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Abstract  With land-use (cover) and water quality, the distributional characteristics of epilithic diatom
communities were studied with 193 samples from estuaries of Korean peninsula between 2015 and 2016. Of
total 394 taxa classified, Nitzschia perminuta (19.6%) and N. inconspicua (14.0%) were the 1st and 2nd dominant
species. Using a cluster analysis, the epilithic diatom communities of Korean estuaries were divided into four
groups (G1-G4). Ecological characteristics of each group were followed: G1 was located in estuaries of the
East Sea, and characterized by high forest land-use and high DO and low nutrients; G2 was the eastern part
of the South Sea, and characterized by low turbidity and nutrients; G3 was the western part of the South Sea,
and characterized by high agriculture, low electric conductivity and low salinity; G4 was the Yellow Sea, and
characterized by high nutrients. The environmental factors having significant correlation with diatom distributions
were as follows: TN to G1, turbidity to G2, agriculture to G3, and TP to G4. Moreover, the important factors
affecting the occurrence of indicator species were forest land-use for Fragilaria construens var. venter in G1,
turbidity for Rhoicosphenia abbreviata in G2, urban land- use and total phosphorus (TP) for Bacillaria paradoxa
and Hantzschia amphioxys of G3, and TP and turbidity for N. ovalis and Stephanodiscus invistatus of G4. These
results collectively indicate that the distribution of epilithic diatom communities in Korean peninsula was largely
effected by water quality and land cover/use.
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St 49t g7) W Fol4 2 2 (Costanza et
al., 1997; Divya et al., 2009) 28] %, 3153 W37} A5}
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b 3L shto| A o] AU EE2 AAl 719 E s=
3ttt (Flemer and Champ, 2006; Lee, 2010; Rho and Lee,
2014).
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Ael -Fal, a7, F4At, A%, 95, AE 5 7
Fgo g FEETH(Rho and Lee, 2014). 3148 EX| o &
Zof A AFE (AHH 392%, 573 A 28.8%, Y 16.4%, =A
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(Rho and Lee, 2014). 3t 370 2% Holy Q3R
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Fig. 1. Left; The map showing the 193 sampling stations for the water quality and epilithic diatom sampling in Korean estuaries between
2015 and 2016. Right; Dendrogram illustrating the sites affinity based on epilithic diatom abundance. Colors in figures presents the

same groups; G1 (red), G2 (blue), G3 (green) and G4 (yellow).
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(Margalef, 1958)& Z+Z} At&3|9tt.
BHAEYY dE2Fy SHFTFE TARE 21 EY
(Cluster analysis)= A A3} tt. Ward’s linkage W2t
Euclidean A2 & ©]&sto] RAEY #39 3 REE

IL:



D

4std - z=elet -

)

|Abetal, RaETo) 3 fAMdO wet oy a2F
H23} tH(McCune and Grace, 2002).

Cluster analysis& E3lo] L8 E Z 259 Ax% U
A EHE BEA35H7] $4319] Indicator species analysis (ISA)
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A= Yepdoh AUCY ¢ 29 Aighe) AFAE o
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software (v. 21. SPSS Inc. Korea)& ©]&3}%t}. C
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L2 hrof Rt (Fig. 1) G1£ Z2 Zao] Xl sl
A (22 AFDelR, G2 =2 Fet e FHRAY
of £xst= AH (72 Zl%él)OI Fom, G3Z Fafe AHA
A} Ao FRA| Gof| EEZ3H= A (63 A]5)QL W
G4= Y72 Ao SFRA e #2t= AH (36 AR
o2 FHE

AT £F

Entomoneidaceae, Eunotiaceae, Fragilariaceae, Mel-

ol=

& Achnanthaceae, Bacillariaceae,

osiraceae, Naviculaceae, Surirellaceae Z12] 3 Thalassiosi-
raceae 5 97l I (family)2 /4 E 1 th(Table 1). Navicula-
ceaelt= HE TIFONA 40% olFe 2 F FAH|I7E 7t
A =¢ton = HARZ Wo| Zd3t = Bacillariaceae
9.7t 1§EE AZFol Y B ERLE GlolA
Fragilariaceae ¥} 2™ G292} G32 Bacillariaceae T 11
7P =S & HAHIE 299 G4 NaviculaceaZt T,
ESH G19)A EunotiaceaeT= &3 HR] &gkal, G3ojA]
Entomoneidaceae 7} &3] Tt

E AL A Nitzschia perminuta?} 7} =2 A=
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2 =2 AYNIE=E YErH £ N. inconspicua, Navicula
gregaria 5012 G2+ G3°ﬂ/\1 $3& 3%k (Fig.
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Table 1. Relative number of diatom species (N) and density (D) of epilithic diatom community at family level distributed in Korean estuar-
ies between 2015 and 2016. The estuaries were divided into four groups by cluster analysis based on epilithic diatom abundance.

Classification of diatoms was followed to Simonsen’s system.

Gl G2 G3 G4
Family (%)

N (%) D (%) N (%) D (%) N (%) D (%) N (%) D (%)
Achnanthaceae 10.62 15.61 12.80 9.08 11.61 8.13 11.86 3.36
Bacillariaceae 16.81 31.82 17.60 67.61 16.96 38.43 17.80 27.35
Entomoneidaceae 0.88 0.48 0.80 0.04 0.00 0.00 0.85 0.07
Eunotiaceae 0.00 0.00 0.80 0.02 0.89 0.02 0.85 0.02
Fragilariaceae 15.04 34.55 13.60 0.78 10.71 7.17 10.17 4.58
Melosiraceae 0.88 2.38 1.60 0.61 1.79 6.42 0.85 0.19
Naviculaceae 48.67 13.58 43.20 2141 44.64 33.31 46.61 33.56
Surirellaceae 1.77 0.13 2.40 0.22 2.68 0.72 1.69 0.16
Thalassiosiraceae 5.31 1.46 7.20 0.24 10.71 5.79 9.32 30.71

Nitzschia ovalis
Total Gl G2 G3 G4

Cyclotella meneghiniana
Hantzschia amphioxys
Fragilaria pinnata | ]
Navicula subminuscula
Navicula minima
Navicula schroeterii
Cyclotella atomus
Nitzschia paleacea
Navicula peregrina
Nitzschia amphibia
Navicula recens
Achnanthes lanceolata
Cyclotella stelligera
Cymbella minuta
Achnanthes subhudsonis ||
Fragilaria construens f. venter ||
Rhoicosphenia abbreviata i
n

i

Achnanthes alteragracillima
Melosira varians

Achnanthes minutissima
Nitzschia fonticola
Navicula perminuta
Fragilaria elliptica
Nitzschia palea
Nitzschia frustulum
Navicula gregaria
Nitzschia inconspicua
Nitzschia perminuta
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Fig. 2. Relative abundances (%) of major epilithic diatom species observed in four groups in Korean estuaries between 2015 and 2016. The
listed species was occurring over 0.5% of total abundance in each group.
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Fig. 3. Environmental variables in four groups of Korean estuaries between 2015 and 2016. Small letters (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™"),
conductivity: electric conductivity, Chl-a: Chlorophyll-a (ug cm™), AFDM: Ash-free dry-matter (mg cm ), DI; dominant index, H':

Shannon index, R; richness, e; evenness.

" 47k 35 (73)Y £9-33H4 AL vug 2
TH(ANOVA), F93t Zpol& yetd 20152 oh3a &
t} (Fig. 3). EX|o]& %= (land-use)ol| A < (forest)d] H]&
2 G3¢ G4RT G1T G294 AHH ez AN &
A (agriculture) H] &< G131} G2Xt} G304 F8HA =
Ut (p<0.05). G1Y G2&= Y F-5F AFLe= 37}

o

Foll AT 457 dFo| oAl &3k, A Y] Hle&
60% ©]Aro|th(Rho and Lee, 2014). G39| &3t= AAE
o o Ao E£231 913 (Kim and Kim, 2005), 5]

R

7h B QA A3 37 el giAsta ik & 1
B 53 HIE2 T A FF(28.8%)HTt =T

ojAL FAET 27 AHY A Ao g yed A
o]t} (Rho and Lee, 2014). G49] 3}+ AHAEL 274 4

18

A Ao AAE L, =A] H[Eo

SF-Ael A e] A wfjFolct.

2E GIT G229 AHENA EeH, pH
e

EheH.

_73_7‘5:_]

=

, ZA2 G331 G40l FsHA =8

Of

(p<0.05). 53] = (83.5NTU)9} F-4(4.665mg L),
FA(0252mg L) BF G4ollA 71 & v, §F
A (65mg LHE 7H8 Wit 9, 454 sEE §
=7 7P =9 GaolA 7P 3R, 718 GOl
A 7P Wtk (p<0.05). G4olA &8 B F42(36.9)
7h 7P Bk G2ollA 7P Wkt (25.0). GlojlA @F
o] (41.7x10% cell cm™) 7H8 Etod, 71 +e G4
(102x 10*cell cm ™).t} 48] 0]A4+e] =2 7+ it
Falet ol ERE o)A GII G2 AH H[EO]
7P wokon §E4ATE 1 IFA] BA YERT
olAL EXol =7t ¢ W JFHL 29 FHIAE
Bolth= AgAFet A3t (Tong and Chen, 2002; Lee
and Hwang, 2007). TNZ} TP 53X eF #HHE ] =
o, G394 F73A ol-§E+= G2ETh wof o|¢F T2 ATt
Ut Zleg Helrh G494 pH, B, 84, a1
R Tt 7P o, EEAL 4EA FEE 7Y
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Table 2. Relationship between indicator species and environmental variables in each group of Korean estuaries between 2015 and 2016.
The estuaries were divided into four groups by cluster analysis based on diatom abundance.

Q

Code Forest Urban  AGR WT pH SAL EC TURB DO BOD TN TP Chl-a AFDM

FRCF 0.24** 009 -0.06 0.02 -0.16% -0.04 0.09 -0.08 0.07 0.14 -0.17*  0.02 0.06 0.30%*
NATR 0.15* 014 -009 -006 -0.05 0.24%% 0.20%* 0.07 007 -002 -024** -0.06 0.01 0.41%*
FRPI 0.20%* 002 -002 -001 -0.02 0.04 0.10 -0.05 0.15% 012 -027%* -006 -001 0.37%*
SYFA 0.16%  0.24*% -023** -004 -0.04 031*% 0.16* -0.06 -0.12 -0.11 -027** 0.03 0.05 0.42%*
ACCO 0.1 0.14 -0.16* -0.06 -0.02 0.16%  0.14* -0.05 0.07 0.14 -025%* 006 -0.01 0.33%*
FRCG 0.22%*+* 0010 007 -005 =011 -0.15¥ -0.09 0.04 0.14 008 -0.18% =-0.11 -0.16* 0.19%%*
AMCP  0.09 0.04 006 -005 -001 0.01 0.09 001 -005 -007 -021*%* -003 -0.08 0.24%%*
RHAB  025** 007 -0.02 0.09 -0.16* 002 -0.12 -038** 0.15* -006 -0.15% -033** 009 -0.36%*
ACBE 002  024% -025% 0.13 0.04 021* 002 -027% -007 -002 -0.13 -0.12 0.18* -0.08
COPL 0.10 0.04 -0.10 0.13 -0.19** -0.03 -0.04 -034** 007 -002 -009 -011 -005 -030%*
BAPA -004 -023% 0.19%* 0.13 000 =005 -0.05 0.19%* 0.01 001 -0.10 -0.07 0.16* 0.09
HAAM -008 -031** 023** 006 -008 -0.11 -0.03 0.23** -0.05 0.09 -0.01 0.02 0.02 0.03
NIOV ~ -0.26%* -0.02 0.01 0.09 0.29%* -0.03 0.08 036¥* -0.07 -0.09 031** 028** -0.38%* 0.12
STIN  -021** 003 -0.3 0.05 0.23*% 0.07 0.11 0.29** -0.04 -006 0.18* 0.22%% =0.21%%  0.20%*
NIPE -0.17% 008 -0.11 0.07 0.20** 0.13 0.16%  0.33** -0.22*%* -0.03 0.15% 0.22%* —=0.38%*  0.18*
CYAT -031*%*-0.10 0.10 0.11 0.28** -0.03 0.10 043*% =0.19%* 0.03  0.19%¥%  025%* —-022%*F  0.21*%*
NAVE -0.14* -0.05 0.06 0.03 0.24%*% -0.12 0.03 0.29%% 000 =007 020%* 020%* -028*%* 0.13
STHA -027%*-0.04 0.03 0.07 0.25%* =0.00 0.09 043*% -0.16% 0.15% 0.22%%  030%* -0.24**  0.18*
NAAT -0.19%* -0.07 0.06 0.06 0.19%* -0.04 0.03 0.28** -0.15% -0.13  022%% 026%* -023%*  (.22%*
NASP  -0.16% -0.09 0.08 0.12 0.23** -0.08 0.02 023** =002 =007 020% 0.17* =025 005
AUAM -0.15% -0.01 002 -0.00 004 -001 0.04 0.26%* -0.07 001  0.17* 021%* -0.09 0.26%*
SYAU -0.11 =005 0.02 0.09 013 -0.05 0.02 0.26%* -0.06 0.02 0.12 0.20%* -0.15% 0.13
NAMN -0.12 -0.05 0.12 0.08 0.16¥ -0.14 -0.05 025%* -0.03  -0.13  023** 0.19%* -0.23** 0.10
NICN  -007  0.14* -026%* 006 -0.01 0.04 0.12 0.08 -0.05 0.04  0.16% 013  -0.12 0.09
NIFR -004 004 -002 -0.15% 005 -0.03 0.01 0.02 0.05 0.03  0.05 0.04 0.01 0.07
AUGR -0.13 -0.02 0.00 0.06 0.23*%* -0.04 0.04 0.19*% 0.02 0.00 0.07 011 -003 0.09
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FRCEF: Fragilaria construens var. venter, NATR: Navicula tridentula, FRPI: Fragilaria pinnata, SYFA: Synedra fasciculata, ACCO: Achnanthes conspicua, FRCG:
Fragilaria capucina var. gracilis, AMCP: Amphora copulata, RHAB: Rhoicosphenia abbreviata, ACBE: Achnanthes brevipes var. intermedia, COPL: Cocconeis placentula
var. lineata, BAPA: Bacillaria paradoxa, HAAM: Hantzschia amphioxys, NIOV: Nitzschia ovalis, STIN: Stephanodiscus invistatus, NIPE: Nitzschia pellucida, CYAT:
Cyclotella atomus, NAVE: Navicula veneta, STHA: Stephanodiscus hantzschii, NAAT: Navicula atomus, NASP: Navicula saprophila, AUAM: Aulacoseira ambigua,
SYAU: Synedra acus var. angustissima, NAMN: Navicula minuscula, NICN: Nitzschia constricta, NIFR: Nitzschia frustulum, AUGR: Aulacoseira granulata.

AGR; agriculture, WT: water temperature, DO: dissolved oxygen, BOD: biochemical oxygen demand, TURB; turbidity, EC: electric conductivity, TN: total nitrogen, TP:
total phosphorus, Chl-a: chlorophyll-a, AFDM: ash-free dry matter, G: group, *p <0.05, **p<0.01.

2 7P Rkl =A v &2 M BT oje B2 TA] F3 S AUAAE B4t A FEE G494 A%
H &2 A8t 2 AS 851, ARAES T = FI ¥ ABIAE BAoY G19 G29 N EFIE
U TAA oo R A7EFo] Wi, T edEH 29 AUIAE Btk Eoh HEE G2 ARFY &
o] dHl wet YA T=v =4 UEhd o2 Bl o AUBAE B0 G3¢ G4 A#FFIE F A
th(Lee er al., 2009). TEE= A5k Ado] WaEo] 9l HIAAE E v AFDM2 G29| A #3339 AL

ou 24 Aol sm OAOR ke AN 2R A o B AP & 1§ ATFRE o) HUVAZ 2
g9 Ho| BAH 2N =3 w2 S HAET ¢l At G490\ A Cyclotella atomus, Navicula atomus “L2] 1L

tt(Jeong, 2013). N. saprophila= TN, TP} 2] AAH/AE HPOoL Ak
9] v &= F9 FATAE HYCEA 2LEYWAEF
3. HEk=at Bmol StAQolufo| 2| o] EA (Jiittner et al., 1996; Watanabe et al., 2005)% 2+

Uet L Itk G199 Fragilaria capucina var. gracilisS}
7} 8919 #A = Table 29+ & Achnanthes conspicua= TN} 29| ATLIAAE e
CEES 08 xEEL AN B]E, TN 12|12 AFDM a1, 0] A= @ GHIZHE (Watanabe et al., 2005) EAS U
=2 AAAAE Bt E9] A v|E2 Gl G2 BRI At} G229 Rhoicosphenia abbreviata®} Cocconeis
A FZ7} o] AAURTIAE HPon G331 G429 A& placentula var. lineata+= B%=, BOD, TN, TP, AFDM} 2
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Fig. 4. (a) CCA ordination showing the distributions of four diatom groups in Korean estuaries between 2015 and 2016. (b) Environmental
variables affecting epilithic diatom distribution. (c) Distributions of epilithic diatoms included indicator species. (d) Correlation co-
efficients between environmental variables and the CCA axes 1 and 2. *p<0.05, **p<0.01. WT: Water temperature, SAL: Salinity,
DO: Dissolve oxygen, BOD: Biochemical oxygen demand, NTU: Turbidity, EC: Electric conductivity, TN: Total nitrogen, TP: Total

phosphorus, CHL: Chlorophyll-a, AFDM: Ash-free dry matter.

o JBBAZ e gon], oS EF LGURE
© 2 (Jiittner et al., 1996; Watanabe et al., 2005) 35|11
AU
4. RAIEY 2mo| (3t B0l HE
CCA B4 R&AEgo Exo gt A4 adE9 9
F& AAFF 9ok (Fig. 4). G1& Axis 29 29 1
o

e, G2 Axis 19] oF9] HFgko)|, G3-& Axis 29 &
3 183 G4+ Axis 1 22 HaFo| -‘Hﬂﬂ'ﬁq’(ﬁg 4a).
CCASQ] 3MIEEL Z+7to] 3174 Q0159 ArytA2

Eld A o|th(Fig. 4b). Axis 19 a4 E= (= —0.608),
AFDM (r= —0.576), TP (r= —0.498), Chl-a (r=0.363) 1

1o
o+

23 A (r=0313) =2 A4S P O™, Axis 29
i34 BH= (r=0.580), TN (0.509), =A] (r= —0.508) L&
T A (= ~0439) 50 FE AL AL Aoz
BT AREES e HAEUEY REL Fg ool
YUerY Qlth. Fragilaria fasciculata, Achnanthes conspicua,
F. capucina var. gracilis®s Amphora copulata 5 G12] A
RFE AP PFS WL o2 Yty ol F
o g WG A Sl F2 BSeE 34
SAAZo|AY FA A Zo|th (Patrick and Reimer, 1975;
Krammer and Lange-Bertalot, 1991; Watanabe et al., 2005).
Cyclotella atomus, N. atomus, N. saprophila®} 22 G42]
AEZL 29 YA S0 (Watanabe et al., 2005), B =,
TP} =& A S Eth(Fig. 4d).
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Table 3. List of epilithic diatoms and the 1st and 2nd important variables predicting species occurrence by random forest in Korean estuar-
ies between 2015 and 2016. Ar: Accuracy rate, AUC: Area Under the Curve, GI; group indicator.

Important variables

Species Ar AUC GI
Ist 2nd
Achnanthes alteragracillima Lange-Bertalot 0.83 0.98 TN TURB
Achnanthes brevipes Agardh 0.88 0.99 pH TP
Achnanthes brevipes var. intermedia (Kiitzing) Cleve 0.88 0.98 TURB SAL 2
Achnanthes clevei Grunow 0.94 1.00 TURB TN
Achnanthes conspicua Ant. Mayer 0.93 0.99 TN Forest 1
Achnanthes convergens Kobayasi, Nagumo & Mayama 0.87 0.96 EC AGR
Achnanthes delicatula (Kiitzing) Grunow 0.82 0.99 TN pH
Achnanthes exigua Grunow 0.87 1.00 TURB DO
Achnanthes hungarica (Grunow) Grunow 091 1.00 AGR Urban
Achnanthes inflata (Kiitzing) Grunow 0.90 0.99 TP TURB
Achnanthes lanceolata (Brébisson) Grunow 0.92 0.99 pH TURB
Achnanthes minutissima Kiitzing 0.86 0.95 SAL TP
Achnanthes subhudsonis Hustedt 0.90 0.98 BOD pH
Amphora australiensis J. John 0.93 0.99 TN TP
Amphora coffeaeformis (Agardh) Kiitzing 0.85 0.99 SAL TURB
Amphora copulata (Kiitzing) Schoeman and Archibald 0.90 0.98 Urban AGR 1
Amphora montana Krasske 0.94 0.99 DO pH
Amphora pediculus (Kiitzing) Grunow in Van Heurck 091 1.00 SAL BOD
Amphora strigosa Hustedt 0.94 0.99 EC SAL
Amphora veneta Kiitzing 0.90 0.96 EC SAL
Aulacoseira alpigena (Grunow) Krammer 0.94 0.99 EC BOD
Aulacoseira ambigua (Grunow) Simonsen 0.90 0.96 Urban SAL 4
Aulacoseira granulata (Ehrenberg) Simonsen 091 0.98 TURB pH 4
Bacillaria paradoxa Gmelin 0.88 0.98 Urban TURB 3
Cocconeis placentula Ehrenberg 0.89 1.00 DO Forest
Cocconeis placentula var. euglypta (Ehrenberg) Grunow 0.94 1.00 TP TURB
Cocconeis placentula var. lineata (Ehrenberg) Van Heurck 0.86 0.98 TURB TP 2
Cyclostephanos dubius (Hustedt) Round 0.95 0.99 TN TP
Cyclotella atomus Hustedt 091 0.97 TURB Forest 4
Cyclotella meneghiniana Kiitzing 0.87 0.97 TP TURB
Cyclotella pseudostelligera Hustedt 0.83 0.97 TURB TP
Cyclotella radiosa (Grunow) Lemmermann 0.93 1.00 TP AGR
Cyclotella stelligera Cleve & Grunow 0.90 1.00 TP EC
Cymbella affinis Kiitzing 091 0.98 EC Urban
Cymbella cistula (Ehrenberg) O. Kirchner 0.95 0.99 pH TP
Cymbella minuta Hilse in Rabenhorst 0.86 0.99 TP EC
Cymbella silesiaca Bleisch in Rabenhorst 0.85 0.96 TURB SAL
Cymbella sinuata W. Gregory 0.95 0.99 SAL TURB
Cymbella tumida (Brébisson) Van Heurck 0.87 0.97 TURB EC
Diploneis interrupta (Kiitzing) Cleve 0.94 0.98 DO Urban
Diploneis subovalis Cleve 0.87 0.98 TN pH
Entomoneis alata (Ehrenberg) Ehrenberg 091 0.96 SAL pH
Eunotia minor (Kiitzing) Grunow 0.95 1.00 EC SAL
Fragilaria capitellata (Grunow) J. B. Petersen 0.90 0.98 Urban AGR
Fragilaria capucina Desmazieres 0.83 0.95 AGR pH
Fragilaria capucina var. gracilis (@strup) Hustedt 0.94 1.00 EC SAL 1
Fragilaria capucina var. vaucheriae (Kiitzing) Lange-Bertalot 0.95 0.99 SAL TURB
Fragilaria construens var. venter (Ehrenberg) Grunow 0.87 0.98 Forest BOD 1
Fragilaria construens var. binodis (Ehrenberg) Grunow 0.94 0.98 SAL EC
Fragilaria elliptica Schumann 0.96 0.99 TURB TN
Fragilaria parva (Grunow) A. Tuji & D. M. Williams 0.92 1.00 BOD Urban

Fragilaria pinnata Ehrenberg 0.89 0.97 TN AGR 1
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Table 3. Continued.
Important variables
Species Ar AUC GI
Ist 2nd
Fragilaria rumpens (Kiitzing) G. W. F. Carlson 091 0.99 TURB pH
Fragilaria rumpens var. familiaris (Kiitzing) Cleve-Euler 0.89 0.99 EC SAL
Fragilaria rumpens var. fragilarioides (Grunow) Cleve-Euler 0.94 0.99 Forest AGR
Gomphonema clevei Fricke in Schmidt 091 0.99 Forest SAL
Gomphonema lagenula Kiitzing 0.79 1.00 SAL BOD
Gomphonema minutum (Agardh) Agardh 0.94 0.99 TURB AGR
Gomphonema parvulum (Kiitzing) Kiitzing 0.83 0.97 EC SAL
Gomphonema pseudoaugur Lange-Bertalot 0.87 0.97 TP SAL
Gomphonema quadripunctatum (Qstrup) Wislouch 0.93 1.00 TURB AGR
Gomphonema truncatum Ehrenberg 0.95 1.00 EC DO
Gyrosigma acuminatum (Kiitzing) Rabenhorst 091 0.99 AGR TURB
Hantzschia amphioxys (Ehrenberg) Grunow 0.90 0.98 TP AGR 3
Melosira nummuloides Agardh 0.92 0.99 pH EC
Melosira varians Agardh 091 0.98 EC pH
Meridion circulare var. constrictum (Ralfs) Van Heurck 091 0.99 EC SAL
Navicula accomoda Hustedt 091 1.00 TP TURB
Navicula atomus (Kiitzing) Grunow 0.93 0.98 TN TP 4
Navicula atomus var. permitis (Hustedt) Lange-Bertalot 097 1.00 SAL pH
Navicula capitata Ehrenberg 0.88 0.97 Urban Forest
Navicula capitata var. hungarica (Grunow) R. Ross 0.94 0.97 Forest EC
Navicula capitatoradiata Germain 0.94 0.98 AGR EC
Navicula cincta (Ehrengerg) Ralfs in Pritchard 0.92 1.00 SAL BOD
Navicula clementis Grunow 0.94 1.00 AGR Urban
Navicula contenta Grunow 0.87 0.97 AGR TP
Navicula cryptocephala Kiitzing 0.93 0.98 EC SAL
Navicula cryptotenella Lange-Bertalot 0.83 0.98 BOD TURB
Navicula goeppertiana (Bleisch in Rabenhorst) H. L. Smith 0.89 0.99 BOD AGR
Navicula gregaria Donkin 0.85 0.97 TN SAL
Navicula halophila (Grunow) Cleve 0.94 0.99 SAL EC
Navicula menisculus Schumann 091 0.99 BOD AGR
Navicula minima Grunow in Van Heurck 0.92 0.98 EC TURB
Navicula minuscula Grunow in Van Heurck 0.95 0.98 TP SAL 4
Navicula mutica Kiitzing 091 1.00 EC pH
Navicula mutica var. ventricosa (Kiitzing) Cleve & Grunow 091 0.99 pH TN
Navicula notha J. H. Wallace 0.94 1.00 EC TP
Navicula peregrina (Ehrenberg) Kiitzing 0.93 1.00 TURB Urban
Navicula perminuta (Kiitzing) Cleve & Grunow 0.89 0.98 TP EC
Navicula phyllepta Kiitzing 0.90 0.98 SAL pH
Navicula pupula Kiitzing 0.84 0.98 SAL EC
Navicula pygmaea (Kiitzing) Pantoczek 0.94 0.99 Urban EC
Navicula radiosa Kiitzing 091 0.99 TN SAL
Navicula recens (Lange-Bertalot) Lange-Bertalot 0.78 1.00 EC TP
Navicula rhynchocephala Kiitzing 0.92 0.99 AGR TURB
Navicula salinarum Grunow in Cleve & Grunow 0.87 0.97 AGR Urban
Navicula saprophila Lange-Bertalot & Bonik 0.92 0.98 TP pH 4
Navicula schroeteri Meister 0.90 0.99 TN pH
Navicula seminuloides Hustedt 0.95 0.99 TURB EC
Navicula seminulum Grunow 0.94 0.99 TP EC
Navicula subatomoides Hustedt 0.94 1.00 AGR Forest
Navicula subminuscula Manguin 0.89 0.98 TP TN
Navicula tenera Hustedt 0.87 0.99 BOD Forest
Navicula tridentula Krasske 091 0.99 AGR TURB 1
Navicula trivialis Lange-Bertalot 0.86 0.99 AGR DO




Table 3. Continued.

HEUR 2u 1

Important variables

Species Ar AUC GI
Ist 2nd
Navicula veneta Kiitzing 0.92 0.97 TP SAL 4
Navicula viridula var. rostellata (Kiitzing) Cleve 0.89 1.00 TURB TP
Nitzschia acicularis (Kiitzing) W. Smith 0.94 0.99 SAL AGR
Nitzschia amphibia Grunow 091 0.97 SAL TP
Nitzschia calida Grunow in Cleve & Grunow 0.86 0.99 DO EC
Nitzschia capitellata Hustedt 0.88 0.99 SAL TP
Nitzschia clausii Hantzsch 0.95 1.00 SAL EC
Nitzschia communis Rabenhorst 0.88 0.99 SAL EC
Nitzschia constricta (Kiitzing) Ralfs 0.87 0.99 AGR EC 4
Nitzschia dissipata (Kiitzing) Grunow 0.83 0.98 TP TN
Nitzschia filiformis (W. Smith) Hustedt 0.82 0.98 AGR TURB
Nitzschia fonticola Grunow in Cleve & Moller 0.88 0.97 AGR SAL
Nitzschia frustulum (Kiitzing) Grunow in Cleve & Grunow 0.81 0.98 EC AGR 4
Nitzschia gracilis Hantzsch 0.92 0.98 TP Urban
Nitzschia inconspicua Grunow 0.86 0.98 TURB EC
Nitzschia levidensis (W. Smith) Grunow 0.94 0.99 EC TURB
Nitzschia linearis W. Smith 0.88 0.99 TURB AGR
Nitzschia littoralis Grunow in Cleve & Grunow 0.93 0.98 BOD EC
Nitzschia ovalis H. J. Arnott 0.95 0.98 TP TURB 4
Nitzschia palea (Kiitzing) W. Smith 0.90 0.97 SAL AGR
Nitzschia paleacea (Grunow) Grunow in Van Heurck 0.82 1.00 SAL TP
Nitzschia pellucida Grunow 0.92 0.98 TURB TP 4
Nitzschia perminuta (Grunow) M. Peragallo 091 0.98 TURB BOD
Nitzschia tryblionella Hantzsch in Rabenhorst 091 1.00 EC TN
Reimeria sinuata (Gregory) Kociolek & Stoermer 0.93 1.00 EC TP
Rhoicosphenia abbreviata (Agardh) Lange-Bertalot 0.92 0.97 TURB TP 2
Stephanodiscus hantzschii Grunow 0.95 0.98 TP TURB 4
Stephanodiscus invisitatus Hohn & Hellermann 0.93 0.99 TURB AGR 4
Surirella angusta Kiitzing 0.85 0.98 EC SAL
Surirella minuta Brébisson in Kiitzing 0.82 0.97 BOD Urban
Surirella ovata Kiitzing 0.94 0.99 TP TURB
Synedra acus Kiitzing 091 0.98 DO TURB
Synedra acus var. angustissima (Grunow) Van Heurck 0.93 0.98 pH DO 4
Synedra fasciculata (C. Agardh) Kiitzing 0.89 0.99 TN SAL 1
Synedra pulchella (Ralfs in Kiitzing) Kiitzing 0.88 0.99 AGR EC
Synedra ulna (Nitzsch) Ehrenberg 0.84 0.95 AGR SAL
Tabularia fasciculata (Agardh) Williams & Round 0.93 1.00 SAL EC
Thalassiosira bramaputrae (Ehrenberg) Hiakansson & Locker 0.85 0.98 Urban AGR
Thalassiosira weissflogii (Grunow) G. Fryxell & Hasle 0.93 0.99 SAL TP

TURB: turbidity, SAL: salinity, AGR: agriculture, DO: Dissolve oxygen, BOD: Biochemical oxygen demand, EC: Electric conductivity, TN: Total nitrogen,

TP: Total phosphorus.
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Fig. 5. Relative importance (%) of predictable variables using a random forest model in four epilithic diatom communities defined by clus-
ter analysis in Korean estuaries between 2015 and 2016. Arrow is the most predictable variable on each community.
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