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Abstract  The phytoplankton community in the estuarine system is affected by changes of physicochemical
factors easily. The present study analyzed phytoplankton community distribution and similarity, in addition
to exploring factors influencing variations in phytoplankton community structure in three lakes located in the
Yeongsan River estuary from March 2014 to November 2017. We carried out non-multidimensional scaling
(NMDS) and random forest analysis (RF) for comparing the pattern of phytoplankton distribution and the
relationship between phytoplankton distribution and environmental variables. Similarity Percentage (SIMPER)
and Analysis of Similarity (ANOSIM) were performed to figure out the similarity of phytoplankton community
at each site of three lakes. From NMDS, Phytoplankton community distribution differed between Yeongsan and
Gumho lakes, and the factors influencing the distribution of phytoplankton communities across the three lakes
were water temperature, dissolved oxygen, total nitrogen (T-N), nitrate-N (NOs3-N), and conductivity. NO3-N was
a key factor influencing phytoplankton community structure in the three lakes based on RF. A total of 24 species
were identified as indicator species in the three lakes studied, with the highest species numbers observed in
Yeongsan Lake (13) and the lowest observed in Yeongam Lake (2). According to SIMPER and ANOSIM results,
the phytoplankton community in Yeongsan and Yeongam lakes were similar, and they differed from those in
Gumbho Lake. In addition, the phytoplankton community structure varied across the study sites in the three lakes,
indicating that water channels across the lakes a minor influence phytoplankton community distribution.
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Fig. 1. Sampling stations for this study in three lakes located the
Yeongsan estuary area.
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Table 1. Environmental characteristics of 3 lakes.

Gumho Yeongsan Yeongam
W.T. (°C) 18.5(8.9) 19.0(8.0) 18.0(8.5)
pH 8.2(0.3) 8.1(0.5)™ 8.0(0.3)°
Secchi depth (m) 0.5(0.4) 0.5(0.4) 0.7(0.7)
DO (mg L™") 9.4(2.1) 9.6(2.6) 9.2(2.5)
BOD (mg L™ 2.0(0.8)" 2.7(1.6)" 1.2(0.9)°
SS(mgL™ 15.6(9.3) 20.5(15.4) 15.9(9.8)
T-N(mg L™") 1.225(0.432)° 2.845(0.693)" 1.940 (0.382)°
T-P(mgL™) 0.055 (0.056)™ 0.057 (0.028)" 0.037 (0.017)°
NH3-N (mg L™) 0.168 (0.345)™ 0.238 (0.306)" 0.046 (0.037)°
NOs-N (mg L™) 0.367 (0.271)° 2.045 (0.625)" 1.347(0.375)°
PO,4-P (mg L") 0.022 (0.059)" 0.021(0.017)° 0.011(0.010)™
Cond. (umhos cm™) 2,929.8(1,083.8)" 593.9(338.6)° 1,310.4 (485.2)"

Values represented mean (standard deviation).

Different alphabets indicate significant difference among cluster groups based on Dunn’s multiple comparison test (P <0.05). W.T.: water temperature, Cond.:

conductivity.

Table 2. Number of phytoplankton species and dominant species at each site during study period.

Number of species

Dominant species (%)

Subdominant species (%)

Cya Chl Bac Others Total
GHI1 23 45 19 93 Phormidium sp. (38.4) Aphanocapsa sp. (9.8)
GH2 32 48 18 8 106  Aphanizomenon flos-aquae (26.4)  Phormidium sp. (18.5)
Gumho GH3 31 49 19 108  Aphanizomenon flos-aquae (28.7)  Phormidium sp. (14.9)
Total 43 70 23 12 148 Phormidium sp.(21.9) Aphanizomenon flos-aquae (20.9)
YS1 18 68 13 12 111 Aphanocapsa sp.(34.3) Microcystis sp.(13.9)
YS2 28 69 14 12 123 Microcystis sp. (42.0) Eudorina elegans (13.4)
Yeongsan  yg3 35 74 11 13 133 Eudorina elegans (26.6) Pediastrum simplex var. echinulatum (13.6)
Total 41 102 19 18 180  Microcystis sp.(22.0) Aphanocapsa sp. (14.7)
YAl 35 39 10 88  Merismopedia minima (17.4) Aulacoseira ambigua (15.5)
YA2 35 4 12 7 98  Aulacoseira ambigua (27.4) Microcystis sp. (11.5)
Yeongam  ya3 43 46 12 11 112 Skeletonema potamos (28.1) Aulacoseira ambigua (14.3)
Total 55 74 16 11 156  Skeletonema potamos (19.5) Aulacoseira ambigua (17.1)

Cya=Cyanophyceae, Chl = Chlorophyceae, Bac = Bacillariophyceae.
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Fig. 2. Variations of phytoplankton indices among 3 lakes in this study. Bar graphs mean average value and error bars indicate standard de-
viation. Different alphabets indicate significant difference among 3 lakes based on Dunn’s multiple comparison test (P <0.05).

2 IXHF2 ld v, GAS O B Microcystis sp.,
Aphanocapsa sp.&t & G259} Eudorina elegans,
Pediastrum simplex var. echinulatum®} 22 2271 F
8 $AFer FUHYYE, FETY 2AAHAAE
Aulacoseira ambigua, Skeletonema potamosS} 2 725
@} Merismopedia minima, Microcystis sp.9} 22 G237}
SAF 9 ol AFLE FRAFHU

Al o] Bt 285 T 25%, 925 219, 9
UT 18T FADOAN 7P 1 AT TP R
Ko, K-W test 23}, AT ot 442 SdFT= &
3t Z}o| & YEFY AtH(Dunn’s test, P<0.01, Fig. 2). 2AHA]
Al Bt 285 Al T4 2F 5t AP sRF
oA 7P WU ARFA 7P 8o, Fatz oA A
Al B+ SEZTFTY Zol7k 7HE A e, 993
oA 2 Zo|7} 7P RokTh B3 34 B @A
£ F339A 16,737 cells mL™'2 71 =% Fgzo
A 4,673 cells mL™' 2 7 Rgton] K-W test 23 53
2} JAB oA §93t 2po]E B HTH(Dunn’s test, P<0.01,
Fig. 2). 559 YT B¢ AFFNA B« 2@7HA
F7F 7V AL shRolA Bt 2 /AT 7FE Wt
o HhH FAES Y] A SFFNA Bt 2@AMATE 7P
=9k ARFOlA Bt E@MAISTE 7P Reken, AL

o

Yo ¥ 3 R S 4L BT BT 2
BT P BARARY BAS HAT A% 3

= 1y
T2

39| B¢ A7|1A=, SS, BOD, T-P, PO4-P 53 #A/d 0]

A UEL, GAFES 79 TN, NOs-NE 23 A9

o] Aol #A UEbsTh(Fig. 3(B)).

Random forest &4 23} 2559} J43 9 A2 AES
FAE NAS 7P & 9 vA = $H 8202 NOs-N
o2 ERIET FAT Y B 202 RIS (Fig.
4). B3 5339 AL AEEFEE MAISl 9= v|A
£ 89150] e Tl w]s) BT, NMDS 4] Zake}
L ue AR b A GRS s Ro
ERIF AT FArT 9] B9 2 o]Qof A L2 NOs-N
I AZIAEES F2%7F 50% oo E =4 EIEL,
FUTO BE o T vl AEEFZLE WAl B
e UA = SHLRNY FAETL AFoR We 2ES

ekt

ISAE &% 2t 28 AEFTS A% 27 3 24%
o] AAEJTHP<0.05, Fig. 5(A)). AT = 13502 B
AEo] AFF 7F 7P B, B JUEE 25 L
2 7H Aglen, 855+ 9% ARFTLE FAFHUY



296 ZolZl - Lg2 - 01UF - 054
(A) (B) 25
A Gumho 8
+ Yeongsan <’E
Yo
@ Yeongam 20 Wakor
temperature
_________ - NOSN _ 1.
A i .
/2505 1 PO:Pss pop Axis 1
20 28 25 20 -15 %-10 o P05, 10 15 204 25
A o m
DO
Gumho
il [umbo]
15 Conductivity
-2.0 -2.0

Fig. 3. The results of non-metric multidimensional scaling (NMDS) ordination based on phytoplankton communities of 3 study lakes. (a)
NMDS scatter plot, (b) NMDS plot with environmental variables.

Gumho Yeongsan Yeongam
Cond. pH BOD
Secchi Secchi DO
NH,-N BOD pH
DO DO NH;-N
T-N PO,-P Cond.
T-P TN W.T.
pH T-P ss
PO,-P NH,;-N Secchi
ss ss PO,-P
W.T. Cond. TN
BOD NO,-N T-P
NO,-N W.T. NO,-N
f T T T T i t T T T T i t T T T T |
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Relative importance (%)

Fig. 4. Relative importance (%) of different variables affecting the phytoplankton abundance in 3 lakes using random forest model.
W.T. =water temperature, Secchi = Secchi depth, Cond. = conductivity.
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Fig. 5. The result of indicator species analysis in 3 lakes with relative density and cluster analysis of study sites based on indicator species
density. (A) Bubble plots of indicator species analysis. Bubbles indicate relative density of each indicator species. (B) heatmap with cluster
dendrogram based on density of indicator species. The colorbar indicates the normalized value of indicator species density.

Table 3. The results of ANOSIM and average dissimilarity according to SIMPER using phytoplankton data among study sites.

ANOSIM

GH1 GH2 GH3 YS1 YS2 YS3 YA1 YA2 YA3
GH1 1.000
GH2 —0.062 1.000
GH3 —0.006 —0.069 1.000
YS1 0.096* 0.019 0.156%* 1.000
YS2 0.428%* 0.334%* 0.398%%* —0.032 1.000
YS3 0.343%* 0.220%* 0.362%* —0.036 -0.075 1.000
YAl 0.030 0.028 0.135%* —0.020 0.238* 0.181%* 1.000
YA2 0.1517%* 0.119* 0.236%* —0.006 0.078 0.064 —0.064 1.000
YA3 0.138%%* 0.046 0.093%* —0.023 0.064 0.051 —0.056 —0.057 1.000

SIMPER - Average dissimilarity (%)

GH1 GH2 GH3 YS1 YS2 YS3 YA1 YA2 YA3
GHI1
GH2 76.32
GH3 73.23 72.26
YS1 82.25 80.67 78.62
YS2 82.86 81.12 77.34 75.63
YS3 81.42 79.31 76.56 75.79 69.17
YA1 80.09 79.81 77.66 80.62 80.21 79.43
YA2 80.45 79.79 77.23 78.93 7547 75.40 76.70
YA3 80.06 78.59 75.00 78.81 7547 75.38 76.59 74.98

GH: Gumbho, YS: Yeongsan, YA: Yeongam
*: P<0.05, #*: P<0.01.
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