia-

toms was followed to Simonsen (1979).

Family 1 11 11T v
Thalassiosiraceae 5(6.7%) 5(6.5%) 8 (11.1%) 10 (12.5%)
Melosiraceae 1(1.3%) 1(1.3%) 1 (1.4%) 1 (1.3%)
Fragilariaceae 11 (14.7%) 12 (15.6%) 8 (11.1%) 9 (11.3%)
Eunotiaceae 2 (2.7%) 3 (3.9%) 2 (2.8%) 1 (1.3%)
Numbers Achnanthaceae 9 (12%) 10 (13%) 8 (11.1%) 10 (12.5%)
Naviculaceae 33 (44%) 33 (42.9%) 32 (44.4%) 35 (43.8%)
Epithemiaceae 1(1.3%) 1(1.3%) 0 (0.0%) 0 (0.0%)
Bacillariaceae 8 (10.7%) 7(9.1%) 10 (13.9%) 10 (12.5%)
Surirellaceae 5 (6.7%) 5 (6.5%) 3 (4.2%) 4 (5.0%)
Thalassiosiraceae 74.1 (2.1%) 508.3 (2.9%) 410.1 (5.1%) 907.4 (9.5%)
Melosiraceae 58.0 (1.6%) 632.6 (3.6%) 1332.2 (16.5%) 257.4 (2.7%)
Fragilariaceae 458.4 (12.8%) 1945.6 (11.2%) 530.9 (6.6%) 215.9 (2.3%)
Density Eunotiaceae 11.3 (0.3%) 100.0 (0.6%) 10.1 (0.1%) 0.1 (0%)
(103 cells crn_z) Achnanthaceae 1074.2 (29.9%) 4551.1 (26.2%) 363.1 (4.5%) 593.3 (6.2%)
Naviculaceae 1552.9 (43.3%) 7212.4 (41.5%) 2967.1 (36.6%) 3625.8 (38%)
Epithemiaceae 6.2 (0.2%) 35.7 (0.2%) 0.0 (0%) 0.0 (0%)
Bacillariaceae 271.4 (7.6%) 1977.9 (11.4%) 2445.1 (30.2%) 3913.6 (41%)
Surirellaceae 81.3 (2.3%) 431.8 (2.5%) 38.8 (0.5%) 31.5 (0.3%)
Total 1 1T 1 v
Cocconeis placentula (v)
Fragilaria pinnata
Navicula viridula var. rostellata
Cyclotella meneghiniana
Navicula minima
Nitzschia inconspicua
Navicula cryptocephala
Cymbella affinis
Nitzschia spp.
Cymbella minuta
Melosira varians
Navicula contenta
Achnanthes convergens
Nitzschia palea
6 1'0 15 20 0 5 1‘0 1l5 20 0 5 lb 15 20 6 é IIO 1I5 20 i 1‘0 2|O 3b 40

Relative abundances (%)

Fig. 2. Relative abundances (%) of major epilithic diatom species observed in four groups in the western part of the Korean peninsula in
2013. The diatom community was divided into four groups (G) by cluster analysis based on diatom abundance. The major species is
the comprising species over the 1% of total abundance in each group.
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Table 2. Biological and physicochemical variables in four group divided by diatom community of the western part of the Korean peninsula
in 2013. The diatom community was divided into four groups (G) by cluster analysis based on diatom abundance. Small alphabets (a
and b) were Tukey’s post hoc test with Bonferroni test.

Variables I Il I v F P
Altitude (m) 199.6+22.1° 69+7.0° 37.8+5.0° 46.1+7.0° 33.808  <0.001
Urban (%) 6.9+3.9° 27.6+6.2° 53.5+9° 27.8+5.4° 7223 <0.001
Forest (%) 60.8+6.7° 31.0+5.5 155+7.3" 22.7+5.5" 9220  <0.001
Agriculture (%) 31.9+6.4 40.0+5.9 29.0+8.2 44.6+6.3 1.039 0.377
Width (m) 50+ 10 5749 58+ 10 120+73 0.662 0.577
Depth (cm) 41+4 4245 55+ 10 79+24 1.714 0.167
Water temperature (°C) 22.3+0.5 23.5+0.2% 23.4+0.5® 253+1.2° 2.803 0.042
Dissolved oxygen (mg L™ 10.4+0.3° 10.3+0.2° 8.0+0.3" 7.9+0.2° 28.830  <0.001
pH 7.96+0.14 8.05+0.05 8.02+0.08 8.01+0.1 0.160 0.923
Electric conductivity (uS cm™") 153.0%9.6" 271.8+25.1° 607.2+87.3° 610.9+69.9° 21389  <0.001
Turbidity (NTU) 2.9+0.4° 4.6+0.8" 21.245.2° 36.0%5.5° 22755  <0.001
Biochemical oxygen demand (mg L") 1.0£0.1°* 1.740.1° 1.9£0.29 2.9+0.3° 14.737 <0.001
NH3-N (mg L™ 0.057£0.026*  0.080+0.015*  0.165+0.056™  0.542+0.198" 4383 0.006
NO;-N(mg L™ 1.14£0.089 0.981+0.062 1.086+0.126 1.218+0.158 0.898 0.444
Total nitrogen (mg L") 1.756£0.124*  1.706+0.117°  1.964+0.259"  2.704+0.326" 5.017 0.002
PO4-P(mgL™) 0.014£0.002*  0.027£0.003"  0.033+0.008°  0.052+0.009" 7.527  <0.001
Total phosphorus (mg L™") 0.031£0.006°  0.052+0.006"°  0.068+0.016°  0.107+0.016" 8.887  <0.001
Chlorphyll-a (ug cm™) 2.240.5° 7.9+0.7° 2.0+1.0° 2.0+04" 25.368 <0.001
Ash-free dry-matter (mg cm ™) 11.3+1.3° 143+1.3° 2.5+0.5° 2.0+0.2° 34.198  <0.001
Biomass (10° cells cm ™) 100.0£21.7* 355.6+31.3° 409.2+75.0° 235.9+81.4%® 5.459 0.001
Number of species (No. cm ™) 20.4%0.6" 23.1£0.5% 24.4+1.3° 19.8+1.2° 5.126 0.002
DAIpo 69.5+2.2° 67.6+1.5° 412+2.7° 405+4.1° 30.848  <0.001
Dominance (DI) 0.49+0.02 0.48+0.02 0.52+0.03 0.57+0.03 2.979 0.034
Diversity (H') 1.00+0.03° 1.03+0.02° 0.96+0.04 0.84+0.04° 8.134  <0.001
Richness (R) 4.03+0.14 4.01+0.1 3.97+0.24 3.48+0.21 2.675 0.05
Eveness (E) 0.7740.02° 0.76+£0.01° 0.71£0.02* 0.68+£0.02° 5.547 0.001

DAlIpo; Diatom Assemblage Index to Organic water Pollution

Table 3. Good indicator species and their important values (IndVal; %) in four groups of the western part of the Korean peninsula in 2013.

The diatom community was divided into four groups (G) by cluster analysis based on diatom abundance. Good indicator is select-
ed by values were five times higher to any other groups. Monte Carlo simulations (999 permutation) were used to assess the signif-

icance of species as an indicator of each sampling site.

Good indicator species I I I v P
Meridion circulare 50 8 0 0 0.001
Cymbella leptoceros 48 0 0 0 0.001
Cyclotella stelligera 27 2 0 0 0.001
Navicula cryptocephala 7 62 0 3 0.001
Fragilaria pinnata 5 27 0 1 0.002
Fragilaria elliptica 0 0 80 2 0.001
Fragilaria construens f. venter 0 0 25 0 0.001
Aulacoseira ambigua 0 0 2 37 0.001

25% ©JAFS H9l X EF (good indicator species)> & 8
BERE -1(33), 1Q23F), H(2F), IV (1F)°] AT (Table 3).
5 12 Meridion circulare (50%), Cymbella leptoceros
(48%), Cyclotella stelligera (27%), 1+ 11 Navicula
cryptocephala (62%), Fragilaria pinnata (27%), L& 1119

Fragilaria elliptica (80%), Fragilaria construens f. venter

(25%), 1 IV Aulacoseira ambigua (37%) 2.2 Z}Z; &
H3} T (Table 3). 25 19 A ®EFQ Meridion circulare
L 274 4RY AEEOR 2 Ao Ygom, 1F I
A ®F Fragilaria pinnatas= 57 559 AZFO=2 &9

gk Ho] AT} (Cho et al., 2014).
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Fig. 3. Biological index and environmental variables in four diatom groups in the western part of the Korean peninsula in 2013. Small al-
phabets (a, b and c¢) were Tukey’s post hoc test with Bonferroni test. WT: Water temperature (°C), DO: Dissolve oxygen (mg L™"),
BOD: Biochemical oxygen demand (mg L"), TN: Total nitrogen (mg L"), TP: Total phosphorus (mg L™"), Conductivity: elelctgric
conductivity (10° uS cm™'), AFDM: Ash-free dry-matter (mg em™?), DAIpo: Diatom Assemblage Index to Organic water Pollution,
DI: Dominance index, H'": Diversity index, R: Richness index, E: Eveness index.
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(2011 9J3tH gh=r9] L =T} =2 X Ho| A5}

LB 72 Exolg F 49 o] B, %e A

52

NAEE, 32 520 FER 59 S4& 2ok Cho
et al. 2014)9]] 25t F7o FHL Fa AF A
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3} o) 5w 2B HO] FUTo] Bke £UL wal
7 ool & A7ATeLE Aolg LYok ol S QB
AR Be7kgo] o) S48 Zotet ARECH (An and
Jones, 2000; Kim and Kim, 2004). ==A] 9] H]&o] =2 3}
AL A7|AEE9 o A& Holn (Walsh, 2001),
A7|1A= =7t S71el o2t f718 B= 9997y 5
7}7} &7 FHEE T (Leland and Poter, 2000; Potapova and
Chales, 2002). 3HH &) shrof 2AMA| R o] HFH IF IV
= FTEFIL =2, 25t 2AS BYsd, Al
=xolet Ap=ET

T ot RE PO ARAGS sEo] vl ZA
U= AAoltk (Moon er al., 2001). 742 &2 @
%729 H]-&o| =21 (Rho and Lee, 2014),
= FHY F2EAS FREARRE FYEHE

(a) Numbers

10.81%
21.62%
II
10.53%
21.05%

58.67%

11T
60.07%
18.67%
22.67%

63.22%

v

17.24% 19.54%

Z+% 9 ¥EH o] H3FE ¥ It} (Shin and Cho, 2000).
E3 WA SRR AFETY shRolA fFo] 2&
3Tk (Yun er al., 2002)

3. F7IEEXIs+

DAIpoZ|=¢t #AE = BAHRARF] Tt d2FS
o33 2t (Fig. 4). & Lo A BF4-54E (>
65%)°] 7 Wo| Edsten, 15 11, IVolA 2 o&
AE (>55%)°] 7 @ol ¥yt ¢, A& 1
E A 3HFAAF (56.9%)°], L& 11, oA FH-34
% (>45%)°], TF IVOlA 39E% (622%)0] 22 &
o] Ed3ttt 1Y 1F AN T2E4E%F 43.7%)
o] IHPAFHEL Wo| EFIFIL, I1F MAHE 53
FRE (31.8%)°] TLEYFT R Wol AT

T A
P =
= s

(b) Biomass
38.81%

4.34%

56.85%

46.67%

9.68%

43.65%

31.78%

8.16%

62.21%

B Saproxenous taxa
I Indifferent taxa
I Saprophilous taxa

27.95%

Fig. 4. Relative species composition (a) and abundance (b) of epilithic diatom based on the DAIpo system (Watanabe, 2005) in the western

part of the Korean peninsula in 2013.
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F2 mhetsly] 98 CCAS AA|8HTh (Fig. 5). Axis 13+ AR oA &3k Meridion circulare (Patrick

Axis 29 57k (Eigenvalue)= 0.413, 0.0952 3 g
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and Reimer, 1966), 3743 E 9] A AL Asste FoF
oA AL3t= Cymbella leptoceros (Krammer, 2002)
ol A7 1Y AxFez SO, lalx, £9 H
9] JFL vt HLAPEoR 4R Fragilaria

r=-0.72) % 2 484
2 s, EAHE

%9
3 GO AL Bgon, 5
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AAZ 25 IS FZ0), 25 I, IVS $39
AR TE S0l AT IF 1L =

axis 25

Fl= kXS HY T, O 0L IVE
& =

B9} Axis 28 7|ES

5 %
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HaEugs gx1o

218 AA= 72
A5 o] Yepde). 1
Chl-a, AFDM, DO7} 932 u|F o, 15 119

£ #7489l

1o X xFo

19 15 IVY A&

gilaria construens f. venter (Van Dam et al., 1994)=
2 2d3en, frleded 42
7VA Aulacoseira ambigua (Krammer and Lange-Bertalot,
©2 2dPr} o5 EC. &

pinnata (Kobayasi et al., 2006) 50| 15 119] A FF02
ZdFP o, Chlorophyll-a, AFDM, DO2] 43S ettt
B3 S1Sdolt ¥ AHEES
elliptica (Taylor et al., 2007), 39 Y¥ +9& AZ3l= Fra-
a5
48342

X &3l= Fragilaria
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'’ Ao 8 e e
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a® A e © ‘s % l:’ ® . = S \“\A\gncuhue /TN PT%a P ’/Ccnducuvuy )
. o N Y ] ~ Axis 1 e y ~ Turbidity Axis 1
15 a T a5t T, . 05 " %, e+ 15 s -
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: A .b * o
A w A, a4 02 - » ‘la o ST
q ‘M A 8 u® altitude Forest 02
2 A |
A 4 b ‘e .
A = A
& 06 *a !
N a el
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A o IV
-10
(c) . (d) Environmental Probability
& 3 ] variables Axis 1 Axis 2
C Altitude -0.679™ -0.604™
Urban 0.480™ 0.205°
Forest -0.411™ -0.516™
- hal oD g Agriculture 0.034 0.206
Navicliacoptoceplae e a5, Width 0.018 0.111
Fragilaria pinnata = . = . Aulacoseira ambigua Depth 0.234" 0.054
e < L N WT 0.273" 0.462"
2 7o ok 10 .3 DO -0.723" -0.057
T » pH 0.054 0372"
2T g o o EC 0.847" 0.424"
Meridion circulare >’ s Fragilaria elljptica Turbidity 0.735" 0.233"
*———— Fragilaria construens f. venter ~ BOD 0.502" 0593
NH;-N 0.456™ 0.269™
NO;-N 0.116 0.087
TN 0.361" 0.326"
3 PO4 0.405" 0317"
Cyclotella stelligera > TP 0.442" 0.284"
Chlorophyll-a -0.440™ 0.583"
1 Je AFDM -0.492™ 0.331"
Cymbella leptoceros > CELL 0.011 0.502"
-5 NO. of species -0.091 0.064

Fig. 5. (a) CCA ordination showing the distributions of four diatom groups in the western part of the Korea peninsula in 2013. (b) Environ-
mental variables affecting epilithic diatom distribution. (c) Distributions of epilithic diatoms included indicator species. (d) Correla-
tion coefficients between environmental variables and the CCA axes 1 and 2. *P<0.05, **P<0.01. WT: Water temperature, DO:
Dissolved oxygen, BOD: Biochemical oxygen demand, EC: Electric conductivity, TN: Total nitrogen, TP: Total phosphorus, Chl-a:
Chlorophyll-a, AFDM: Ash-free dry-matter, CELL: diatom density.
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Table 4. Epilithic diatom list observed from the western part of the Korea peninsula in 2013, and the important variables (1** and 2™ vari-

ables) predicting species appearance using the random forest model. Ar: Accuracy rate, AUC: Area Under the Curve.

Important variables

Species AUC Ar IS o~ SI&IS
Achnanthes alteragracillima Lange-Bertalot 0.98 0.85 Altitude (100) TN (80) IND
Achnanthes convergens H. Kobayasi in Kobayasi 0.96 0.90 Altitude (100) EC (99.8) SX
Achnanthes exigua Grunow 0.98 0.93 EC(100) NTU (17.6) SP
Achnanthes hungarica (Grunow) Grunow 1.00 0.83 NH3-N (100) Altitude (68.7) IND
Achnanthes lanceolata (Brébisson) Grunow 0.98 0.86 NTU (100) EC (90.1) IND
Achnanthes lanceolata ssp. rostrata (@strup) Lange-Bertalot 0.99 0.92 NH3-N (100) PO4-P(45.2) IND
Achnanthes minutissima Kiitzing 1.00 0.92 BOD (100) EC (47.3) SX
Achnanthes subhudsonis Hustedt 1.00 0.92 NOs-N (100) PO4-P(82.4) SX
Asterionella formosa Hassall 0.96 0.84 EC (100) DO (35.1) SX
Aulacoseira alpigena (Grunow) Krammer 0.99 0.97 Agriculture (100) TN (54.4) IND
Aulacoseira ambigua (Grunow) Simonsen 0.98 0.93 NTU (100) Depth (59.3) 1V, SP
Aulacoseira granulata (Ehrenberg) Simonsen 0.99 0.82 Altitude (100) TP (49.8) IND
Bacillaria paradoxa Gmelin 1.00 0.82 Forest (100) BOD (90.2) IND
Caloneis silicula (Ehrenberg) Cleve 1.00 0.95 NH;-N (100) DO (89.1) IND
Cocconeis placentula Ehrenberg 0.97 0.86 EC (100) NOs-N (39.7) SX
Cocconeis placentula var. euglypta (Ehrenberg) Grunow 0.98 0.92 EC (100) DO (33.8) SX
Cocconeis placentula var. lineata (Ehrenberg) Van Heurck 1.00 0.96 NTU (100) TP (62.3) SX
Cyclotella atomus Hustedt 0.97 0.84 NTU (100) DO (30.7) SP
Cyclotella meneghiniana Kiitzing 0.98 0.90 Altitude (100) pH (86.6) SP
Cyclotella stelligera Cleve & Grunow 0.98 0.92 pH (100) Altitude (98.6) I, IND
Cymbella affinis Kiitzing 0.98 0.86 TN (100) Altitude (55.5) IND
Cymbella cistula (Ehrenberg) Kirchnner in Patrick & Reimer 0.99 0.90 EC (100) NTU (29.3) SX
Cymbella lacustris (Agardh) Cleve 1.00 0.93 Altitude (100) NTU (83.5) IND
Cymbella leptoceros (Ehrenberg) Kiitzing 0.99 0.95 Altitude (100) EC (22.8) I, IND
Cymbella minuta Hilse in Rabenhorst 0.99 0.89 EC (100) NTU (58.1) SX
Cymbella naviculiformis Auerswald in Heiberg 1.00 0.88 Altitude (100) PO4-P(70.9) IND
Cymbella sinuata var. tabellaria 0.97 0.89 Altitude (100) TN (87.6) IND
Cymbella tumida (Brébisson in Kiitzing) Van Heurck 1.00 0.93 NH3-N (100) BOD (63.6) SX
Diatoma vulgaris Bory 0.97 0.86 TN (100) NH3-N (95.4) SX
Diploneis subovalis Cleve 1.00 0.95 NH3-N (100) Depth (70.3) IND
Eunotia minor (Kiitzing) Grunow 0.99 0.90 DO (100) EC (84.8) IND
Fragilaria bidens Heiberg 0.98 0.88 DO (100) EC(92.4) IND
Fragilaria capucina var. gracilis (Qstrup) Hustedt 0.99 0.96 NH3-N (100) NTU (80.3) IND
Fragilaria capucina var. rumpens (Kiitzing) Lange-Bertalot in 0.99 0.80 EC(100) NTU (86.2) SX
Krammer and Lange-Bertalot
Fragilaria construens f. binodis (Ehrenberg) Hustedt 1.00 0.97 BOD (100) EC (40.8) IND
Fragilaria construens f. venter (Ehrenberg) Hustedt 1.00 0.97 EC(100) NH3-N (98.8) 111, SP
Fragilaria crotonensis Kitton 1.00 0.96 NTU (100) PO4-P(74.2) IND
Fragilaria elliptica Schumann 0.98 0.94 EC (100) width (48.6) III, IND
Fragilaria pinnata Ehrenberg 1.00 0.97 EC (100) NTU (61.3) 1L, SP
Fragilaria pinnata var. lancettula (Schumann) Hustedt 0.99 0.82 NTU (100) Altitude (98.5) SP
Fragilaria robusta (Fusey) Manguin 0.99 0.94 EC (100) NTU (36.1) IND
Fragilaria ulna (Nitzsch) Lange-Bertalot 0.98 0.92 EC (100) NTU (33.6) IND
Fragilaria vaucheriae var. parvula (Kiitzing) Cleve-Euler 0.99 0.92 EC (100) Altitude (90.6) IND
Gomphonema acuminatum Ehrenberg 0.98 0.95 TN (100) EC(71) IND
Gomphonema clevei Fricke in Schmidt 0.97 0.88 Altitude (100) TP(85.1) SX
Gomphonema gracile Ehrenberg 1.00 0.95 EC (100) PO4-P(77.9) IND
Gomphonema lagenula Kiitzing 0.97 0.92 EC (100) DO (97.2) IND
Gomphonema parvulum (Kiitzing) Kiitzing 0.98 0.94 Altitude (100) BOD (54.4) IND
Gomphonema pseudosphaerophorum H. Kobayasi 1.00 0.86 EC (100) DO (64.1) IND
Gomphonema quadripunctatum (@strup) Wislouch 0.96 0.86 NH;3-N (100) TP (90.2) IND
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Table 4. Continued.
Important variables
Species AUC Ar o g SI&IS
Gomphonema truncatum Ehrenberg 1.00 0.92 NTU (100) BOD (86.2) SX
Gyrosigma acuminatum (Kiitzing) Rabenhorst 0.98 0.96 TN (100) Width (75.5) IND
Gyrosigma scalproides (Rabenhorst) Cleve 1.00 0.97 NTU (100) EC(53.4) IND
Gyrosigma spencerii (J.W.Bailey ex Quekett) 1.00 0.95 NO3-N (100) EC (84.6) IND
Griffith & Henfrey
Hantzschia amphioxys (Ehrenberg) Grunow in 0.99 0.90 NH;-N (100) DO (57.5) IND
Cleve & Grunow
Melosira varians Agardh 0.98 0.82 NH;-N (100) DO (32.6) IND
Meridion circulare (Greville) C.Agardh 0.98 0.90 EC (100) Altitude (43.2) I, SX
Navicula bacillum Ehrenberg 1.00 0.95 NH3-N (100) NTU (36.7) IND
Navicula capitata Ehrenberg 0.99 0.85 NH3-N (100) EC(83) IND
Navicula capitatoradiata Germain 1.00 0.87 Forest (100) BOD (76.2) SX
Navicula clementis Grunow 1.00 0.95 EC (100) NTU (94.2) IND
Navicula contenta Grunow in Van Heurck 0.98 0.94 EC (100) DO (32.3) SX
Navicula cryptocephala Kiitzing 0.97 0.92 EC (100) DO (61.2) II, IND
Navicula cryptotenella Lange-Bertalot 0.99 0.75 BOD (100) pH (96.3) IND
Navicula cuspidate (Kiitzing) Kiitzing 0.99 0.94 NOs-N (100) NH;3-N (75.1) SP
Navicula decussis @strup 0.99 0.81 Altitude (100) NH3-N (91.3) IND
Navicula goeppertiana (Bleisch in Rabenhorst) H. L. Smith 0.99 0.93 NO3-N (100) pH (88.3) SP
Navicula gregaria Donkin 0.99 0.95 EC (100) DO (61.8) IND
Navicula minima Grunow in Van Heurck 0.98 0.95 EC (100) DO (25.6) SP
Navicula mutica Kiitzing 0.98 0.88 EC (100) pH (46.8) SP
Navicula neoventricosa Hustedt 1.00 0.9 EC (100) DO (81.4) IND
Navicula notha Wallace 0.98 0.9 EC (100) Agriculture (80.5) IND
Navicula pupula Kiitzing 0.98 0.92 EC (100) DO (38.1) SP
Navicula recens (Lange-Bertalot) Lange-Bertalot 0.99 0.94 Agriculture (100) BOD (71.1) IND
Navicula schroeteri Meister 1.00 0.95 NTU (100) NOs-N (82) IND
Navicula seminulum Grunow 1.00 0.97 PO4-P (100) NTU (99.8) SP
Navicula subminuscula Manguin 0.97 0.89 EC (100) NTU (40.5) SP
Navicula trivialis Lange-Bertalot 1.00 0.97 Depth (100) NO;-N (71.3) IND
Navicula veneta Kiitzing 1.00 0.96 EC (100) Altitude (40.3) IND
Navicula viridula var. rostellata (Kiitzing) Cleve 0.95 0.82 EC(100) Altitude (39.5) IND
Nitzschia amphibian Grunow 0.98 0.9 Altitude (100) EC (43.9) IND
Nitzschia filiformis (W. Smith) Hustedt 1.00 0.96 NTU (100) PO4-P(83.6) IND
Nitzschia fonticola Grunow in Cleve & Moller 0.99 0.93 PO4-P (100) BOD (83) SX
Nitzschia gracilis Hantzsch 0.95 0.85 Altitude (100) BOD (40.6) SP
Nitzschia inconspicua Grunow 0.98 0.94 EC(100) DO (19.8) IND
Nitzschia linearis W. Smith 0.99 0.9 TN (100) DO (79.9) IND
Nitzschia palea (Kiitzing) W. Smith 1.00 0.92 BOD (100) Urban (88.4) SP
Nitzschia sinuata var. tabellaria (Grunow) Grunow 0.99 0.88 NH3-N (100) pH (99.3) IND
Nitzschia subacicularis Hustedt in A. Schmidt et al. 1.00 0.97 TN (100) BOD (83.8) IND
Nitzschia tryblionella Hantzsch in Rabenhorst 1.00 0.95 NH;-N (100) TN (74.9) IND
Pinnularia gibba Ehrenberg 1.00 0.9 BOD (100) NH3-N (58.9) IND
Pinnularia microstauron (Ehrenberg) Cleve 0.98 0.91 EC (100) Altitude (80.7) SP
Reimeria sinuate (Gregory) Kociolek & Stoermer 0.99 0.92 BOD (100) EC (76.5) SX
Rhoicosphenia curvata (Kiitzing) Grunow in Rabenhorst 1.00 0.88 Altitude (100) Depth (51.1) SX
Stephanodiscus hantzschii Grunow 1.00 0.97 PO4-P (100) EC (90.6) IND
Surirella angusta Kiitzing 1.00 0.83 NH;3-N (100) DO (76.4) IND
Surirella linearis W. Smith 0.98 0.92 EC (100) Altitude (69.7) IND
Surirella minuta Brébisson in Kiitzing 0.99 0.92 BOD (100) pH (70.2) IND
Surirella splendida (Ehrenberg) Kiitzing 0.99 0.94 Urban (100) Agriculture (62.9) IND
Surirella tenera W.Gregory 1.00 0.95 Altitude (100) DO (98.7) IND
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Table 4. Continued.

Important variables

Species AUC Ar SI&IS
1 st 2nd
Synedra acus Kiitzing 0.93 pH (100) EC (63.8) SX
Thalassiosira bramaputrae (Ehrenberg) Hakasson & Locker 0.92 NTU (100) Altitude (99.6) IND

SI; Saprobic indicator species, IS; Indicator species, DO; dissolved oxygen, EC; electric conductivity, BOD; biochemical oxygen demand, TN and TP; total
nitrogen and phosphorus, IND; Indifferent taxa, SX; Saproxenous taxa, SP; Saprophilous taxa
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Fig. 6. Relative importance (%) of environmental variables to four epilithic diatom communities of west of the Korean peninsula from Sep-

tember 2013 using a random forest model.
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