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Abstract  Environmental factors and epilithic diatom communities in the lower streams near the harbor region
of South Korean peninsula were examined during no monsoon period in May 2013. The sampling of water and
epilithic diatoms was conducted at both streams, 19 regulated streams (RS) that there are one or several dams
constructed in the river system, and 19 un-regulated streams (US) that there are no dams within the river. A
cluster analysis based on the number of species and abundance of epilithic diatoms through the stations, divided
into three groups such as groups | (mainly US), I (mixed with US and RS) and 11 (mainly RS), respectively.
Group | showed that water quality is good and high diversity of diatom, while Group Il and Il was water
quality is relatively poor, but not differed in biomass of diatom from Group |. In addition, Group Il that had high
conductivity, nitrogen and phosphorus, was the lowest in diatom diversity among them. Dominant species
were Nitzschia palea (17%) and Navicula seminuloides (11%) in Group I, Nitzschia inconspicua (19%) and
Navicula perminuta (9%) in Group II, and Nitzschia inconspicua (15%) and Nitzschia palea (14%) in Group
111, respectively. These taxa were widely distributed in brackish water, and not closely related with specific
water quality, like eutrophic water. However, the groups Il and 111 belonged to RS, had not only little biomass,
but bad water quality such as high concentrations of nutrient and chlorophyll-a. Therefore, to determine the
effect of dam construction on the lower water ecosystem, the planktonic algae, which can occur algal bloomin
the estuary, also was considered to be a parallel investigation.
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= velsi= o o] &5 o] ¢} (Kociolek and Spaulding,
2000; Hwang et al., 2011).
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Table 1. Sampling sites of water and epilithic diatoms from Korean harborsin May 2013.

NS RS

Sites Lat. Long. Sites Lat. Long.

NS1 35°53'52” 129°39'56” RS1 35°01'02” 128°2320”
NS2 35°14'38” 129°14'39” RS2 35°53'48” 127°52'13”
NS3 34°57'16” 128°06°38” RS3 34°54'04” 127°51'44”
NS4 34°53'13” 128°37'36” RS 4 34° 46'29” 127°52'29”
NS5 34°5329” 128°37°29” RS5 34° 46'35” 127°51'29”
NS 6 35° 0302 128°21'25” RS6 34°40°29” 127° 45'50”
NS7 35°03'03” 128°03'16” RS7 34°41°00” 127° 45'39”
NS8 34°59'59” 128°0325” RS8 34°39'23” 127°1905”
NS9 34°4435” 127°51'30” RS9 34° 4010”7 127°19'11”
NS 10 34°50'40” 127° 44'56” RS 10 36°06'18” 126°28'16”
NS 11 34°41'22” 127°35'06” RS 11 35°05'43” 126° 27°47”
NS 12 34°39°25” 127°16'56” RS 12 35°22'14” 126° 25'54”
NS 13 34° 39'59” 127°17'13” RS 13 35°22'06” 126° 25'41”
NS 14 34° 3012 127°17'14” RS 14 35°25'34” 126° 27'26”
NS 15 34°30'04” 127°16'55” RS 15 35°25'54” 126°27'00”
NS 16 34°28'00” 127°1325” RS 16 35°30'144” 126°3024”
NS 17 34° 2803 127°13'42” RS 17 35°30°34” 126°29'47”
NS 18 34°26'04” 127°12'08” RS 18 35°36'11” 126° 39°'51”
NS 19 34° 25'52” 127°12'07” RS 19 35° 35'40” 126°39'08”

NS: Natural streams have no dams to harvest the flowing water or to keep out the sea.
RS: Regulated streams have one or several dams to harvest the flowing water or to keep out the sea.
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Fig. 1. Dendrogram of diatom-based harbors sites classification using Euclidean’s clustering method. G1: 13 sampling sites(11 NS: 2 RS),
G2: 15 sampling sites(6 NS: 9 RS), G3: 10 sampling sites(2 NS: 8 RS). *NS: a natural stream has no dams to harvest the flowing
water or to keep out the sea. **RS: aregulated stream has one or several dams to harvest the flowing water or to keep out the sea.
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Table 2. Differences among diatom community indices (= SE) in three groups divided by cluster analysis based on the epilithic diatom

community from Korean harborsin May 2013.

Indices G1 G2 G3 F P
NSP 29.77+3.38 17.2+157° 22.9+0.95® 8.072 0.001
Abundances 293.7+54.7 254.7+50.2 400.1+83.6 1.400 0.260
Dominance 0.58+0.03 0.53+0.05 0.49+0.03 1.020 0.371
Diversity 2.11+0.13 1.97+0.18 2.26+0.09 0.876 0.425
Richness 2.35+0.3" 1.35+0.14° 1.75+0.1%* 6.385 0.004
Evenness 0.22+0.01 0.2+0.02 0.23+0.01 0.894 0.418
NSP: number of species, Abundance (unit: 10°cellscm” )

Small alphabets(a, b and c) were Tukey’s post hoc test with Bonferroni test.
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Table 3. Differences among environmental variables (+ SE) in three groups divided by cluster analysis based on the epilithic diatom com-
munity from Korean harborsin May 2013.

Variables Gl G2 G3 F P
WT (°C) 22.98+0.8% 24.13+05% 25.83+0.57° 4.448 0.019
pH 7.19+0.16% 7.93+0.1° 7.86+0.12° 9.895 0.000
SAL (%) 0.68+0.41 6.3+2.7 1.44+0.99 2.734 0.079
DO(mgL™? 8.25+0.44° 5.3440.3 5.41+0.38 19.727 0.000
BOD (mgL™) 4.14+0.62° 2.5340.56% 11.15+ 4,56 4.151 0.024
Turbidity (NTU) 20.65+2.68° 59.78+13.58° 200.98+ 66.38" 7.933 0.001
EC(uScm™) 1,019+ 591 10,156+ 4,229 2,613+1,672 2.851 0.071
TN(mgL™ 3.302+0.443° 5.269+1.338% 7.805+1.348" 3518 0.041
NH,(mgL™) 0.196+0.081° 0.246+0.073° 1.206+0.412° 7.167 0.002
NO;(mg L™ 0.82340.114 2.681+1.033 1.545+0.316 1.831 0.175
NO,(mgL™) 0.595+0.326 0.06+0.025 0.355+0.192 1.75 0.189
TP(mgL™? 0.245+0.059 0.35+0.138 0.592+0.176 1.673 0.202
PO, (mg LY 0.045+0.019 0.066+0.012 0.073+0.029 0.539 0.588
Si(mgL™) 2.219+0.439° 13.222+2.791° 9.557+2.394° 6.886 0.003
Chl-a(ugcm™?) 3.42+0.81 4.46+0.94 4.18+0.67 0.418 0.662
AFDM (mg cm™?) 2.7+0.39 2.57+0.28 3.0+0.27 0.402 0.672

WT: water temperature, SAL: sainity, DO: dissolved oxygen, EC: electric conductivity, BOD: biochemical oxygen demand, TN and TP: total nitrogen
and phosphorus, Chl-a: chlorophyll-a, AFDM: ash-free dry-matter. Small alphabets(a, b and c) were Tukey’s post hoc test.
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Fig. 3. Selected environmental variables showing significant differences among three groups divided by cluster analysis based on the
epilithic diatom community of major Korean harborsin May 2013. Small aphabets(a, b and c) were Tukey’s post hoc test.
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Fig. 4. (a) Ordination diagram showing the distribution of epilithic diatom communities in the harbor system in the South Korea
peninsula in May 2013. (b) Correlation coefficients and probabilities of environmental variables and the first tow CCA axis
(*P<0.05, **P<0.01). (c) Ordination of species selected by the IndVal analysis with significant environmental variables. Lists
of epilithic diatom in each box are indicator species of each group. WT: water temperature, SAL: salinity, DO: dissolved oxygen,
EC: electric conductivity, BOD: biochemical oxygen demand, NTU: Turbidity, TN: total nitrogen, TP: total phosphorus, NH:
NH,-N, N3: NO;-N, N2: NO,-N, P4: PO,-P, Chl-a: chlorophyll-a, AFDM: ash-free dry-matter, NS: number of species.
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M DO, pH, g= o2 ehgon], Axiszel a4
t 4, ghErjel, BODwo 2 vebgieh vlmy £l
FragE Glol detel ¥ VAL Bl 2
233459 DO Folglor], pale] 9g=gid G2g}
G3& st 8, 3¢ ol Wlwd ¥ AMYE 1
9}k (Fig. 4b).
7+ 359 BFEd A xF-2 GleA: Nitzschia fon-
ticola (100%), Gomphonema pseudoaugur (929%), Navicula
saprophila (85%), Navicula seminuloides (69%), Achn-
anthes alteragracillima (62%) 5-& =313l 18%, G24|
*]+= Cocconeis placentula (31%), Achnanthes brevipes
(27%) 55 =33 2%, G39|AE= Nitzschia gracilis
(78%), Navicula salinarum (60%), Navicula cryptocephala
(57%), Nitzschia subacicularis(50%), Navicula schroeterii
(46%) 5-¢ TV 7502, % 21%e] 2 1§ A%
Fo=2 Uehdol(Fig. 40). A3 ATl wt=md GLo] A
EZ Nitzschia fonticola, Achnanthes alteragracillima,
Cymbella silesiaca 52 vlxd ¥-2 A& WS 714
o AA AN F2 FHehe sAFEToR o
22 ¢Jo}(Krammer and Lange-Bertalot, 1988; Watanabe
et al., 2005). G2¢] #]#% Cocconeis placentula, Achn-
anthes brevipes 52 ¢ °¥~—‘:,'—°§ o7kA] Al He=
7}Aw Achnanthes brevipes®] 7% 7]4%o| A &3 3}
7|1= gt} & G339 A =:E NaV|cuIa salinarum, Navi-
cula schroeterii =& BlwA &3] &33l= o= 7|
Seel A= HAeha, B A7 A E s} BojokE 4o
o4 ulshA ZYea el gl (Lange Bertalot,
2001).
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