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Abstract

Eutrophication is a well-known phenomenon in lentic habitats, however it is receiving increasing attention in shallow streams
of Korea due to the increase of periphyton to a nuisance level. In this study temporal and spatial variation in periphyton
standing crop and nutrient concentrations were surveyed in the upper reach of the Han River (the Inbuk Stream) that used to be
a pristine rural stream until 1980s. Chlorophyll-a concentration per unit surface area of bottom substrate was examined
monthly for one year period at nine sites along the Inbuk Stream together with environmental factors such as phosphorus,
nitrogen, and water velocity. The standing crop of periphytic algae ranged from 4~242 mgChl.a/m” with a median of 55
mgChI.almz, often exceeding the nuisance level criterion. Along the stream periphyton increased significantly from 39+48
mgChl.a/m?® to 94+49 mgChl.a/ m? after merging of a tributary in an intensive agricultural basin with high phosphorus
concentrations. Seasonally periphyton biomass was highest in autumn (median 171+76 mgChl.a/m?) from October through
December when water flow velocity was low (median 0.4+0.3 m/s), while it was higher in flood season (median 1.2+0.4 m/s)
and freezing season (median 0.2+0.3 m/s) was lower. The result shows that this rural stream often shows characteristics of
eutrophication according to periphyton standing crop and it may be regulated by phosphorus and water velocity.
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Fig. 1. Map showing the stations for periphyton sampling
in the Inbuk stream.
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Fig. 3. Spatia fluctuations of total nitrogen (TN), total phos-
phorus (TP), dissolved inorganic phosphorus (DIP)
concentrations, velocity, turbidity and chlorophyll a
concentrations of periphyton from March 2007 to
February 2008. Solid line and dot line refer to median
vaue and average value, respectively.

55¢62 mgChl.aim?)e] WS B3 thFig. 3). 472 St1st
St20lA 2 EE(median 26436 mgChl.am)E R

FH 939 ®e FAxFY d54a FEE AFE 7
WA gAAoz dadl ARFA AR dA 2
Feteieh.

PAERS @50 SR FAY Aol R

Hlsl STl Al E3kth(p<0.05). FFTIIAA Sl

o gmd 9e A9 BE TuT WE faol G99 KA
2579 g7l Add aziﬂzﬂﬂ A Sst2sk St32
BE go Qe w= AAAY St27b St3o] HlE A
dHom e PAxRe g5ia vEE BAT ot
= QAo =G Brol Fo]E Moln A we A

fEzoz AgAT 27 S39] v 5
AHoz E2 g5 BYed os 322 fFYde
[e)

AR 9F HNEH BET. 4 FEA



ISHOIA RAZT HEYS| Al - BUH HE 107
35 TY fYo= A% L DIP X9 9L v Qe F
5 :g Zrol ), Flguer0a~N|ev$ 5(2006) 2 Z53 dIde =%
2 20 i — (TP=0.09~0.122 mgP/L, NOs-N=4.4~84 mgN/L)E Xo|=
E:z - =i SFHN BFzEO QBag BEZ 7FAAT]= Qoo
3 2o 9Ez g £A29 9 539 727 4AYL A
o ] @ wA Atk dFAe BRO FRF ARAY FRT
3 BelH BRzRY GEha B} 9GS olf) @5z
T 20 ' A A9 WEFE Fh froz Azdm o 94
a 1 % % ARl FRIVNN RFER Y2ia FES 7
30 2A7E 9L 2o B A ZAA 28l e &
I Aok A AR 244 ANIRITAFE R T A4
§; 15 M (R@F =, 1997; Katano et al., 2007)°]th. AT
5 ' . = . HFEEd o H4e BHxFY gEha 55 F
I B e e — of 3¥H 4FL M)A F 7] GO} 53 62
% gL 9EE HOUE BETSL 9 $RxF 924 a
%:: B2 Bt 47 A% $38E A% fL FAW
3 Zrk BE 9 $ABL TANAE AFL o] 6=
;:: = Qﬁ\éé HRERE Pro JPS JUHOR A B Aoz
g ——————— BolTh P E BTET e RRxFY JgEia BE
E 2] £ ZAA 98 HAAAZ A Igoz wpuHT
Z s Katano 5(2007)] mam JddgoldA o]5go] 4L &
g1 E/:/B&Q/% oo AEPo /e BIAxF AT FAS o)
= 0 = : . : i : . L [e) q_

FM AMJJASONTDTUJIFM
2007 Month 2008

Fig. 4. Tempord fluctuations of total phosphorus (TP), total
nitrogen (TN) and dissolved inorganic phosphorus
(DIP) concentrations, velocity, turbidity and chlorophyll
a concentrations of periphyton from March 2007 to
February 2008. Solid line and dot line refer to
median value and average value, respectively. The
range of data show al sampling dates.

zolo A= S27t 2 B SHFeE XX cobbleo] £
5193 .32 boulderst cobble?] A& Rt Francoeur
5(1998)2 &2/ d=54-a 5571 cobble(32~255 mm)
2719 7124 Hlsl boulder(>255 mm) =712 7]& o)A
E% EA JebgS 2\ Aok s3] Bls) St20A F3
F9 @%2a BETF AL ofE B4 HYOE AR
99 A9 e B A Jg(2e o
7149 &9k Bd) WELeE ARIAHAAE 5, 2000
Francoeur and Biggs, 2006; Munn et a., 1989; Uehlinger
et a., 2003).
SHFT(S4~S.6) o H] o
Za BE7 Bade TS Eaau}. FA% vzF
HELa 5 49 th&% Ze= A A

(Van Nieuwenhuyse and Jo

T A ]%_94 olF 2 EALY o5 RAXRE Al
AXNAE EIFQ Q82lo] E & AHAAF T, 2000;
Francoeur et al., 1998; Uehlinger et a., 2003). 18]y 3}
gel 234 YoM EIF HolE e LN
boulder)¥ St.2(2# 9+ cobble)ll e EIZHFY FEi-a
E%7} 27+ 26+18 mgChl.aim’9t 39+48 mgChl.aim’z 2
Apol7b Holx] gkokth. A g f3ts7] A2 71”e] B
e B4 Hole SR E FFXF dE4-a
&t dold F 3lg AR AlsdTh

A go g EFFIHY ¥ DIPY B9 o2 F1H
s JiAoz =8 & el ZFF AP RIRF
= 2 B3 JFoE 7oA gEHY] 4
oo wWE 452 RAxFIL dPsked AdHez 8T
T ATHEHE F, 2006).

SHETHSL7-SL9)2 WA RREY "o #99
FEFES A wob sl =Yt ®ol de FHFH=
=g ahao]l 71ukts} boulder 123 cobble® THHE o]
FojA itk wEba 7189 ozl % EF A FFES
79 @z ¢ Slvh gt grY fE2 SR M
sotal xR g ol&F F e IFIRE F
FrozRE FFEA Q) Burkholder and Cuker(1991)
= AW AFAA clayel 9 2o A FREFY A
EF ALE THAE F oy o] FES daydl =%
Al BR2FY dEFE 298 F7H9HE B uk Atk
H & DIPERY #Zie v ohr?ﬂowu FH2F
HE2 az®9 F7te sHY s SRTLLERE
o] FLFEY FFol W] HELR A}E‘%E}

Journal of Korean Society on Water Quality, Vol. 26, No. 1, 2010



108 OIS - Af5IE OleE -

AmA - FE - AuE

33 AE E FAxTe

AEAAA FA2F HE4-a
2ol o) Z(median 197+84 mgChl a/m).% Bya 729 o
el Z2 peskE Bl Wt 8¥9 7] (median 4717
mgChl.ain?) 9} AgollEs 3o s=(median 44+45 mgChl.a/m’)
£ EAHFg. 4). =99 2] o] Wrehslz] gk
oA FAzF HEL-a
2o Z7tstn 0] ¥ Age #
oz Hiud u} E}(

(%]
J
e
QO

ir
HN
lo
ot

25 74
da FEE $20] o o
28t AZH WS

netd., 1989) =

unn
IFe T
(12& 1Rl #242it dusa 5=
o2 YA R gl
5 1997 54 &, 1997; Figueroa
2006, Mossch et a., 2001). 12 FEYF
A °ﬂ/ﬂ 4 o vl Thed As =
2 FHERY g5sa sEE B Hb AHHEA,
2004). wmERA = 8?"4011/‘1 FAEFY 454a 3E9
AARES FHAYY fi7ol w2t AEAQ Aol g Ho
A FZEk A7lddle FEAHeE 42 FAERRFY d5ia
TEE HY, E-‘_v— 479 9Fe wrgsharh
@, g3 5200 )°ﬂ CEGIEEEE
4 askE9 AMH
A destedl, s
01%‘1‘3}. AEH 0“1 Bk olidel wls) Fwp o]¥9

A

dr of Hir
Bl
Y
BN
Hu
19
m&
>4
“ﬁr
H
|
ot
i&
I

Ao

oA 8l 100 mm x%:c‘H
]_

©
1o
o, fo

e e B o
B 2 26 S oo o
BN
e

>
=

o mfn my
e
8
vl
L
-3
o
o
Y
1o
Jo
o O
lo
ol
o
1
N
i3
1o
I

oX,
ox
aorr
o)
o
z,
S
o
4>

ltH(Liboriussen et a., 2005).
Barry 5(1999)2 7 Ql EA} Qo Zets B3z
T 7124 A Fdste FERAERFA vE wE §%
g3 f4A B £ Joka vk wEA 98 F
HFHZFY @854-a 529 Fhe ¢AFHeR Ee
2 A3 37t #FEol 712 Hol FHE EALE AAA
& Aola o]F 71Fo FAHY F4ste FEAZF oS
Fol JdFgoz HATHBary et a., 1999; Francoeur and
Biggs, 2006). Trazen and Lindstrom(1983)2 2133} ol A
xR dTFel wE F5(08 migolA= 7;}5:5]2]
% A2 Bag b vk Tge] 713 fo Rz

7h dgAHez A e BT WE F5(137 m/s)OJW
28y FHFxF FEFS Hurl Aokl drHAbe et
a., 2000). o]= W= n—é?—(medlan 12404 mig o2 Bz
77 F¥EEs aRHeE F5Y F URE FHUFE 2

A a1F7) H&Eo]tiWelch e d., 1988). Horner 5 (1990)2]
Aol mEW FHXF 42 035 m/s 0]**-4 5ol
A o wEr £A9 §E77199 =7 °F 15 ngl F
T @ =2 g Aoz B v Qlr)

mT
2
o{'ﬁ

ol My Ip

a&%mg

2= [e] L
TE= ]t‘

Eloll

AN SHREEASSA| M2 X1S, 2010

AEANME L FL8 Hol: 687 794 RAZXH

o] Aol AZEHY 235¥ +2(45+07°C)o] <2 11¥
To| FHAxFO FEr-a vEE 298 HGE EHIYh
ol 6€% 7€ AXNY WFFHFEEA g 420
2 BIAXHFY fFL-a 557 9AE whdo 119 Zo|
t AXMY dIFAFTEY BAFY FAE QE 11€
To| RAZXFY PEL-a w59 IV ANE A=
AIRETL 14 520042 U2 % Zee AAA
HFFHFEEY HAFE oAl T8 Q1=
AAT vk Aok = 119 Tl 489 I9d9 IF
7 gx(median 2.6£0.8 NTU)S ZAZ Q3 Mol =&
o

S 29 ARGl IR VR RAZRI PP
32 #Pzde vy

129 o|Folle 39 9 Fid wE ZWIASH
o|Z QI R YAtste W Ad wiEe] FAEF
o] §84-a vEE F45 ZasAh 49 QA 7
29 gEo] 9 Zihe FHAXFIY AL YAGe=
L91(Munn et a., 1989; Rosemond, 1994) & a}itolt}, H]
£ ARHNA 129 o]F JYEY =7 ©HE Al7]el M
d 439 wA JEREAT 42 $£2(05204°C) FH=
FH27] AX O tiAIEE9 Z4E oS LR
Bltk(e4d 5, 2006).

OJ oA A 2 AHWAT WE FHEFY FFL
-a = g A7 AT waEE GRSk X8
922LHE AAHA wHe] JHILBA ToRFEHY &
F 9 FAANZREHY LI FY)S T e A
AMe FRzRY A7 dEd WY 4 g2 3E
o] =49 275 Atk

FEUe] s 9 HE AY Qo] AFFFEYI A
o2 AFaa Jqri(AEA T 2007; An and Kim, 2003).
An and Kim(2003)o] w29, fJo2RE 24 Hls) 2
29 799 dFE W= shAY N/PHl= 16~869 H
e JHAE Ao BAF v gtk B ZAIAE QE

A NP QAH7F 75~919(median=213)2 ¢1 A 3ko] AT}
53] QJIEHY 4REEQA 7HEHY B9 393~919(median=
552)9] H9E EJth HEAE Add FIES =2
N/P 98] (median=200)5 =3t} ol UAEH FAA
BEE Ao T dEglol A9 dAEr] Wi
FAORZREY FQY fo] FFezE & IFE HA
= s AASH BREFY 4F AI7IEE-99)d e
%99 v=7F Hu 54 ugPILE Hol7|= 3l

W FFRIAAA FHEFY 54L-a 59 HAE

ZRAANA 95430 mgChl.ami(A&dF

AgEe BAAY shASAA 22.1+11.5 mgChl.am’(373
5, 1997)9] HE 2YS Hud vt ok B A9 AF
APz AYHJA FFo] AY e 7HEASD)Y B¢
®JA] 26+18 mgChl.aim™E E Gt} ¥l AEHA nui-
sance levels zFetes FEF2FY HEL-a 559 AR
4 AdEES B STHFLH sFTFANA 9€(median
160465 mgChl.aim?) 7 11¢ H(median 197+84 mgChl.aim’)

5, 1997)¢} FAtot



PUSHOIM SAXR sEYC| Al - BTN HES 109

U shHo A nuisance leve & 233 AlE S
5(2008)¢] HA #(3~486 mgChl.aim?)e] -2
o

.
2R MY BARS E 5 A FIFIAY FEYS B

74 BYg Bag vk gtk o)9h 22 A= I 2HE
oA FRZ2F FEFC] nuisance level S 2HTS
sk Aotk

4. &

T

ABRAN BARFY PBia BES 4242 mgChldl
m’(median 5562 mgChl.a/m?)Z Hl¥WatAl nuisance level S
BAT ARE Aol RRERY @Ria sue v
A FFAR(SLL, SL)E FEEeE 27:38 mgChl.aim’el
Moz e 2AAEEA U 298 ¢ & 9t 1

4717 mgChl.aim’)els 290 mm °]hH= Ag a7}
AL A9 o]F 9¥(median 160+65 mgChl.aim’)3 11¥
THmedian 171+76 mgChl.aim’)ols T3 2718 HY:=
tl, o]& A]7]el+& nuisance level & 238 Th

At At

2 ATe AT Adol s o]FojHLeH, o] =%
Az F olA&L r2008dE 29Al BK21AMY, 9 AYE&

it

=2

mg, AHF(2004). AXYE HEFHFFEY A

ol e & FFHT3 7, 37(1), pp. 87-95.

8, ZES, olad, BAT(007). T T

3 s A 71F Fae 2.
d. FFHA dxEFF 97, 23(4), pp. 512-517.

AEA(2004). @S & FHx2F 2HY A, 3T Y.
Algae, 19(1), pp. 15-22.

AAG, oHFE, 2322000 FF FHAZF
Algae, 15(4), pp. 287-297.

AdF, ®dlle, AXF, DS, F71A(1997). A 5
A R 244 9@ 2R2FY YAF W FFEF
§}5] %], 30(4), pp. 385-392.

Hy, el 334, 355, AA7I(006). stFAYE
18T AFFEAN A BAxF 4B IFL
mX s 8QE. #59595]%, 39(1), pp. 100-109.

g, A8, AAT, grls, 449, ZFY, Ae2, W
AR (2008). AAAY FAY RAzF ALH W95
o= 5}2l 5 2 815] 7], 41(1), pp. 1-10.

237 (1994). ABNAE o) &F BRAEFZAL
5]=], 27(1), pp. 47-57.

HAA, A, FTE(1998). AH FF 2RI A

&

=Y
lo

SH.

<%

‘L?.lll

78

44 Y. #7553, 31(3), pp. 235240,
Adw, WA, 24712004, AB/E RAzR o
o +AW7}. BF55534], 22(1), pp. 242-245.

£
A, g, 3Ae, BAF, FAA97). FAFIEE
E ooty S4% 2RzF 4A2e

pp. 470-474.

Abe, S. I, Nagumo, T., and Tanaka J. (2000). Effects of
current on the development of loosely and tightly attached
layers in periphyton communities. Phycological Research,
48, pp. 261-265.

An, K. G. and Kim, D. S. (2003). Response of reservoir
water quality to nutrient inputs from streams and in-lake
fish farms. Water, Air, and Soil Pollution, 149, pp. 27-49.

APHA (1998). Sandard Methods for the Examination of
Water and Wastewater, 20th eds. American Public Health
Association, Washington, DC., USA.

Barry, J. F. B., Biggs, A., Robert, A. S.,, and Maurice, J. D.
(1999). Velocity and sediment disturbance of periphyton in
headwater streams: biomass and metabolism. J. N. Am.
Benthol. Soc., 18, pp. 222-241.

Biggs, B. J. F., Goring, D. G, and Nikora, V. |. (1998).
Subsidy and stress responses of stream periphyton to
gradients in water velocity as a function of community
growth form. J. Phycol., 34, pp. 598-607.

Burkholder, J. M. and Cuker, B. E. (1991). Response of
periphyton communities to cray and phosphate loading in a
shallow reservoir. J. Phycol., 27, pp. 373-384.

Dodds, W. K., Smith, V. H., and Zander, B. (1997). Deve-
loping nutrient targets to control benthic chlorophyll levels
in streams. a case study of the Clark Fork River. Water
Res., 31, pp. 1738-1750.

Figueroa-Nieves, D., Royer, T. V., and David, M. B. (2006).
Controls on chlorophyll-a in nutrient-rich  agricultural
streams in lllinois, USA. Hydrobiologia, 568, pp. 287-298.

Francoeur, S. N. and Biggs, B. J. F. (2006). Short-term effects
of elevated velocity and sediment abrasion on benthic algal
communities. Hydrobiology, 561, pp. 59-69.

Francoeur, S. N., Biggs, B. J F., and Lowe, R. L. (1998).
Microform bed clusters as refugia for periphyton in a
flood-prone headwater stream. New Zealand Journal of
Marine and Freshwater Research, 32, pp. 363-374.

Hill, B. H., Herlihy, A. T., Kaufmann, P. R., DeCdles, S. J.,
and Vander Borgh, M. A. (2003). Assessment of streams
of the eastern United States using a periphyton index of
biotic integrity. Ecological Indicators, 2, pp. 325-338.

Horner, R. R., Welch, E. B., Sedey, M. R., and Jacoby, J.
M. (1990). Responses of periphyton to changes in cuReent
velocity, suspended sediment and phosphorus concentration.
Freshwater Biology, 24, pp. 215-232.

Katano, I., Doi, H., Houki, A., and Isobel, Y. (2007). Changes
in periphyton abundance and community structure with the
dispersal of a caddisfly grazer, Micrasema quadriloba.
Limnology, 8, pp. 219-226.

Kjeldsen, K., Iversen, T. M., Thorup, J, and Winding, T.

Journal of Korean Society on Water Quality, Vol. 26, No. 1, 2010



110 OITHS - RHBISE Ol - AWM - Faol - Zun

(1998). Benthic agal biomass in an unshaded first-order
lowland stream: distribution and regulation. Hydrobiology,
377, pp. 107-122.

Lee, Y. K., Shin, M. S, Jung, Y. K., Jang, C. W., and Kim,
B. C. (2008). Comparison of phytoplankton chlorophyll-a
extracted with different solvents. Korean Journal of Lim-
nology, 41(4), pp. 485-489.

Liboriussen, L., Jeppesen, E., Bramm, M. E., and Lassen, M.
F. (2005). Periphyton-macroinvertebrate interactions in light
and fish manipulated enclosures in a clear and a turbid
shalow lake. Aquatic Ecology, 39, pp. 23-39.

Mosisch, T. D., Bunn, S. E., and Davies, P. M. (2001). The
relative importance of shading and nutrients on algal
production in subtropical streams. Freshwater Biology, 46,
pp. 1269-1278.

Munn, M. D., Oshorne, L. L., and Wiley, M. J. (1989). Factors
influencing periphyton growth in agricultural streams of
Central Illinois. Hydrobiologia, 174, pp. 89-97.

Rosemond, A. D. (1994). Multiple factors limit seasonal vari-
ation in periphyton in a forest stream. J. N. Am. Benthol.
Soc., 13, pp. 333-344.

Taylor, S. L., Roberts, S. C., Walsh, C. J, and Hatt, B. E.

TAEN shREEsts|X| M26A F1s, 2010

(2004). Catchment urbanizationand increased benthic algal
biomass in streams: linking mechanisms to management.
Freshwater Biology, 49, pp. 835-851.

Tett, P., Galegos, C., Kely, M. G., Hornberger, G. M., and
Cosby, B. J. (1978). Relationships among substrate, flow,
and benthic microalgal pigment density in the Mechums
River, Virginia. Limnol. Oceanogr., 23(4), pp. 785-797.

Trazen, T. S. and Lindstrom, E. A. (1983). Influence of cur-
rent velocity on periphyton distribution, In: Periphyton of
Freshwater Ecosystems, R. G. Wetzel (ed.), Developments
in Hydrobiology, 17, pp. 97-99.

Uehlinger, U., Kawecka, B., and Robinson, C. T. (2003).
Effects of experimental floods on periphyton and stream
metabolism below a high dam in the Swiss Alps (River
Spdl). Aquat. Sci., 65, pp. 199-209.

Van Nieuwenhuyse, E. E. and Jones, J. R. (1996). Phos-
phorus-chlorophyll relationship in temperate streams and its
variation with stream catchment area Can. J. Fish. Aquatic.
Sci., 53, pp. 99-105.

Welch, E. B., Jacoby, J. M., Honer, R. R., and Seeley, M. R.
(1988). Nuisance biomass levels of periphytic algae in
streams. Hydrobiologia, 157, pp. 161-168.



