oottt botdgdoogtdood
HpN

00 000000000000 =Bulletin of the Kyushu University Forest
ISSN 04530284
ooo 0,00
oo,00
00,00
ooo oooooooooooo
0/0 1030
oooo
gooon p.7-12
oo 20220 30

00000 00000000000000000000000 eA‘ ;
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ U IKnow IGGH"-'
Secretariat



JLKi#EHR (Bull. Kyushu Univ. For.) 103: 7-12, 2022 7

FEE®X

HE A DR & FEPRKIRIC B (T 2 F R IMEEE DR
ZF ZE, YEEF?, FHMIEHN?
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BREEE, BEEAS5mmE0lmmDRA Y Y2l Ao/ A MYy TOBRBERVEROENSFFM L7z, WK & )8
Kk bz, BRYSBREILCEDES, BRRIBVERERL, KEFSBEREOFHEIIRE(EELTVWS
T Db ho e R ETMNBBRABOSHREL BT S L, BEPLBEIXMTITRAROFEEEZICEVE, #FhrbLk
AT TIIAERZER L, MIEBAEOSROEE L TOMMHNEEEERHICI > TR RS I EXbh ol KE
BB OTWER, WETIILYBRVTTIRTOEET, ANEBKECRELRKOAEE TH oz, KEEFHES)
s, MR TOEBYSEIIT TR, EHMICTIED 225 BEKEOEBY S RICBWTIEETH S Z 7R E
éﬁf:o

Allochthonous organic matter that supports aquatic organisms is retained in the benthic and hyporheic zones in headwater mountain
streams. In this study, we examined relative importance of the hyporheic zone as the zone of decomposition over 5 seasons (winter,
spring, rainy season, summer and fall) and contribution of macroinvertebrate to organic matter decomposition. Cofton-strip assay and
tensile strength loss were used to measure organic matter decomposition rates, and relative contribution of macroinvertebrate was
estimated using the differences in tensile strength loss of cotton strips in 0.1 mm and 5 mm mesh-opening bags. Both benthic and
hyporheic zone showed seasonality, where lowest decomposition rate observed in winter and highest in summer. The relationship
between organic matter decomposition rate and water temperature suggested that water temperature was a primary factor resulting in
seasonal variation. The decomposition rates in the hyporheic zone were similar to the benthic zone in fall and winter, but from spring
to summer, the rates were significantly lower. Thus, as the zone of decomposition, the relative importance of the hyporheic zone differ
depending on seasons. Contribution of macroinvertebrate to decomposition was significant in all seasons but winter in benthic zone
and was significant only in summer and fall in the hyporheic zone. Thus, macroinvertebrate plays important role even in the hyporheic
Zone in some seasons.
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INEFTOMRDOELIITROAERFE LD D
T, ANEBABIZ D EE LRI 720 7% v (Peralta-
Maraver et al. 2019) o F 72, B4 Wi R & 7 )1] B Bk 8
B L 7-BEE0rge I, 7)1 BRI o043 28 VT
RICERTEBVWEVIFEREZRLZDDDHNIE (Peralta-
Maraver et al. 2019), B VWEVIERARLZ3DL D
% (Risse-Buhl et al. 2017) . AIEE & I BBAIS T3, o8
2HIET 2500 - EAEYHREERIERL 2 L8E 2
S, FIREBAKED SO/ BEICBITEY ¥ — 0% -
DT OCADEI L AMESVLETH 5,

TN OBEBYOBER: - FHBOWWEICIX, VF—NorE
(Flores et al. 2013) A+ 1) v 77 v A (Tiegs et al.
2013) XL HWENS, V¥ =Ny 2ETE, —EEE
DY) T =Rl Ayany 72 Z2mIICEET 5. o
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PHELT, Bl 9ROBELTE, MA M v TT v
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T, —EWETIICRE L%, BIERBEOBRLRZHEE
L, i BOREL T, EBOV Y —%2@HTSY)
=Ny P EEERNEHETHHD, HBREEICEETS
BRO—DTHBH)I—DYE (eg BREFELRY) %Y
—IZFHZ L { (Bruder ef al. 2016), S 01E
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THME L, 2, ARUSBICHELSZLERELE
YHRBEERNTH 5 KBEFTHEBWOBMEOFEMLIT-
AL

2. Bk
21 WHEH
TUNKZERETH R EEEZAN RN 2 FEN O L
3 (33° 39'15.8"N 130° 31'56.6E) CHRL%1To /2. HEI
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BiI#H95haThHb, REXHZBOCHEIZIAFAIHKT
BbhTwT, WBHIIZZ X 24 XYL EDLEER
BHhoEND, AEHEICBITZFEAEOREIZHI0Ls T
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ANB Ay T2y 2k, KEEFHEWOBRAZHIHT
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BA& 5mm DXy o idfkd L NB O BEEHEEY I
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al. 2013) o :
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Olmm DXy T aNy ZIZAoT=MA M) v TOEF2#
ley MEeL, @REEANEERBICZRLEZNRS £ b
T, BEHEH20HBOBA LY vy FTE2RB L. K
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YLV A —5 2 %E LSEFMOBIKARZHEL 72,

BMAPMY Y 77 v BT, FIRBEI S0 % BER
P32, WNTHAN) Y T2BEET S (Tiegs et al.
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~10 B VEREITo72. BEESmm A Y ya/,Xv 7
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mm & 0.1l mm DAY aNy ZIZAo7MA M) v TDF|
EHRERHWT, UToORMSHEE L7 (Woodward ef al.
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2012)o 727°L, BBIE 5mm & 0.1 mm B OF[FRMEEICH
#7427 (ANOVA, P<0.05) DFERTEHEDOA, HIE
DEFEEIT-o 72,

KIVIEFF MRV D B =
1_(w%ﬁﬁmM> — @)
5 IRHREE o

HEX 5mm & 0.1 mm IZA- 72/ A M) v TR [RHE
%, BIRERIE .. &5 IR o & L7206

23 REEROAIE

WA N Y TORFERZ, AW HRCEET HIEEY
MRBEERCTH 2 B8IKAE, KiE, Kk BERRREE,
BRICEE, WERESREE>ZFTHOMA MY v THE
BIRGREICHSE L 7ze MRk B, FERE OB o 1L FT
DF—F xAviz, SREHFROBIKIEIE, ES 20~ 30
emICHE LKLY X —% THIE L7, KEDRHM AT
WE L7z, BHEBREZERE (DO, mgl) & BRIZEE (uS/
em), KiE (°C) ZHE—% 7Tt ¥ —% Vv CHH Tl
%€ L7z (YSI Pro2030)o iAIJIIZK & FIBRAKAZBRALL, FEEBRZE
AFLIFEoTABL (045um), A3 ¥ 270X NTTT 4 —
(Dionex, DX-120) #* Fl\WCHEEA + Y IBRE OS2 1T
720 THERA & OFBRIT 1.9 %, HHERIE 0.04 mg/L T
Holze

3. BR
3.1 SIRMERDE
REEFHESMOZEZIHFRLZVEME Smm D X v

7 . * * *
@ @benthic
T 6 |} i é
;.5 A hyporheic
PR o
g 4
N 4 .
o
s 3 A } +‘
v 2 B
o
e 1 'ﬁ
2
0 1 A
NOV JAN MAR MAY JUN SEP NOV
2015 2016
Month
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To TT—N—31REREERL, K EAIIRRKED
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Fig. 1. Average tensile strength loss in benthic zone (®) and hyporheic

zone (A) over 5 seasons. The values are from the cotton strips
in mesh bags with Smm mesh-opening. The error bars indicate
1 standard deviation. * indicates significant difference between
benthic zone and hyporheic zone (ANOVA, n=5, P < 0.05)

YanNy ZIZ Ao A MY v TOFEEERAZE (TSL)
&, TR &R BE kI & D I EEIS R R L (K1), &
1359 1 %/day & TSL AW bK<, &, W EHEAIIEL S
D, BlZiZ4%day LEERKMEER Lo 2L T, FKIC
HAHEBOTSLIZEA Lz SNOLDOREREDND, EikH
DB IREE L, P LLINTTIEL, EM6E
T TEWT EATRE NIz R &A1 BRI TSL
RRRET AL, RELXAIMAICEELREZRRON o7
(ANOVA, n=5,P <0.05)0 —7, FEDOLEIINITTIX, WK
@ TSL AN JI BRI IC LR THEICE 2> 72 (ANOVA,
n=5, P <005 K1), BHWHHEDE L L ToOMIIREEK
BOMMMEEE L, KLEL, FE2SEICHT QK
WZ EATRIBE N,

BREZDELZLA YV anNy ZIZATBAN) v 7D
TSL % ik L, KEVEBHESIY O TR % 57 L 72, Tiegs
etal. (2013) (&, KREMEFHEBWIIMA MY v T2 EHER
ELTHFERWD, MAMN) vy 77y AEkETiE, KE
EHEBIW I X 2 0 EA~OFEK A 5L T & 22 WA REMEAS
HHERELT2. AEOTE DS B LZMHA Y v
TEEBETLE, HEEZSmm DAY Y a2y 7|2 Aoz
SDRERFFFTII R o720, NS BoTVRAELDON
BHEAOK, —FHBEZ0ImmDAY 23y 7IZA>
LDICIIERRESOBLIZRON o7 (K2), D
0, Ao KRBEFMERYIL, BA M)y 7L EHEY
ELTHHL TV, Lo TARMETIE, 254 7D
AT anNy ZIZAoTZMMA MY v 7O TSL 2+ 5 2
& T, KEVEFHEBIMOSB~NOEME XM X5 L%
21

WRTI, £%2BW<, HEZXSmA Y Y2l Ao7
A BMY Y 7O TSL BEEIZE D> 72 (ANOVA, n=5, P <
0.05, H3), —7, IMKBAKETIEZ, BLfkorFEL
ERHAoNT (F3). WKTIE, 13EAEDOEHTAEIME
BHEBIWIASE BICERY S ICEB L T2 A%, IR
KiBix, BEML TV AEEMNELN TV Z L2V ho 7z,
TSL D#EN LR 2) » AWTEBRE (%) *5ET5 L,
TR TIEF 22 %, HEFE 15 %, B 23 %, k36 % THo 72
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S5mm

0.1mm

X2. 20HEOEEE, FAEH,SEIRL ZHBZE 5 mm £0.1 mm
DAY 2Ny TIZA>TWERZ M) vy TOB,

Fig. 2. Example of cotton strips in 5 mm and 0.1 mm mesh-opening bags
that were retrieved from benthic zone after 20 days of incubation.
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H3. a) AEE b) AINERKETHERLAEEI M) v T3]
REERDE (TSL) . BEUDL LFIVEERHZ5mA v
22y 7OTSLERL, HBYOY FIVIZARZ0.1 mm
DAY 28y JDTSLETRY . T53—N—1EEREER
U, *I3EBIZE5 mm&01 mmD Ay /8y VOTSLICER
BENFH->-FH%ETRT (ANOVA, n=5P <0.05) ,

Fig. 3. Average tensile strength loss (TSL) in a) benthic zone and b)
hyporheic zone over 5 seasons. Closed symbols indicate TSL of

cotton strips in 5 mm mesh opening bag, and open symbols indicate
TSL of cotton strips in 0.1 mm mesh-opening bags. The error bars
indicate 1 standard deviation. * indicates significant difference
between 5 mm and 0.1 mm mesh opening bags (ANOVA, n=5, P <
0.05)

®1. RERROFHED

Table 1. Seasonal variation in environmental factors

TNEBEAE TR, BEEfke BI240 B72o 720 W) BB
KB TREBHFEESN TV, BIREIIBV S L2581
énﬁ:o

3.2 REBERE

TROFEM SITBEICRE L2720, A MY vy 728
BLLBHOKEZEP o720 £IZHRDLEL 9.6em T, HE
MiZid 153 em TTER LA (F D). MIEBKEOHRE
WETi, SEHFROBKRAED?S, TXTOEH TRIEK
KOPFTAL TS Z L PRI NIz HBRITTHITRE DY
R B712012, BIKAREA 0.15 m/m & BN E 2oz,
FEPREIEI > 04m/m ERELRBKARZRLY (R,
KRk, FRIPTCLRIEL, FKEERELT16T
FBZ, BElCEH 2 TERLEDP o720 @A LTNE

r @ benthic
| A hyporheic

Tensile Strength Loss (%/day)

O R N W b B N
)

] 1 I 1

5 10 15 20 25
Water temperature (°C)

H4. MK (@) EFANEERKE (A) THEELAGIM) v
DFRRERDEEKROEFE, BREES mmA v any Yy
DTSLERY ., FEERBERERT (P <0.05) .

Fig. 4. The relationship between water temperature and tensile strength
loss in benthic zone (@) and hyporheic zone (A). The values are
from the cotton strips in mesh bags with Smm mesh-opening. The
lines indicate the results of regression analysis (P < 0.05).

% & H5FR ) %
K& H 2B2H sH2H 6H278 8HSH 11A4H
fek® (mm) 96 157 292 46 71
KB (cm) 6.6 10.5 123 9.2 8.2
VHG (m/m) : 0.34 0.41 0.15 0.47 0.30
&g (°C) Stream 7.0 16.2 17.2 22.8 8.8
HZ 7.4 16.9 17.2 222 8.9
DO (mg/L) Stream 10.29 9.87 8.62 7.00 10.51
HZ 9.80 8.48 7.58 6.39 9.76
EC (uS/cm) Stream 134.4 150.7 126.1 142.5 166.9
HZ 132.1 141.2 125 1375 184.2
NO3-N (mg/L) Stream 127 1.20 1.22 1.22 1.23
' HZ 1.24 1.22 1.23 1.15 1.23

Stream (IR, HZ 1IZHBRK %R $. DO RBEHFRERE, EC IESRZEE, VHG ISHEFHOBKAIREZR T,
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ZHL 1 CTUTENEDo7 (B BEESmm DA v
LAy ZIC Ao A Y v 7O TSL i, FER &R
B O T # A BV TKETE WS EEVERD A
s (H4).

BEBREREIR KEOBVEILKL, KEOEWIKL
BBV E R R L7z @K &) EBA L BT 5
L, TRTOZEH CHJIEBRKBRO B INEFBRERRENE
ot FOEWII<15mgL EASKEERERL
Mo 7z (ttest, n=5, P> 0.1), F7z, fﬁfﬂlfﬂwﬁﬂ(ﬁblﬁwf
DBEBMEEERTNTCOEHT6mg/L BLET, EIHR
WiRBREICHo (R, AZBAEIE, BEZ10~15cem &
B, BRAPHEATIHHTHo220, BOWBEERE
BEME-NTWEEEZ B,

WEEEE FEER, WAL FINEBRKE B IZTXTO
ZEHTH12mgl T, BELTHENEVEEZRLE
(E1D. ANAETINEBAOBEICEEZEZRZRONE
o7z (ttest, n=5, P> 0.1), BEREEFEICELTS, @)
AKEMNBBKOBICEZREZIAON R P o7 (ttest, n=5, P
> 0.0 MNEBKBIZRFEAFHEAL TWEBHTH S
b, FRAERSOBKAEFIREN LS, TIIE
BABROBBRESZEECERGERIZANIKOFE L
{FIFTWBIENEZ LN,

4. EE

Yo REEL, R EAIEBRAR L b IS HEE
bbb, LIS, BEIEDP o720 KBLOBEGBRE A
5L, ARSI EBAKE D KEAEWEEIZ AR
BEENE L (K4, KEFERYSFHEEOEHEICH
CEBLTWLZEHIFRBEINTZ, KEBEFERTLE, M
EYREFEBWOBBFERCL Y, SBEEIEL R
% (Ferreira & Canhoto 2014), KiERDFH ELix, F Ui
BOMEBOBREEL D) IKEL, 7BEE~OEEIK
&V (Lietal 2020)0 AATHTILXLEEOREZEIIN 15
CLREL, ZOREFB~OEELREVWEEZ LN,
KBUANOBREZERICHE LT, HBESEFRE LKA
WIEFHESR LT, BEEOFEHE~OEEIINL
WwWekE i, BRE (BEXoW, SREKSKBEAN %
AbHE, FEHEWICEL, B Parorz (£,
REVLVWHEIARODERE DT 25729 (Arroita e
al. 2015), FLEROTMEROBVSHEEICHEIIZEL
IEEzZzohN3%,

WRR & )RR K % bl U 7B ORFZEIZiE, RO
CHPBEBEEFENE VI BERD ST (Peralta-Maraver
etal. 2019), EFLWVEVWIFER LD S (Risse-Buhl ef al.
20170 TNOOFZEE, | DOBHORTHERFTo TV
72 AWETIE, 5 0DFEHTHEZITY, FHICL-T
RRPRLZ o7 REXIZIIDBREICELN R, Bl
M, B2k, WROFVBFTBEENEDI o/, 2F Y, &
HilZ X o THNBBKBOSBEOR E L TCOMMNHEER

VRLBIEEGhole NEFY PR — v (- H -
WINERRKIE R &) COREBYIMFEORL L CORMICS
WTik, ZEHHLERENLIRETHLEER 5o

FR & WINEBAKBE OSREEOEV ZREER D S
EELCHT, TTKERIE, FRUSBE~OEENKE L,
Ferreira & Canhoto (2014) iX, 3 CEEOKB LA T, £
WEH OB BREENER L EHREL TS, K
A IERABROBEZIEZEHLBELTITCTTHY
FEBIINIVEEZ LRI, THRESTEEN 0.2 gL E2E
Bl hhl, FEEAECEETLILEZLNDSD (Ferreira
et al. 2006), FAIER D W FBRAEE b T RCHOBEHTH 1.2
mg/L LIREICERRONT, BEINIVEEZLNT,
BREYD, HELENIHELZOEHNIKEVEELS
N, MEROEBRDDEIREL - EZ5ND (Arroita et
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SIREEDHE L 25 (Gonzilez-Pinzén et al. 2014) . EAKAR
BITKELEB LW EREL T, BIKAERE RO
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PR TIERE L, FINEBRAE TN S o/ 25,
ER & BB ACGR M 0 G R IS FH 1T £ ) B Thz—
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BRKi (Cornut er al. 2010 ; Flores et al. 2013) ZBWTH,
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(Boulton 2007; Navel ef al. 2009) o ZRFATHDFAR TIILE
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B TVOMBICHEDL > TWFE, KEMBLESHO
AR ERBRITETREEOMEIITH W FE T L
Too ZTWEBOEEELIT,

51 /A3cHEk
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