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Biogeochemical Reactions in Hyporheic Zone as
an Ecological Hotspot in Natural Streams

Young Joo Kim* / Hojeong Kang**

Qo AxFF-Ass EFUE AFFF Astre] A ugke] dojuh= ] g Aqew RE A
shlol] EAgt. o] A He 1Eet e B0 ® FEEAW AxFet Askre] dojil® vheke nAEo] A
Aetal glem], shvhs B the AASEHEQl 7)ge] dojd Alew FAHE AG7HA e A= mvaAnt
Axg-A et s 12 sk AH A= sk AA Y A 7|17k olgshed Fad 9IS &
Aoz HAh £ AF g Ade WHAASEE A7 uFa 35 FrhoeR o] 3 AP ol
Zkde] aglE HEH Tk By v AA Aed spxlo|th. EFAIEE W G E|E(Phragmites japonica)
A2 A, e 2ol AL £33 (downwelling), AsfH(upwelling) A FellA] Zlo] & 2F 1o
g, pH 2 £ER7IERe 2L EY olgEhdd Ay AlY vAE @4(B-glucosidase,

N- acetylglucosammldase phosphatase and arylsulfatase) @X%, PJAE 3 FZ(eubacteria, denitrifying
bacteria)®] 54 olugith, AF A 4w W AF AEF-Ass Eq Boo] WL £ ek 9l
9, SR §E folRaE Fo) APAE nylon, A9 MR Gk BYEE SEF7IHas Fo|

ABPAE BTk AGAF THTE EF S L AR AEF-ARE EFUIA S5 FFS nolk
olsh e Aih AXF-ASs EFUE Fal olvhe shel AANA w8 AAE lals) Sl S
& Az,

SHARO] ¢ AxF-Askr 3, vAE 54, Aelas, T-RFLP

Abstract : Hyporheic zone is an area where hydraulic exchanges occur between surface water and ground water.
Such transient area is anticipated to facilitate diverse biogeochemical reactions by providing habitats for various
microorganism. However, only a few data are available about microbial properties in hyporheic zone, which would
be important in better understanding of biogeochemical reactions in whole streams. The study site is Naesung
stream, located in the north Kyoung-Sang Province, of which sediment is sandy with little anthropogenic impacts.
Soil samples were collected from a transect placed perpendicular to stream flow. The transect includes upland fringe
area dominated by Phragmites japonica, bare soil, and soil adjacent to water. In addition, soil samples were also
collected from downwelling and upwelling areas in hyporheic zone within the main channel. Soils were collected
from 3 depth in each area, and water content, pH, and DOC were measured. Various microbial properties including
extracellular enzyme activities ([3-glucosidase, N-acetylglucosaminidase, phosphatase and arylsulfatase), and microbial
community structure using T-RFLP were also determined. The results exhibited a positive correlation between water
content and DOC, and between extracellular enzyme activities and DOC. Distinctive patterns were observed in soils
adjacent to water and hyporheic zone compared with other soils. Overall results of study provided basic information
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about microbial properties of hyporheic zone, which appeared to be discernable from other locations in the stream

corridor.

Keywords : Hyporheic zone, microbial properties, extracellular enzymes, T-RFLP

LA 2

sds =HAd FATE obd 7 P o
A9 TS sl AxEloRE WY AlFS)
HA sk A= o?ﬂr-‘”/] HAAA Ao ¢
Z(Riparian Buffer
T AejAe] 4

AAAel 2He Far vk P

S A
o AAsEY 72kl F7F Aolth(ecotone) 2
2 Ae] Holo} el hitel wslo] o}

7] W&l s AEAE A 918 sk
AHGregory 5, 1991).
Tt A e FAE A e Ae it
o] ofte}, FAAoRL Fugh M gy
A= 9ItkStanford ¢} Ward, 1988) e
A et Askrrh E3EE o s A9
ket mAEo] AAstar glow, OPtﬂJJr~
th2 AR EEA 7] 7o) oy om A
AF7HA olell gk AAAQ A= wn|st
9k s A A9E g s AE AT
SEIAE] AL AR stsHA 712-S olsfEr]
gk shite] A= A okm F-ZbEaL 9l
A - A5 3 (hyporheic zone) 3}
o] k=5 A ellA s Aet7t Wi A
At o] AL 1 Feh vE 5A4o=
ol Aztstd A x4k Asko] XJO]EHE

24 $AH AAR QF fE AX| s =

_\1

0]

A=

=
=

Lo orr X _41 G

12 ox

Sh mlo

il

o] Uehdtl AxF-Agr EPUe HExE 5
deo] 318} Orghidan(1959)l ol&) dhite]
o= xdoz Ao on  Schwoerbel

(1961a, 1961b)e] Jal @jel Aestael %
2o] AEEA,
okl AN A AT
@ A e S A
ehfs o4 s8a 2z 9 amu SR

o 09‘.
ITI

g2 Ql &gkl o5 ¥ tHBrunke ¢ Gonser,
1997). tHAe 8L +£EE ug &4ol=
ol =3 A o, é}tﬁﬁr st EHAET}
Egorn: dn. ol&

(Hyporheic Flow)e]g} 3},
A&lre] uglo] Loty }/\W} 2= 520 7
o HHHe] B BE TePYS Hol 44
59 AAAQl Chyporheal &  frAIgh
(Schwoerbel, 1961a; 1961b). HEgH A9} A
o] ngke x] FEREE] 832 Abaol oo o

F

7o) olBiure] ohlel AstEiE Dol
2 PrgRe FHS fustua nagel o
Ago A% ¥ 1A AT BAERS of

718K Franken &, 2001).(2% 1)

olst o] A%
2240 nIHY G
BEG ol fi SUNFRAI 1 AN Lol
A3} 7159 o wed vl

AR B mAL A7)

sk Egel A F
Bska FslE A7}

A 28 S A AEA ofolE 91
3

wolu Als shasior @ el
B AT ALE T EAse A

- 124 -



xiod shxle]

AAskzle] sp AAA], A A, = EF,
Al Z3tdle] s (downwelling), S

o]
(upwelling) X9l 242 E4S AF 33
2= ‘j% /\}_zr _é‘_‘&l—];H_‘:_ /\iglr AHA o7 017:15]

MR el BAe ofsh ge 544 A
oA £ Aol /1BA SR U 2
ARBLE BHE Sado
gl YAsEH 54

AN Sk gk,

ATHAA G AAELE Baftoll A kst
BAAEE dAT SN G5 AR 9ete
2 PREE JgHelth e fowAe
1,815km20] a1, 78-S 106kmo] ™. WAHS
Ao AeE IR BESIA glvkal Hrh ke

[©p]
R

Ad A sHoer HE YHe 00
2.0mm Atele] RE7F 80%= FAH AFEEH ol
th(Suh -5, 1996)

ErEE 20009 19 Wdd usal e
TREe] sk i AAA], U], e S
_‘?‘—T
7

¢

H
o} A Edle s (downwelling), 4%
(upwelling) A ellA AHAs IR oH, 2H7F A
lem 9| 3% =oIF ol83el 2ol 0~lem
10~20cm, 20~30cm o dNFehs EXS HF e
T He YAEHE AR Sukekelth

M

22 E0|8HE 24

TR FeFo]l A9 105 ColA 24A17F Axs)

HEfEA B2 XFRM REF-A|skr EEitie] YR[EEY 7[5

= meter (Orlon SStar, Thermo) %
Z4slelty. &7k (DOC:  Dissolved
organic carbon)¥ E% 2 g¥ ZHF 15 mlE
93 £88E 045 im ZEHE o33 5 3
7IeAaE AAS] Sl AlEdd 4ks ket
Shimadzu-TOC HA7] (TOC 5000A,
Shimadzw) & #2413} Th

23 M2 D|M= =

>
o
0x
I

'2A40] GES YEE AR mAEe] A% 9l
of EYF HAES] 7w wdl sHE 74T
Ak & AgellM = B 1gol A9l WA
% B-glucosidase(celluloseZ glucose® 3l),
PO, 2  Fa), N-

acetlyglucosaminidase(chitin<

phosphatase(f7]¢1&

N-acetlyglucosamine. 2 #3l), arylsulfatase
(v7l 3 SO 2 Bl 471A deje) 7)12e

ml T3] 60%F ¢ = g = dHE
1346}01 a2 f71E EEkeS AAATIAL &
Aol 3] 714de] o]gE= AEE fluorometer
(Fluo Star Optima Microplate reader, BMG
Labtech: emission 460 nm/excitation 355 nm)
g olgale] SAddrh Adas PYE:
MUF-free (Methylumbelliferon)& ©]-&3}<]

BA ) nmol g min & JERNIT

oPL[‘

2.4 O|ME ZE72=

2 AgoA = T-RFLP(Terminal restriction
fragment length polymorphism) "WHE o]&5}
o 7} A= MAE Y T2 24 s
th 58], EY ] vkl mAEe] iy T
2 Ay 2 4 9lE AAA|F(eubacteria)¥ 3k
Hol A A AAd Fo TS ddete 24

At+(Denitrifying bacteria)®] -34S 4151t

- 125 -



AL

MEorlr &
iu)
i3
=
£l

1%
P‘L
3 M
ey

Genomic DNA isolation kit& AF&3lo] DNA
Zyz+e] 153 primer setS ©o|&
gt PCRE  FHSIATHPTC-100,  MJ
Research, Waltham, MA, USA). o] uf,
T-RFLP 245 flal Fd=2<2d 6'-FAM
(6-carboxyfluorescein)< ¥A5}%t}. T-RFLP
TS fEiAe FEE 7158 A9 PCR
AHES DNA purification kitE o]&8F] A,
%33 Hha 1 Al3t&4% (Promega Co.)E o] &
to] Adste] QEge] £ DNA AHS odee

= 1
Idgos 5%,

oo o
SR

ol of

UN'

A gk 3;2 Automatic
Sequencer2 T-RF patterns 3533tk 5
¥ T-RF pattern® EU=Z PC—ORD software
SAAYE T Edel Exshe e 2o o
FPe  owshs
nonmetric multidimensional scaling ordination
methodE ©]&3lo] A& ¥ N TRF=R9 =}
Aahalc.

AFs A=k

olE &

3.1 £ o|&}st

I
Am
b

AN EF Az ‘J‘éﬁ TR e wel

F 449 A 2

2.26%(£0.32)2 A UrE]r sk

AFERN A5R 2 S

15.74%(£5.80), 19.54%(£1.30), 16.17%(

@ 20 Ve AN B e o] 57
Z

H-
N
0o
9
N~—

3.2 A2 DJME 54 &M
&

AL HAE SHEE F7]IES Teke ax
o] gAow e A FFo YAER FFY
© A 7 B4y SRS EEE FUEE U

839 9

ook

S WetHde la Paz  Jimenez,
2002). AFZEYLE /\U%_H;_Di ARSFERE T
3 -Aetg EEEEH
FTHEE g7 f71ES 25 Aska dukar

W E3td ek Al &3] s Al
M w2 vAE SRS YERItHad 3)
(Jones ¢} Holmes, 1996). w3+ G¥tg]E 2]AX]
20~30cmellA w2 mAE FAXHEE Hole A
&, AAe] BErE gA 9 S S ol m
o] deaty] Agst S ATTFoEN
b= 64’?3]' o2 Ats )

33 njd= ZEHF=

@v?} 75-"} Hd e Ae= 42 3.23(i0.6
7} 3.56(£0.39)% YERHTEGE 1)

)\quﬂoi 1;_\}0 %/Ea y_o /\],Z iwl—q] /g—io\.
5 0~10cm A9} 37457 10~20cm #|9S #|
S Rl Mg ARAT TR e} et
WOLHIE 1), NMS(honmetric multidimensional
scaling ordination) &4 Az} A5 =g} 3}
Hol A= e #FF2E AU dvke A&
gl & & JATh(d 4) ey Axg-A st
T 2o OF F & EFd 0~10cm<}
10~20cm Aol A5 o] 7% 54

- 126 -



2 xEozA X|E

S5k Eaiciel Mxsies 75t

Fhragmites

Riparian Zone

Q)

Ground water

| Cross Section

pen Sand

Interface

Surface water

Hyporheic zone —

(o)

———

1 Downwelling

=3 Upwelling

R3(Ph) ; R2(0S) : R1(IF) HD :
( ) H H Water Content (%) H
C H H
50 5 1 15 20} 0 5 10 15 20 : 0 5 10 15 20 5 10 15 20 : 0 5 10 15 20
H io T o
10 110 110 10
= H H H
£ ' : \ ]| : |
& 20 120 120 120
30 130 130 130
(d) : i DOC (mgC mg d.soil-1) :
05 10 15 20 25 30! 05 10 15 20 25 30! 05 10 15 20 25 30 05 10 15 20 25 30} 05 10 15 20 25 30
0 P o I 0 :
£ 10 i 10 i 10 f10
=4 ' H .
- S N ] S
20 120 120 120
30 130 130 130
(e) pPH
6.0 6.2 6.4 66 6.8 7.0 72 7.4 . 60 6.2 6.4 6.6 68 7.0 7.2 7.4 : 60 6.2 6.4 6.6 6.8 7.0 7.2 7.4 .0 6.2 6.4 66 68 7.0 72 7.4 i 60 6.2 6.4 66 6.8 7.0 7.2 7.4
0 ) H) 0 HY
10 110 10 110
< H H H
I H H H
g H H
Q20 120 120 20
30 HE) ' 30 30

00 0.2 04 06 08 1.0 12 14
Extracellular enzyme activity (nmol g d.soil-1 min-1)

=

00 0.2 04 06 08 1.0 1.2 14
Extracellular enzyme activity (nmol g d.soil-1 min-1)

Depth

g X4

00 0.2 04 06 08 1.0 12 14
Extracellular enzyme activity (nmol g d.soil-1 min-1)

=2 BHH QAT (o) ES 20101 HE ==
C“’"EI AlM X199, R2(0S): LI &2t X%,

0.0 02 04 06 08 10 1.2 14

Extracellular enzyme activity (nmol g d.soil-1 min-1)

i

0.0 0.2 04 06 08 10 12 14

Extracellular enzyme activity (nmol g d.soil-1 min-1)

.30
a a a || & Docusc
5 0.25 ® DOCvsP
a © DOCvsS
T 0.20 —— DOCvs G
2 —— DOCvs P
0.15 —— DOCvs S
Q
>
£ 010
8 0.05
fal
0.0l

0
12 14 16 1.8 20 2.2 24 26 2.8
Extracellular enzyme activity (nmol g d.soil-1 mln'l)

O8 3. 2 XIY9e £ 20/0 [HE 0IME &4 45 (a) E%elE A XY R3(Ph), (b) LK &
2 X2 R2(09), (c) +=¥ Z&H: RI(IF), (d) Al EE o457 X< - HD, (e) A= EE
ASE XY HU, (f) BERIIEAS DIME &4 AT A2 ©H (B-glucosidase(G),

phosphatase(P), N-acetlyglucosaminidase

(

- 127 -

N), arylsulfatase(S)



g% - >y

= 1. d& M2 (eubacteria) b €& M2 (denitrifying bacteria) @& TYE Xlz=

depth R3(Ph) R2(Me) R1(IF) HD HU
0~10cm 2.83 - 3.84 3.51 2.48
Eubacteria 10~20cm 3.54 2.96 3.48 1.47 3.69
20~30cm 3.52 3.30 3.25 3.68 3.62
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Dir:glefryi;”g 10~20cm 3.90 3.24 341 2.85 3.87
20~30cm 3.87 3.45 3.10 4.33 3.45

* Diversity = — sum (Pi*In(Pi)) = Shannon"s diversity index

where Pi = importance probability in element i (element i relativized by row total)
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