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Abstract — The Geum River estuary is a closed estuary where a weir built at the mouth of estuary and the environ-
ment has changed artificially. Closed estuaries discharge intermittently freshwater through the floodgates of the
weir and the freshwater discharge can affect the water quality and health of the sea areas. However, the status of
aquatic ecosystem health has not been reported for the estuary. In this study, we used the data of water properties
and phytoplankton communities collected from total 14 samplings during 2014~2017 in Geum River estuary. We
utilized WQI (Water Quality Index), TRIX (Trophic Index) and P-IBI (Phytoplankton Index of Biotic Integrity)
method for assessment of aquatic ecosystem health, and we used all the data for P-IBI standard selection. The
results of three methods of assessment showed that the aquatic ecosystem health in the outer zone was better than
in the inner zone including the stations near the estuarine weir. P-IBI especially reflected better the effect of fresh-
water discharge suggesting that P-IBI can be used to assess the health of aquatic ecosystem for the closed estuaries
such as Geum River estuary.
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Table 1. Sampling dates in the Geum River estuary (1% to 14™ survey)

Survey Sampling date Survery Sampling date
* 2014.12.19 gn 2015.12.20
2n 2015.02.13 9t 2016.04.19
30 2015.04.11 10" 2016.07.18
4™ 2015.05.26 1" 2016.10.13
5t 2015.06.23 12" 2016.12.12
6™ 2015.08.24 13" 2017.03.29
7 2015.10.26 14" 2017.10.17
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Fig. 1. Sampling stations in the Geum River estuary from 1% to 5™ survey.
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Fig. 2. Sampling stations in the Geum River estuary from 6" to 14" survey.
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WQI=10#*[bottom dissolved oxygen saturation (DO%)
+ 6*[(chlorophyll—a (chl—a)+transparency (SD))/2]
+4*[(dissolved inorganic nitrogen (DIN)
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2.3.2 TRIX (Trophic Index)
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TRIX scaleol] W} 53k 4 W WG AeE Ueldlle 155
3 obshel 4 9 R AleE vehlis 455714 7
537152 Table 201 AA8I3iTE
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(log(chlorophyll-a(ugL™) *abs%DO(%) *DIN(ungL™))*DIP(ugL™)+1.
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2.3.3 P-IBI (Phytoplankton Index of Biotic Integrity)

P-IBIE Lacoture et al.[2006]°1 2J3f AIbe AYEHAAFIB)E
ARAER REsle] Frveh A EEHEET) $7JAZKDIN, DIP,
FHEESD)YE AR o]&3I3iTt & ATolA= 48U A%
@50 DIN, DIP, SDE #8391, AEEddE A2THe
E3= chlorophyll-as} AJHAIFE 52, 6%, s, $H5)E
o] &3tt. 7123 ¢l =AM AF2(2014~20174, = 14
3HE Fgaisl o, 3R] 55 7157 chlorophyll-a H A
BRG] S5 7152 Table 33} 4of] AAISISITE. 2371 7321 }e}
HNEEFAE 57 w0 HHFAE HF5 H7BISItH(Table 2). HF

1=
a

Table 2. Grades and ranges of indices for WQI (water quality index), TRIX (trophic index) and P-IBI (phytoplankton index of biotic integrity)

WQI TRIX P-IBI
Grade Range Grade Range Trophic level Grade Range
1 (very good) <23 1 (high) 0~4 Low 1 (good) 1~1.75
2 (good) 24~33 2 (good) 4~5 Medium 2 (moderate) 1.75~2.5
3 (moderate) 34~46 3 (moderate) 5~6 High 3 (poor) 2.5~3.25
4 (bad) 47~59 4 (Poor) 6~10 Very High 4 (bad) 3.25~4
5 (very bed) > 60 - - - - -
Table 3. Scoring criteria for P-IBI (phytoplankton index of biotic integrity) using data of water properties
Factor (criteria) DIN (<0.194) DIP (<0.018) SD (<1.000)
1* grade TRUE TRUE TRUE
2™ orade either TRUE or both FALSE TRUE
3" grade either TRUE or both TRUE FLASE
4™ grade FLASE FLASE FLASE
Table 4. Scoring criteria for P-IBI (phytoplankton index of biotic integrity) using phytoplankton data
Chlorophyll-a Richness Evenness Diversity Dominance
1* grade <1.527 >2.301 >0.542 >1.483 <0.149
2" grade 1.527~2.932 2.301~2.952 0.542~0.687 1.483~1.944 0.149~1.944
3" grade 2.932~5.436 2.952~3.525 0.687~0.760 1.944~2.241 1.944~2.241
4™ grade >5.436 <3.525 <0.760 <2.241 <2.241
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Table 5. Total amount of discharge (5 days) and precipitation (7 days) before the sampling date in the Geum River estuary (1% to 14" survey)

Discharge from dike (x10°m?)

Sampling date DI D2 D3 DA D3 Total Precipitation (mm)
™ 2014.12.19 - - 36.9 - - 36.9 0.2
2 2015.02.13 - 29.1 - - - 29.1 0.1
3 2015.04.11 30.5 - - 36.0 - 66.5 20.7
4h 2015.05.26 - - - 253 - 253 0.5
5 2015.06.23 - 31.5 - 18.2 - 49.7 35.1
6" 2015.08.24 - - 14.1 - 6.6 20.7 15.9
7% 2015.10.26 - - 23.9 - - 23.9 1
8 2015.12.20 - - 38.2 - - 38.2 14.2
9 2016.04.19 31.2 29.4 - - 22.2 82.8 72.6
10™ 2016.07.18 32.9 26.6 - 33.7 27.1 120.3 28.6
e 2016.10.13 - 24.2 - - 27.4 51.6 48.1
12" 2016.12.12 - - - 18.1 - 18.1 53
13" 2017.03.29 - - - 18.5 - 18.5 0.6
14" 2017.10.17 - - - 16.4 - 16.4 3.1
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Fig. 3. Physical and chemical environmental factors of surface water during sampling date in the Geum River estuary.
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Fig. 4. Physical and chemical environmental factors of surface water in the Geum River estuary (left panels (A): spatial variations during
1* to 5™ survey; right panels (B): spatial variations during 6" to 14™ survey).
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Fig. 5. Nutrient concentrations of surface water during sampling date in the Geum River estuary.
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Fig. 6. Nutrient concentrations of surface water at each station in the Geum River estuary (left panels (A): spatial variations during 1% to
5™ survey; right panels (B): spatial variations during 6™ to 14™ survey). The shaded area denotes a potential N limitation in the DIN/DIP ratio.

EZ9% A3 (chlorophyll-a) W< Ao 2 e},
A skt A YeRd= o238t 7 91449 = river continuum
(Minshall ef al.[1985]; Vannote et al[1980]) A= slr50= W
FE =y S 3 R Al AlghA o ® yepdtha &
T AUTHK(Sin et al[2015]). SHATE o] 28l AElAE FU€E

LAEAS] FHoY A X &H o E JEFS vE 73
o] 23}, Yu er al.[2007]9) KEI[2006]2] AA7-A o] up=,
sHe] 57391 §419) 2 9dS st dllre] dhitg 34she
715799 9] 7)50] AAlE 2dl st el HE ddel 4o
U WQI o] 3~55H9] W s Belvfar Hard b gl
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Fig. 7. Chlorophyll-a of surface water in the Geum River estuary ((A): temporal variations; (B): spatial variations during 1 to 5™ survey;

(C): spatial variations during 6™ to 14" survey).

3.4.2 TRIX (Trophic Index)

143 1285 159 62 AR AN OE 3455 o)t 4
= vEhso ), U alledoll 4] TRIX scale 60140 & F-¢joks)
el (45 B7HEAUTHFig. 9). A5 S ellM= TRIX scaleC]
501 6018te] Hol HEGew)® H7HE3int 159 84
FH 17 108 ZARE Y B3 25 s Het U5 sljofollx] Al
Ao Z ook Al Uellth(Fig. 9). AIRFE S 2 FEig 7
S UERA] oo, -t 455 0% T FEE vEr
WekFig. 9).
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59 o 5 Itk ol R A H9E FFAFA A5 gk 37
G4 2 depa) otahel 9B F9l) WEow ArAr o

A} Bl = g WHR o] 3o TRIX scaled] S71R= HH&
Kol QIUk(Sin ef al.[2013]). B3, 27 sl 31o)S al5tso)
T P ol F FR=A vk A Y JUAF s Sl
B AEEFIE % A 7hsAdo] lvka €A 1o (Yang
et al[1999]), Kim et al.[1998]2] COD, TIN % DIPZ o] &3 ¥
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Fig. 8. Assessment of ecosystem health using WQI (water quality index) in the Geum River estuary.
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Fig. 9. Assessment of ecosystem health using TRIX (trophic index) in the Geum River estuary.

3.4.3 P-IBI (Phytoplankton Index of Biotic Integrity) SH)E H(Fig. 10). 3E 02 tAH o7 34555 U}
P-IBIE &35 174 F7HaAdE B, A0 WQISH - BRPEA U5 afj9felA] B G5, &5 allelM 2 59 B

ARl A2E 2-355)E Al OIFRe Al7)ol W& SFG3~4 ¢l WQI(Fig. 8), thi-#-2] gl @ SFS ¥3l TRIX(Fig.
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Fig. 10. Assessment of ecosystem health using P-IBI (phytoplankton index of biotic integrity) in the Geum River estuary.

9)eh= thar dolst At ERlE i) 53], T el 7R
ok 16 493 79 A7)0 WQL, TRIXS) B 8- o1
gt oh el 215 (st 8, 97HA P-IBI7} R 5
A dshE veRiEY ol B 4o A2 /\]'u‘%‘:}. Choi et
al[2002]2] A Azl &k, 27 st sl Yt 79l
S w AT @ Ao st. 8, 9) AE SATA] FES niH= A
O AAE B} Q).

0|3t Aypl= T H7IX9=(WQI, TRIX)®} TF2 A P-IBINle

AzFE oz A AL SERistel wiztskAl RESehs AlEER
JE THEERA, *ﬂEHZlT)Ol xgkE|o] Q7] Wil Ao FE AlR
ok Ao RRAES T 3 7P dAs SAE
HojT= *§ﬁi deiA] Quok. 1 Tl AEeEdaEe A
eiAle] s fAIsk] flsl Zast ‘Qx}@*&% Hstar glo.
v Aol 347 Wistol] tiaf wE L vizkelA whsate] 99l A%
o] 2 AoF Hawal S’}E]-(Hellawell[1986]; Suthers and
Rissik[2009]).

FHAE 53] AEEFAES 1A ARE Z-8-3 Beak ef
al. [2010]4 Oﬂ? Ao chlorophyll-a7} 3|23 2] =2 W A7}
g vletel] a3k At & 4= 9SS AAESITE TS, o
S Al olA= Bt ‘rrd?]_ o] 5o ‘QT 13l HEEHEIEY
MAF7F S7VehaA & sk i 2
EEEAE WA, %@E% 7Yk 7 %k— Hol:=

al[2011]; Sin et al.[2012]; Sin and Jeong[2014]; Y:

=

o)

o

'_\1
r1r

dl(Jeong et
ang et al[2014]), ¥

Gakrolr el olele At HEEIAE Fo S} vy 1k
£ AR O A ool Vlefshs 202 Barel v Srk(Lee

et al.[2017)).
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AHEA A3} A8 (Sal.yS DIN, DIP, 'W+%(Dis.), chl-a2l
°JgH(P<0.01) =2] A& BTk AEEFTE A (chl-ayp>
W, DIN, -$-7 % (Domin.), 3 7}4]4=(WQI, TRIX, P-IBI)E3}
F2gh(P<0.01, P<0.05) ¥°] HAE Yelston G, 5%
(Even.), THFFE (Diver.)2h= -2 $HP<0.01) &2] AF0AE Kl
Th(Table 6). ©1i= 315 g &8 B 9le] 57 a2 &
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Table 6. Correlation matrix of environmental factors, nutrient, phytoplankton and ecosystem integrity status in the Geum River estuary (N=274)

Sal. DIN DIP Dis. Chl-a Rich. Even. Diver. Domin. P-IBI WQI TRIX
Sal. 1
DIN -.86" 1
DIP -29" 457 1
Dis. -33" 197 -14 1
Chl-a -.40" 33" -13° 15" 1
Rich. .10 -12° -.06 =277 -.04 1
Even. .08 .02 26” -.12 -35" 37 1
Diver. .03 .01 .08 -17" -20" 67" 87" 1
Domin. -.03 -.02 -15 A1 23" -517 -93" -.95" 1
P-IBI -12 .07 -.19™ 19" 27" -62" 75" -76" a1 1
WQI -57" 52" 25" .06 44" -.10 -26" -.16" 217 .06 1
TRIX -70" .80" 45" .05 617" .03 -.06 .02 .00 .05 58" 1
“P<0.01, "P<0.05, Sal: salinity, DIN: dissolved inorganic nitrogen, DIP: dissolved inorganic phosphate, Dis: discharge, Chl-a: chlorophyll-

a, Rich: richness, Even: evenness, Diver: diversity, Domin: dominance, P-IBI: phytoplankton index of biotic integrity, WQI: water quality

index, TRIX: trophic index

H(P<0.01, P<0.05)
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