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The Effect of Drought Simulated by Discharge Control on Water Quality and Benthic Diatom
Community in the Indoor Experimental Channel. Park, Hye-Jin, Baik-Ho Kim, Dongsoo Kong*
and Soon-Jin Hwang* (Department of Environmental Science, Konkuk University, Seoul 143-
701, Korea; ‘Department of Biological Science, Kyonggi University, Suwon 443-760, Korea)

We investigated an ecological impact of drought simulated by discharge depletion on
the water quality and benthic diatom community in the indoor experimental channel.
As artificial substrates slide-glass was installed in acrylic channel for 16 days. Chan-
nels were supplied continuously with eutrophic lake water with a discharge rate of
6 L min~! in duplication during the colonized period. And then during the discharge
depletion period, three discharge rates were provided: NDF (No depletion of flow rate
(Control): 6 L min™t), LDF (Low depletion of flow rate: 3L min~*) and HDF (High deple-
tion of flow rate: 1 L min™%). Environmental factors in the water, such as suspended
solid, Chl-a and nutrients concentration, were measured with periphytic algae includ-
ing AFDM (ash free dry matter), Chl-a concentration and cell density at 1-day inter-
vals. Light intensity increased significantly with discharge depletion (F=229.5, p=
0.000). NH,-N concentration was highest at HDF. Suspended solid in outflowing water
decreased at HDF (88%), LDF (97%) and NDF (99%), compared to inflowing water (100
%). Chl-a in substrates increased more than two times at LDF and HDF than NDF (F=
8.399, p=0.001). Also AFDM and benthic diatom density increased significantly at LDF
and HDF than NDF (F=9.390, p=0.001; F=6.088, p=0.007). In all experimental groups,
Aulacoseira ambigua, Achnanthes minutissima and Aulacoseira granulate were dom-
inant species accounting for greater than 10% of benthic diatom density. The most
dominant species, A. ambigua was highest at LDF, followed by HDF and NDF (F=8.551,
p=0.001). In conclusion, the effect of drought simulated by discharge depletion in an
artificial stream ecosystem caused significant changes on water quality and benthic
diatom biomass. This result provides a useful data to understand the effect of draught
on stream ecosystem in situ.
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e A Fxsh B4 A Bel-Eed TR
AECIA w2 2R Asag] Sl AR
(Sousa, 1980; Petraitis et al., 1989). £3] 7|39} =]
G =Aelfs s felid Q4SS i
Aol AsHe wAE HAHsl AAELA, AEE7) A4
Aoz s vAE wa ox 542, o, 55
4= ¢l}(Stevenson, 1997).
1 A7 Qe 7] Fase 27

el 4t wek S watel $519) A
e 271 frmstel ATAA BB 24
23t W3lE f=s}A gk (National Institute of Me-
teorological Research, 2009). o2 3t AN x| A ==

09,]_ /\]B‘]— 7]’?'9‘ HT—AEA]?:] z—l__i _ﬁ_o:]/] EO]:Z]
Aol ahale] AMFHE AH4FE Ao o4

Eol ola shAe] ARAE FE AL woln
2 A8 e vlwd w2 ol Awk o Aldel vl
el A Qe dske WS Aze7) 9l
(National Research Council, 1999), 254 X&35.-$-9} 3

7 715k el gle) WAl Fes Al @
Q¢l1=2] 3h}o|t}(Lytle and Poff, 2004; Gibson et al.,
2005; Dewson et al., 2007). E3] B33 sbd G252
v ARA W 13 AAERER) 9 An)he] A4
PAE WA T s 2yH W)
=2 %31} (Ledger et al., 2008).

P EES ohekat AAFEel o3k waks WA 1
ol Hake] kAl E Al sl A 2RE 2
e =g A=rt Aejeke FAle] Fxet dEge] ¥
3171 AlsA W3kstes BAS 712 9k (Sabater et al.,
1998; Biggs, 2000; Hillebrand and Sommer, 2000; Villen-
euve et al., 2010). 53], F-2=2-2 7hgel g 74
(G o 4 3% Dol SAstel BBl WE
o) ASAT FAD mol afed S EE o} olFR
g 249 H3sEs Aoz w=c(Allan, 1095)
we} ohlet MARET} Shofete] o7 ARE sAe) B
Auste] me 4 3 24 AskE Bt m o Zshe
g o] 83}ed g} (Minshall and Peterson, 1985; Hella-

Ll

well, 1986).
sAE A el B QAT F2 ER U A
2] e g4 = (Peterson et al., 1994; Biggs and Thom-

sen, 1995; Peterson, 1996; Biggs et al., 1998; Death and
Zimmermann, 2005) 3] #l g5 o] ghoh wbH 7hg-e]
v ek ghavh BRaR 2R uHe ikl B3

ra AL
38T -

o

=z
T= w9 vleFsl AlA] o)™ (Ledger and Hildrew, 2001),
53] FelAe 247) £ 9 ABEFIE(GF Chh-
a)2] W3le] gt 9 HA B 7} ¢lS Bo|rf(Leeet al.,
2007; Joh and Kim, 2008; Kim et al., 2009).
 AFE QAN FFghavt 2 Y FHE
ZAel v1HE G olsishast AGPAe) BAF <
SzolN Gael BhE BAED ZH9) AolE &

st

A ERT

1L AZ5= A%

Aol AL87 fri B9 olmw Axe ARyt o
29l A4 A (10 X 300 X 20 cm) 24, A§ 4 9139}
Wi ol EUg F7] (10X 10X 20cm)2] F7He Fol
429 ZHsgeh 2 A AL ‘ﬂf 03

w2 3ol 42 )9 AY5e) 250 ABees o
art 2= oz (NDF; No depletion of flow rate), ok
2 7PEPJ S27+A 22+ (LDF; Low depletion of flow
rate), =2 7} =9 FEFtA 2]=] (HDF; High depletion
of flow rate) o2 3} 2+ 27024 (24F8) = 671
& 4R Fig. 1)

nojok zz]e] 424l 50cmol] AFHFZES
A=)skar ii% Azl Ao 11%5—(2000 L=
13 Aol

o‘L]‘su‘_ =

skedek. AFxel sk Adszel
& 2Aslen, 228

Fig. 1. Schematic over-view of indoor artificial channels
used in the study. NDF; No depletion of flow rate
over the experiment (6 L mint), LDF; Low depletion
of flow rate during the treatment (3L min™?), HDF;
High depletion of flow rate during the treatment
(1L min™). G: Gravels. SGS: slide-glasses as a sub-
strate.
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£EA4(DO), pH, A7 A EE Y

gr £z $313e) wEHel| wtSo]xl FlelA o
} ]

22 227 (YSI 600QS-O-M, YSI inc., USA)Z o
] A3 A]7F(16:00 PM)ell 235}

2 Z(&3)o] HOBO Pendent Tempera-

ture/Light Data Logger (UA-002-08)&- A x|3lo] A3 A

A4E 303 Aoz el en, A7) Qi Rl

217‘_}5 -,-r7]—é——% UH%_] 7o /\]7]_01] o} ‘r‘ii‘;} HOBO

9] Z2x¥W 9= 0~32,000 lux (900 mmol| A} %] 31x]) o]t}
Zo] B&22(SS)Z}F o9k (NO,-N, NOg-N, NH,-N,

TN, PO,P, TP) 3 5= 522 =33 AlFS2 3453}
o] BA3}git) SSE 244 7F =<9F 105°C2] dry oven (OF-
11, JEIO Tech Inc. Korea)ol| A 7AxA17] GF/C-ilter®] =
7] 5 (S1)oF AdaE oFstar 5l 2447 F<t
105°C dry ovenellA] ZAxA)1Z] & ZAJ8F 57 (S2)2] =}
o] (S2-S1)2 A Ars}eith (APHA, 2001).

oJokyd w2 =A317] 93 NO,-N-2 phenate™y
NH,-N-2 colorimetricd], NO,-N2} TN (Total Nitrogen)

2EEd 2o ojx= A 131
2 cadmium reduction®-& wgkoen], PO,-PX ascorbic
acid®, TP (Total phosphorus):= persulfate2 %3j 3t =
ascorbic acido 2 Z}7F 24351935 (APHA, 2001).

BAERE 714 T Y $As 9F o
2 &2 Fo] ANk ANE Alme) Ay
= BRAxFo] 9424 a(Chl-a)¢ AFDM (Ash free dry
matter)2 & 3=t AlL3lg] o, dX= formalin &
doz wAse] 33 TLFE BAslH AHsIsch

B2z 79] Chl-ax A|8F Whatman GF/F (Whatman
International Ltd Maidstone, England) =2 oz]s'Jr%}oq 24
AlZF =9t 4°C FAFeoll 4] 90% Aceton 10 ML= 333t
Z 1647 rpmol| A 2087F A EE]3}e] (VS-5000N,
Vision Scientific, Korea) #3433 =74 (Optizen 2010 UZ,
MECASYS Inc., Korea)E o] 43l i xs =43 &
=22 A A9 (APHA, 2001). AFDMS A 2.5 244]
7+ =<} 105°C dry oven (OF-11, JEIO Tech Inc. Korea)|
Al A xA)Z] GF/F-filtere]] o 3}3F & 105°C dry ovenol| A
AZAZ A (A1)} 550°C =7l o)A 2A|7F €8 GF/IF
filter2] 7 (A2)2] z}o] (A1-A2)=E AlAFsII T}

BaEaks Xzl DA (HNO)O 2 A2 st =& g}
B EZ UE o8 3}3n| A (Zeiss, Germany) g o]-8-3}

o] 1000v} 3}A ZHAsE FA Y ow, Simonsen
(1979)2] E-FA|4¢] we} 5549 (MOE/NIER, 2011).
FAERFE 3007 o4 7 (frustule) A 45ted
zy WUxs Aaslgoh 2aEaEe] =X Patrick
and Reimer (1966), Krammer and Lange-Bertalot (1986,
1988, 1991a, b) 55 Fatsdct.

5. 2584
Hzlenle 239

Az 7H Azl 4 2 FREER
Aolol gt FAH §o4¢ A2 ake] LA
HAFLA (one-way ANOVA)-S AA|slglon] A 7t
9] z}Fo]= Tukey's HSD testE AF&-3led ALE 7 A 814
on §9] £F2 p<0.052 7]Fo =2 31 (SPSS Inc.,
v. 18.0.0).
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Table 1. The mean values of experimental parameters in each treatment and statistical comparison (Tukey’'s HSD test)
among treatments. Small alphabetical characters indicate statistical significance.

Parameters NDF LDF HDF F P
Water temperature (°C) 26.05+0.27 26.03+0.59 25.62+0.65 0.258 0.774
Light intensity (Ix) 477.06+7.85a 653.23+11.62b 769.00+11.29¢ 229.57 0.000
Electric conductivity (uS cm™) 260.23+2.64b 249.38+3.70ab 246.94+3.73a 5.183 0.011
Dissolved oxygen (mg L™) 9.93+0.11 9.80+0.21 9.81+0.19 0.238 0.790
pH 9.03+0.03 9.07+0.02 9.03+0.01 0.543 0.586
Turbidity (NTU) 14.96+0.81 12.88+1.12 12.04+1.07 2.509 0.097
Chlorophyll-a in water (ug L ™) 27.53+3.52 32.92+3.55 31.42+4.81 0.537 0.590
Suspended solids in water (mg L™) 14.79+1.68 15.97+3.68 14.00£3.38 0.112 0.895
NO,-N (ug L) 20.35+2.24 15.04+1.05 15.46+1.23 2492  0.102
NO5;-N(mg L™ 1.12+0.08 0.80+0.12 1.16+0.14 3.147 0.059
NH,-N (ug L™ 23.42+1.96 21.74+3.07 30.68+3.51 2.664 0.088
Total nitrogen (mg L™%) 0.60+0.04 0.62+0.04 0.66+0.04 0.696 0.507
PO,-P (ug L™ 11.24+0.78 10.67+0.43 10.27+1.27 0.324 0.726
Total phosphorus (ug L™) 55.88+4.12 54.28+6.37 41.97£5.77 1.976 0.159
Ash-free dry-weight in substrate (mg cm2) 1.76+0.18a 2.78+0.24b 2.65+0.12b 9.390 0.001
Chlorophyll-a in substrate (ug cm2) 2.76+0.60a 5.70+0.50b 5.45+0.55b 8.399 0.001
Total diatom abundance in substrate 2.7+03a 4.040.3b 3.5+0.3ab 6.088  0.007
(10°cells cm™)
Aulacoseira ambigua (10*cells cm™2) 10.6+0.9a 16.7+1.3b 14.8+1.4b 8.551 0.001
Achnanthes minutissima (10* cells cm™2) 5.2+0.5 6.5+0.6 6.0+0.3 1.736 0.195
Aulacoseira granulata (10* cells cm™2) 3.9+£05 54+0.6 49+0.9 1.538 0.233
Dominant index 0.62+0.02 0.60+0.01 0.61+0.01 0.396 0.677
Diversity index 0.83+£0.02 0.84+0.02 0.84+0.01 0.143 0.868
Taxa richness 3.80+0.12 3.62+0.17 3.84+0.09 0.666 0.522
Eveness index 0.62+0.01 0.63+0.01 0.62+0.01 0.355 0.704
229.5, p=0.000)7} Yebydt) 71 A8 7tert 7P =2 100+
Z 9 f2Fo] 713 22 HDF|A % 769.00 luxz S 803 .
7 e B Bylow, LDF (33 653.231ux), NDF g 603 o °
(HF 477.06lux) =02 ro}xich(Table 1). 3 40
71 MEwt NDFO) Wale] HDFelA folsbl ke £ 201
] ]
o3 01} (F=5.183, p=0.011) 2] 7ol §-2]3F x}o]= 2’ 03 5
wolx| ghgkeh. A &, $EAA(DO), pH, FE 4] 5 207 °
A2 el $-213 Aol & WolA] hgkeh(Table 1), § 40
7HE A Al $%2] Chl-as) SS =+ ZE APLE g 604 —=— NDF
@ 3 —O—LDF
oA olgt Wake vehiA °}°¥4(Table 1). 8wk 7 O 807 o rioF
k=R 717} =<} 7+ 2z oo b—q/\w_ 07\5’1}’\ —-100+— T T T T T
= %ﬂ ] S a T °ﬂ é ]’ 0 1 3 4 5 6 7 8

£ SS FEE veERAT 4 %— AR e e
SS Fxi= A fol ot v S Wis #EE
E38F & SS9 A7FES Fig. 2o YegIe Ald 7|7
et A fFe] 7MY A2 HDFeA f-94¢] SS 5=
(100%) thu] vj=42] SS 5= IF 88UN=E FFAslg]o
= LDF (97%)2} NDF (99%)o]] B]&}e] =2 73482
st} Lee et al. (2007)o)] o)3pH 234 ZF3el|A] §

ol ZHadtar A F{A|7ke] Aeixlel wpel f-%
o] AR o] 27kE|o] HlESe] Mo nd w7}
aslgle) B AFOME wE52] SS FEF IR A

Treatment time (day)

Fig. 2. Percent deposition of suspended solids in each treat-

ment.
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Fig. 3. Changes of nutrients concentration in the experimental waters of each treatment.
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JFgelA Wte Jehlo(Fig. 3). 53] NOsF-N2
B AN Azke] Angel] whel Ax} ke S|
ouv TN = %W%%(HDFMW
Al Yebsten], NDFe} LDFR L Aoz =2 5
B30k (Fig. 3b). NH,-N& A2 3°"1H77}Zl A
Al B8k pES Hyov) T o] 3 RE ALY 7He A
o] & vehit} £3] f-3Fo] NDFRT} f38 16w v
HDFo|A 8A3}A] =2 252 Hgjow 12w ZtA
A7l LDFell A& NDFHT okt £2 rxg el
(Fig. 3c). dut¥ o=z S {759 EH o] A3dps
EAZ Zol7k $7HE e 713} Wb (Jensen et
al., 1990), Z-o A7t = AAaks}t 9 ebd3lr}l doji}r)
el 53] % NO;Nek NH,-No| A4aAd Fx=rt
Z7Fske (Yoon et al., 2007). & AfoM = 2 717t &5
oF X8t gkl o)ste] FE g A F ot A
2AE dFE SIS WE ez IAdEAR
(Table 1), 9+ 277 A= ¢)ehs NOs-N2F NH,-N =
= Z7Fe o] By} FEEH JelE Hloz o AkEd
A A4 Joh and Kim (2008)-2 s} 2] -§-Fo] 7+

[o

S 27l 3hFe] ek, 53] NH,-Nek PO,-P7}
As| 7FAagg s B usto o) EeAl == duk
ZFSA AR B2 Ql9A Aelo g QlEte] A o
oF3d (AAkgd)o] 27}t ubd (Showers et al., 1990), 7}&-¢]
AshH o r]el oJgFde] el FAM EelEe]
s Wl Aakyd ex=rt Aak A4 skodo(Dahm
etal., 2003) Z1Ev} & A7 AFE R 2PN
7] WEel HZHE] L fEkel whE kel A
A F i wAIE 7] wEel] Rl A pE AT

i
b= Abolgt AT Ueld Ao gk,

2. FAEde st

714¢] Chl-az} AFDMS o) 27 (NDF)3} *]2]+ (LDF,
HDF) Ztell ¥2 2142 Hith(Table 1, Fig. 4). 71
2] Chl-ax Al§7)7} %<t LDFe|A 34 5.70 ug cm2,
HDFelA s 5.45ug cm™22 NDF (3 2.76 ug cm™)
o mdted of 2w o]} FolshAl F7lskade (F=8.399,
p=0.001). 7]A 2] AFDM =3} Chl-a%} w}37}1x] 2 NDF
(37 1.76 mg cm el H]ate] £ x)g]F (LDF=2.78 mg
cm2, HDF=2.65 mg cm 2)ol|A] 8-9]3}A] Z7}51elc} (F=
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Fig. 4. Changes of chlorophyll-a (S_Chl-a) and ash-free
dry-matter (S_AFDM) in the slide-glass substrate
in each treatment.

F2Re HHe F2 o7 4oz s)shed 4
o sgo =2 W pAxFzl 714 FAHE Yo}
A - 2AE2F2 Chl-a®] =7t S7k3te
(Ghosh and Gaur, 1998; Besemer et al., 2007, Villeneuve
et al., 2010).

fregel aAasilE W, 71de] FAEER F 2=
F Al 2N fefsl S7lekalom (F=6.088, p=
0.007), LDF (3 4.0 x 10°cells cm™2)ol| A 7} =4 1}
ehskeh (Table 1, Fig. 5a). A317]7F ek 25 A2l 4
AT RAEURE (T 2P F U 10% oA
Hol= H7F) £ 3% - Aulacoseira ambigua, Achnanthes
minutissima, Aulacoseira granulata® 35t} o] & 7}
A =2 AeE Bel 2 Aulacoseira ambigua® 7}
Aol Adgle]l BE AT 40% o] w2 4
+& Vel on, 3% $AE A=) 32 A2 70%
o]Abo = wj$ A by Al $8ZE A ambigua
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Aulacoseira granulata (d) in the substrate in each treatment.

v EURe & s A1 sEoz Wyl
= ARE k9] 518 Aol S BT (Table 1, Fig. 5b).

7HEA ] Aol 370 2] Aol A vt Folsl ot

7t Zololl= LDFe|A] Z 1.7 x10%cells cm™22
2 o NEFS wgow, HDF (HF 1.5x10%cells
cm?)2} NDF (3 1.1x10%cells cm™?) &0 2 A E3fo]
ko)) (F=8.551, p=0.001). A2 £ =3l A. minutissima
B AEE 7 BAA oz §o3 zfe]E Ho|A] sk
om, X2]7|7F 3t AgZLI A7F WEte)] whet v]s=sk
2o Az xZ Bv(Table 1, Fig. 5¢). #|3 4=
<l A granulata: 2E AN A2 A=dREH 5
AA7A] Mz =7}t Frketelon RaEdRe] F ¥
=9} A1 $4Fe Hxel vixbyix 2 A7z Fet 2
78] Al EF NDFRuh =4 velylel (Fig. 5d). 3}
ARE A Alelel] f-2]3t ApolE el AIE= dskth

> l

(Table 1). 2]+ M=z Fo| Azdx #H3}E Add,
LDFellA= 7Ha 2|2]7|7tell NDFel| H]3le] A1 4%
3l A ambiguaz} ¥ F7HES Bglon A3 $2Fal
A. granulata”} Z7)8l= AsS el HDFA =
LDFs} 78 A58 el o] F 22 4717
o 27e) e} Aol SISl wAERE A,
A=A 4 (D), FF=AF(H), TH=AFR), #5%
A4(©)2) W] loNE AP 1) o7 Aelr)
pehA] edokeh(Table 1). ]2 &

AN o}-ﬂ

(<

Aspe Fhgel WE
o 7has) w7t RAEDRE) T2 Auce 4B
% Wgjol o 2 e M—t— s AN

Aol A s 7
A= ojokel o] gA)e] Aol _,_jz}i—wﬂ o3t 24

yrzmv/] /‘ﬂ_-‘.“é_wj]' 2w, Aokl iv
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B 15402 $597) el oy
o 784 e 4gel A Ayel Yo sk

¥ Aol A= FJF A
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Zhael] o8 Al FAIZEe] ZeojAlel wel B4 EEe] A
73 Aol STkl S Aoz Alsdd. B4R $AHE
o] Wglel| M = vpehtRo] (Fig. 5), F-&A] o] 73t A. mi-
nutissima®c} R-§Ao] 738t A ambigua®} A. granu-
late Z713 A F1gA] e fgAe] ol
= FekEltl (Hwang et al., 2011).
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2% FUAA Adrz ol g3kgeh AW F 4
=4 ZAPA 7] B9t BB AP 3 6L mint, o]
T gepzhar] Eat 7 AP 7] $2S NDF (No deple-
tion of flow rate (Control): 6 L min1), LDF (Low depletion
of flow rate: 3L min™%), Z#]322 HDF (High depletion of
flow rate: 1L minh)a AdAslgic}h Se7k4a0] oJ3Fe
Bl 3l7] $15ted 162171e) gf‘aﬂﬂ Sk 9452wl
9] 2, AVAEE, $EA, pH, BE, 145
49 % Chla =g wswoua w347
Chl-a2} AFDM (ash free dry matter), 72|17 2252
o 243 Azwg 19 Aoz BASIG G
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