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Japanese cedar (Cryptomeria japonica) processing with harvester
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Flowers of Kumano cherry (Cerasus kumanoensis) at Kumano City, Mie Prefecture
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The transfer of radiocesium released in the 2011 Fukushima Daiichi Nuclear Power Station accident to bracken (Pteridium aquilinum subsp.

Japonicum)
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2011 FOEEFE—EFHREFMBHTHRETAEBSHE LY VLD
7S E (Pteridium aquilinum subsp. japonicum) DT

LA AN N 1 P75 NI /N -4 LN & ¥ S AN =2 1S I N 1 -
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2011 SFEDRFE SRS —F - HIFEBATFHIR TR & NI o LOREED & 8 1 5L Y
NOBITFOMTREICK > TEFEETETH S, T (Preridium aquilinum subsp. japonicum) 1ZDWTC,
EHEMOBEHEE > T LEPRIENE R & DL T T Oty L EDREVWDET J0),
fEER ML TU), BRER (KM) O 4 D075 EEHE T 2017 FICHANTz, LT T H - 7z Lo
7 EEEE (10, IM, TU) Tld, TS COYBEL RKEE, HRIE D Vs IBEISHBAM TIRERRED
HERDENT (P=0.499) ik TlEEVWD D o 72 (P=0.049), THEHOZHE A Y w7 L (K) BRI 0.42
~ 1.11 cmol, kg™ T, ZZHPEKEE L, U EZ—EBE HENI ST TV DEAD V'Cs DMIBITHRE & DORIC
FRER DEARIZ b o Foo WIEE W Cs ISR Y Z—ED VCs i (R* = 0.4669) & b+ "Cs & (R* = 0.7844)
ERIBRMED o T, ZEfERESR (ADR) &HI3E VCs 4 & ORI 1 Yes BN U, RN R
5 ERWAHE G- = 0.757) DRI LTz D7) KM Tld ADR DS HEE SN D X O ShEE PCs a1
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1. BLBHIC

WHENMEHE R FIFRER RN TR ENT)
LT Lo, RENSLUEANDBITOL % &1L
HOMMPEIC K-> TITEITETH S (Kiyono and Akama
2015, {H % - JRfH 2015, 2018), AR A& DR D7 72
HEhSHEHET H2 T L IFH LD T, wERILEIIDON
T TOMYMEOERE L HGHEE > Y LOEHOREFRZ
AR, AR OSSP RER DB EIC T3 5 72155
CENWNEBTH B, T T Y (Peridium aquilinum subsp.
Jjaponicum) (Il 1 & M FETEWT 5 AW T, H
TIT TEAOMTENSES DL U EEZBHICT
%o FRTEREYI TR K HZOILT AR EH Y ZD DR
THITRLSED, TNXTHAXRTEE <A (Osmunda
Japonica, EiRMEZHFE 1EH 5 2018¢) 7+ (Petasites
Japonicus., [, ¥ 5 2018a). A7 75 (Chengiopanax
sciadophylloides, T&IERE, TEEF 5 2019b) D & 5 T dibkhd
oIEE & 13 EEHOYERK, EEEMTG TR & DR
w0, EBERED S YRS > T LOBITD
T REATREMEN DS, L L. YT ETIERMRE >
TEREMRIITON TRV, R RO IR E N7z X
B GRS RARBRIX ) CHMLIEGIC L ORI DA
Tho il Tk, FIABEMRICHT TY I EOEE R

JERZAS - B2 4E s S H R R
D CAREAIRE

2) BRMAR B ZE T SRALSET

3) AR AR RE AR B =

4) 70 HAKE HI R iR Bl 2%
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FOROTRICZ S DIRDBH 5 75 EMOSRM OB REE NI,
RO, A, BYEREY). TR, R REEE, BDEh 5 UR

29 LOBUROIEENEETH %,

202141 H 10 HBfE, VS EOHERITAEFRD 4
iy Geari. BN, SFRET, FERTs ). ER o
2 hilT ChnSehT, Kk, fEERO 10 miliTA (P,
@i JIMRNT, mMHE T, AR, SR, B3
My, JREPMT. IR, Wb EM), HiARRD 51 CRHEE
v Beri. KAk, FEE L B T AR
INTW2 (BREFIT, http://www.rinya.maff.go.jp/j/tokuyou/
kinoko/syukkaseigen.html), —77. fREROZEZ A (E
AT EA 20150) ST (ZET@HE 2016), WD ETH
(BAS7& 2017) PhEdi (245781 2020a) THES
o, EZ ) (EAT7EE 20200) A FR—BH (=
HJ7EIE 2020c) THEA MO HAHIRDHERE TN S

AR THL I, BWEDREBLNELS T Z ORI
Z PR LM 2 G, Wb E i HEEEEREER . A
WEME A DT Z CRHE T, 2011 FOMEFR TR E
N7 > LORSPRIANE R &4 5 O BRI
&S EOE > o L e ORIRE RNz,

2. MR E ik
2.1 SER M EFREXDERTE
IR Z ) ETHT L7 OREFBD D 5 U (10)
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fREEMTTH M), FAA qU. BENSE (KM) O
7T CREEICEA B 2 G T2 (Fig. 1) (BUR, Gl
DHFRE ATy ANOIEIHZHH T %), RO
450 ~ 650m T, A3 imimi FERIC Y7z %, REHIE
BB A GEERANR AT E R EfkR et > 2 —
2015) ThH b, WINORFHE IR, 5B E TOHIE
TRILEN TV A, 10, IM, U atBRD T 7 CRHE I3
ha ~ 10 # ha QBRBAMIC AL L. —HBIC 7 <Y (Pinus
densiflora) *® 2 1) (Castanea crenata) 75 & AR BT
%, KM Bt 7 5 CREE IS MBI/ NI 13T T %
& DT, WAEIZE 10m® LIV, 7T ELIAN TGN Z
WHEYIIE 10 BB Tld I T 2 2 V< I RY (Phytolacca
americana), K A A X % 5 (Persicaria lapathifolia var.
lapathifolia) . IM ik & i T & & X ¥ X (Thelypteris
palustris), 71>~ 3 AF (Aster yomena var. dentatus)
U A B Tl NIV A Y (Anthoxanthum odoratum subsp.
odoratum). 3 E F (Artemisia indica var. maximowiczii) .
KM gt Tk 3 €. 4 % FVU (Fallopia japonica var.
Japonica) T&H - Iz,

10 AdBRHD T Z ERHE CRUCD B CREZHEH S 5 LA
e EEREHAN DO EWMOICK S &, HHIFIH
DEEIZLLTOED TH 5, 7T EEEO LML, LLai
Pt TH > 7o, ERTREBROEXRLZHE, Azl
TEL T 545 LB Z — & LT, 1986 0 5 MifEH
7 ha D5 TEZHE L7z, D5 TR 2011 4F 3 O
BHENE TREECHHIN TV, FEicH 5 TR
TITONTVIERICOVW T, 3 AT I LR Z L
AO [COEEDT IO LA (GE) IERTHERITHE
NEDOTHIRLTWA] L, KEEDS A LANDS 6
AHAIE Tl 2 B DOR—ZATY T DLEERIHE L kil
Db, 6~7HIC2EHOEHEAMD (TDEEDER
EETWD) ZHEL TV, £z, MDD D%ic, b
BEE [EREERR &S T v EZ T TEEEE 14.0%. AJ7A M
D A 10.0% (5 BIKIETED Al 7.0%) KIATEDTHL 6.0%]

Fig. 1. 3 \FRHCET 727 5 € D 4 55t
Map of the four Pteridium aquilinum subsp.
Jjaponicum research sites in the three municipalities.

% 300 kg ha™ fitifl L T\ iz, fBEFHRZE. 2l &
fEEZ el 2016 £ 7 HH MANCIEEA Z A & 150 kg
ha™', 2017 43 A 31 HICiZ (LA U W L% 75 kg ha™' fiti
Al7zce VIEDOHERINHEL KL E>TD T, wflD
WIEEN RS 2H 0D 5 BICHIED AT 2 X 51k -7z,
B 10RO T T CREYE Tk, B PE AR R 2 H
MNE T 2MBROEIMRE [HEXOEREREEE
HE ) (MBREMKEL 2015) THEEEHRED 2013 ~
2016 FFICZERIFR RS (ADR) U T B, HikHEREY (V
Z—JE), OB > LBESENRRSN TV S,
7 CREOIFIE R RS GRS ERELE 7z 2015 4R,

N

0 100 200 m
I | | A

Fig. 2. 10 s> kM)
Overall map of the 10 research site.
RERADT Z EOE L, 10-1~6 (O) AF#E
X TR 25 m DIjE, ALY ERZENEEIX
2007 4F 10 HHEFfTisg €/ 7 n 285 E2 LI
SftM ¥V 7 7 = 7" PhotoScan Professional (Agisoft #1.)
TIE U7z SFifid 2 m RIBE T, 2011 4E S
TiAREPEHIEE#% 0D 2012 AEA RO MRETF i ZE
L—HMERICK S 1-m DEM D BIER LTz,
The area inside the dotted line is dominated by Preridium
aquilinum subsp. japonicum. 10-1 to 6 ( O ) are survey
plots of squares with side lengths of about 25 m. The
aerial photograph is an ortho image from monochrome
aerial photographs taken by the Forestry Agency (Oct
2007) using the structure from motion (SfM) software
PhotoScan Professional (Agisoft). The contour lines are
at 2-m intervals generated from a 1-m digital elevation
model from airborne LiDAR data taken by the Forestry
Agency in the winter of 2012, after the 2011 Great East
Japan Earthquake off the Pacific coast of Tohoku.
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2016 9EDT T L EKEE, 2015 FEOHERHERY), iR ~F X 0.1
m THED VCs WEOWPEMZIEE 5 (2021) BFIHL T
W5, IM & TU sl B R R BR I I NIC B B, ]
FER EFANNOKREFHAL S OMERDICKS &, IM,
U ilBRtA B % 7 5 CREE O - HIOFI I @ I X DL R i

DTHB. VI NDOLHICE 1951 FEEIC IS HFRAL
TN, WEHAHLIARIE U, BBIEDIEE N, %)
EIDEE O F= DAL CHANG A FEHEAL, BRI L RAERD
ETNTW, IM BRI O+ 1 Tld 2005 EREICBDED 5
CEDFEDN, LT 5 OEFTICHESZ Y TR
EONERES (6 H FAIFANID . 7 A BAMERAREH. 11
AP N OZEAKRED) DEMEN Tz, HEFRE
& IM, TU GRBRIX & & BRSO HERE - {b i IR A L& AT D
NTWaEY, IM kB TIXER TR L EH TSmO
FRGE, 1U GBI CIE AN TV 2 —JE 7z M XS BRAR D i
TNz, BUE, U B TIZRBIE TRRMNBEEDIED
REN 2, KM Gl B 13 0 HERR 7= iR FR X I8 o0 1L R i 1
H %o BHEO—HIE EECC Z2#H & U TR - Pk X
NTHD, 2017 FOWEETY T B BB i LU 7228
HIPN DR} D A F A AEARRIT NEEE &L U TRIEL T
W, WEFR®%, BB (59150 F42) O—H MR
INfe, B0 ERBHOFMIEER B EFHEIOENT
Wize TIEBIEHYTZ0DRWEHITEA D AVEDIRE
NIREER, BOLLTIzEEZ BNz,

10 Ft B T ik GPS THI LIE U7 7 — 2 & 22
BESHIEXKZERTY T CRHE 2RO Z /K L /-
(Fig. 2), Jeib U7t B OHEIFHEIC K D T T U LD
T HED 3K 25 m DI FIRRIEICK 3 EN TS DT,
FNZzRMAL, 20075 A3 HICU S EZIET 3 6 X
# (I0-1 ~ 6. Fig.2) (LA, SAERX EIEER) Zi#A T,
10 ARBRHIIE S EHIN 2 DAY, —FicfEfith s H 5 T &
5, PN S 4 X, PR 2R RHE A S 2 X 7z 5
ST EelL, OFNONYTEHEZEORMICHES X9
ICHE L7z, 1IERIC LA, KFHETIm X 2m D

Fig. 3. 10 il (2017 455 H 22 H)
Photographs of the 10 research site (May 22, 2017).
72 1m X 2m {GEK, 45 (AR,

EX 7z 3@ U, PURBIC 24T > TR 2423 U7z (Fig.
3)o I0-1. 2, 4, 6 FHRH 3~ 10°) IZHH. EE 0.2
m DL DR SV, Gz 2 < S R0 i
BN Tz, 10-3.5 EEETERLEHZHICH D |
MEEEOR (15,24°) T, VE—EDOT S NEHED
DY NEAIROOEEEDIRNETH > 720 IM, TU R
Bt Tid 6 H 6 ~ 7 HIC 10 itBitth & R AL & B %2
EEB LT LUNOE O ICatERH 2 3 E U 7z IM ikt (Fig.
4) TR 15m7ZEWVL 20 m, 1UREHTIE— 10 m
DHERZ 4 (IM-1 ~ 4, 1U-1 ~4) (IR, SRAEKX
RS T, 1 HEXOHIC/KERIRE 1 m X 2 m OHIE
X7 1 {HRRE Lz, HlE X OIS H Z T > T K2
U7z KM BN IEE R 23T b > 7o Ain

Ti&, WEKI10-1 ~ 6 7 10 il Bt o> & X, HlE X
IM-1 ~ 472 M il Bt o = HEX, WEK U-1 ~4 %
U BRI D EJEX LT, ZN 5D 2 ilE XK = T
X &S,

22 £ EHORIERE

2017 4 5 A 22 ~ 23 HIC 10 kB0 EEK, 6 A 6
~ 7 HIZ M it & ™M GBRth oD 3 E KIS BV TR D
fiE (GPS D). RmfreE (Rim LR, HER. TEB).
FhmfER g (U 7 A—=2fF ), LAROWE (BREHH,
Wiz, RN 72 HEUHIE) L 25 R0R 23%8 [Air dose rate (ADR),
i FEE 1m& 0.1mDpSy h™'y CdTe P& A # 38 (B
REMT 7 /T —¥— TAI00U0) ZfHif] Z#HNT, &
PHEXTT IO Fiiestl. EWRERE O DY 22—
[ DM IRREMN 7T B HEE | Mzt 7z (Fig. 3 41)o
KM ittt cld 6 H 19 Hic, Yo COREENMELET S 1
HiE | Z ORI TRIFZIC BN D Vb N THEENH
ELTVELHE 2 # GH4tis) & AFAWHED 2R,
BREEDME LT % T (1 H) DFF s MRz 3 U, fthoat
B & [FRRIC A, RmifiE, RhmfEss . RO E,
ADR (VU FL—v g Y —_"A RA—=%_ HIT7HEHA

Left, 1 m X 2-m measurement plot; right, ground surface at the plot.
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T ¢ JVREES%E TCS-172B Z2 (i) ZRddk Lz, o€
DU FEAR S L ERELSE O OG5 ERR- T2, Hif§ (Fig.
34) ZHHALT, YT CEDORIRFE D TY 2 —EIc b
NTIHELEL AT DR Z TRV EHEEERES (%) %
FHL. UE—JgowmERe Lic,

2.3 ER DIHER

T DX 3 ERPPREEE T, ARV AR
P PHIEERRSZ A ~ EC/ ) Tz, BHIEERES A &/ R
MAERBHOET, BHIICETICZOEKOE DM EDN
%o BIZTL —E/ N DEMLIZE DT, £128H
ICT&E %, ClE B & DDOHR, DIFES D/ N L
ST EBAIE A DI, B2 TO/NHEDEMELUZETH
%o LI, A, BEEDEZYITE, C ~ E ERFEORER HIE
ERES, 10 BTl 2017 4E 5 H 22 ~ 23 HiC, IM it
Bt & U BB Tl 6 He ~7 HIZ, £ TOTHAEK
THHE (HERE TS5 ~272 ¢). FHEER D, EOREE (F
305 ~ 2100 g) DRI ZERI LTz, £z, ¥ Nz
T—31023m DA, EE02mil (VT ERORAGE
E¥0) orETay e, UA—EIEH0 L U
BHXIC4~6), VEA—JEIIEET (m) LLEERZ]
ELOBHER S LICEARE Ui, THTmy &
O, VU R—JEZHN U LERED S EE I O
K2 100 co SRR (HAE 0.002 m*, & 0.05m) T 1
MO, REX T LIcEARE & Uiz, Loy
I SRYOMTNERE MMFNEER) ZROML. 7F
e iomc s CEREEZNE LD, USER
PFEX CEICRAREE Uiz, i EIcHATWAEVWY 5
oI RRICE SOz, HREDEFEHHNIELL RO
K9t o . BaDREZONENTH < Figk LWHIEEA
HEOSTWVBEDREZTTVS LW LTz, ERONM
WAREICZEG L T DI KR DEZOHNEY LS IR
REDE DIFMIE L HIWT UTze BaAIT, HOANSER T
Tid. REDFERICED . BHILLIZNEMICTSEA

Fig. 4. JIED 75 CHEE (M st
Image of a Pteridium aquilinum subsp. japonicum
community in early summer at the IM research site.

HFOWMADIAALTN B DNV G oTls &0
WARSERN R R LD N, 5 BICE > T, &
DB T & IR 3 E ORURHRERHC 3 77 % Lo DY h
RILAT. TV 2RI hERE O RO L L AT T
I L Tha ] HEBOMKEERIHD XD FHEEL
TWisho iz, 75 LIS ORI E SFER 2508k Uz,
KM ittt (6 H 19 H) T EiRD sHigi T I LD
Dkl 7z 2 ~ 8 T DERI L 720 FREX L 72idRHE, T 5
CORELHFRE K THR> TR ERELEL, UE—
JE & THIEFOEE, RN K D BRI A T & IR
LIcEZ—)VRICANTEERE L, 2fkzilial U TamEse
(0~ 10 C) THPMNICHEEITEN Lz, 100 IM,
U Bt T RN BEDRAR O —f 2 Y > 7V 7 LT
RIBFDES D 5755 Fetiiln (RE) LBMHICHES &
WIEFRDE Ry I OR S D WEREIC T T,
WEDIBAIADFKL & LTz, TOfl, 2F L LT, %l
BT S CRRRICIRE I MO (5N FVY
Humulus lupulus var. cordifolius, =) )NV F Staphylea
bumalda, 73 Pyrus pyrifolia, 37 Aster glehnii 7%
&) ORI Z I L Tz,

FVY L (K BKICHET TREILS <. M7k
RIERDSTAEL LTe K O—HNT Z EHEN ST %
ATREMED B B EI/KD KIRE L)L 2R S 5729,
T CREE DR 72 FRIC E PRk 10 BB Tl
7 CRHEDFEIEDO R (Fig. 5) TS5 A 17 H.26 H.
SH24H, 7H21H, 8 H15H), IMBHITIZTY Z
CREE LM OfKER T 6 H 6 H. TU B TIE Y Z ¢
RHEOMOIKIT 6 H7 HIC2L (1 5) 9 D8EL 72,

2.4 HB DD
10. IM. U ABRHID T ¥ DR IE & N e B ORE
F. EEREERGEYZ—THEDFX2LDT Y RY

Fig. 5. [RUU/KabRZ BRI L 72, 10 GdEH 2 i S 73
i
Image of a stream from which water samples were
collected. The IO research site is in the watershed
that supplies this stream.

AR S IRZLITI S 55 20 % 2 2, 2021 |



I EANOBEEE T LOBLT 73

AFICAI, Ge FEAMINAR (GC4020-7500SL-2002CSL,
GC3520-7500SL-2002CSL, F ¥ N\ F %) Ic KB yHE A
ARZ7 b A RY)—=TEY YL 134 (PCs), L 137
("Cs). VDL 40 (UK) DOFEEENE L GRS
13 Cs B3 ~32%.""Cs A1 ~19%. “K 138~ 16% TH >
72) o MM 7 UEbRHT DWW RS IR ERF S 1 o 2 —
THGE LTz dkFEz v, MEZMICHE Lz, 10, M,
U FA B D G BE D ERHI RIS G IR SET CRbc %, BRbE

VY —F RS TERRZFM L. USAHMRITANT
Ge B AR 2R (GEM20P4-70, A)VT v 74#1) I & B vy
FRAXRT b A MU —THEHMEE S D L& YK 7z
E L. MEZEICHR Lz, HlOSRMFRUTOO~D L
U7zo @ WCs IFEHIBRZAE D 10% LI U 7z R s D
E L. @™MCs IFFHIERAEN 10% LU FIC RS HBWIEET
EWPEMMINY 775V RITH LT 3o ML b Tz R
DL Lz, @TNS D2 T E IRV E I ETHIR
24 BEM D & Uiz, @ YK & VCs % s DOFHlZ T
BYlo/zE2DMlE Uiz, “K OFHAIREAEIX 6 ~24% T
HoTz,

10, IM, UGB Z—JF & 13 KM it
ok, BB U —F AT Pes, esy YK
REERE Uz, VR—BI3Mh <& WL, 2EEOHl
. 2L XU R UARMSRICAN Tz, HRIZAPHRZRNT
f < BN TalEz L, 2R EOWER. U-8 Besic ATz,
W NORMIAE FNC—H 2> TEKBZFHI LTz, Ge
AR (GEM20P4-70, A VT Z4L) 1 &K B vy #R
AT Fa A RY—THIKD **Cs, "'Cs, YK DL E
A O~@DEMFTHIE U, MEZAHICHE Uiz, YK OFH
FHFEIX Y Z—JED 16 ~ 45%, LN 3 ~32%, 7T
33~5% Chole, LEIGHEERE M (LERES
IHTEMRERE S 1997) I & D% pH (H,0).pH (KCD).
CEC., ZHaRGA A > ZWE Lizs pH (H,0). pH (KCD
IR T ¢+ — 7 — 7 —HX & 4ED pH B (GST-2729C).
R—%T)VpHEF (HM-31P) T. CEC & 2ZHWERR A A >
13+t X 2 7 10 Schollenberger i£IC L7z, NH, (351 F
Vg - SEFEFEEE (BRI b I0E S ER 1981) 1
&£ D AS ONE 73V ERE (ASVIID) T, ORI HM:RGA
FUEIY—FT vy —Y AT 4T 1w IS
$LD 1CP-MS (ICAPQc) THIE L7z, AFEE (dry gem™)
R LA TR 7z Lo B2 IR L HE O T
FrLU TRz,

UK DA BRI EWZE T2 L~V 2 U Z i
L. BSEEY Y L “KRIBEZ FilO~@D &M T,
Ge BRI S (GEM40P4-76, B A D— « £ —T—T
RO I KB y BBAXRT b A MY —THIE Lz,

2.5 7T EDE VCs BEDIFFRIC K BE VDR

W REEDREE o LD R RICEE R M
TEIRHENZ N LTz, %Bibd 2 K91, *Cs & Ves D
HEEOMICIE—EDENH > 12D T, VCs IZ DWW TR
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HrU7zo 10, IM, TU GRERHIOD 14 FFHEXK (ShBE, Rl
D, £, KM B O h 5% BREC L 72 2 ik &
FREEZZ BRI U 72 3 M Z it e & U Tz, B CLHEiRy
BHGHITE, MDY S EDEADBEEE S 7 LB
SRR 52 2 REMED B % BBE %A & L C ADR, #}
mERA . RHEATE, EARYEEOIREZET, ADR (I m
iy uSv b)) eRbmER A ) OB U, R E
& EARBEICOWTIEZFN TN Z I 28 (Bl B 1.,
PR 2, RS 3. BRBHME 1. MR 2. MRIN3) 25 A THEIK
MO ZFANRTz, ZOREH. HEERE 0.4 KD F5W
HBI LMW EM 5 7D T 4 BRETZHHAZEE L, Y5,
REED VCs JBE R T NTNHNELIS U TR L
(F, 2.0, F,, 2.0) CTHEMEIFINTZITo T2, 2. BREIENA
O THEBERDOY X2 —EERIT 4 APHO LTI
I 100% TRENEN > TDT, T OXRN S LTz,
KM sl Bt 3 ZBih Tk ) 2 —J8 &€ E 0~ 0.05
mOEFLEOTF—2EHEDT, VE—jgL LED
SYEAND V'Cs DHBATHRE [Sh%E "'Cs T, 1.5, m” dry
kg™ BHEE s JEIE  Bq kg™ /() 2 —J& + 115 VCs &, kBq
ha )], [FAIACEE [BEE 'Cs T, ., m” dry kg™'s BRIE Cs I
fE,Bqke /(U Z—E+ 18 "Cs &) ,kBqha] BZEN
TNHWZBIC U TEMRREAN 2175 2 &b Ui, i
R DA & 75 2 BN DA 2 B Te D, RHERa
RIAIE, FEAWEOREICIZ T, %E 0~0.05m T
HEOAFRE (dry gem™). CEC (cmol, kg™). 22#alk K
& (cmol, kg™) BZNFNMEEH L, pH (H,0) Z/n
Z T2 T DDV THNBE OBRZ Tz, THOARE
& CEC X, 5OHMAMND D (r=-0.885). ZNENHR
HEE, EAREEOWSNE NS>z (HHEOR
FHE IS AHENLE & r=-0.719 DSROAHEL, EARE r=0.595
DOFARY, CEC B NiE & r=0.617. EARE r=-0.697
O, HEOAREL CEC DEHIZ, SHDOT—X
TRAEANLE & EARWEORE L& T 2 REED B B
TehS, B THRNERICESN S HEHRTH 2R
il & EARWEZFIHLSHIOESRC LI L, YU EOR
S EEHORRERA ., BIAIE, FAREOIREE,
THEO M KBS, pH (H,0) O 5 DEFHAZERE L,
WEE, EZNTND "'Cs T, . Z HIWERIC L TEH
W (F, 2.0, F, 2.0) TEREIGOHTZIT- 72,

AR FE T, ADR *® 'Cs, YCs. YK I o I E I H
WBERRIZ W ITNE TN GKRIEZZ T TWa, U
LU LRI AT 2017 £ 9 H 1 H %2 FEHE H I R Al
EU7e, MUY ERE DB TIRMELLT &k - 72858
W, M T IRME TR UTze 3 RELA L OWEME D Lfig T
{3 Tukey-Kramer /5 CTHE/KHEZ P<0.05 ICREL TS
BB U 7e, AW OREHENTIC R3.3.1 (R Development
Core Team 2011) Z{HfH U7z, #%41& YList CK& - #eH
2003-) ICHEHLL 7z,
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3 HR

31 7S EDEBHIDIRE

10, IM, IU G 14 EFRE KB K T KM bt T
BCEZ BRI U Tz 3 it (BE 17 FEREX - #hpl, LUF, Hb
mE9 %) ORMEmALE &, B LAY 1 s i rhEs
Y8 Mg, B REBAY 8 His T R - FED 94% &
Gz, RmEER A 10, IM, U BRHAY 3 ~24° T
LeigiNE <L 16° DLEDOHIE X 14% TdH > 720 KM ik
Bt R A CEE) 1&45° L RED - T, BB
M 14thifi e 2 <, Mkgh 3 S, MW Eho7z, U
2 —JGOWEERIT R TOHL T 100% T, HAIHIA Y 7
D Oz E O £ BEHEREAE G, B0 AT,
FRCH 0 DR WERD . FIEEIC ISAYE R 2, #iF, His
BaRZ5) X 10 i T 144 £ 2.8 (120~ 193, n=
6) Mg ha™', IM sttt © 15.5 £ 4.9 (11.6 ~22.7, n=4)
Mg ha™, TU iBRHIC 104 £ 3.9 (4.7~ 13.1, n=4) Mg
ha'! TH o, BB THEREWIT Rz (P=
0.168), TIEOZEMEEIE 10 BRI 0.39 = 0.10 (0.25 ~
0.53.1n=6) gem™, IM skBRHIAY 0.36 £ 0.05 (0.30 ~ 0.42,
n=4) gcm™ U ikBfHIAY 0.57 + 0.11 (0.42 ~0.67.n=4)
gem™ T, MBI THEREVWNS -7z (P=0.017),

ADR (i & 1 m) (& 10 atBithAd 0.20 = 0.03 (0.17 ~
0.24, n=6) pSvh™', IM ikEitid 1.17 £ 0.19 (1.0 ~ 1.4,
n=4) uSv h™' 10U ikBathAY 0.64 + 0.19(0.44 ~ 0.86.n=4)
uSv h™'y KM kBt o s B D £R Hdth 1% 0.35 £ 0.09 (0.24
~0.41, n=3) uSvh' T, BB THEZENDD >
7z (P<0.001),

32 7S EDMEL RE. HTFRED MC PG, YK &
BHIDU Z—@. HED 'Cs. VCs. K
WIEDEE Y20 D s + Cs T, 10 BT
24 £ 17 (7.8 ~ 50, n=6) Bq fresh kg”'. IM it B i ©
352 £+ 178 (190 ~ 600, n = 4) Bq fresh kg™, U i ik Hh
T 237 £ 191 (30 ~ 470, n=4) Bq fresh kg™'. KM lB#
Tk 10 (7.5 £ 13, n=2) Bq freshkg” TH-7z. Cs
EVCs DEFHBEN — R EMOEUE(E (100 Bq fresh
kg) ZHZ 28 DIk, 10 B 6 ik J0-1 ~6),
KM kB o 2 3RS d b o 720 M Bt o 4 50K
(IM-1 ~ 4) Z2 7T, URtho 4 36 Qu-1 ~4) H13
ARHE 2 2 7o, IML TU BRI T T 2 EAMKIR
& UTHIRHIBR DSBS B B T & DN BNz,
WEERTHRE I NG Cs & "'Cs 13 FHWAFD Bq il
FFERE (REEERELE B X2 1:1, /MRS 2013) T,
ZTORITPHHOE N KD Hes BRI KDN TV S,
2017 4E 5 ~ 6 HEE *Cs /7Cs IR L (S ED 137
Z UREET 10 sk A 0.16 £ 0.04 (n=6). IM iRt
M 0.14 = 0.003 (n=4) . TU &BHIA 0.13 £ 0.01 (n=4).
KM itBRtAY 0.13 + 0.02 (n=3) THo7z, FULHIT
AE T 021 £ 0.10 JO), 0.13 = 0.01 (IM). 0.14 *+
0.002 (IU). YV Z—J& Tl 0.13 £ 0.002 10).0.13 £ 0.001

(IM).0.13 = 0.002 (TU). 1Tl 0.13 = 0.01 (10).0.13
£ 0.001 (IM). 0.13 £ 0.003 (IU) TH > fzo "'Cs JESE
& es/Ves IRIEEL & OBfRZ EE. I RARE. U X —
&, TEENENTRDZ L. HTEHE T es IBEN
WG AIT *Cs/Cs TEELE PR AREL D LI IR A
fed, AR OEEIEE TR o7z (P=0.121), VCs
TR MR NRIR T, S SRR RKUEIN T D%
BE TR E NI VCs OFE T, Moy Cs AN
L&D S, L L, ST —2TIEZES LizfEmn
oD T, SREHIE Nz Ves 3 S ko
EDWIHE T, KAEREOMBIIMHTEIREL
EZbNiz, Tz, Cs/VCs JEEELEIE . MikOFEEEE (P
=0.234), AEHIE (P=0394) L BICHAREKIEVIZIED
SNGEM o7z T, BUR, BRtE s 7 LI U TR
IO DIRVIRD . Cs IRE DENTHERIC DWW TN S
Zkicd %,

10, IM, IUGREBRHLOD T 5 CDY)TE L R, H FgsE o
s JAFE (Table 1) X CTIRRAZRZEVDED SN
9 (P=0.499). BRI TIEEVWDH -7z (P =10.049),
“K M (Table 1D IO (P =0.238), adBaitif] (P =
0.133) WINEHEREVIZRD SNEh o Tz, lEE YK
TR L R B & & LTI (AR T T A LRI I i > T T2 B3,
R E KRG, [ URBH T KK > TiEW
MAREL, KORENEL M FHETRERS T &R
L7z,

) Z—JED Cs 4R (Table 1) (X akBrith T A =78
WHH D (P <0.001), IMAEBRMDAERICE M- (P
<0.001), U Z—Jg "'Cs & (Table 2) (FakBri[E ¢HE
REVWHHD (P<0.00), IMikBHtDEREICEZ > 72
(P<0.00), “KJ2E (Table 1) &, FlBRHIE CH R /RE
WD D (P =0.020). 10 BRI ERICTEN -7z (P <
0.018), “K #(Table 2) (Fiklttif] THEZE VDD O (P
=0.013). IM BRI THEICZ N 572 (P<0.040), U X —
Jg / BEE TCs RIS LRI 1O FRBRMIT 62 = 37, IM T 54 £
270U TlE 15 £ 12 & Wes IR ) Z—ETm . U 2 —
JE 7 REE K JERELRL 10 FERHET 0.11 + 0.03, IM T 0.38
£ 0.19.10 T 0.38 £ 0.09 & “K EEIIRETEHD» > T,

T 8D YCs ¥ (Table 1), “'Cs & (Table 2) ¥ 9
NE BB THEREVWDDH D (P<0.001),"Cs I,
EEBITIM > IU > 10 BRI D IH TP K E -7z (P<
0.018). “K JERE (Table 1) X 10 ittt THEITKL (P
<0.011),“K 82X U il CHEICZ - 72 (P<0.034),
AP K A 10 AtERH T 0.78 £ 0.24 (0.42 ~0.97, n
=6) cmol, kg™'. IM kBT 0.75 + 0.23 (0.58 ~ 1.08, n
=4) cmol, kg™, TU iRERHI T 0.73 £ 0.26 (0.48 ~ 1.04,
n=4) cmol, kg™ T, alBICHRETEVIZRD SN
Mmofe (P=0950), K &6 BRI THERE
Wik bNEN -7 (P=0.171), CEC & 10 it T
54 £ 14 (32 ~69. n=06) cmol, kg™, IM iRB#HIT 49 £
3 (46 ~ 53, n=4) cmol kg™, TU BRI TIZ 25 =7 (16

FRARRA S BT e S 5 20 % 2 5, 2021 |
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~32.n=4) cmol kg™ T.ikEHI THEZENDDH D (P
=0.003), IU Bt EZEICED 57z (P <0.016), pH
(H,0) F 10 #KBM T 40 £ 02 38~44, n=6). IM
BRI T 52 £ 03 (4.8 ~5.6, n=4), IU BRI TIZ 4.8
T02 (47~51, n=4) T, B THERENDD
H (P<0.001), 10 sl EEZICEA -7z (P<0.001),
pH(KCD & A TIO BRI T 3.6 - 0.1(3.4~3.8.n=6),
IM BRI T 4.4 £ 0.3(4.1 ~4.9.n=4).1U itEiH TIZ 4.0
T 01 39~42, n=4) T, B THEEREN DD
H (P<0.001), 10 st EEICEKA -7z (P<0.013),
HE0.05m ETORB LI Z—ED 3245 (10K
Bt 5.5 65 (M akBa) . 50 %5 (U alERit) o cs,
24 £5% (10 #tBaHD) | 20 £5 (M FABRHD | 66 £5 (TU Bt

Table 1. H)3E & kB,

D K BMFE LTz (Table 2),

33FAAKDA) T LEBE LY T L

PEk D YK JEEE X 10, M, TU ikt D L3 ik
e, BH RBR (096 ~1.06 BqL™) KiiThHo7z, T
ORI FRRfEZ “K 04 K OE &L 0.000117, “K DK
HIBERRIE 265391 Bq g™ (Casio, ETEMIE DR 7 LIV
https://keisan.casio.jp/exec/system/1301012764) & O, K
BRI T % & 31 ~34 mg L™ Kiifi& 5%, 10 ikt
Tl 2017 F 6 A M K fEARBRZIT>TW5 T
5 2021) A, S0 8 A E TOFEFIKT — X TIEFED
B DD Slah o Tz, oI, KD 'Cs & 1U il
H17C 0.07 Bq kg™ DM E N iziE ik, BRI (0.05 ~

WREE, U 2—, B0 Yes, Yes, K iE

134Cs, 37Cs, and YK concentrations of young and adult leaves, belowground organs, litter layer, and soil.

Isotope  Site Young leaf Adult leaf Belowground organs Litter layer Soil to a depth of 0.05 m

Bq dry kg n Bq dry kg'! n Bq dry kg n Bq dry kg'! n Bq dry kg'! n
Hos 10 33 +£23 (11-69)" 6 25+ 23 (6-54)" 6 "19+8.7(10-34)*" 6 5790 + 265 (540-1200) 6 211 + 164 (76-490) 6
HCs  IM 433 +£219 (230-740)" 4 276 + 104 (140-380)" 4 ‘187 +99 (49-270)" 4 125772339 (11000-16000) 4 5419 + 889 (4600-6700) 4
Hos U 272+ 220 (35-540)" 4 91 + 65 (28-170)" 4 107+ 69 (21-170)" 4 1688 + 2405 (240-5300) 4 1500 + 684 (1000-2500) 4
¥Cs KM 12 (8.7, 15) 2 6.7+3.2(3.2-9.2) 3 - - - - - -
Ycs 10 207 + 143 (67-430)* 6 155+ 139 (39-350)" 6 121+ 95 (28-270)" 6 5955 + 2004 (4100-9300) 6 1647 + 1292 (880-3800) 6
WCs IM *3100 £ 1600 (1600-5300)" 4 “2014 + 744 (1000-2400)" 4  “1430 + 731 (450-2100)" 4 94167 + 16757 (82000-120000) 4 ‘41772 = 6803 (36000-51000) 4
BCs  IU 2100 + 1700 (270-4200) 4 667 £457 (210-1200)" 4 770+ 501 (150-1200)" 4  °12772 + 18099 (1800—40000) 4  °11617 + 5531 (7700-20000) 4
¥Cs KM 6.7(3.2,9.2) 2 49.9 + 19.0 (29-65) 3 - - - - - -
YK 10 *1563£0(1600-1600)" 6 1117 +98 (1000-1200)" 6 786 204 (590-1100)" 6 120 + 21 (88-150) 6 212 426 (180-250) 6
YK IM 1291 £ 134 (1100-1400)* 4 650 + 56 (570-700)* 4 *400 = 120 (290-570)* 4 239 + 100 (140-380) 4 363 + 34 (330-400) ¥ 4
YK IU  *1195+231 (850-1400)" 4 5204+ 100 (430-660)" 4 551 +275(190-840)" 4 190 + 27 (160-210) ? 4 437 + 114 (360-600) 4
YK KM 1483 (1500, 1500) 2 683 + 79 (560-710) 3

Sy £ SD(#FH) . HEEZIEE 0.05 m F T, 10: W ETH L IM:

AEE R BT TU: RIFG KM: B JER, 2017 45 5 ~ 6 F OfiE,

FoIB a~ c: BNibbe, )8 A: ik FLES, P < 0.05, Tukey-Kramer %, 1) 6 H1 2 DZ&MH FFRME 10 ~ 14 Bq dry kg™ TE
HU7B#E1H, 2) [dl 4 1 D& 210 Bq dry kg™ TRH. 3) [A] 6 H14 DId 180 ~ 220 Bq dry kg™ THRH. 4) [l 4 /13Dl

330 ~ 380 Bq dry kg™ TfUH,

Mean =+ SD (range). Soil to a depth of 0.05 m. 10, Iwaki; IM, Maeta, litate; IU, Usuishi, litate; KM, Katsurao. Values for May—
June 2017. Left superscript a—c, comparison among research sites; right superscript A, comparison among organs. P < 0.05, Tukey—
Kramer method. Reference values in which 1) two of six data values were replaced by the lower detection limit of 10—14 Bq dry
kg, 2) one of four was replaced by 210 Bq dry kg~!, 3) four of six were replaced by 180-220 Bq dry kg-', and 4) three of four

were replaced by 330-380 Bq dry kg

Table 2. YV Z2—J&. +Hio VCs, “K 7

137Cs and “’K mass in litter layer and soil.

Isotope Site Litter layer Soil to a depth of 0.05 m

MBq ha™ n MBq ha n
¥Cs 10 °83.5 £ 211 (51-110) 6 274 + 141 (120-490) 6
P1Cs M 1430 + 359 (1100-1900) 4 “7660 + 2300 (5400-11000) 4
e U 161 £ 243 (8.5-520) 4 3100 + 780 (2300-4200) 4
YK 10 °1.72 £ 0.363 (1.1-2.2) 6 °41 £9.7 (28-51) 6
YK M “3.53 £ 1.35 (2.4-5.5) 4 °65.9 + 13.5 (51-83) 4
YK U °1.91 +0.608 (1.0-2.3) 4 “128 + 53.9 (76-200) 4

SEHy £ SDO(HiPH), IR E 0.05m £ To 10: Wh &, IM: AEERFITH, 1U: [[FFG,

KM: =R, 2017 %5 ~6 HDfl, K a~c:

FRERHIEEES, P < 0.05, Tukey-Kramer 7%,

Mean + SD (range). Soil to a depth of 0.05 m. 10, Iwaki; IM, Maeta, litate; IU, Usuishi, litate. Values
for May—June 2017. Left superscripts a—c, P < 0.05, Tukey—Kramer method.
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0.06 Bqkg™) KiGTH - 1=,

347 EHE. RED Vs BRELEBTHOREBREL
DEIR
EEFIAICE O, BB TN AEDICEIIITE 58
B Tld ADR (uSv h™) ERMmEERAE () D2 D8
HCs Y2 (Bqdry kg™) ZHIHT A8 E UTEIRE
Nz, T2 DZZHICHF HOERIFRITRDOED TH 5,

Ln(Young leaf *’Cs CONC) =9.29 + 1.75 Ln(ADR) — 0.696
Ln (SLPangle) (R*=0.6883, P=0.0005,n=16) (1)

7272 L. Young leaf "’Cs CONC I& %3 "'Cs J#E (Bq dry
kg™). ADRIXZEMFREHE (uSv h™). SLP angle (R} mif
®A ) TH3,

REE VCs R TIX ADR, RmmER G, REAEO 3D
PHIIZR E L TBRE Nz, C0 3 DZEMICHDE
FFRIEROED ThH 5,

Ln (Adult leaf *"Cs CONC) = 6.49 + 1.70 Ln (ADR) — 0.445
Ln (SLP angle) + 0.657 Ln (SLP position) (R’ = 0.7769, P
=0.0002,n=17) (2)

7272 L. Adult leaf "'Cs CONC I3 iK% V'Cs 2 (Bq dry
kg™). SLP position (FRIAINIE (X I —Z8 R LB 1.
hEg 2, FEE3) TH B,

(1,2) XZYE, BECsEEDOTMETIVLET S L&,
B ADR DREZWVEE L, BEDEO L@ E TRHlE
N%, FlpEE es IR AEFORE X D THT
Ve THEND, EARWEOIREBEIE®ROD 5 L5 &
L GERENEh o Tz,

) Z—Jg & FEh S HEAD VCs OEBITRE (W5
BICS Typres: BIBE TCs IR /(D 2 —JE + TIE VCs B, m’
dry kg''l. [ U < BRENDHEBATHRE [KIE V'Cs T, L

0.1

o a y=0.3019x2811

X R2=0.2667

oy

el

O

E ool ¢

i L4 4 X

« X

g . X

G

5 000 | o

on

(=]

=

=]

>

0.0001 . .
3 4 5 6

Soil pH (H,0)

B YOS B /(U X —JF + 1 YCs '), m® dry kg™
ZENTNHNERE T 5ERIFIHTIE. YETIEE
BRI BHHERN s oz, LA L, LEpH O Pl
(0.0726) I LB/ NE Do 72,

Ln (Young leaf "'Cs T,,.s) =4.78 — 0.847 pH (R’ = 0.2440,
P=0.0726,n=14) (3)

7272 L. Young leaf "'Cs T, . 1&V % —J& & 11 5 45
AD Vs OEBATIHRE (m® dry kg™,

FRIE IR HEAIE & 1 pH D2 DB E L THRE
Nz (FNZFN P=0.038,0.034),

Ln (Adult leaf "'Cs T,,;.s) = 2.86 + 0.504 Ln (SLP position)
—0.823 pH (R*=0.5638, P=0.0104, n=14) (4)

7272 L. Adult leaf "'Cs T,y s (&) X —J8 & 1380 5 REE
AD Cs DIEBATREL (m dry kg™) . pH (& 15 pH (H,0)
TH5,

(3, 4) Xz VCs mMBATIRBOTHET IV ET S L. BhEE
DFRBUE T pH MRV & REWATREMEDN D 5 (Fig. 6a)s
WRIEDOBRBUS L pH MEWL & KEL, SlE EHED T
HTREVETIMEND, EEMORmERA, LAY
EOIRRE, TIHOZHME K BEIEE®ROD 54858 LT
HEIRES N o, THORZEME K IBEIE 042 ~ 1.11
cmol, kg™ (Fig. 6b) T, ZOHIpH TIEAZHMEKEE LY
2—JE L LN S T T EDEAD VCs DB THREE D
MR B DBIfRIG I o s U 2 —J & HEH 5 YTEAN
D 'Cs W ATIRE (Fig. 6) 13 10 fRERHE T 0.0056 £ 0.0020
(0.0018 ~ 0.0072, n=06) m’ dry kg™, IM ;BT 0.0035
+ 0.0017 (0.0020 ~ 0.0059, n =4) m* dry kg™'. 1U it R
A% 0.0063 + 0.00048 (0.00087 ~ 0.013, n=4) m’ dry
kg T, I THEREVERD SN o7z (P =
0.402),

0.1

= b
0 y = 0.0045x0-1452
< R>=0.004
g
NE 0.01 ° °
¥ * x % o e
= X
«
S x ] %
= 0.001 | o
=
on
5
=3
=
>

0.0001 a a .

0 0.2 0.4 0.6 0.8 1 1.2

Soil exchangeable K concentration (cmol, kg™)

Fig. 6. 15D pH (a). sHlEA VU LI (b) & LD 59 5 CYHEAD V'Cs Dl i %

Relationship of soil pH (a) and exchangeable K concentrations (b) to ’Cs aggregated transfer factor (T,,) from soil to

young leaves of Pteridium aquilinum subsp. japonicum.

@ :10-1 ~6, x:IM-1 ~4, 0:1U-1 ~4, 201745~ 6 A, THIIHEEX 0.05m £
@, 10-1-6; x, IM-1-4; 0 , IU-1-4. Values for May—June 2017. Soil to a depth of 0.05 m.
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35T7SEEED)Z—B. TEVGELTERRER.
WEE V(s BEDBER

10, IM, IU, KM tfifitthod ADR L 413 (- =0.757, Fig.
7a), KIE (r=0.775, Fig. 7b) O VCs BEZFN TN LD
ik, OGRS O, BRENEELNTIELL
Tz L Z2DRIFROEEZINTNEEHE (P<0.001) TH-
Tzo 10, IM, TUGRBRMIOD ) X —J&, X 0~ 0.05 m -
HeVCs & & ADR.WIEE VCsIRIE & DR kDT & T A,
V) &Z—JEVcs B & ADR (Fig. 8a), Tz, W "Cs IR
(Fig. 8¢) & DRI ZNZFNIEDHBIB BN ED b Nz,
UL, 10 & U BRI D Sh5E VCs IR Y 2 —JF Cs
BAERED L Z, \REO EFckEL ahhTTay
MENFz, —J5. L YCs &t & ADR (Fig. 8b), F 7z,
iTE VCs Y (Fig. 8d) & DBIRTIZZFNZ N 3 ikt
DT —ZW—=DD[EFHICHD | X ORERE (R
1% 09116 (ADR). 0.7844 (4h#E"Cs ) L K& h -
Too Fie, TEYCsBORDOIC, VEA—JEHE IEE2S
U Cs BTRRZERD D &L R A 0.9116 5 0.9209
(ADR). 0.7844 105 0.7967 (4h%E V'Cs JRIE) N&bF
BWS ERTZDOT, UR—JED Cs & ADR Iy
MIEFU. WEE Cs IBELBRLTWVWS EEZ BN,

4. Bt

41 7S EOYBERNDORFEE B> U L

T DB Cs BEEIXY Z—E X D EE LD VCs
B DOBRMNEDN - 72 (Fig. 8)o AT T 75 O MEREGR
M - FEE 2016) VA DHE (EHS 2018c) TR
CldMofEm () Z—J@0 7T MR ELE X D BIRNEN) .,
T30 GEIFS 20182) TRV Z2—JE, EELEN[HE
JEICBIR L TH D BERDMIERTED Ves IBE L Y X —JF.
X 1O Yes B E OMRIBHEICK > TRE AN D
5K TH%,

7 Z E O FERLRIIMBUEN K E W & HE < &S M
WN&HYH (N 1985), 10, IM, IUREHDO T S5 ¥ ot
TEMNHEOBIE N E AL T D #EZE

10000

en
-~
2
o
j=2
a 1000 |
g y = 1923.1x15%7
g R?=0.5737
o
-
o
5 100 b
L
<
3
on
=]
=3
=l
> 10 .
0.1 1 10

Air dose rate (uSv h')
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The transfer of radiocesium released in the 2011 Fukushima Daiichi
Nuclear Power Station accident to bracken
(Pteridium aquilinum subsp. japonicum)

Yoshiyuki KIYONO"", Akio AKAMA", Toshiya MATSUURA”, Munehiko IWAYA?,
Yukio YOSHIDA” and Toshihiro SHIMA”

Abstract

The transition pattern of radiocesium released from the 2011 TEPCO Fukushima Daiichi Nuclear Power Station
accident from the environment to edible wild plants varies across species. We investigated the relationship between
radiocesium in bracken (Pteridium aquilinum subsp. japonicum) and habitat conditions of bracken, such as the
radiocesium mass and slope position, in four bracken communities at Iwaki (I0), litate (IM and IU), and Katsurao
(KM) in 2017. In the bracken communities on land that was formerly pasture (10, IM, and IU), there was no
significant (P = 0.499) difference in "*’Cs concentrations between the young leaves, adult leaves, and belowground
organs of bracken, while there was a difference among the research sites (P = 0.049). The exchangeable potassium
(K) concentrations in soil were 0.42—1.11 cmol, kg™, and there was no relationship between exchangeable K
concentrations and the *'Cs aggregated transfer factor (T,,) from litter layer and soil to bracken leaves. Young-
leaf *’Cs concentrations were more closely related to '*’Cs mass values in soil (R* = 0.7844) than to those in the
litter layer (R* = 0.4669). A strong indirect correlation (» = 0.757) was found between air dose rates (ADRs) and
the concentrations of young-leaf *’Cs via the *’Cs mass in soil. At KM, which did not have a grazing history, the
concentrations of young-leaf "*’Cs were lower than those estimated from ADRs, implying the influence of other
conditions, such as more roots in deeper soil with lower s values.

Key words : air dose rate, edible wild plant, land formerly used for grazing, light-demanding plant, shipping
restrictions, standard concentration values for food, tourism garden for picking edible ferns
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i@ X (Original article)

7S E (Pteridium aquilinum subsp. japonicum) DEFT&E. 2011 D
wREFE—FEFHREMBMTHEINEHSHEE YV LDT 5 ERDEEE

LA AN /N 11 75 NI < ¥ o AN <18 I NP 1 -

E5

IS (Pteridium aquilinum subsp. japonicum) X Z WY THEZBHICT %, YT EDEF L 2011
EORABNREE R T NIREBIHFRTHRAHI NG Y LT S CHORFMFZEHE 2 1] 5 H
ICT5HNT, BHEtho T 5 CREEZ 2017 S STz, £z, U I COMEMEL > LEEHH O
febD V)7 L (K) AR ORERZIT o720 VI EDNAF R AFENEZT TV EEN SRITEICH
4#] HITFAE HITFZEER) 1ISK 6 BIDFIE LTz, BENA AR AR RELZHZ T AT, UT
EDt T L 137 (FCs) BEEIRSEERRIE, MITNERE R EENIC &ic, T ORI KM U T b#E
BEIEIETHoD, EHEEBEINRLZ (P=0.023), K MMEmMIGEHERCILTE, KTFHEEZ
F27% THoTzo 2017 6 HO K ik, I EREDH Y 7 L 40 JEEEIE 8 A5 B4E 3 H £ Txf

XL D@l xo7z, iz,

F—U— R ek, s,
Ul

(iR iR/ N

1. ILBIC

7 5 ¥ (Pteridium aquilinum subsp. japonicum) & > X
WY T, LD T T (Pteridium aquilinum) (XSO
TS RIS %o BVHIFNARGUR T IBTEEm — il
2 HARIEZ AR L, IR TN EZ O H 5 Z ik
ZAEFIC IR B, T FETER L, B 0M% T
KX<HBNS, HATIEFAAN, BHL REL VL STZA
ALK U THOL LBt R s Nz (IBMS
1973)c LM L. KANRERE DN, - 724 H T HHBIOKR
TWVY T Y ORERIS S Z OFR NI IZIEIR 5N T
Wh, FHROREAERY)TH S 720, 115 TIEERERD
WRICIED — . W7 V7 TREDHM FENSE S DS
U EZBHICT %, D5 UHHIZERHOMOIFE
eIz (BHFA208), TOXIIKYICREE, A
i Th 2 &b, MR RN K SRS T
W% (Conway 1949, 7K [ 1970, KiN 1979, P 1985,
it 2001), LA L. 2011 FEDHE BT — b7 I FEBITHR
TR NS > 7 Low S C oI %Ehc
DWTIESR EWFFEHIM R GEE - R 2018, #2311 2020,
HI D 2021), iz, MEYIAKIC XD HESMEE Y Y LOT
WHIHNC AV 7 L (K) HERADNER G SRS 5 &M
EHOEMTHEEINTE (HEREXRAEY 22—
2019), VI ETEIEHOMBEARFTE 2 (e RHHt

iz,

R RIS A S H BRIZE R34 A 13 B
1) JERRMFRR 2T

2) FIAK T R 2

3) TEHAR MR B 2

* E-mail: kiono8823@gmail.com

YTCs IR I IIX O 7 BN E 7z (P<0.001D),

THORIEA ) T L BROEEME, BDED S

2016) A, T I ETIFEFIMNZL L. FHMEIAS M T,
AR THALE. TIEDEFICLERS, 2011 D
BISE— I NFEBBIERCTHRI E NS Y L
DTS EHORNEEIZISMNMCT S & ZHNE L
Teo T, WEREOVDETHOBDED 5 UREICE BRI
ZET, EFNICTY S EZIOINS> T, YIS EDEFL
U CHOBR Y L 1 FREBB L, Gh¥ T,
KIS &% T Z CHORES ML > L ORI R 72 3
lid BB 21T o7z, COBDED B URTIE, LR
BlizHNE I 2mMEBROEME TR X O HERE
BREEEA ) (REBREMOKFERS 2015) DMTHNTHD.
FOTF—=2ZFHLTY I COMEtEts Y LOREE
bt 3RD Tz, Ko 48 S IR OBEHHERAMRER E 7z X Gl
FERR R RIRIX 1) TR SRS T T C ORI DA
THo TR, FIHEMZO S LT S E DR
Yo LNBEOBIROHE LM EE TH A &5,
R RERIXIKNICH 2 T 5 CREE T, BRitEZH
&9 %I AE 21T oo

BB, RIIZEZME L 2017 EEOVWD ETDOT S
CRBE TR RBAMICI Y Y av~<dRY (Phytolacca
americana) 04 X B (Fallopia japonica var. japonica) 7%
ERBOEMMZHEENME S L TY I EZWIEL TV
M, INSOBERIIME W BV A>T
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(EA7e Iy B 2E IR G FAME) &V 5, fREHIIRIC
A VINELERODELTY S EEEZ B TREE,
MOREYIMRA « EE LT EEZASBNS T ENDE, TOD
SR BN D B 128D, H UWWHELH T FE % ftid) 7% Bl
KT,

2. MARLE ik

2.1 EER D T 3thF ) BB E DI E

IR D E i ETHT ERZE ORI ED D 5 U (10).
fEEATRTE M), [[AF4A QU 7 T CREEIC AR
Tz (Fig. 1) (LUF. SBtiOZFIE A v TNOE
Mz %), ASREREESEM> R R 55
Q021) IEHBEH TH %, TT T LHFHBREICD
W E 0T, 10 akBatthod L Hnd . DUAG it .
1986 4RI B LD S CRED DN Tz, 1986 FEHNSBIEE T
3HE 6 ~7 HICEHEZ4mA0 U, ALEER [ PREERY
HmIET VEZ TR 14.0%, TTEMNEO ABE10.0% (5
BIKIEIED BB 7.0%). IKIAETEIE 6.0%] % 300 kg ha™
M U C &z, WEESTIIE D S UCROKREENY
T DOERIHE L 7z, iR 2016 4F 7 AP RIS
Y454 F7% 150kgha™, 2017 4E3 H 31 FEE LAY
Y L 75 kg ha! il U7zo IM. TU Bt oD +-#id g
N 1951 FFEDMSWIFRIH SN, AR CYPIE R
HEAE, BICERRIEED TN Tz, IM idBrttio 11Tl
2005 FEFICHD D 5 URDFMM N, fEEFNE Tk
RENEES (FE 6 A Fa NN 7 A LA{LAER
fif. 11 BRI N O ZFEARNKER) NEEN Tz, H
%I IML TU GRABRIX & & OO HERR - {b R HERH it FH 1
TN TV, IM il T EME TR T2 H TS5

BHORRYL, U MBI TN TY 2 —72 # EHLS FRAD
i s Nz,

10 AlBR T3 BIR O IFREHF A TH A& O TEHERAER

Fig. 1. 2 \FRHCET 727 5 € D 3 it
Map of the three Pteridium aquilinum subsp.
Jjaponicum research sites in the two municipalities.

N

0 100 200 m
I | I A

Fig. 2. 10 ittt D kX (7525 (2020 1hn&E]
Overall map of the IO research site (added to Kiyono
et al. 2021).

FAERNINY Z € OE i, 10-1 ~ 6 (O) D TREX.
AFBIGEREX T—UER 25 m D). £ ED2
DOMRRANDIEA Y Y L (K) KA T, 10-1 ~
3V IRIK, fthid KAl T 10-4 ~ 6 A K it
MK ALY iifgzerh 5 5 2007 4 10 H MR8 5
T/ /P EREZE LICSMY T Y 2T
PhotoScan Professional (Agisoft 1) TIER L7z, %
AR 2 m BB T 2011 AR BT L S ARl E
0D 2012 FELFHAEOHE THiZE L— T HIRIC X
% 1-m DEM D BAERK L 7z,

The area inside the dotted line is dominated by
Pteridium aquilinum subsp. japonicum. 10-1 to 6
( O ) are square survey plots and triangles ( A ) are
additional square survey plots with side lengths of about
25 m. The two areas surrounded by the dashed line in
the upper right of the research site are areas to which
potassium (K) was not applied; IO-1 to 3 are the control
survey plots. The other areas are where K was applied;
10-4 to 6 are the survey plots with K application. The
aerial photograph is an ortho image from monochrome
aerial photographs taken by the Forestry Agency (Oct
2007) and the structure from motion (SfM) software
PhotoScan Professional (Agisoft). The contour lines are
at 2-m intervals generated from a 1-m digital elevation
model from airborne LiDAR data taken by the Forestry
Agency in winter 2012, after the 2011 Great East Japan
Earthquake off the Pacific coast of Tohoku.
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BEm RS (RSREMOKEESS 2015) T 2013 ~ 2015 4
127 Z EREE O LI 305 25 m O FIRK IS X7 &
N, ZEEEREE (ADR) U T Y, HEHERY (V) 2—
&), LHEORBUGHEL > Y LBESN, D5 UTRDIFZIFSE
HTHRRXENTWVS, TDSBEARIHZETIE 2015 FEDT S
EOORED. VE—JE, TE hER~EEX 0.1 m). ROk
FEAHEIC K B 2016 EDOT T ¥ () D VCs gD T —
7RI Ulz, S (2021) & GPS T @ L 7z1i
BT — 2 L2 EEPHEKZERQTY I RS RIAD
MR & VERR L TW3  (Fig. 2, i),

22 AEXDHRE

U SV DEFR L > LOZBEIZEL, K iEHR
ROFHMZ HR &9 2K (LR, SEXEMES) 2, K
it F ASY D S WA R UIc 75 % & 5 (il & HiJE % # 58
U T K i S 3D, S GEfiA ) 1< 3D (10-1
~ 6. Fig. 3). 20174 5 A 3 HICED Tz, 1 FAERXIC 1,
HCEHERET 1 m X 2 m ORGEX Z 3% U PUBIC Tz -
THHZEEE Uz, 10-1 ~ 3 fRAXKIE. K o phm
N AL 9 JEN I (Fig. 2 D45 1 2 D ATOBHERI)
IZH B, 10-4 ~ 6 MEXIE K fEH GEfHMZRR < 4
) MICH %, 10-1, 2, 4. 6 135ERIE G~ 10°)12Hb.
JEX02m EOKARS M, GEMZZ L ETH
TOTICEDON TV, 10-3, 5 IFEHETETZFOIZH
HicH o, pmizEo& (5, 24°) TV EX—EOTLF
. B DEAROROREORW L TH 5 Tz,
D% 10-1 ~ 3 FREE X 72 R 10-4 ~ 6 FHZE X 7% fiti F X
10-1 ~ 6 ZZ FIHEX LS, HIIC 10 AERH D7 — X DHf
FED 28,2017 45 H 22 ~23 FIfiti T 12 SR X J10-7
~ 18, Fig.2) ZBINL . 10-7 ~ 18 HEX & BhNiHa
KEWR, £, 4/ YV Zfi->TY SO R
EEBXTHE AV IH (i 40 m* (X E D142 HAT)
7 10-2, 10-3 MICEG, 2017 FEHED B 2019 £/ E T
HEBER LU CTEET 2O 2508 Lz, M, TU R

Fig. 3. TO il (201745 )1 3 H)
Photographs of the 10 research site (May 3, 2017).
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HiCld 2017 £ 6 A 6 ~ 7 HIZ 10 shBath & [k I 18 &
Hifg2E i LT, DUR O D HRZE X & flE X 2 8% Uiz,
IM AR BRHETIE —34 15 m 7R L 20 my TU Gkt ¢ % —
10 m OFERZS 4 AM-1 ~ 4, 1U-1 ~4) (LUF,
PR E ML) 2T, 1 AEROHICKFHEE 1 m X 2
m ORERX Z 1 HE%E Uz JIEX O ZT] > T
X &L Uz, DB IM-1 ~ 4 % IM ikBatth o T35 X,
IU-1 ~ 4 7 U kBRH oD T34 X & 5,

23 AU LHEREER

2017 - 6 A MANC, BIFEE D U 5 CREE Z AN 0 £,
WU, AR Z i U7z, K o LT, Hik
J10 2 L (60.0 LI, K,0 fRAEK 7D & 60%, 42/
HEWRHAEES) 7 90 kg ha™ Jiifl L7z, K fifRERT
fitiH U 7z K & EF OB AR T T 5 K O 3 f5Ric
43 % (R 300 x 0.06 = 18 kg-K,0 ha™', H{bH
U715 90 x 0.6 = 54 kg-K,0 ha™), R & fii i & o053
F(Fig. 2 W) & K AT iE 2 1E > T GEDIER 0.2 m,
HE02mal, Fig. 49 VIO FEEYIWTL, ML
7o K W3l R 7258 U 7z isific & 0 JERE IS mb A &
31 L,

24 7S EDEFRE & ERRER

10 AR BR M Tld 2017 5 H3 H~ 201845 A 11 HIC
11 [\, IM, TU BTl 201746 H 6 ~7 HIZ 1 (1,
ETOLEHEXTHIEX U m X 2m) NDY T O
(%), E1IRTLORMBERRE (A~EB). &AM &
(m, ENMERTZ LKL ED) BZIELE, YT EDHE
1 3 EREREIE T, ISRV AR, EHDS
(2021) & [EEAETRAZEERSZ A ~E X072, A, BER

Fig. 4. 71V v Lffifilh & Wl 07U S5 CHl R0 Y)
WiD7=HDWYIY (10 s, 2017 4 6 J1)
Image of the construction of a shallow trench in the
ground at the boundary between the potassium-
application sites and control sites for cutting
Pteridium aquilinum subsp. japonicum rhizomes (10
research site, June 2017).
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BEDBER T, C ~ EERMEOER REE L IER, 3 Bt
DFREXRZNZNTHIER Z &ic, WEICHERED
T COMHEE, KENEZ TR, BRI )
B~ 23 R HEE2 ~ 28 BO. Wi%E. BEERIICENZ N
DK, N A ZDEEZL—HDEEIONT KT
DKl EE (m) &EER (o) Zllo7zk, 3, K
EZNZNTE LD TRAEERZN -7z, b3
72 10 FRERH D FFHIA X T 2017 4 10 H &84 3 HICEREK
Ulzo HITRERE GITFZ L) 1D TIET v N)bz v,
—3023 mDAF, WX 02miR (VS EHEOREREE
T) OLET Oy 7% 10, IM, TU DR TOEMEX T,
HrEmcEIc) 2= L3 ~6@ido LI, FRHAEKX
Tric—olEFy T O FEEEROEL, VT
C Mo CTHERERZIE Lz, 7T E o
Yot R e EEREIEE T S LY DA A=
ALk Rix Uiz, i LICBEHNTOWARWT Z E DYk
TRICEDTz, VIO FEERIZFEEX, MEET
CIRE L. —HERBIR -z, Coft BnEEX (10-7
~18) TIX 20174 5 [ 22 ~ 23 HICRERFRIL, T34
X 10-1 ~6) & UAET Ves IBEZRE LTz,
USCDOMFER LHOHBHEIICET > THET S
HEAH D | 10 iR TIZEREH 0.07 ~0.14 m ICHEE -
Tz TREE, BH5 2019, 2021, T OMWEZFIH
U C. 10 idBRHT 2017 4E 9 H & 348 3 H DORIEDERIC,
FHAEX 10-1~6) TEHHET Oy 7 (Fig. 5. BHHH
2019 (BN ZHEEA S FAMICY X—JE, 1 L
MTFENMMHLAEVWEEO L), §2 8 (MTFED
HBHTE5TE  MTIEE (Fig. 5 THSRZATW2DOHN
i rZEoYWm ., H3LE B2 LEO FOLE) D4
@K 5y (Fig. 5) U CalRlZ AL LTz, 2017 429 HIZ 1
FRHEXDT1 IHT Oy J3FORCG, YT LEDOMREY
Z—Jg, FH1~3&LEINC, -, #HRE (2TH2
TR UTz) ZERE U Tze TRESERN N2+ RESERR ) G
Kz, 3 LEZ DI LTz, £z, 10-4 THEX
E#mZZ L BT Raol) | 10-5 THEX (HEYO
DI RO t) THRINL ZZARDRRN S VU X —
JEORET 2 LEOWREZNZTNDEROE L, £2TD
WO THRZY D 50, WEZWM-> TEEIL, WE
gz DIRE (m) ZRDTz, 20184FE3 Ald 1 FRE
RKHT3tHEI Yy 79 OET, HETOoy /&I, 3
TED & REELEEZ 100 cc FEME TR LTz, 974
bbb, B LT HERmA S EEICESE 0.05m £ T,
o Lk my oy J ofimh 5 2 g yeiiick
SFICHITE 0.05 m, 53 LIS 2 LEEOEREN S
PR PR EICEE 005 m ZFR L7 G LEZ2 W TL
BRI LZDIX 2018 E3 HDOARTHS), LEHEE
OLHWITay rhns MMEEEHTIEHEE TR THIZE
R ARIEAR ) 2N FN3 L2 IR L Tz,
100cc R MR THE L L IR LT T & FE+
EETAR. THIZEH FE+HMFER] FHh It LT, L&

OHET Oy S EERIL T2icmA Tz, 3 1T
Oy 75 ORI EFAEX CLICE e, Badkle
L7z

10 BRI D FFE X (10-1 ~ 6) THIE X N D 2R
% [Air dose rate (ADR), Hi -7 1 m @ pSv h™'] % 2017
EsSH3IH~7H21HICS |, Y >FL—yarP—x
A A—=% (HAL7 a5 AT ¢ Ik &4 TCS-172B) ©
HE LTz,

2.5 HEODH

B> Y NEEEONED DT Z ik D 5
B, 10 &k B ith 0 2017 45 5 H 22 ~ 23 H. IM, U ik 5}
1D 2017 6 H 6 ~7 HIERIXD K HE &l FERE . 7K
HTLThixlzEe Lk, BEREERGEY 2 —
THDEFXF2L DTV R UAMRICAN., Ge FEH KM
#5 (GC4020-7500SL-2002CSL, GC3520-7500SL-2002CSL,
FroNFH) ICXKByRAXRT O AN =Tty
134 (*cs), v L1377 (TCs). AV L 40 (YK
OPEEEMEL GHIFEEE 'Cs B 17 ~ 32%, V'Cs B

] Upwrc'l‘ TOOtS:

,.

15
W
E
"
¥

) |
.

Canpugl:

Fig.5. 77 E DM PR &M, Lo mEHE (EY 5
2019 1)
Image of the vertical distribution of Pteridium
aquilinum subsp. japonicum rhizomes, roots, and soil
(added to Kiyono et al. 2019).
a0 L tETay r, USEOM IR+
HWOHZEZICELZZMHEEND O, CNZFAL
THITREN DT HHIAZE 2 TEE Uiz, &2
THETHSRZA T2 O R0 K, 10 &
Bt CH R 23 T8 0.07 ~ 0.14 m ZRGEL TV
7z GEEF 5 2019), b: BT O ZHSHD LT
MR E, HWFEDS ORI rh S M
L TR > Tz,

a: A dug-up soil block. The bracken rhizomes accumulate

at certain soil depths. Using this, the layer in which the
rhizomes are distributed was set as the second soil layer.
The white spots in the second soil layer are sections of
Pteridium aquilinum subsp. japonicum rhizomes. At the
10 research site, the rhizomes ran laterally at depths of
approximately 0.07 to 0.14 m (Kiyono et al. 2019). b:
The rhizomes and roots taken from the soil block. The
roots going down from the rhizome into the soil were
generally thick.
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5~ 19%., “K 1Z10~16% TH-7%). [[CHEKIZDON
THREBEMENIE L > 2 —THE LI3/KkEEZ AV, i
WAEICHE Lz, ZNUNOT I CDEEL T FERED
Mk, JEEZ U7z, BREY U —F Ak e HAS
MY a—BEREL Y X —TEKREHE L, USH
MR ANT Ge FEAR AR EREEYD Y —F Xt
GEM20P4-70, A )V 7 v 7 tt, Mty > o — IR
22—k GEM40-76, A )VT v 7)) I KB y BRAXRY

A b —T"cs, V'Cs. YK OWEEFHIU Tz, fHIZ
FHAGEZE . R RIRME & & B IR Uz, 5H
DEMFIZUTOO~@E Uiz, @ 'Cs IR DY 10%
DIWICE Ui & L, @ MCs EEHIREZ DY 10%
IR RWEETHIMEMA /Ny 7752 Rl L
T3l b mozlifiDfis Uiz, @TN 6 D472
72 E WIS AR 24 KR O & Lz, @ “K 11X
s % Mes OFHIIZ T B Yo ek ZDOfEE Uiz,

10 kBT 2017 4E 9 A L RE3 Alc kT oy 7 h
S L T2T T € O N EDMRIERMAR S I FEHT Tkt
LTHREREE Licth, BAREZIEE TR (75°C, 48
RE L) LCEBE -2, T OB (105°CHz
1) TEIKE 4% DkZEET LAGE L THisEZ Red Tz,
I, BIKHE 4% 1k, 75°C, 48 BERILL L) U 7o ik
MRz REIAE OREEA /K - R&UREER 2012) i L7z
Mo T 105°CTH IR LTz & T DEIRENK 4% (FHH DS
KRE) Tholc kict &<, REMHBETRILL -
THUT AR AR THID < D TEFZ L., 105°C T2
TR TCHEEZ >/, AHE (dry gem™) (FFEMET
P L 7z Lo B2 R E RO MR TR L TRk Tz,
TS COR, HTFE, HEOMG LYY L YK IR
IE. 0.7L DXV 3 BERP U-8 BAHC AN T Ge Pk
Withen (GEM40P4-76, LA a— « £ —V—7 » RV —+4h)
ICKB y AR Fa A MY =T LI O~@D5M Tl
E LTz, 7272, REED D728 1 LEOMR, 5
3LEORIEZNZFNIO-1 ~ 6 THEXZGDOEES
RN UTze Ez, B2 LEORIEH 2, MRS 7
BEDPPRDIEh 72D T, TNEFNI0-1 ~ 3 fHEX%E
BbEEARE. 104 ~ 6 HERE D LIEGRE
I UTeo BHGEREHT DWW T K (emol, kg™’ HE
7 e L, VYLV - T2 /7 aY—4f ICP-
MS) ZHIE Uiz,

26 7T EDINA AR INA A ADFEHAH AR,
EFEmOHETE
AR, WERI &I, 1 ARO R & &R
EDPEFRELMTZ 7 A M) XEHE, [D+E] BERIC
TRk CGEE 12 ~18) L. IEX T 1 KT &ICHIE LT3
O EENM S, WEXANDT T EOLIE, REED
W EAHEE U, AR 72 0 ONA A< RSB Lz,
C DEICIE TD+E] EORXZHEA LTz, I FEREICDWV
T HEZH O e DAY 7 0 OfEA» 5. Tl
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FEEE TR S 72 O DN A A< AITHE L Tz,
fidpEE (NPP, Mg ha™ year™) &AL A< A (Mg
ha™) TERL TN A< AD PR EER  (year™)
U5 1996) 23R Tz, FOWEEREEMIEICK DT
TEDNAARANRCHEEZHDZDICET ZRE/ CF
BFEdn, year) & Uizo NPP IR K O BEREHERE U Tz,

NPP = AN A A< R —WENA A< A
+ R ORSSERE R (1D

10 Al BRHET D 2017 ~ 2018 FDZEHIZ L DBILSHS R
5, TS LERE (B IOV Tk, OFICHE
X 6 H FTRIDALWE THINT, 2 TAHVWENhDE, @
MFANE 8 A & THi Tz BN 2 MY 9 AL EDEM
Wi, 11 AIIZEI TRTOENIMNSZZ N5, 10
BRI T 6 HAMFAWATD 2017 46 H 20 HOBERE + 8
~ 10 A D K 572 HIM O E 83 E ORSENIE & &
L. 10 iRl o> 3= B3 25 (X 0O 25 I E [8] DF¥ i %2 F L T
Kb, i EEINPP & U7z, HUREIC DWW T, Kiyono
Hastaniah [1997, {51 (1985) Z®Z 1 Icd D&, #h5E
s 22 X THEE L Tz,

L,=F (=1 (@

272U, Ly i3 RaE ORSENIE & (Mg ha™' year™), F
WIRPEH FERE R (Mg ha™) . k IERGFEHN R 3R E O
& (year™),

BIRM O . AEYE / AEAF L FERE R LLIE 2017 £ 9 H &
FUEI HTHEAEADEDOONEN S TzD T, g —4F%
B TEDLBEWVWERZZL, 2017F9 ALEFE3 ADLL
DO 7 AR 3 BRI U O e N aRE & (F)
BRSOz, HITRIREO K IZHREEY X—\Nw 71 THE
E LT, BRIk, 7o, BRI EEEZRE
PO B> TRV, BUREZERS Tz L. MivZ 3 TR 12
gIChiZ T, P 2 mm Ay aORYVTFL %y b
W ANzt ozHEL, BLUukE %, Lo
T EBICANTIEY, 10-1 ~3H1IZ 3489 D, MsEi F
WEOHLEZ 01 mIcAD K5I Lz, CoiR
BRIZ2018E 4 H14ALB9H 4R ET (6 H) &,
HHM5 201944 H 1I3HEXT OHH) O 2TV, »
INE. BXZF 1AK% 3HhAK 6L THMAK
W 1S OO U TEIIN U 7z, AL L 723l RHEkyE L.
T2 L UTHBEM R, AESEAR & HIHITE %5 & D2 HL
DHIL, BB IERE CHZMR U CHOFZ IS Uiz, 2 (M)
OBRT— 22 Gbt, HEBHRE/IST A—RICHE
I 72 SE R TIEL U T [RIRHR O & 72 i sEHN R 35
BOHMIEE L U, 24720 OISEE (o IcHEL
720
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27 RERDKIRAET —2DFBICEL S, T EDME
VCsBE, JIEBEEDUZ—BLTIED VSED
BREZLDEE

AWFZE T, 10 GBIt TIT b N S IR O KaE R D
BRD S B, 10 it T CRHE AR L SN T
W5 2015 DT T EEE, M EHERY) (U Z2—Jg. —3i00.2
m DX THRID., T3 (—i4 0.2 m OFEX TERILL
HE~ZEE 0.1 m) O CsIBIE, 2016 £ (fE B IR Ok
HHE) DU T CED Ves IBEOT—X (EER. AREL)
ZRIH Uz, ZHic kb &, BEVCs IBEOFEHE £ 2
HE MR 25, B E0E 2015 4F 10 HIC 358 + 250 Bq dry kg™
(KEE. n=61). 2016 47 HiZ 193 £ 147 Bqdry kg™ (1Z
ERTHEE, n=107) THolz, UR—JEETHOHN
IS 72 © OHERZE O FIME + AEE(R 2 P, M40
(LUF, FHTHTD DIRVER D | SPIEICIEAEE R A2, #iPH.
MR Z %) 1 2015 4 7 AICZNZF N 10615 + 4986
(1100 ~ 23000, n =40) Bq dry kg™'. 1065 £ 484 (320 ~
2500, n=40) Bqdry kg™ TH > 7,

2015 4E & 2016 DI Cs IR CEEMHE) & ARWFZED
2017 45 A (K FEFIAG) O REE 'Cs BE (n = 18, 10-1
~6 EPFERX &L 10-7 ~ 18 BMMFAERK) ZHW., 10 ikt
DT 5 DRREE VCs YR IE DOREZ LR 2 DD JETHE
EUTze 1 DIEREE V'Cs IRIEDOFHA L ZHE B LI E D
T, BEORIRANMNEFICE>THES T ENE, R
HARK DR BE V' Cs PRI D 2017 4EDZFFHHZAL T — X & V.,
VCs PRIEDBFHZALDISRZ =V PMEIC K> TED LR
WZ eZGE LT, &S5 Az HEE LTztk, %z
2011 4E3 H 11 HE U THREBEIBTHERIL: @if). &
5 —DIFFHIZ(b 2z EEE T, ORI E V'Cs IBED
HZZDXFH., aikEFRICREBIE oML b
1)o mE. EBEDOT A X ZNNGSRBIAFTOT—42 (K
KT 2020) 1K B &, 4 H~ 10 HOARRKER HZD
ISZ =1 2015 -~ 2017 FTREEMN D Tz FE3BDED |
AN ET S COEHEE U TH oD T, 2015 4F~
2017 FEDT T L RS DT OEMIZLICKEREWVIZ T
MolcbEZABNS,

BERFAERAD 2015 FE0 ) Z—JFg & L (i),
201745 HOVU Z—J & 1 (EH 5 2021) OF—X 7%
. 10607 I CRE DY 2 —Jg & 1D Y'Cs
ROBEZLEHETE Lize U Z—TBICDWVTI 2015 4 7
H & 2017 4F 5 AT HHIART Y 720 OV X —EHEEICZ(E
MIENT EZE L, 201547 HD ¥ Cs JHEEIC 2017 4
SAO) Z2—gEEZFELC T, LHEEY7Z0 D Ves &
RSz, BHITDOWTIE, FREGEDIROFAA L 0 ~ 0.1
m, HH5 (2021) T 0~0.05m &¥E>TWVWEDT,
2015 FEDTIEREIIROMEE 2 5L THEES 0~ 0.05 m D
THEEEE L Uz, THUITEES 0.05 ~ 0.1 m DO+ VCs 2
Ex 0, D, I E-> TIHEORBEEIZD LR,
EDIREICE EDL EDTH % AREIRDOIRF A (Imamura
et al. 2017) THIBFHMHKD "Cs 1& 2015 FE DWFET

THEIC 81 ~ 89% METEL. KEIEHEET 0~0.05m D
TEICIFELTED, 005 m L MICEDINMCHFENTY
feo PCs DNMEIT T T CERE L AIBREEZ D NB T e
HEEE 0.05~0.1 m DD VCs JBEIZ 0 TRZWVDT,
LEREDRE T/ NaHEEMMNE LN REEDN D 5,
—J7. THEOBRBEEIZESE 0~ 0.05 m HEDOFFTH/NI W
(&) T T OE TIEEREHEEMMNE 5N B etk
B %, HEENs 8 s BITE T 5 LI RiEEED
H5,

AWIZE T, ADR X Cs, Cs. YK IEEOHEICH W
TeBERIE VTN N RIEZZT TWVd, St
T LR 2015 4F, 2016 RIS BRI L 7250k
ZES, 2T2017F 9 H 1 HZ R HITHERMIEL 7,
R PEY IR S DRI R IR LU & R > 7o, M
FRRAE TR Uzo 3 BELLEOWIEM O Ll Tld A Bk
% P < 0.05 123 E LT Tukey-Kramer £ CTZE I L 7z,
A 2% D 5 EF AR AT 12 R3.3.1 (R Development Core Team
2011) ZffH Uzo *#410& YList CKA + #2[H 2003-) 1<
HEPL L 7=,

3 k5

31 7S EDEBDEEHZE(L

EDOREYIZEE : WX TIEEED 2017 42 5 HRIDICBIN T
(Fig. 6)o BRI S HRE TR U, LI 11 HITEDRY
NHZETISKm? ZETHR LTz (Fig. 7). WIEEDIEE
EEE s APANRAKT, DK T L (Figs. 6, 7)o 5
A TaID B REE (BN D) MBEEIC R > Tz, 6 RIS
BIEFIFIFEALED O EHO LS IFMENRER

2018/5/11
2017/11/12
2017/10/18
2017/9/12

2017/8/15

20177721 .
217620 «— Weeding
-_— 201752

— 2017/5/16

A B C D E
Young leaf & Adult leaf

Fig. 6. BHEEEREM DT 5 € O BEREE S O FHiZL (10 ik
SRH X))
Seasonal changes in Pteridium aquilinum subsp.
Jjaponicum leaf number density by leaf-opening stage
(IO research site).
TEREH I 10 ARt DX IEX (10-1 ~ 3) D1,
A~EWRY I EORERMZRL, ADDEICH
o CTHBENHET,
Values are the mean leaf number densities in the control
plots (I0-1-3). A to E indicate the leaf-opening stage of
bracken; the leaf opening progresses from A to E.

Leaf number density (m2)

FRARRA S BT e S 5 20 % 2 5, 2021 |
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30 | Weelding

Adult leaf

Leaf number density (m?)
15
(=)

4/1 6/1 8/1 10/1 12/1 1/31 4/2 6/2
Month/day in 2017-2018

Fig. 7. U T C ORI D FHIZAL

Weeding

Adult leaf

Leaf number density (m?)

Young leaf
N

stopfk-a
0oL —é— ; ;
4/1 6/1 8/1 10/1 12/1 1/31 42 6/2

Month/day in 2017-2018

Sa o g
i L g

Seasonal changes in Pteridium aquilinum subsp. japonicum leaf number density.

LR, 2: AV D L (K) K, -~ A= 10 GAERI D EFHEX OLIHE (FIHEEFE A, B) O, —@— : [
(Al C~EB)o A: IMalBRIDOTHEXOYIE, O : [FAphE AU RBO TRAENXOYE, @ M, /—I&
FEMEOREER A (SD)o IM & 1U ARt T3 X1 K IR T % DT 10 WIRXIC IS E B /e,

1, control; 2, with potassium application. -- A -- mean values for young leaves (leaf-opening stages A and B) in 10; —@—
adult leaves (leaf-opening stages C-E) in 10; A, young leaves in IM; O, adult leaves in IM; A , young leaves in 1U; and
@ . adult leaves in IU. Bars represent the standard deviation of the mean. The plots at the IM and IU research sites had no
potassium application; they correspond to the 10 control plots.

A7 Eolze UL, 10 sl OKNT 6 A FRINCEE
AN EN, 7THIZHUHENEZ 2, $EEIZ 8 H
AL TR ONT: (Fig. 7). FATEERRS D DIENRZ DI
REIX 6 AR RN E AT T AKRE Thil7zo B
B E DN RS LE>7DIE 8 AT, 8 HDHEIZIX
TEHENR SNz, TOLEDMEHRIZ100% TYFE
DREMEERIZ 60 ~ 90% TH o7z, HEIZ 10 H AN IS BITE
BB E OBER TR D, 11 AR E TIIZIEFETHiN G
(Fig. 6)o 11 APaIOHI FRICR S NI RELREDT2HD
I 88 + 41 m™ (n=3) Thol

¥, 10 iBRHNC SAE T A IEMADEHE D 72 & Tl
AHANIRAX T, BT D K 5 IsiW gL E b - 7z
Liimhid b, FTDIITEDOEBISAFNNDTTO N
Mo EDI S CDEBZHATENTES, 5L
AT CIRSIEZ 6 HUKRE T, BEOHFmIIEND
11 AXTORK6~7hAICKAT,
WMEOHE : MK OLEEX 201745 HFHHN 57 H
TRIXETO3IMNHICE>THLEN, ZDM., HEDFK
RRIK OB THEOEDLLEN > (Fig. 8). 5 H22 H
DOIEDEKFIZES (RX) M 85% T, FMOD LS
(93%) HHL (91%) KO KM -7z (Table Do £z &
LN EEDHSZTEIC D ZHEI . FEE D 0.15, IER
AERAS 0.40, FEESAY 0.45 TH o 7z (Table 1), FRIED
BKBIFEORBL LI L, 6 AL 8 #55T
ZE LTz (Fig. 8)o
INAFARR : WIBREOT S DEEIRAF TR, HFEE
INA A AZFEFHZALD/SZ— T, fHs LT
Z{t U7 (Fig. 9al)o 7B, BICHIFTENAA T
ADEZ 2 L ZICHITRBYE N A A< ZETRD . 2017 4E 6
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H TFAIDOAFNN 2 B AU TIEINA F < ADINA F < ALK
DA4EFETHIEFOLTVS EZICHTFREEIZENE
T, MISTm> TENRA AT AN S & ZICH FEEN
A A AR BZHEAND 5 Tzo BRI EANIED N A

1.0
Weeding

g 09 | "‘;‘ A Young leaf A
5 °
Q
° ¢
5 08 F -
Z Y{\}/H Adult leaf
g T
S 07 B
a7 )

0.6

4/1 6/1 8/1 10/1 12/1 1/31 4/2 6/2

Month/day in 2017-2018
Fig. 8. 7 7 DD Z/KFEDFHIZL

Seasonal changes in Pteridium aquilinum subsp.
japonicum leaf moisture content.

- A - 10 Bt oD A E X DGR DB EE (FHIE
B AL B), —@— : [AE (A D, E)o A:IMak
B FAREX OB, O [FEE, A 1U R
O FHEX OYFE, @ : FHE, /S—IEFHIHED
e A2 (SD)o

-- A -- young leaves (leaf-opening stages A and B) in IO
control plots; — @ — adult leaves (leaf-opening stages
D and E) in IO control plots; A , young leaves in IM;
O, adult leaves in IM; A , young leaves in IU; and @ ,
adult leaves in IU. Bars represent the standard deviation
of the mean.
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Table 1. HEEDFIRDLOF/KR & HREIG
Moisture contents and weight ratios of each part of
young leaves.
D) KR/ OKER + EZYEE), 2) [HERICHE
GHTHT D BN B G H
1) weight,,/(weight,. + weighty, nae)- 2) The
boundary between the middle to upper part and the base
is where the plant is easily broken off at harvest.

Weight ratio of parts to
the whole

I0 IM 1IU 10 M U

Part Water content 1>, %

Leaf blade 85 85 86 0.15 0.14 0.19

Middletoupper o3 g5 g1 40 028 024

part of petiole

Petiolebase” 91 86 87 045 058 0.7
10

. al 0O

Eaf "

1]

= .

= 6} Weeding Belowground

<

o0 ! - organs 4

o \ S< 4

z 4

2

£ 2

o)
0 Young leaf

4/1 6/1 8/1 10/1 12/1 1/31 42 6/2
Month/day in 2017-2018

4 RAEHTh (Fig. 9al) T6 AWK TH -, TT
CDRFINA F < ZIIAHNIS K B — R 7Rk & a1
ZEr< &, —F 2@ L TR —EDIR THER L7z (Fig.
9. 3DDFHEX THEME (20174FE5H3H) &
Wk Q01745 H 11 H) ORFNA A AR LIz
T A2 DM, 1 DG T, FIEICEREAZ R Do
jz (P=0.356,n=3),

ToEDEERICESDDNA AR VS E /BiE (&hl
WIkE) INA A< AR D ZEHIZbId 75 <. 2017 4E 5
H3H~201845 H 11 HOBEE 11 [B]DFIGE X (T0-1
~ 3 ) T0.78 = 0.14 (0.57 £ 0.33 ~0.93 £ 0.03, n
=11 KX J0-4~ 6 ) 1£0.91 £ 0.09(0.79 + 0.22
~0.94 £ 0.04, n=11) THEERZENM >/ (P=0.241)
M, BEHRPLPKRENE I THo T, 2017 1 8 HOREE

10
2
= a Belowground
g 3 organs
= % Weeding % ——————— %\
g 6 \ ! II \\
& URY N
5 ' ‘%
o4y
g
g 5 Adult leaf
g
@
Young leaf
0

4/1 6/1 8/1 10/1 12/1 1/31 4/2 6/2

Month/day in 2017-2018

12 12
_ bl —~ b2
z P L Weedin,
g w0 ¢ & 10 | g R2=0.0138
20 . en
% .l Weeding s sl
2 ! 3
B R?*=0.0003 g
ER 2
5 -
= =
[_< F
0 . . . . . . 0 : : :
471 6/1 8/1 01 121 131 42 62 41 6/1 8/1 1011 121 131 42 6/2

Month/day in 2017-2018 Month/day in 20172018

Fig.9. 7 COHME, WRE, HFHTHN. BRUTRENAF T ADOFEZL H0 iSO MIX &A1Y & L X,

IM. IU i)

Seasonal changes in young leaves, adult leaves, belowground organs, and total plant biomass of Pteridium aquilinum
subsp. japonicum (10, control and with potassium application; IM and IU).

al aRERl (O HIRX) . bl 2% (A). a2 #xvE 0 AV T LHEAK) . b2 &8 ([, - A-: 4E (FIEELR A,
B)., —@— B (FIC~E).-O-: HFIE, —€—: 2F, A: G5 M), O: BEE QM) [ HRERE M),
0: RE (M), A QU), @:K3E (U), W HTREE GU), €25 (U, N—IEFEEOEHERS (SD).
IM & U skt oD F3# XIE A ) 7 LIBT3 % 0O T 10 MRS IS E e,

al, biomass by organ (IO control plots), and b1, total plant biomass (ibid.); a2, biomass by organ (IO plots with potassium
application), and b2 total plant biomass (ibid.). -- A -- young leaves (leaf-opening stage A and B); — @ — adult leaves (leaf-
opening stage C—E); --(O-- belowground organs; and —4— entire plant. A , young leaves, (), adult leaves; [ ], belowground
organs; and 0 , entire plant in IM. A | young leaves; @ , adult leaves; ll , belowground organs; and 4 , entire plant in IU.
Bars represent the standard deviation of the mean. The plots at the IM and [U research sites had no potassium application; they
correspond to the IO control plots.

TRIA G IR BF R 55 20 % 2 2, 2021 |
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DOREYRIIHIEX B HEHX E 100% TED SR 5 T2h,
75 E ORISR D 60 ~ 90% T, HiHXD 90 ~
100% X O /hEhote (P=0.065), VI ELNTRER
NAZXZAEEHZMYNET TS aYIARY, A4 A
X 2T (Persicaria lapathifolia var. lapathifolia). 1 X K1)
T ERBOEMRMZER T, FRERUIRIRX &KX T
KERh-> Tz,

70T LFERX  FEIFIRHIRBHEE O A 7 1d o IR & 22
boEMNo TN, 2017F 5 A S 11 H DIEHBEEIZIE 20
~30 m” THIAX X D KEWENDH >z (Fig. 7-2)
ez, EEEoE L, HEXIET T LA OREYI R L
Mmolee TNNT T EDEHDDGZVEEBEEZEZENS
TS, FRHOUTE /I BEENS AT ALLLZFIH LT
WX DR T 72 0.78 ThE Ui X O LG E 2 0.91
THLUTHEXZLEET % (ThRBEEOMYNETT S
CTholzbiNE LT &ilixd, TOREZUTTIE
TS HMIEEESR) &, 2017 4 6 A FAD K i i
HIE 4 | (P=0.859, n=4) JEfHABORE 78] (P=0.683,
n=7 Wiht, WX LHEHX O’ TY 7 ¥ OFEH
JEDEICE A R o T KHKTE, 75 E
DIEORYIZEEIDGIKE, ENA AT A LHITRERE /A
F < ZDORIEG UTFHiZ b (Fig. 9a2) . £ENA AT X
(Fig. 9b2) OMIEHAR %0 U 7z Z (b o fEm /s id. RHEEX
EABETH > Tz KiHXK D 2017 4 11 H A Ol F3EI
RENFREEIX 149 £ 79F m™ (n=3) THHAK &
RN (P=0301), /NA A ZAOFEHEIZ
BMEXEDWEMKRENVE D THoTD, HEA T ED -
7o (K AT P=0.293, n = 4; it % P=0.069,n=7)s Y
FUEHHIEBRDNAF AT, ENED/NELE>T
(K fifai P=0.687, n=4; fiEF# P=0.677,n="7), 753,
TDT I CHHIERDNA AT ADMEIE, 7T CEHEN
A A AIEH LW,

A/ BEAKDREY : 2017 EFIC A/ VDM HEE
> TY I O FEEBNZIGHITY T Ll & 5if
Uah o, DI, HFE s ALK, E—FEDOR=
INFRaF Y (Crassocephalum crepidioides) X% 4 A X
27, DUEBNTE Y RRaFZ (Erechtites hieracifolia)
MEL L, #5FUT 2018 FEIF T NS OFDOIEN A/
UL D FFICHED 5 T2 A/ T EELHINCIEAEL
EAEIA T a VORI AAF (Miscanthus sinensis)
In ERMDE M AETENES LT,
JZEDHTREDD R : UV E—JE, H1~3% L
NI BT I EDOWOEEL (201749 ) d\dh
ERIRX X THEEZEN RS (P =0.087 ~0.33),
WXz &b TROIIEY Z—FH0.15 + 0.03, 1
TJEA 0.05 £ 0.02, 2 TEA0.70 £ 0.05, 3 LED
0.10 & 0.04 T, WOKNIIH FEIEF S5 2 Lgicsy
LTV, W28 1 g 4720 DREIF Y X—BDIRN 26
m (10-5. GOV EnsEtikogint) & 34 m (10-6,
Gz < GURAO) H 2 TEOWM 12m (10-5)
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& 14m (10-6) T, MUEERTEEIICEN 2 E0E
WhHH -7z (P=0.054,n=2), TOOIZEENIHS LI
SAkhols (P=0722,n=2), HEORBEEIZFE 1 -
J& (0.47 £ 0.03drygem™, n=6) &LEXTH 2 1B (0.56
+0.06dry gecm™, n=6), 3 1 (057 +0.04dry g
em™, n=6) TRKEL (P<0.0058), 2 LEchHsHF
EDDS ERZICMT SRR < R ZICifs 280
LR (Fig. 447) T & &L TWz, WFE / AEfEHE
TEBEREEHRX—MEH XM (P=0.121). 201749
H—214E3 AP =0.481) & &Il ERENTER L,
R TIETF 0316 £ 0.290 TH > 7z,

IM, IUSEBHDTSEDEFT 20176 H6~7HDY
e, I0HBMOFRES A2 H® 6 H20 HOT S ¥
EHERT, REEBERICAZE TR, EEREREI 10 3
Brtth & 0 /hNE oz (Fig. 7-1). BHZEEEME X IM sdRtti o
FHEXIEOTNEDAREL T, KT CHZL, U
B O TFHBRK TIE 413 DTD, —DTCHRE T,
10 itBatth & L WY HiOEA D H BN > Tz, £z,
IM, TU BRI Cld 10 BB & LEX. Sh3E, kEEEL &1C
FIKFENME L (Fig. 8), HEDONA A AIARETH D
DIT, WTREBMENAAYANE L, BENALIAEZ
h o7z (Fig. 9al,bl), #)3EIE 10 FlbRt D Y)3E & [EX T,
AR O EKHEME . BEREHISITER D EEA/NE
<, EEBIZRE D572 (Table 1) TS EDBEENA A<
252 EE (HSED X, 201746 H7HD IM i
BT 0.517 4= 0.105 (n = 4) . TU 3B 0.684 £ 0.107 (n
=4) T, 10t L [ERTY S Do, TTE
T GRS NA A= 23 IM B¢ 19.5 £ 6.5(10.5
~24.6, n=4) Mgha™', TUERHIT 152 + 3.1 (123~
192, n=4) Mgha THotz, 7S5C LEAET 2T
& M iRt Cld e XS X (Thelypteris palustris). 71> &
7 I A F (Aster yomena var. dentatus). 1U gl BRHITlE N
JVAY (Anthoxanthum odoratum subsp. odoratum), IEF

(Artemisia indica var. maximowiczii) T®» > 1z,

32 7S EEBERDINA AR ARBFEEGR, Fin

SR 2017 45 H £ 2018 4E 5 HDNA A< Al K
FxENEE < (Fig. 9bD) . (1) KOWIHRISA A< X — ]
ENAAT R0 EREEZ T A5, NPPIZHIRAD
FFEREE RICIZIEHFE LV, B DY 5 CEORIERTE
mik, RO D 10 AR O IRX D 2017 4 6 AN
HWWETD 6 A20 HOT S DR (1.60 = 0.67 Mg ha™,
n=3) L8~10 HDU T LDEKER (2.06 = 0.56 Mg
ha”,n=3) OEFFCEMTE S, L GE) NPP X 3.66
£ 087 Mgha'y"' (n=3) LHEEEI N, U T UELHIE
(0.78 £ 0.14 THKRY) KO EEE NPP 1Z 4.72 £+ 1.42 Mg
haly" (n=3) Th-olz, HIFEREITDOWNTIE, 2) XD
RiFEHN N2 E DI IHEE k 2D Z—3y ZHIC K D RD
KHTKRD T, MAEZOKMIEM FIREDOHERK AT 4 H
WKL LZGEE 9 Il LA REHIC &
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O EEBDDNZ—=FXLTH T (Fig 10), 7272
L 2018412 H 1 H~2019 fF4 A 4 H 3% & EEWKD
Lahote, T2 TR (12 A1 H~4H4H) ZB&
We T =22 G808 THRMBEHTEM L T A, Mk
FROMEZ X 0.00898 THIMFRD R* 13 0.9751 L@, HE
(P<0.001) ThHolzo 4 HDS 11 HITHIFTD 8 A
C DMEE OMETHZER FIEMHERT S L HEL, C
DD k 2.19 (0.00898 X 243 H) ZXR&Tz, Fiz, 12 H
MORES AR OMPEEZVWERZL, CTOMO K%
0& U7, 201745 H3 H~ 201845 A 11 HDFith
THEE 434 £ 037Mgha™ 27 FCLEHHIE LT 5.58 +
1.13 Mg ha™ IT. 2017 49 H & 2018 4 3 H DHFE / 417
R 2R e m EE D4 0.304 £ 0.035 &3 U, FHIRSE
HRERER (F) 1.69 & 040 Mg ha™ DMEF5N Tz, Thb
Z (2) URAL. L,894 Mg ha™' y' 5N Tz, BEHE
INAF A NPP I 4.72 (L0 +8.94 (M RER) = 13.66
Mg ha™' y' LHEE S NIz, TNET T CLMIERAORE
INA A ADEFIE 6.65 + 1.76 Mg ha™ THRL. Bf
T&INA A A R H 2,05y 23R Tz, £
DFBUTE ERFEIC K O BHE N A A Y AR TiE &
DBDICET IR (CFa%an) T 0487 (y) TH-oTz,
F 7z, BEEHIUREENPP 27 5 C LA EE A O R N1
F < ADEE 5.58 Mg ha™ TR U, FHIR A BEYL i
TEORHEEER 1.60 (y) Z3RDTz, T OWEIHETE
i FEONA A DO FF T 0.624 (y) TH -7,

33 7T EBED ADR

10 ikt ADR (H Ef 1 m) X EFHEX (10-1~6)
MTHEETH (P<0001), 10-1 £10-2 (\WFhd 023 £
0.01 puSvh™) ME < (P <0.005).10-3 i) (0.16 & 0.02

= 10 y = 11.504¢0:009%
bt R>=0.9751
5 8
= L
Aoy

2

0 .

0 50 100 150 200 250
Days

Fig. 10. Bl 1 U727 5 CRBEHE RERTY O o fiie i & B 12

10} 7

The decomposition of dead Pteridium aquilinum
subsp. japonicum belowground organs buried in soil,
and the effect thereon of season when buried.

O« B4R Apr 14 ~ Sep 142018, @ : [l Sep 14
2018 ~ Apr 13 2019,

O, buried Apr 14 to Sep 14 2018; @ , buried Sep 14
2018 to Apr 13 2019.

uSv h™) (P <0.034), 10-4 ~ 6 (Z L (0.18 % 0.01 ~
0.19 = 0.01 pSvh™) Th-olz, Fio. THBEXDOFEMHE
13201745 H3H(0.20 £ 0.03 uSvh™) H57H21 H(0.19
+0.03 pSvh™) O KNI B EAAH -7z (P=0.059),

3475ED YCs, K DEHZEAL

TSED Vs RE. B WBROT T Ves B (Fig.
1lal) (&, 2017 4 ~ 5 AXYENHIFRE XD EN -5
e, WIEERERYEICHT TR T L, TR E R
KO &5 Tz, 2017 4F 6 H FAIDAFANN R DS
U FaE R D<o Tz KEED VCs IBIZIESHEE L [
CEIICH & & BT R L, MW E L Ho T2k
BHUMEFL, 8 AICIEH FERE & DGRBS > 7o, BHE
T IXYE RO 10 HIC2 ER Uiz, 201745 A & B4E
5 HDT IR Ves % (Fig. 11cl) BHENZ &, 3 F
FHEX VT NEEEZMETL TV (2018 4 5 H /2017
5 o VCs IRIE L 0.56 ~ 0.83), 2017 4E 5 H ~ 2018
i 5 AR O4H VCs I ORFHNZ L 2 fRE a5 T (bl
Lizk s, HROEERZERTH > (Fig. 11cl) :
75 VAR YCs JEIE = 1316 exp (—0.000860 Time) (R* =
0.3858, P=0.023,n=11) (3), 7z72L. Time (% 2011 4E 3
H 11 OS50 HE (days)s Q) REFHETIVET D L,
TSR VCs WEIHIEE 1 & LI X 14ET0.73 1
KTd5:1HICES,

TS50 cs & (Fig. 1lel) EN\A A< ADZFHIZ
ML T, 2017 FERICHED Vs BN A B L EicH
TeRE Cs EMNIRD . E VCs AL WVHIZH R E
OEMNDIR L, FAE 11 AICEE Vs BA S & 3R
BHOBRMNAET ZLS Thol, £z, EHATD 10 A
ICHEVCs BICE—T Wb o Tz, TTELE Yes & (Fig.
lig) Z 201745 AL BFE S ATHRS &, WRX T
3ERFEBEXONWTNTEMD LTV (2018 4E 5 H /2017
5 HDVCs & 081 ~099), 772, 201745 A~
2018 4 5 AR O 48 Cs mOREMINZE Lz 55 B T
IERILIzE T A, HFROEEIEERETEI >z (R =
0.0619, P=0.461,n=11) (Fig. 11gl),

K KX Tld, SHHRX & Lhig U T2 Ves 11
KETH 7MW, PIEEPKE, HTFEHRE LWV 2E0
TED Vs DL EORMINZELD /S Z— (Fig.
11a2,e2) ERIBR DS LT Wz, T ED Vs JR1E
W NIET K FEFH OB DOV T E (3.5) THMT %,

WBEL KIED VCs JEOFHIZL (Fig. 11al,22) R
B, FRDFED . WIEEDPLIIEEMN K 7270 2017 4F
s H EAICEEEM -T2 (328 £ 242 Bq dry kg™, n = 6),
UL, BREND 2RI, RERE LD SV S
WEAEEHD, BRE L TIIYEE L REED Ves IEIE
WHH B EIIEZARVES TH T,
TSEDYKEE, & MEROT T DK EIEIZY)
wEEE <L R, RIS E DNEIC FA 2 AR OE N
o7z (Fig. 11b1), MIEEEDWEREIZE ST oz, 4
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TN OPREEIIHER & & B R T 2 EmAH O (Fig. 75 €YK BEOFMEENA AT ADFHEZ( %K
11bD), AW TWV oA FRLTE, BURRE &I BMUTELL (Fig 11fD), MHEXD 3 FHFHEXTY S
KT U7z, HITFEREIZIEMNMIEL 72 2017 4 11 7 LLEE, U er YK & (Fig. 11h1) % 2017 4£ 5 H & %1425 H Tt
2018 RIS CIREZEE LTz, MK D 3 FPFHEK B LIZETA2D@HEA, 1D@E->THD Q01845
TUICERHED YK JEE (Fig. 11d1) Z 201745 A% H /201745 HOELL 0.90 ~ 1.80) AR A b o7 (P
ESHTHEBELIZEZA 2D EL, 121K &>T  =0320,7n=3),

BO (0184 5 H 2017 %5 A DL 0.96 ~ 1.25), K A IE IR IX & el s % &, KA aG 4 BE O K
BrRZEZEMo7z (P=0313,n=3), B EOMMEAEANEL (Fig 11b1,b2), HHHX—
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Fig. 11. 7 €D 'Cs, “K O, MOFHZL (0 B K E AV T LK, M. 1U o YK)

Seasonal changes in the concentrations and masses of Pteridium aquilinum subsp. japonicum biomass ¥Cs and “K (10,
control and with potassium application; IM and IU, “K).
al: 2HETAI V7Cs JERE (1O WHAK) | cl: 25 VCs JERE (A, el: g8 B R Ves B (JAD, gl: 2% Vs & (JA), a2
ZREA Cs A (10 A1V Y LFEAIPO . c2: B VCs JREE (D, e2: 2REHI] Cs it (D). g2: 2% 'Cs & (A,
bl: FHE K I (G0 WX, M, TU), dl: 28 YK IEE (D, f1: 25ER “K & (A, hl: 25 YK & ([,
b2: AR YK IR (10 AV U LI, d2: 2R KR (D, f2: 38EH) “K & (5D, h2: 25 YK & (F).
- A WBE (BRSPS ACB) . — @ — : i (A C~EB) . —~O-: #l FaRE. ———  AhGE — @ — : REL A Y13 M),
O pEE M), L] HERERE M), 0 25 (IM). A SIEE (1U), @ - piE (QU) . I: HURERE (U), ¢ - 25 (1U),
Y \—Li$i’3{ﬁ®1‘“$1ﬁ§ (SD)s IM & TU adBRHhD FEREX IS AV ¥ LI TdH 2 D T 10 RIS RIS E B 7z,
1, ¥’Cs concentrations by organ (IO, control); c1, total plant “’Cs concentrations (ibid.); el, “’Cs mass by organ (ibid.);
and g1, total plant *’Cs mass (ibid.). a2, *’Cs concentrations by organ (IO, with potassium application); ¢2, total plant “’Cs
concentrations (ibid.); €2, *’Cs mass by organ (ibid.); and g2, total plant *’Cs mass (ibid.). b1, “’K concentrations by organ
(10, control; IM and IU); dI, total plant “’K concentrations (ibid.); f1, “’K mass by organ (ibid.); and h1, total plant *’K mass
(ibid.). b2, *K concentrations by organ (IO, with potassium application); d2, total plant *’K concentrations (ibid.); £2, *K
mass by organ (ibid.); and h2, total plant *K mass (ibid.). -- A -- young leaves (leaf-opening stage A and B); —@— adult
leaves (leaf-opening stage C—E); -- O -- belowground organs; — —— dead leaves; and —4— entire plant. A , young leaves
(IM); O, adult leaves (IM); [, belowground organs (IM); and ¢ , entire plant (IM). A , young leaves (IU); @ , adult leaves
(IU); M, belowground organs (IU); and 4 , entire plant (IU). Bars represent the standard deviation of the mean. The plots at
the IM and IU research sites had no potassium application; they correspond to the 10 control plots.
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i X R 72 LEi U 7z & & 0 PABIEWIEE 0323, AEE 0.235,
£ 0.966, HIFARE 0.120 (% n=4) ThH-o7h. KM
#%iZ, 2017 4E 7 A SERES HETOYE (P =0.053, n
=2).[F4FE 8 AWM S HE TORIEEP =0.058, n=4).
# (P=0.039,n=4), HIFERE (P=0.011,n=6) ®*“K
B EAX TEh - 7 (Fig. 1162), 25 “K iE)F (Fig.
11d1,d2) &FEkTH -7z (T P = 0.127, n = 4, 2017
EYAMBEES HETP=0007,n=6) . K& (Fig.
11£2) TEHIRE X O FEHRXONA A AWK E VDT
EOEFZILKIZTERVA, HFHEPEH K B8
HAIX (Fig. 11f1,h1) Tl& 2017 4 6 A DAL, B4 3
H & Tl ME L)L THER L 7z DIt LT L i X (Fig.
11£2,h2) TEAFANE K fHRICEDN A, Sl
THR LT\, 72720 2018 4E 5 HIC & HfH O #ElC &
BiEWVIERSNZ L Ko Tz,

IM, U HE&HEDT S ED ¥Cs. “K: IM. 1U kit (2017
EeH6~7H) DT YIFI10 ik (F4E 5 H 22~
23 H) &R, 2E Vs IRENE D, o Tz (M, 3091 £
1562 Bq dry kg™', n =4; 1U, 2095 £ 1694 Bq dry kg™, n=4),
A YCs B IM T 17199 £ 10731 kBq ha™ (n=4). 1U
Y8020 £+ 6398 kBq ha™ (n=4). 75 ECHHIEZORTE
Cs B 13 IM T 33267 £ 21832 kBq ha™ (n=4), TU D
11725 + 9530 kBq ha™ (n=4) TH->7zo “KIEEDIBAL
MOFHNII0 LA TH o 2h, IM & 1U TiE & DO
ME YKIBEN IO X0 {EN -7z (Fig. 11bl,d1), 5 “K
213 IM T 4617 = 2457 kBq ha™ (n=4), IU H 5295 +
2026 kBq ha™' (2 =4) (Fig. 11h1) T, IM, IU & B 1%
10 ittt X O 7 S DNA A ANAKZL (Fig. 9al,bl)
TENLEFEYK BIFIOLHEVEDLELSEoT, U
Z CLLAE OBEE YK 81X IMAY8930 + 5088 kBq ha™ (n
=4), IU D 7741 £ 3198kBqha™ (n=4) TH- 7z,

3575ED VCsBEICKRIETAHY U LBADRE

10 kBt DT < B 4B VCs YISOV T, K it Al
D20174E5H3IHMS 6 H 20 HET 4 [0l OHE KD
YR 1 LU, %O 7 H 21 HEREO 7 [HOHIED
VCs B HFHETE U TR Z R Tz & T A,
K fif %0 7 BIOREH 6 [\ THEF XD "'Cs JREMKL |
I 7238 U 7z i K/ SRR X Y Cs IR EELE (7 J05E [5] o+
EIfE) 13076 £ 0.11 (n=7) T, HRX & LEXTHAHKX
DEREDMENEINNE A (P =0.0024, n =7, Fig. 12) TH >
Too T272. HEAM S 10 M HEZD 2018 4F 5 HIZEWH
Ronmkote, FROMBHTZEE, BEE, B, T
MELDVTITo e T A, YIEEEHIBIX, fHXE S
WCRARIDME B N7z 2 [RIORIEH 2 [81 & BHEFHX T Vs 8
EPMED > Tz (P =0.38, n=2; KX / FHHRXEEE L 0.72
£ 0.93) BKEEE 2 [RIOAEH 2 [\ & &1 X TR EAMK
Mo 7e(P=027,n=2; MR/ HERIEELE 0.49 £ 0.69),
MEEL RER ST RN TEEL LA s mndhd fi
X TEEMEDN o7 (P=0.057, n=5; X/ GHRIX

L 0.65 = 0.16), HITARE Tld 7 BIOWEH 5 BT
fiti FHX DPEEEAME D > Fo (P = 0.049, n = 7; fitifH X / HHHR
KL 084 £ 022), CTOKIICHNMNTETHEHE
[\ ClEmA» RSNz,

36 TEXAITAS =7 S EDRTEEE & TIEOR (Gt
TEE. MEHTRED Vs, TED Vs, AEE.
T K EE)

TEEXSUTHE LD 201749 H & 2018 4E 3
HO2 [T, HBOWEZEZEORTH %, 20 E &M
E LM R E E EMIEH R EEIX. WINnE, 2[
OHEMTHBEREWDZ Moz (MRS ERIINIEK
P=0.69, T P=0.079. MFEHITAVE RISARX P =
0.83. X P=0.20)

HTFERE®D 'Cs: 2017 £ 9 HOAR VCs JREE, 1 1E

Tivbm< (532 Bqdry kg™ EfRERESGED. 52

FTEIEZ D 19% (99 Bq dry kg™'c WRAXIEAEUEHMA, i

FRKEAEHEO ) . 58 3 LEE 8% (42 Bq dry kg™,

FRHEXEARRD) EMEF Uk, MEETEAMIFLT

Kb Tz AROINE R E 179 Bq dry kg™ TH -7z (U

Z—JErhOfRIE VCs IBERRIE L TWERVLDT, H 1T

JEOHE R Ui Lo Uiz, HREIEeTH 2 LEic

Ho., Z0Cs B (220 Bq dry kg™'o WHRXIE A RLE

fill, 1 KR A RME D) FHOTFEREL O AL

Fh oo, HITTFEE Vs lBE O FE LD Ves B

s, CEAHF U TR 12218 Bqdry kg™ TH -

Teo —J7 AEBEHN B8R E D ¥Cs P45 1Z 113 Bq dry kg™ (G5

A X)) TV HE R ERE VTCs EE ORI (52%) TH -

Too WAEHE FE8E D VCs &I R 2R VCs #D 13% I

Y Uzo Hi7zICHiPEd 2 M RERE O VCs IR I 33

B YCs IR (218 Bq dry kg™ L AHFEHN RERE Cs IR

(113 Bqdrykg™) DEICH B LHEZLNBT LMD, Th

ZFHUSROH R E TR (8.94 Mgha™' y) BIEL S

£ 19MBqha'y', 1.0 MBqha'y"' &%, HIET B

TEREN S THEAD Ves (fifgmIE. o2 HOMICH S

Zkicixb,

TEOARE : 2018 F 9 HOHHOAREIZ, AEX—

K iR CHEAN > (P=0207), HWHEX E K

iK% &b TR ORMER. LERcaERS

MH D (P<0.00). 551 LFDEA/NE H o 72 (P <0.006),

SEHAREEIEE 1 HED 043 £ 0.02 (0.40 ~ 0.45) cmol,

kg™ 52 L E 13049 £+ 0.03 (0.44 ~ 0.53) cmol, kg™

%53 T8I 0.49 £ 0.03 (0.46 ~ 0.53) cmol. kg™ TH -7z

mFVIne 6)s,

TEORZ M KIRRE : 2018 1F 9 A D Ot K JEFE

3. WX —KGHKE., 3 LEBTwINEGEED

B0, BEEIHBX IO KX TELS (P=0.002). %

WEHBIZEEh o (P<0.00D), THEEEIINRK DS

1 /&7 0.88 = 0.12 (0.78 ~ 1.0) cmol, kg™, 2 2 LM

0.36 = 0.05 (0.21 ~ 0.40) cmol, kg™'. % 3 LJEiE 0.28 +
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0.05 (0.23 ~ 0.33) cmol, kg™'. KEfHXDOHE 1 -JEhH 1.3
+0.34(0.95~1.6) ecmol, kg™ 55 2 L/l 0.71 £+ 0.20(0.53
~0.92) ecmol, kg™, 3 L& 0.51 + 0.19 (0.32 ~ 0.70)
cmol kg™ THo% (nlFVINE 3),

TEEMTRED VCsIBE : 2018 £ 3 HOTHAERX D+
B Ves EE, B LETE < (1929 £+ 620 Bqdry kg,
n=6). &2 1JEZ 6% (109 £ 80 Bqdry kg™, n=6).
3+ 3% (56 £ 46 Bqdry kg™, n=6) LKL/, 1B
DTENEELE 2 LEIEHRHTS &, TS DM
20 VCs B (220 Bq dry kg™) (31D PCs B X D
FEh o o, MSEH FEDRE T — 2NV D T, FhsEHh
TEsE /MR E R (0.58) ZSEIC, Mt RED
IBEZMNED 12 EIRET S L. T T DM N
DYLEIE 110 Bq dry kg™ T, LD (109 + 80 Bq
dry kg™) &Z&Db LSR5 Tz,

37 BEBERDRIAET —20FAICLET7IE Pis i
EOREZ(, BE2—B. TED V(s EOHE
TS VG BEDRERL  a I K BEHEO D, R
HRIX 0D R EE Cs IR IE 0D 2017 FE D FHIZ AL 7 — &% (Fig.
11al) Z v, VCs IBEDFHIZ{L D/ S 2 — U NFEIC K -
TEDLIRNT L72ARE LT 2015 4F 10 H DOEE V'Cs 18
J& 358 + 250 Bq dry kg™ 5 2015 4F 5 F O KEE VCs 2
J€7% 261 £ 183 Bq dry kg™ &H#EE L7z, FIERIC 2016 4F 7
H O 193 + 147 Bq dry kg™ D5 2016 4F 5 H DEEx
206 & 157 Bq dry kg™ &H#EE LTz, 10 iR 10-7 ~ 18
BAFHAX D 2017 4 5 A 22 ~23 ADT T CORKIE 'Cs
IR 125 £ 77Bq dry kg™ T, FHEX & GHETZ10-1
~ 18 @ "Cs A 135 + 99 (19 ~ 350, n=18) Bq dry
kg ThHolzo DAL, 3READRIE Cs IRIEM S, BIE

0.8

0.6

04 K application

Weeding &
02 | Kapplication
i

Total plant '3’Cs concentration
(Bq dry kg™'/Bq dry kg™)

4/1 6/1 8/1 10/1 12/1 1/31 4/2 6/2
Month/day in 2017-2018

Fig. 12. 71V ¥ LI i D 7 5 € 04 YCs RO
21t

Seasonal changes in total plant ™’

Cs concentrations
in Pteridium aquilinum subsp. japonicum before and
after potassium (K) application.

Ji IR DUREENC N B ARHE, O : 10 AR oD}
MK, @ :10 i Bt 7V 7 LK,

Values relative to concentrations before K application.

O, 10 (control); @ , 10 (K applied).
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YCs IR DRHFA(L 2 IR R TR L T Rk 2157z,

BREE 7Cs PR = 1803 exp (—0.00113 Time)

(R*=10.9848, P=0.083,n=3) (4)
Fe 72 L. BREE Y'Cs P4 1E Bq dry kg™ Time 1% 2011 4E 3
H 11 Hh 5D HE (days)s

b 1% T, 2015 4 10 F O B HE P'Cs I8 & 358 £ 250 Bq
dry kg™'\ 2016 £ 7 H DI 193 £ 147 Bq dry kg™ 2017
f£5 A 22 ~23 HORKE "'Cs Y8 135 + 99 (19 ~ 350)
Bq dry kg™ O 3 RESDOREE 'Cs BEMN S, X217z,

BREE YCs AT = 5449 exp (—0.00166 Time)
(R*=0.9645,P=0.107,n=3) (5)

4,5 KF7—2BH Vel WINE EIFFROME X
BRICES K-> D, ROFWANIEE L, PES HE
PN ED 5Tz, WXZFHETIVET S L, RIE VCs 2
ElkpiFEz 1 & Uiz &, (@) KTl 0.66. (5) XTlF 0.54
KK % EFlENz, chnid 3) Rk % 10 75
DR EL VCs IRIEOEM I T 0.73 KO AKX A HD >
7o

10 sHERMD ) 2 —B. TN V(s & HEROT—XIC
& EDNT2015 7 AD Y Z—JE ¥'Cs Bl 197 + 9320
~ 433) MBq ha™, X 0~0.05 m DTHD “'Cs B 23
+ 10 (6.9 ~52) MBq ha™ & #£7€ & N7z, 2015 FFE DI
MTRCs IF BV A—FICHFEELTWET EIdk %,
2017 FE 5 HD U Z—J& s #id 83.5 £ 21 (51 ~ 110)
MBgq ha™'. EE 0~ 0.05 m OFHD Cs i 274 + 141
(120 ~ 490) MBq ha™" (7% 5 2021) T, "Cs &l 2017
ESATEY2—EBXO LBOIHZ N>, 2015 ~
2017 FEDMD ¥'Cs mOFEZA 2R IE TR LI L THZE
L#E R RSO D L, HitExE 1 & Uiz & EDEE(RIZY Z—
JETIE 0.65 NED. EE 0~0.05m LHETIX 3.9 \OH
mchoiz,

455

41 T TEDEE LT DEEMH
T I DINA AT AZED S OBIZEIRIC TR 4 B
KD O 6 BINHE FIBICFEAE L. 2R TEFTHICK S
ZAL D LLEFNE v o 72 (Fig. 9o 7 T EREEIZAHAN
EHO—FRHAZFRN TS U, 4 2 BORmEmAFAWLIC XK -
TEIAROEIMIWITENTEHED, BHEDONA L < A13E
- T3 eEZIONS, HRXTRTYIE
DS\ ORI OEI G & > T2 Tz DB & [EXRTYU T ¢
DEBEERNA LR AINEDTH o=, 7IEL
FHIEZ DEREE DA AR A TIRKEBICEN RN &
MH, WX & KX THEO K & ERYOE
RICHDOBREFRMCRAR TN -T2 EEA BN S,
10 S BHicZ NI Yy 2 v dR VI, BREZXE (|3
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WS 2018) ICREZEXRON, MTHHAEINSHTH S,
THEX T T CLUNDOREII DL D o T=Did, P ORRFK

CHEEEAGE S . BEBEIC X A GOSN 2V G
H52013) =bEZ 5N,

10 FRBRHI D R X TRIC TR BT RS 72 O DT
O RN OIFHEREIL 88 + 41 T m™ T, ZTD¥%
MEELE GRil 2001) &35 &, FEHSHICHIT TDI
)7 BERCR R 15 80 m™ (Fig. 6) O 3 (5D BELE A Jij4E
MICHELTWAZ &ickhd, T LIz#ELITHT % fi
ZH. HYE720 0 RV TR AR 2 K&k
W EEREN L E 5 T, Vo lEAKILT % AN
BB O THl R b T H e M B [
TE5. VILDMNHENZLATHWRAEEZLNS,
FTA N TR B ARAFIAFANCAT L EELS TN D T,
AFLNNPEE AT 72 St FED RIS T S HEREE. T T
E i & OB N TY I CICEFICEI TH A S,
IM. TU GBI T Y S EDEE ORI RIS 8D %31 F
< ALEA 10 FhERM & LERTNE o 72 Did, IM, TU R
B¢l 10 ABRH D K 5 ISR D NFAWDMRkE L TR T
b, MMEIH S o Tzl bEZI NS,

—J5. A/ Vi AT TY T E ot FEE RN
GATTCE, o ComENE L BN, BIOMEAE S
FickoTz, SRIOBSIHMIZ 2 F &R, IvTay
ROdRVR ERMOLZERDR AR L2 ODES
THETIHEHRTEEN oD, YT EDRIEREET)
iR TES L b Nz, 2017 EEFEOVDETOTY S L
B CTRIICESL TV T Ty a v dRTRA X
RV R EDORBIZERIE, HEFRRICA /v onEkD
EHOBRLTYSEREZ SR GRICEA - E&5 LT
EDTHBEEZENT,

75 CIEILEUR O 703 m HUS TIEESHNS 11 A
A S 3 ~ 4 BRI SRIRIRREIC A% (RIE 5 2002),
WE S OB CIHEMEN T 1997 4£ 11 HdhAaj~ 12 H |k
B OA]REE SR [ KR BUAFTO 1997 FEBLAIME 11 H 4]
~ 12 A LA OBENME (KT 2020) H 5K 0.55°C
100 m™ THETE 1 1ZFWVIEIC 9.3, 9.5, 5.1°C THotz, T
U 10 iR (B 600 ~ 650 m) TIEARENTZ 2017 4
10 A MaID 5~ 11 APAOFPFEASGE [ /NS HmT 8T
D 2017 FEHHAME (KT 2020) H 5 FRIBICHEE | DRV
I 113, 7.8, 43C THHDEREIWFEDTZNVT &
M5, 10 ERHD T Z ik 2017 10 A a5 11 A
ICAKHRIRRBIC 75 - Tefitld, KEZR T TWniceEZ 6N
%o TDOTEIE2017ES A SRS A T 11 JER
DT vy R OBIST, HRZO Y O S 8l
(M N O AN W ERN R Z %, Fig. 5 /) . &
T M R 2ITRS B AEH R 22O IR O /i DR
DoNEN-TT L eTFET %, i, H2LEOT S
COHTEND EREICHTZENML . Fraxicfo
SR L TRV (Fig. 5H) LW S HOERROENIE,
THORERERLMIGL TV, ThIFBEBEEIKEVE

AT % & & D OIS (BRIE 1993) HRE W
TEZEERLTVWBLEEADNS, B2 TEOB L EEXNY
Z—JEHOROEB YO DEIHE2HEENDE,
U Z—JE TN % & EDEBMETONE 2L
TWaLEZIH6NS,

. HUREEE DA A< ZAH 10 ikt & LT 1M,
U BB CRE WV (Fig. 9) BHIEIAL M TRV, sl
I &Ko THEAESR BN O | R LHELR EEHINRZZ T &
R, VI I EHERMADH S Rt 2001) O Tidls
MRENDEE H S0 LNV,

42 75 EHD ¥'Cs DBSEMZEIL,

75 Vs RN C IR B & EDOFFIERN
A A< A% R (Bunzl and Krache 1989, 7/E# « 7R[E 2015)
BERKMUTEMEMISETETH N, &BHT
FEREEHFICE S, BECHMT T L7z (Fig 1),
R Vs BEFICE 1 ERIIEIE - 72 (Fig. 11g1) A3,
R Z (L DB E I ERICE S A o7z THUIAHAWL
BREICKBZNAAY A2 KM L T es BMREL I
Tl EEZENS,

T I TR ND T F (Petasites japonicus) TH 5N
TeXo%ED Ves IBE ERAMNE LN RUCIEDREN
EFUlze 7FBAEFHMDE FOYE, BEOEICE
REEYC WENKEL EFH L. EARDRWEEIEZ S
L7z ERDRONIZ -7 GEE - JR 2015, 2017, {EEF
5 2018), THUXT FDINA A ADEEEFEMMN 0.5 ~
0.6 fF (FEH 5 2018) &LJ <. B W'Cs DRFHINZE
EDHEPIABEZICBING N T & @l T YCs IV &
{72 % (Burger and Lichtscheidl 2018) & &, L ADH 3
& EARDMIERG U728 558 R 0 Y es & b THINT %
DTRE FANRKELEZZNEEEZLNTVS (G -
TR 2015), FEE MM T F L FEFEICE (0487 42)
KEMhb 5T, YIS TEMICHEREE LANLS
Nixh o7z (Fig. 11 al,a2) Dk, EFHIC HAN D
<L @ARD S DEBERR MDD & T DR
DORENE 2 LR EHBORODHENE T AHICH D, X
REEDEEZZFIC W ENMBEEZ NS, —
Ji 2017 E 10 H~ 11 HOT S COREDRE FFHICD
WTEZONE DO, EMIMNE L EDESD
HINTH %, HEORENEBEEROMICEE X0 muB
G277 75 (Chengiopanax sciadophylloides) (FRfH +
HE 2016) THEESNTHH . EEERTICER DR
EM@RICHNENIEOER NPT 2 DICHL T ¥'Cs
DEIE DI N T2, HHRANCERED EA Ul EHERE
NTWVW53, AFEOHBRRIEAF (Cryptomeria japonica var.
Japonica) DIEIERE (Kiyono et al. 2020) THMEINTH
D, HEAERR D VCs IR IEMMREOERT 2 A) M 1E
MO BRI 11 HE D &V 7T EDEDRFERTD
YCsIBED FRIZ. USTE AV T T IRAFHE L
FRRD T EMEE TV IA[REZ R T 5, £, BA
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EN5E 5 —DDOMEHIC, VT EDNT-H T DREEAIC ik
M2 ehHITEoND, 7T EDRETIE. BEORIC S
AEICTERE N A TZOPTIESN S, RTHREAL,
fa+2Eh ST D 10 HETH S DT, i+
ERRICbNZMoYE L & &I V'Cs HNEICHHEENT
W3 ENEZLENS, 51 YCs METFHICEE D,
& e sicEicHENThBDiEELES, TUTE
DRGFEIED V'Cs JEENRIEDEE D55 LR &KW (Fig.
11al,a2) T EDFHICZZ M, ThITDOVTIESEDOM
AEDNRNETH %,

BREE VCs IR OREZETIE. 4, 5) N TIEEORE
W REREICRPRRKERENVDD >, a, bIEDEES
ERESME 10 H ORREE VCs IRE MO ZEHI K © Ha% o
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Growth of bracken (Pteridium aquilinum subsp. japonicum) and
dynamics in bracken of radiocesium released in the 2011 Fukushima
Daiichi Nuclear Power Station accident

Yoshiyuki KIYONO"", Akio AKAMA", Munehiko IWAYA?,
Yukio YOSHIDA? and Toshihiro SHIMA®

Abstract

Bracken (Pteridium aquilinum subsp. japonicum) is a fern with edible young leaves. To clarify the growth of
bracken and temporal changes in the levels of radiocesium released from the 2011 TEPCO Fukushima Daiichi
Nuclear Power Station accident in bracken, we have investigated bracken communities in former pasture since
2017. We also tested the effect of potassium (K) application on reducing radiocesium concentrations. From spring
to autumn, when the leaves are green, about 40% of bracken’s biomass is comprised of leaves while the other
60% consists of belowground organs (rhizomes and roots). There is little seasonal difference in the total plant
biomass. The cesium-137 (**’Cs) concentrations in bracken varied among organs such as young leaves, adult leaves,
and belowground organs, reflecting seasonality, but the total concentrations in plants decreased gradually (P =
0.023). The decline, as approximated by an exponential function, was 27% per year. After application of K in June
2017, total potassium-40 concentrations of treated bracken plants were higher than those of control plants from
about August to March of the following year. Consequently, the *’Cs concentrations of the treated bracken were
suppressed to about 70% of those of the control plants (P < 0.001).

Key words : edible wild plant, land formerly used for grazing, light-demanding plant, seasonal change, soil
exchangeable K, standard concentration values for food, tourism garden for picking edible ferns
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Distribution of major geologic groups in the study area and locations of stream water sampling point.
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BUHIAT BEIERT) TlX 13.3°C. 2550 mm TH - 7z (AT
2018), F 7z, HFRBLOKEBMAT (UT 0T TIEER
IKEDADETNTDH D T4 2704mm TdH > 7. 7235,

A 4 BT CRIMERZ PR E R IXIE E A BRI NG,
MR E O S EIcE S NS, £z, Fid48l
WHTTIEZAFETHLREAL TRRNRO 5N T EHNE L,
AR THILATFHIEIC X B K T AR <, RKUE DR
WAE D FFREDRIKN AR TH

IR 72 SRR E ORI Z 17 5 Tz 8bic, FRED 559
100 LA F O 72 5345 O O D E L DD AW i T R
HHEIKIITGEE Lz, L L, B9 25X ICEED
TETIE 92 WK UADERECTE T, FrCHA s sic R
PAEOHE N ER Uz, 72T AFITEHPEH S ILE
WM T 12 W E FIE RIS A 104 FRik TRtk 72 £
U7, s, MEILIHCRBEHITH > TE ARHETE
U, MNRERHHEIERRD NG T EHRZV, TDo,
BRI IE 7 T & 0 BRI RS 7 B S B it 7 5
IR EBREED 4 LIV 3E Uiz, 1999 424
D E LR 2 77 5 0 1 IR THKHSA KD &
FRIC AR E 2 R T HIKGE S RO S Nixho 7z
P 39 M TH 5, @mHIRANOFEDNGE L&l
WIS DN THRFRIEH 70% & @ Tzeh, FZif oI D
WTIEKFIL TWiEL,

RN BRI O 7 =/ ny =iz ExE
LT, B2 (19997 H 14 ~ 16 A) &4ZF (2000 4 1
H 11~ 14, 20 ~21 H) &, FKIKEDFKZ 250 mL 75

DRY ENTTHRE U Tz WA #ILL KIE. HIRICE
F% 1999 4F 4 A5 2000 4 3 A £ TOHKKEDOZ
(KBUT 2018) | 755 CIC KIEFEBINIFTIC B 2 RO
2t (EL2SEAKER - H RS/ 2002) % Fig.2 lIR
Lz, IEHBIURAEHRIORREIBHTHO, iz
EPKIREETH > Tz, L L. 1 A 13 HIT—EDHiic
BOTHKRHCRERDD O BRHITHEWE O DEEDH SN
jetzdh, FOBOT—ZIEFEH L, 20 ~ 21 HIZHH
SR Too oA EORZ SR L 72 104 1RO IR
HHE RIS A 0.18 km®, 1K 28.20 km®, X 6.17 km®
THH. 10 km’ LU OFEAD 84 Filik 7z b %

| Bulletin of FFPRI, Vol.20, No.2, 2021

F/z, FIRMOFERKE E DL O =i, PUH I
A O EA (U7 Hivh k). &5 i 3Radt
JUIN O BEIFERD I8V T hitE R R LTz, EA%
BEUE L7cBHE, K2 km OIS BV TAFIC S
W9 % ILR)NE B2 < OFHERMMN 049 % T DX
FiZ PR S TR ENC - TRE OGN T2 HK L,
B K D THROKENDAMNKE N EWMfERE N
THEY (FEES 2012), ZOMEEIT2-DTH5, %
Too WL TS TIRKR DL T H 28D E 5
ZWOILNINCATiE Uy FRKHIER O 800m FIRICH

:\10000 T T 7T T T T T T[T 1
mg 1000 Taisho
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Fig. 2. "R, &I, KIE. BRICHET 5 199944 A1 H
A5 2000 453 H 31 HE TOHRKROZ(LE K
IEGREBIINC B 2 ROk
Variations of daily precipitation from April 1, 1999
to March 31, 2000, at Nakamura, Kubokawa, Taisho,
and Yusuhara meteorological stations and discharge
at Taisho gaging station.

FHIMAN OB AN ORK R Z R, iz, £
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Enclose values in parentheses show the integrated value
of precipitation from April 1, 1999 to March 31, 2000
and light vertical lines show the date of comprehensive
surveys.
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THEIRINE GRS %o S BHIT 21km FHROMEE T 1 HE
EALDEE SN TED ZDEKOLE R % 128,
Fio, BEE D ET5IC 8km FROBEFINCEE SN T
WBYIRR ORI T 272D TH S,

TSI, VB O A B 2 MGt 3 % b,
ROk O TR OEEE) O+ & D&
X OB RO (& 82X & Ui kKE) IcB80T,
1998 4F 4 AN 5 2000 4F 3 A £ THEA A 2 MO E Tk
K2R LTz, . iR - FH (1996) Dbk
14 LR—HHTH S,

2) AERIF OB

A HIK O MU L T < K D (MBI ERR (BTL) Z2hi &
U Crafilicry g a5, e Bk AR5 O ik 8 4
5T EMNHISENTNS (KD 2010), 20 57D 1 HA
= LU A X (PSR KR S IR FL AT B o A
VA—2015) Ic KL, FE LTS RIS, BE
TR THIHREED HE 5, FRRW CIRHEREEICIA
T, WA, WERESHNMT %, e, JbEHfHo—
HICAEAED DT %, T T T HEREOME L LT
Pu A (COR PO HRRIE) . BRAQHT (LUR. BRAQHY
) . AERE AT (AT, BRI SRS 1K L7z (Fig. Do
¥, kRO K E R A & OPUE LI IZ R H I8 9
HARED T ICER L CamT %, £z, WA+
TS BT RTINS A PE NS %0 A IRE DRI
WIC T 2551, FRERMIC pH. EC R <. Ca™
JHER HCOy IBENE < &5 (Fk - HAE 1998), ZD
e, FPENTNICHE L TNE T EMN20 7D 1
HAY — LU AMERICE N TRREN TV S iR
R oais, Wt aeams e UTKHL .
BRI OB YT AR 73 (KR 1E 84), U |4
FIRAET 2. BRI 6 (XFE 7). TR CATR
W7, {ERETRE4 TH D, STAERZRER T 2 HE,
RIS, PO OB REIREE, B e, TREN O &
OO E 72 Appendix Table 1 178 U7z,

3) KEDH

Bt TERIN U 723l RHE SRR IC AN T IR ISR B I
D. pH7%Z AT AEME (TOA DKK HM-268). EXfmE
% (EC) ZELIZEE T (TOA DKK CM-40V) 1< & bl
Utco 72, 045 um DAV TS5 T 4 )V Z—=1T@ LTk
FHZ DWW, Na’, NH,. K'. CI'\ NO,, NO;", SO, &
ErAtroax NS5 T7% BT F U T 0 VY A
7 L. X IC7000D) 12 K D, Ca*'. Mg™. SiijlJg% ICP #)t
53¢ (Perkin Elmer Optima 3000 XL-S) 1< & D ifilliE L7z,
T-NBEE)VAFY gAY T LIS K50 %, %
AERIOEYERETE (HAR%YE Ubest V-560DS-AR) T7AT L
7z (EH 1997), HCO; JEE X 0.01 M-H,SO, IZ X % i 7E
HECHIE Lz pH 48 7V AV ED SHEE Uz CEA - /I
A 1995),

4) DITFERDFEE DIREE
IHFERICOWVTIE, BiA AV YRBEOAR (O &

faos A Y EBEOAR (A) Ot R . &HS5TIC
EC DOIEE (ECobs) & YEREHRICK S EC DFIHH
(ECcale) DLtfg (R2) ZLITFICrRd (1) K& (2) i
UWREE L 72 (EANET 2000)

R1 (%) =100 X (C-A)/(C+A) (1)

R2 (%) =100 X (ECcalc-ECobs) / (ECcalc + ECobs) (2)
5) #RETREMT

B EZFORBIFBM O pH, EC. 7ATEHER K 77 15
ERRIED D B 2 BER O t B K O iR LTz, Fiz,
BVRIERE 57 T I DM B 73 & TN VA 1A AR K 70 T P
LiEh 5 DOFHEEE DRI %R Pearson DFHBIRENC K D fi@fr L
7zo MRNTICIE IMP 9.0.0 (SAS Institute Japan #RzUZ4L) 7%
Wz,

3. g
1) AERBOEZAER D RE DGR & IREE

HEORFKEHKEDL CICEL., HEODHRE
Appendix Table 2 IC, &ZED 104 Filkiz 5 CIc A, HF
DI HTE R % Appendix Table 3 1< Lz,

ARIAE THM LI BIBFRTREICDWVWTORIL & R2
DI E Z Z 1 Appendix Table 2, 31k U7z, RIICD
WTIE, BEZFEO 3, £F0 27 FTHAED+ 8% %
A B0HENRD SNz, —F, R2ICDWVTIE, X
TOHHENIEIED+ 9% LINE T > Tz, C E AR
5 UM ECcale & ECobs DRz Z N F M Fig. 3.A & Fig.
3BIC/R L7z, C L AIWICBILTIE ADITHEWERD,
ECcalc & ECobs I B U Tl ECcale HV i WE A ER S 5
N, 1:1 OERHSKE LENEIEED SNEh -5
7zo RIICDWTHHMEMZ I Z 2HIKIEH 2 E DD, R2
TRIEME[LI T TH BT eh 5. LUROMN Tl oHE
ZFDEFFEFHVB L E L,

2) HBIC KB RAEFERDBREDEN

B2 LR R R L 72 92 FiEOD pH, EC. &IA
{ERR 5T PR PE DI & FE5E & CREUME(R 2 72 Table 1 1R
L7zo ZFICTDWTIE 104 IO T E & Fiol & & THE
REZER Uz, £z, 5 K9 LeSHEORBIC BT
BHZE L AFDOVfEA Table 2 1SR Uiz, 2. AR
ORI N D, P AR, AT
A A G AER S TREED DR Tcdic, FHE
DI 7 4 1 LU % 72 D D#EFH R R 13475 T
T, Rk LTHNE. AFEMBICET) 2 &0
TBTFIERER 0 . (A4 > Cld Ca® & Na' S, BaA 4
TIE HCO, W EWZE T,

WO KN 72 G 8 2R & e 5 L B
AU B pHL EC YK <L Na'y K\ Ca™'\ Mg”. Si.
SO, HCO, I HHEW (Table 2), VU7 THi 45 IR S i
BT & pH. EC A & <. Na', K', Ca*', Mg", SO/,
HCO, BEMNE <. SiBENRRMNEZ R L,
ASHIRIEKIZ YT TR & LR g B & EC MR <.
Na'. K'. CI'. SO, SiiEEMENEZR LTz, FRARHT

FRARRA S BT e S 5 20 % 2 5, 2021 |



YT ) R B D R/ B DR 105
1-5 T T T T T T T T I T T T T 20_| LI I L LI I LI I_
~ [A e B ]
< N 9 - > .
j i 1 —~15F '0 _
< 1r 4 g [ ]
o
E [ % 1 @ [ 2 j
E [ 1 E1o0r .
c L 1 5 [ ]
2 0.5 4 O .
w
< i ] S ® Summer -
® Summer R o Winter
i o  Winter - .
0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 O_I 111 I | T | I | I I | I 111 I_
0 0.5 1 1.5 0 5 10 15 20

>Cation (mmolc L'1) ECobs(MS m'1)

Fig. 3. EANET (2000) 3D < KB Wikt B o Rs ERGE - 3501
Results of Quality Assurance/Quality Control (QA/QC) Program proposed by EANET (2000)
A BA A U RIBEORET (O LAV UTREOER (A) OBk
B EC HIl'Eff (ECobs) & MHIZEHRICEK S ECAITAH (ECcale) & DELHER
A: Relationship between total anion (A) of equivalent concentration and total cation (C) equivalent
concentration and B: Comparison between observations (ECobs) and calculations (ECcalc) in
electrical conductivity

Table 1. H7F L X FDZGHAICE T % pH, EC. BRI IIED M, 36 X TP PR 51 2 BEEDED
T
Arithmetic mean of pH, EC and solute concentrations of stream water collected in summer and winter in this study
and mean concentrations of pH, EC and solute concentrations reported in previous studies in the Shimanto River

basin.
PRI, O TOGE )T (o0 pH EC Na® K  Ca& Mg’ CI' NOsN SO, Si HCOy TN
mSm' mgL' mgL' mgL' mgL' mgL' mgL' mgL' mgL' mgL’ mg L’

AW i 92 1999.7 (1) 7.46 TOTRE 4.64%% 0.59%% 735% 117 328  0.15%F 6.48%*% 6.59%% 2069  0.16**
(0.25) (222) (1.10) (0.22) (3.96) (0.49) (0.83) (0.06) (2.47) (1.05) (12.52) (0.08)

ENUIE R 92 2000.1 (1) 7.46 TA44%% 481%% 047F* 7.03*% 119 329  0.24%F 7.51%*% 522%% 2995  (.26%*
(0.25) (220) (1.17) (0.14) (3.58) (0.51) (0.78) (0.08) (2.79) (0.95) (11.45) (0.10)

104 (1) 747 753 482 047 730 120 328 024 766 522 3030 0.6

(0.24) (2.16) (1.12) (0.13) (3.53) (0.49) (0.74) (0.08) (2.81) (0.93) (11.18) (0.11)

S - bR (1989) AR - FESGR 35 1985.11 (1) 7.1 0.47
(6.3-7.9) (0.02 - 3.83)

IR - tLIRE (1998) AR - EESGR 11 19989 (1) 7.89 10.21 0.34
(74-84) (5.78-16.1) (0.12-1.22)

TR - (LIRE (1998) AR - EESGR 11 19993 (1) 7.62 10.56 0.81
(6.8-8.7) (6.05-15.31) (0.18-2.9)

/INFE (1961) T EA 1 1958-59  (6) 7.1 4.6 087 7.8 1.3 2.6 0.16 5.1 547 307

SH - Ak (1989) R HH 1 1986,1988 (3) 797 489 134 867 201 1039 8.84 23.5

HiAUED (1990) Wk KR 1990.11 (1) 8.1 144 15 022 3276 04 3.8 046 5.1 164 79.1

HRIE D (1990) WKk ORI 1990.11 (1) 7.5 6.6 49 047 433 134 40 0.05 45 5.8 22.1

HiRPIE D (1990) WK R 1990.11 (1) 7.5 49 45 0.62 3.1 0.65 4.7 0.02 48 743 144

ARE - EH (1996)  Hhimisl #RRE 1 1994 (12) 7.31 5.9 408 057 541 088 25 0.16  6.09

JHEIE D (1988) R RIS 1 1987-88  (11) 6.78 644 422 085 418 122  1.85 001 1146

JHEIE D (1988) R Kol 1 1987-88  (11) 6.81 599 407 094 359 118 218 0.3 83l

HEARIEA (1998) b I 1 1997-98  (41) 6.67 701 451 065 9.09 100 324 029 557

FREIE A (2007) i 20 2006.6 (1) 7.5 5.8 388 042 486 098 298 0.06 412 672

FREEIZ A (2007) AR 18 2006.6 (1) 7.8 6.6 3.08 038 726 099 256 016 357 550

FHIEIZ A (2007) i 20 2006.9 (1) 7.6 6.3 417 044 550 1.10 287 009 427 674

&tﬂtib\ (2007) A 18 2006.9 (1) 8 7.1 331 041 817 103 255 016  3.69 523

* ok FHTR L RBT p<0.05. HBWVIE p<0.001 DHEADDH S LERT
AL DEIEDFEINI I AR 22 2 7R T
VU IS B 2 BEERFZED 5 B FEtEIE A (2007) OFEIKPY T RIS O m IR A O#E5 72 FR bR Tl 3 Hh

=

IO

AP T 6 HFZT,

Significant level : *p<0.05, **p<0.001
Enclose values in parentheses in this study show standard deviations.
Result of the previous studies by Inagaki et al. (2007) included the data obtained from other river basins in Kochi Prefecture.
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PRI P R & L % & pH. EC AV <,
Ca®., HCO, i2 g & <. Na', K'. CI', SO/, Sii%p
MEWEZ /R LTze NOy-N, T-N EEIC DWW TIEHTE IS
KBHEELRAFEDENEZN ST NH,/-NBEIXRAT
£0.02mg L THH., FLALORETHRIBENAEL >
7z NO, (T XRTOW THRIHE Nixh o 7z,

Ca” IRIZ L SO, IRIEDBRICIZ DO ARD 5
N, PO HEREG S Gl M aeaE B, R
R 7R & IS HR AT A IR E K & FEX T ca® IR I
W9 B SO, IREMHNINICE W ER Z R Uiz (Fig. 4),
FRA A RS IR & VU T 4 ROA TR E & &1 Ca”',
HCO; IEDE W &V D il DR Z /R 9, S0, IR1E
W EDED BNz, WU HHTRE O T & RACHT IR
BT % Ca” I L SO, IRIZEDBRICHML 2 b
BIREGRO N EH, NSRRI HHRomTe

L DREAHHT WIS 5576 LT e,

VU AR & pU g A AR B T Na T B
FE D PIIEIZ EZF 5.04 mg L™ (75 i), &7 520 mg L™
(86 i) ThH b, BAHME, I AP, 16
fel G2 D 7z Na IR O TME T H % H 7 2.90 mg
L™ (17 #i) . £Z3.03mg L™ (18 {il) & HRNTEFXL
FHICHREICEWEZ R Uz (FRIT p<0.001), —J5 CI°
TR B L R AT IR & BR AT 1 S WK L X THE R 5 i
PO PUT R A CE TR m D2 R U e
CI" 8% & B PokiIc B0 % KBS LI BBk E
TOMHE L MICIEEFLLAFEHOAOHBENERICE
HH5NTz (Fig. 5, p<0.001),

BHRIBIC I % Na JBEE L CI R L OBIRIE, T
(171K D Na/Cl i L7 R T

Na' =0.556 X CI’ (3)

Table 2. DI I3 B 57 & ZFFOTE{ AN 7 I)% O 1l

Arithmetic mean solute concentrations in stream water collected in summer and winter among the watersheds

classified by geologic groups.

PRI g A pH EC  Na' Mg Ca CI' NOsN SO/ Si HCO, TN
mSm’' mgL' mgL' mgL' mgL' mgL' mgL"' mgL' mgL' mgL"' mgL"
1999.7 VUit 73 744 721 500 0.63 1.16 6.82 344 014 697 695 2814 0.16
2000.1 PYJTHAT 84 746 754 516 050 1.19 693 342 023 817 549 2919 0.26
1999.7 VUi HHAIE 2 7.66 1036 629 1.07 2.15 10.05 391 0.13 11.99 599 4001 0.19
2000.1 PUSTHHAKRE 2 7.69 11.08 6.84 074 245 1085 3.76 038 13.05 4.77 4435 0.40
1999.7 {ERES 4 695 359 328 030 052 225 353 020 3.16 508 1045 021
2000.1 {EfdS 4 6.83 342 3.13 031 051 203 344 024 332 426 1089 0.32
1999.7 FRA+HT 6 739 535 281 038 095 576 224 019 359 550 2494 0.19
2000.1 FERY 7 744 611 3.12 034 1.08 6.67 241 026 478 432 2777 026
1999.7 FRREAIIAE 7 7.86 1073 277 032 1.51 1642 2.16 0.19 425 484 5795 0.20
2000.1 BRI 7 7.90 10.11 2.89 025 148 1430 228 025 533 365 53.11 026
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Relationship between Ca’" and SO,” concentrations by geologic groups.

S: Py, SL : PG PCATRER. Gr t fERATRER. C @ BRI CL @ BAH oA e
S: Shimanto belt (shale and sandstone), SL: Shimanto belt with limestone, Gr: Granitic rock, C: Chichibu belt
(sedimentary rocks, metamorphic rocks, and basalt), and CL: Chichibu belt with limestone.
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B) K& Efilc7ay bENB (Fig. 6), TDT &1,
TR HICTATES 2 Na' (&, RO Na™ IS
MoEIRIC X > THEHB LIz Na BMinEncns c &k
R Fio, WU R v A AR B
% Na IRIZ L CIIBIE L OBIRIE. FRAHHRE & B A4
GIREFIE S ERARIBIC B % Na' gL C jBE &
ORI D& LM T oy I N, BRI, B
APRAETRE, ERARE K O & W aaREL T
TP TRIE D )7 DR S AR D Na” M2V T & NER
HHNTz,

3) BEELEFORBERDEREDEL

HZE AFLHIGARZRILU Tz 92 i DOVWT, B
TFLATED pH,EC, SIAE T IEE 2 L3 % (Table 1),
Eiz, H2OHIICI T 2 BB ERDTREDOER L 47
DItz B, PEOME A T Fig. 7. 8 IR LTz,

7 L T T T, T L
_ '$OsL'X Gr! i
6 B C O CL A Nagaoi -
5- @ Nakahira @ TodorosakH
gl 20 ot 7
o [T S i
€ 3L XXX“.\ @20 ]
— "L 4 il -
o 2r ot T
T summer R%=0.145 ( p<0.001)J]
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pH X EZRIC 6.73 ~ 8.06 (HifliT-1g 7.46), &ZRIC 6.55
~ 8.07 (BT 7.46) Z/R L7z (Table 1o EC IFEZRIC
283 ~ 1453 mS m™ CF 727 mS m™), £ZEIZ 2.81 ~
1477 mS m™" (*F¥g 7.44 mS m™) OHFPHTH > 7z, pH I
HERLAFETRIEERAERDSNITh 72D (p=0.33),
EC 34 FENWHREICE N> Tz (p=0.013),

BIEGA A VIZER, XF L EICCa™ & Na' BERKRT
Ho, Mg" LK 3Py, K EEZERICAERICH,
M (p<0.001). Na JBIZIZLFTICHREICH K (p<0.001),
Mg" WEIC OV TIRAREAFHMOZZRD S NEHh -
e (p=0.19), %3, Ca’ IRJZE 92 K2R TIFEZFIC
EODY (p=0.035), BRI AIRAETRBICIB N T Ca” B1E
MRMMICE L. DOEFICEWMEZ R Lz, D,
FRASTH G PR TRIE & VU5 R A PCE TR 2 BRI U 7z 83 i
BT Ca” WEOFHIMOEZME LI A, HEKAE

7|||||||||||||||||||
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N
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Variation of CI” concentrations as a function of distance from Tosa Bay or Bungosuido Strait.

R PRI DRI E R ZE &

S: U tE. SL PO T AGETRER, Gr @ fEid ek, C @ BRACHHREL, CL @ BRACH A i

The dotted line is the regression line of whole area

S: Shimanto belt (shale and sandstone), SL: Shimanto belt with limestone, Gr: Granitic rock, C: Chichibu belt
(sedimentary rocks, metamorphic rocks, and basalt), and CL: Chichibu belt with limestone.
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Relationship between Na” and CI” concentrations by geologic groups.
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S: Shimanto belt (shale and sandstone), SL: Shimanto belt with limestone, Gr: Granitic rock, C: Chichibu belt
(sedimentary rocks, metamorphic rocks, and basalt), and CL: Chichibu belt with limestone.
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IR SNEN o Tz (p=0.84),

—J5. IBIEREA A VI HCO, BEKTH D, kL
TREFELAFTREICHBEREZIIED NG > T2WN
(p=0.25), Ca’" & FARRICBRA A AR & v e
POETRIE Z BRAN U Tz 83 B CLL#R 9% &, HCO, BIFIC
BHBERFEHMOENRD SN (p=0.013), £z, CI
RIEEEFLAFTHREAZHMOZZIRD 5NEH >
7z (p=0.41), —7/5. SO, WERFAFITHRITHNMAZ R
L7z (p<0.001), NO;-N X, EZRIC 0.05 ~ 0.33 mg
L™ CF¥0.15 mg L™ & 2R 0.11 ~0.50 mg L™ (P14 0.24
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Comparison of pH, EC and cation concentrations between summer and winter by geologic groups.

S PR, SL MU AIKATRIE. Gr e, C @ BACHTIIEK. CL @ BAH A oA
S: Shimanto belt (shale and sandstone), SL: Shimanto belt with limestone, Gr: Granitic rock, C: Chichibu belt
(sedimentary rocks, metamorphic rocks, and basalt), and CL: Chichibu belt with limestone.

TRIA G IR BF R 55 20 % 2 2, 2021 |



VU5 R K O R K DR

DSHMTESE, KFLOIHEERIDE LT, £,
BRICHTICRI U Tz 12 koD 5 B 5 il ¢ A UE(E 2 1
WL, 2B CREME DTN FEZEE R, B
R HMEE 2 R U 7o I R IS IS S E L T D |
PRI 73R D 1EEED S Nah o Tz (Fig9), £z, {Ehda
P (MUD) 7% 5 ISR (OM3) & ZFNEN 13
WT#ELThh, MEIC X AHELARIIAD NG
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THEO., EERHPINZED RO 5 NEho T,
4) BEEBSCICHEICH T ZAEMOHER

EAX D EFRBUIFRRICHRRE N DT 55 DD,
KEDWH TN EE2, TDizd, EEICEITBIA
FERRGT TR XY TR 73 OB OHPENIC D %
(Fig. 7. 8)o 72720L. pH. EC. Ca™ I}, HCO, )3
PO IR OMEORFAN T E @O 2R L, ST
VYR R RE DA O i N T B AN Z R L zo NOy™-N
TERE VYT TR D B 75 5974 92 il & L U T &K
VWMl R L, RFHZEZRITIE NO,-N 21X 0.064 mg L™ &
80
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Fig. 8. SiildJ¥, BAA AL, MRERERINE, RERREDO LT ELFO LR

Comparison of Si, anion concentrations, nitrate-nitrogen, and dissolved total nitrogen concentrations between

summer and winter by geologic groups.

S: P, SL @ U R A CaTEK. Gr @ JERGTIEL C @ AR, CL @ RRACH I G T
S: Shimanto belt (shale and sandstone), SL: Shimanto belt with limestone, Gr: Granitic rock, C: Chichibu belt
(sedimentary rocks, metamorphic rocks, and basalt), and CL: Chichibu belt with limestone.
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BWlEZ/R U7z NH N IZMHTE R o7z, T-NIEE
WEEZFIC0.19mg L™, £FIC028mg L THH, XFED
LSS I HEE 2 DS R a5 7z,

IS BT BIATFROT RS © BA & [AARIC pH. EC.
Ca™ 2. HCO, MU TR O EOHPPHNTE
L SIEEREWHEZ R U, —H, FRCBT 3
Na', CI', K" X EA X D HEVEZ R U, FAQH L,
FRACH A RCETRI OB IS M 7Z 7R Uz NOS-N IR
HZIT0.15mg L. ZFIC022mg L THO., W4
FIHOMEDFIPHNTH % NH, N (ZERICIHRETET,
AZRIC0.02 mg L OfEZ/R LTz, T-N IEIFEZRIC 0.20
mg L7, ZZFIC029mg L THH, EBELHBRICKED
fEIFTEFIEEE DT HIC Rl Tz,

5) MmIBICH T BB ERDERDOEHEE)

TGS B B BIAER D 2 RO TR, Al -
S (1996) & LE#gd % &, pH. EC. Ca’'. SO, Na',
ClIBENRREWER R LA, WINd ZEH) DR
MWIZ®H %, Na', Ca*', Mg™, SO, HCO; I fZ X 1998
fE, 1999 fEFEIC 6 HD D 9 AIEMII TR R L, HER/KE
100mm 72889 XK 5 RS DR DD 7R 1998 49 H by
51999 4E 2 HIZMF T & 1999 4E 8 AN 5 2000 4E 2 HIC
I THES R LRI 2 EAZER U (Fig 1), #A&RH -

T-N (mg L™
(1999.7.14 -16)
03 <
@ 02 -03
@ 01 -02
° <0.1

SEHF (1996) THIFRIBED Ca™ BEEOFHLTHHRED SN
TWd, THITHLT, SiREFEFICEL. £FICK
W ZR Uz, £7o. KIREEZHIRIE/NEVE DD,
SiEE L REOZET 2/ RL T, CI 2R 3.0 ~3.4mg
L (319 mg L) OfiZz/R L, 2 F7Z# U TRER
ZHNIRDH 5 NE. TN IR L NO-N B 0.15
mg L A NODIRWEZ /R L, BEKANY RO BIC X S
ZHE RO SN, FHUIEAR P IEIEFER U 7= £ 72
mUTze BEIZB) & U TERERICREMITN T 2 EED
RSN,

Wl TR B NI IEAF BT I 1S D ZR F A2 B D i v
Fig.7. 8T/ U7z 92 RIBIC 13 % pH. EC. &IAEK)
BEOERLAFLOERLBENTH %,

£33
1) AEEERRSERICERET SBIEOREHERE DR
AR OTEIFERE R TR IS DWWV TEL /R (1961) 1T &
D FHROPU LR « BENICBWT 1958 5 59 4
KW T 6 RAIEE N EEMEE . FiicB TS H -
Jb5e (1989) I X D 1986 0 5 1988 4FIT I T 3 [1] -
iE Nz HENNEINT VS, TNE DRHE &AW
FHOFER L, SH - JbZk (1989) I X% K. ClEEL

Fig. 9. XTI % EEAKUE DB 41

Spatial distribution of dissolved total nitrogen concentration in summer.
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BRZLGEDBDENDEDD, FNUUNDTEFERE K
IR LT AR AR Uz (Table 1) 7z, FRIES
(2007) &, PUHI (17 #iD) 720 TR <AZTEN (3 4l
) LEDTETRD D E DD, BRI O A7 HERE L
UERED 2006 £ 6 H & 9 HICDWTOEHEZEFER L.
FRICRERH O BIC B8V T EC, Ca*', Mg, SO, i
MENERZEHL T3, TS DORHHEIEARZED
FEFIC LEN T RN IBE DMK, B TIRWW iz
RSN FE T H - T

INFRIEICE L TR, RS (1988) 1T & 2 VU7 THTKAZE
JNERDIN, FRE - FH (1996) 1 K2 PHE R R EE
TR 7 WS, BEAR S (1998) 1T K BHGENT)IFFHC BV T
TE AR TS SRR R AL 2 E U 72 A N R E h
T3, THDHOWIKICIT 2 IATFHEE R ) IR D1
filfld, IEHS (1988) 0 2 HipSIC BT SO, LA &
WMEZ 7RG LIIHE AR FE D AR & BB T H %6

BN S (1990) 1& K % 1BK O IATF RS K7 IR S,
PUTT RIS 3B K 2 #is (5 FITRIER I &
TARERT KEF A TTRO O FIEAWIZE DVl & L
Teflfiz R Ulze & BICRRRMAPCEIC BT 215K (R
BT A& BALB NG 1BV T Ca’'y HCO; IREME L <
. SIBEMEWMERRLTED ., AFZEORE &%

T-N (mg L)
(2000.1.11 -14, 20 -21)
@03 <

@02 -03
@01 -02
. =01

BNTH %,

WEE DI ARG R BT 2 S IATF IR R0 IR S D D i
P2 B AL IS 350 % P TR I & BRAQHT 4 S i
DAL ORI, AMROHRTEMETE . C
NHDOT &M HARMZE TR U 7 SR O VA7 7 1
EEZFOMKIE, Da A E U g1
IS B B O 2R GZ RS 5 DICF D 7%
HiSBERERZHELTVWS EEZ BN,

2) AFEMEOBERICE X I ER DR

A D A 5 8 B P T R & LS B & AE
i 75 TR BRAHT IR, FR A £ IS TR C IR VA 17 A&
B RN 7R B AE I AR B 7z (Table 2, Fig. 7, 8),
{ERS PHERE A Z KT 2 7 A BBIR SR IZ. K& D
CO, R LMEILIC K o THERE NIz CO, BIAfE LTk E
RIGL T, HHoKPHTR/KIC Si & & &I Cca®, Mg & &
DRFAF 2B EE 5, £z, ZO#EFET HCOy &4
KT B, Lizh> T, Ca™y Mg, HCO; . SiZxEDERE
RIS B0 B R L DO T2 R T IRIE L 75 %,

{E SR TP T HE TR L AR RIS FER T
pH. EC MK, Ca®', Mg, K'. HCO;, SiZkEDEA
TR TR S B ARV E RS b e, fERaEH R
JURIERSS BB IR O SR O | LN SR AT 0 g %6

Fig. 10. 7RI 5 2RI O PN/ 4

Spatial distribution of dissolved total nitrogen concentration in winter.
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A DERIS IR OKEIZ S H S (1998) 12 X 57K
BRI XN, R ~/KICE T % Ca - Mg-HCO,
BNCH SN, EC KL, B/ VICH® % HCO,™ D
HEER W, TOT NS, RIFFLOIE RS R T,
Mk &S & DRI F IEFIS A TR OB
FLUOHE R ERFIKE LTHRH LTV eHEEI N5,
— 7. AIKE T FERKS TH % RIEEIRY) (R
£MRE DL LTHRA (CaCO,)) B, KA LR D
CO, ZIAE LTz/KE KIS LT, Ca™ & HCO, ZAEMRT B
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Fig. 11. #RRHC I 2 BoKkim, T F IR TR D 25T
(1998.4 ~ 2000.3)
Seasonal variations of precipitation and solute
concentrations at Todorosaki (1998.4 ~ 2000.3).
ErE BRI RAHEDIH 2R,
Upward arrows show the date of comprehensive
surveys

2, ARERB TR INSDORDEENEL RS (F
K- HE 1998) FRALH A A T Tl RRAC i s EL
AT pH. ECHE L, Ca¥', HCO; 7 & D& 1A 17 MR AY,
SREE BOEAED SN, —HTNa', K\ CI
EE RO RS 57z (Table 2), F/z. FHHAIC
TAMRIMICZ LT, SiREMEWEZRT, 7z
72U, RUFFRICB N THRREAKETE LTHELE
W TEHT LD pH, ECHEL IE &L, Ca™, HCO,”
75 & ORTEFIERE R B & DM 2 R SRV E
R B NTz, BRAH OFA KW N & D77k &
75 % PUE L OBERREBIC RTINS 0 d %72, Thb
OFIE TR E LT 5D B MO D
HEREA - WS - BER AFOREDTMEL EN Ty
bEEZBNS,

FRACH A PRE PRI & PU T A A TR & 1T Ca™'s
HCO, JEM EWV & WD A G TRERA O U 7R
BRT I T, SO IRIEICIE AN RS STz (Table 2.
Fig. 4)o BRRWTEIUL T TE ARA DD IR
THO, FIORYE TS R TIRME &8s 2Tk
ETBHEREEN DT BOITH LT, BRH TIEHERS
Khnz, ZkA. ZERESENN0ET %, TOX D Kifith
BHEMRT 2SO LD ZEEGDOENICL D, R
A PG TR TR & [AIBRIC SO, RIS AME < |
VU3 A RS R TR Y T R & AR IS SO, iR
ENEWMEZ RLTEEZ BN S,

— R HERE SR KRBT BT S ClOEHE&ZIX 0.1%
UFREMDTHENTEDNRETINTED (Imai et al.
1994, 1996), HEEE AL S OMMBIWHTE 2, T,
ClIgE I T E U I EHKGE X TOHBAKE NI
L BB MmN AEICED 5Nz (Fig. 5. TNHD
TEMH, FEHRKD Cl DREFIEFEKICEENZUEHET
BB EHREN D, AL I T U PG ] L b o v A v
R EAFTHILNEMEIC X BBFRIF L A LB
INT. HifEOBRKEIC KBRS TR THE T Eh
5, —4E2E U TREED b OHEEN KIS XK - THEA
ENTBO., TOZEORENEN S DL L TE
NTVETEERBLTVS, TOXDEEELNS DI
BEIC)IS U C O gD A g A&, ()15 (1995)
&7 (1998) THHEEINTWVD, K, feMEFlcl
CIT IBEDRACH IR, HAGHFAE TR & TRl
ZRT s TOT LIIARGAEHIEIC B ZERAE DD,
KO HEBDEBZKGEISIWIUA ORI H BTk
EZ2bN5, —Ji. Na BEE KK T 2 11k
BE U IEEBRKEE TOMHEE I, 389 0EOMEN
HELAFLHBEICRED LN (p<0.05), HEOFENH
NTWsZ Ry s, LhL. Na/Cl HEZLEIE 0.556
K kENT EMND (Fig. 6). BILIC K > THREBE LD
SR LTz Na" DRFKH O Na" JEEIC KR E S EBRL T
WBZ EIFHLNTH 5, {EREHEO Na/Cl R L (K
0.9) H SHEKEIED CI” %2 1 & L TIEHKEIFD Na" D

FRARRA S BT e S 5 20 % 2 5, 2021 |
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[eRZHM T 5 L. BIKPICEENDS Na” DK 37% D
saamsk e %, E5IC, Fig 6 lIcBWTIERS. &
RERIBIC LR T B 7ay S &N B 05 i
5 NPT A OA s Tkl o Na™ MRS A
HkTH 2 LHRTE 5,

O &I, ARFMEHIK ORI B 5RO
TS IR R TR RS I3 & & g B DBFEEE VN 5 AT
HIZMFICKELSHEBEINT VSR EEZ BN,

3) AEFEERESEEDEHEFHER

MFIC BV TR SN Ca OFHLEHIHRE - F
H (1996) TEFROFHIZFMDMEESNTED, £k,
Ca™', Mg, SO, IBIEDFMAZEI, WAL (1998) T
ERDENT NS, B, AL (1998) OFATREIIA
WFFRIc BT % Y2 D& 5IC FRICMBET %, —f. BEF
WCABICEWERRT Silk, & U Tr A BIEIRY O &
fRICk>TEKENE 2D, EFOLDERRETICE
WTEEDMEEE N, BEM LA LZEEZONS, &
TAT, BtIic k3 Si DEKICHE- T, Ca¥ FORGA A
Ve EEICHCO, BEMREIND, TDis, RESMEIC
X E N RIS K B RS A D OVEAF IR ) D4
A EERATHNUE, T 5 DKD DOFMZE I UM
MZRIIETTHB, BRI Ca™. HCO, IBFEDREHMIY
ICEIWMEZ R U TR A A TR O 4 1R Tld, B
DEREREE NI BV TIRBESRIEY O VAR DHE /A THEED
R U BN,

U L. # Tl Na'y ca’’. Mg, SO, HCO, i
JEDZEING Si JEE DL H) &3 HK 9 % ZEF % LTz (Fig.
1), Na', Ca™', Mg”. SO/ EEIC DOV TIFERITKL,
KFICEHWEMEIHNRD SN, iz, MFICHBIT 3
TNS OIETFHER R X R K A R NI 2B
T BEMZR LUz, TOXIEBKARNY MTKBIE
JEDIK T & A 351 2 IRFE DM &, FLECHR Il
IC T B R O M R KES IR O IR K AN R K s D B A
B D K DK LHUKEDR AL X > THRE
NBEMET L, EHIKEMD SFICHIT TOERBTIC
EELTVWE T ERRBT 5, RFAHIEE R UREA
PR SR IKIC & N 5 S IR IRIC AT 9 2 25 [ FRARELK
AERHIT . _FEL S VATER 7 IR I L ARk O R TR B Y
RHoNB L EBIC, TNEDEEDHHKEDRE
HEMOEDHBEE RT T ENHESMIITN TS (&
K5 2011), THOT EIE, THDDIRFIER S DR
M. HIRH/KEDNEFRICE S EFITDIR0 &0 S KSR
PSR ENTWVWE T EZRL TS, milFiciBl 52
FIZ B R OIKCSCREIC B S NI RIC K 54
BINBENTVEEEZONS, KB, K BELZHEE
INEWVE DD Si 4 & [ARRICERICE < 75 5 BHIEH) 7
MUTz, TOT LT A BRI S O O in
Z. AFHAEMIBICE T 2 EFEORKEO T X D R
—HERD S ORMOBMMNEIRL TW3 T & HMHEE X
NZEH, ZOANZALCEHUTIESHROGEE Lz,
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—75. FERUKH O NO, N IBEOFHIZ(kIX, KEA
N HHIC BT 2 EROMB P & Wi K 5 WY
EDNTG VALK ENS, XFENZNATHZHCKT
W&, BERICIIHIC K 2N EBT % 7251 NOy-N i
JER A Uy ZRZFITHYNC X 2 WIN DD & & &Il
IKEBOEIM & %755 T NO,-N EEAVE < 72 B AR
HENTWVS (Stoddard 1994), — /. HARZZLEY A—
VTIVTTREABENLHIPEER STz, HEICERKRSE
NTARFSRERE 2 EYNCTRINE NS & & BICEfikE L
THWMHE L, HRE U TERICEEED NO,™-N IEELE
WMENhzTeMEHMENTHS (Ohte 201275 ), #klIF
TlE NOy-N JRE & TN EEMET 2 HFLIIICE [
MANY MEICXDZWEREDKTNRDENE T &
£H 0, HEFHZHIRD SNz, HARICBWNT
NO;” & L < Z NO,y N RIEDOEFHAHMHm I N TV
FEE. M. RGR. BEE Vo W e Z RSO
RN HGE T B R KED 2000mm DL R OHUEDZ U,
— 5. AR 2 I ARMBLK G R 0O K 5 IS REK
=AY 2500mm LA TEMENC I HESKE 100mm DL EORE
AN FDFEAE L, FEWRHTE HEEKE 30mm #2 5 0D
FEr A N> FEE TEED 5N K S ST e
SRR OFI T, KD NO,-N DO & kSR
&> THRLEN, FEHIEEDRHMEIC IR > T2 AHE
PEA V. Fio, 92 RO LRSI LT, R0
LZEMEZFDP AWM A L EH D, latE ke LT
D NO,-N 2> T-N B O FHEH 2 i#Emd 2 I1TE A
T2 THB, UL, RZMUICEETD NO,™-N HEENE
2R g T &k, BROKRHC I B IKSCSAEDYaR At
ERICOE> THEL TV L H O, Fiz, Y.
FRICRIARIC & 2 WU DRI 75 2 B O BN Tz ]
BEEL @, ThHEDT EICDVTESEBOMEE LT
W,

4) REGSUICHFEICH T 2 AFEEMR D HERANDIER

HOEE

B & IS 38U 2 VA 17 IR 000 Y Ll b s oD Ji 3
OPUF TR E X B & Ca® JEIES® HCO, IR M
& (Fig. 7. 8), F 1z, Ca*' & SO OBHBRE W i
DRI K O IR DORINLWFEIC Y ay hEN 5
(Fig. ) TNHDT LiF. BE LTSS 2617
R RS PRI DR A A1 s D g BEn iR < RN T
W3 EERBT 5,

k. PG KRB R A L ER o Py E (L A
SR L. RFKR & LR O FEIKRICEN S N,
PUHTITRIETERL TR M9 %, LA L. AFKRIE
U TSRS F%iE & N R BOKEE (SR X L)
SIEMEUKE N, BIDOKRTH 55 ARNNANBRE N,
HUKHE X O FHRANIEYI N2 T & 700 OMER R
I &> TKIFEMMRTENT VD, TDId, BEIIEDE
& 0 FHREOFNIKE T HIARRE E WA, 20
RAEDEIFENKZD B DOWIKTH S, TDT ENEE
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IC 30 B IATEHERS R S fHLR DS HE IS 380 % TATE IR R 79

MK EHELIL TR0 L BT, TRRHE. RIS

T D VAZ IR B fH B IE W A 2 RS EINTH B &

T NB,

5 HEATIIERBEEICEITS T-NEEREEESORES
s

PUH SRR GRAIR SO EERBER S EARBEER 2005)
TR TNEEEEED—DE L THRA L, Z ORI
U T AT O B O N T ZBR< L 03 mg L' Th
%o AMEICHT 2 TN IREDEFD VL 0.17 mg
L. RFOVEMEIZ 026 mg L THO., FHEHEE LTE
FHEME 72 FRl> TWa, £z, U7 IR B % RE
HEOFPFHBERSRICIIF B NO,™-N BE S HE[EZ - L T
% (Table 1) AR5 (2006) 1T K 2 @HIR 34 FREIC U
IR RE B RIBIE O TS 026 mg L™ TH 2, T
NS ORI, £ < O H)NTRFR B O ARG 5 13
S KRR L T TR A E 22 i 72 9K B D ERTK AR B LT
TR RT, i, HBEONGRE LD S 556
H ORI T, kit & v & BRI A0 EHIA
MIEMICRED BENTZE DD, ZNEDIFEIC KD T-N B
JENDEEIENTH ST 2R LT\,

UL L. BRI 6. £FIC3SMKICHB T, K
IC EK3. KY7. MUL, OMS5, YS4 D S TIdE S, &
FLBIHERAMEMTH S 03 mg L™ DL EDEER L,
YS4 iZ RBMMD 5722 TH D, 2001 ~ 2009 i H
FTDOH 2 \OEHRKEED NO,-N 1131 0.33 mg
L' (K121 mg L™, f/h003mgL™") THBZ W
WEENTVE FEED 2014), TOFHIHIGANIZLOMM
EREBTH S EDODERMAMEF L WEFETH D, Fz
WU CHEMEZHET T EMHBEICRRETWS T ERRL
TW3, —J7., AFEHKICIZE /& « AFANTHDA
T BH, TNBDOANTHTIIAERZ DK EBFLIC
BOWTEZOWINEAZLT S L LB, RHREHFIC
Ko TEZDOFRHMNENT BT ENHLMCETNT VS
(B % 1F Fukushima et al. 2011), #HFM%E Tk L T 5k &
WA EERT LEEHROBHMELIH SN TV E DT
TR\ AFHE I & A U P R AR QU KIS 5
N2 ARG B C IR BELIN O N 25281358
DHENIRVA, T NOT-NIBENTHIR, MERTEN
02mg L THHDIIH LT, 1 5RTIE04mg L™ LLE
DfiZ RS (FKD 201D, TOXIIT, EFIEEHEAD
BEEOVSBHAPSTNIE TNEEN03mg L &1
FLHEMHIE T DM O BT & LU TR SR M TH
50M0E LNEV,

— T, RPFEHIKICK TS TN BEICOVWTIE., &
e dbge (1989) Ik D 35 H3N T 0.02 ~3.83 mg L™ (B
MOV 047 mg L7, JEAN + 1L (1998) 12K D 11 HiIx1(T
1998 429 HIC 0.12 ~ 1.22 mg L™ (EAIEE 034 mg L7,
1999 4F 3 1T 0.18 ~ 2.90 mg L™ (Hif#fiF1 0.81 mg L™)
DIEDREENT WD (Table 1), ZZHTESH - L5

(1989) IFELE LT HEIIBNTE TNEEZHTLTED.,
ZNFN024mg L™, 0.03 mg L™ EARHIEORE R LBA
MERENMEENT WS, £, KFETRERE (hLik
MY RS FLAS#%) 12T 0.10 mg L™, KIEFREHIFATIC T 0.04
mg L™ KH (PUE+HT+H)11D 12T 0.02 mg L™ OfE 7%
HLTWB, LM LARTH > THILMEOEEEN S
PR Uy iR ERIDYA < 07 LG U o % 8B0A =R
WU+ TR TNIEEN 075 mg L™ & RT3, &
Too VU FITENEL Tl RS EIKE OB R 2
G AZHHENSBRO XA (U507 1) T 1.43 mg
L' DEWVTNEENMREENTVS, ESI{HAEIINL
HERINTE 1 mg L7 LLEOEO TN EEAEN SN TE

D, TNEDHMN S DFEEZT, ARFRD T-N JEEMN 0.6
mg L Y EIC ERT R ENRETN TV,

TEIRIEME I BT B 2002 ~ 2013 4D T-N JEE D
B, AR CIERBIA R T 031 mg L & ALz
WMz 5, £z, WA (WL pUs+HED Tk 1.38
mg L™, HRJNEFHMTIZ1.05mg L THH, S5 - 4k
% (1989) DfEE REFLILEEDENEZ V. £z, &
H 5 (2009) $A=HH)ISRO S8R BN T, 1l
WA S DIEEFIKD T-N &R A 0.22 ~ 0.27 mg L™ -1 0.25
mg L™ THZDITH LT, KR TlE&EETIKPE3E
POKOEMICED TN BEEN 1 mg L7 DLE, ARV M
WK 6 mg LICE T EART ST &R LT, AWFSEIC
B BCHBENEGS (KBl., KB2, KR1. KR2, KR3,
KR4) 7% 5 TN H RJIPFRER (KB3) ICB1) 2 T-N BT,
HZRICIE KB2IZBWT 034mg L™, ZZFICIE KB1 T 0.30
mg L™, KR2 T0.39 mg L™ &iEHREAMEMAZBEZ 2H,
NN OHIET TIFEMEELL R TH S, EHHS (2009) A
M5 DOPEFI/K & UTERELL 7z i 1d KB2 DEETH S
M. HFES (2009) OfEE KB2 I % T-N g L 1%
ERSEOMEZR LU, TNHOT &MU AHIIRIEN T
ANETEENC X 2 /KEHBNEE & SN5E)IELTH -
TH. B S OFFKITIEEDENERIRKETH S
TEERRLTWVS, EEL, CHAIIRHFRINCKS
VU5 AN O EL A D23 EBUKIBIC B 5 mific &
DREDBREET NS,

FEEBUKIE X O O HINEHENRFTHI 75 L
DOXFRED, M HITREICBWTETEI G
WWHTNERKDOZRTH 2R EBRT 5, TNHD
LR OPRER FHEI - TK3, TK4, TK6, FTH/I - 1Y2,
IY3, IY7 7% &) =5 Ulc il CEEED B % TN
B ERE LT EHAEMI TOMEANRZ W, £z, #HE
JUDPYF AT HE 4 KBS 31 2 1SR EAETIE O T-N 2
EOYHMIZ019mg L TH B, TNHEDLFHDBE
2320 F, ARFROKIEFREBINATC B 2 15 RAEEFHE O
T-N PO I 0.25 mg L™ & HEHEMLL FOEART,
T DX ITHEEBUKIEIC BT 570K, #EFE)IZIZ T &
T 5 LLIHEE A SOR O, T IR MEEICBY
HMNIKNTOREZEDFEL DI, BEREH
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T OERBRENMERF I N TV EEZ N5,

¥, SEIOMAERED SR UIZIARIO TN
B DWVWTIE., RiREDEWREGE ISh D 2 )1 IR
(AT LE) KB TGRE G SN TED, 5
Jt2& (1989) TiZ 0.36 mg L™, BN « (Ll (1998) Tl 9
HI20.21 mg L3 H120.66 mg L™ DENMEEN TN 5,
HMAEFAIC BT 2 TN IREOFEEE 044 mg L7 &
HUEfAZ A 22 R Uz, TORBIILRNE DG
MEDETHOARDIKGII ST EPHEREND, L
MU JRRNEF A K 0 3km FHIChiE 9 % U5+
VUG TR R MER A IC 1) B T-N 1 O i
028 mg L' TH O, EAEKD LIREDOARTD B DIk
TIROWMAC KB FHROZEIC K D HAEM K O H{LHE
ERLizEEZENS,

ERt)

WO RN 72 58D 5 RMFIHOETKEDRE L Z D
TEAE R RS KR D P T DK M (T 28
TS B =T, FRBICE W TESE (92 FHE) &%
(104 IR OEFEFK, &5 Cletuh HIAFRP RO E
AL SR DI D HRES BT K O TEI7 R 7 T
ZRE LTz,

DT DISAF TR X T N E N DT 2 RS
HHBEIC KA WEEZY, HERBEOKEZ HD S
WH TR HAT2REKE RS &, HIRED /T
BT RMIC pH, EC AVE L. Ca', HCO, 4%
MEWEEZR Uz, £z, EMEDDHT 2T
pH. EC PMEL ., BFHBENR N IBEN 2K L U TRV
MZR LTz, —77, CU BB ED S O KX
W ERWEmZR L., BRERTHZ T EHHEREN
Teo BEEEEAFOHETRDIEEZILIKT 2 & BIbiC X
BEAMD OTE & FEIKGAFIC I E NI S TB1FERT D
T - RO ZII T Si. K EEREFOSAEL .
Na'. SO, \NO;-N, T-N J&JZ 13X FD /T EWMEE R LTz,

2 L OB IHT 5 T-N BRI SHRARIE L2
VYR T)IEREEDORUEM TH S 0.3 mg L LU FOfE 7z
U T BRI © OFEFKIG KB O T+ 1 D7
RERBICR L TNy 7759 REeE LTORIFRKE R
g 5L L eic, NEREENTEVIKE DMK R L]
KICH U TREORMRE LTHEEG L, PRy
HIETHAEZ 2T T EICHMML TWVWA T ERBEN
Teo ULAL. HZRIC 6 TR A&FRIC 35 ik CHME(f 72
ZTeo B UTFBICII RN E T XN, RoE D RIR
BFELRV, BRI TH > TEHREHEDKREICE
&5 FHINEOZEIC K D, HET 2 TN IEEDOZ
AT D 5 %, AWIFEOREEN S TN JEEICBT 3
THIREEEIE ROV ESEMTH DT BRIz, &
fo. BUEOFEHIO K72 Hb D N THIE, ABFZED
EHiN S 20 FEBOREZRTH D KA Z 20 E
2\, TOXIBHEMOKEDHHAZEDIEkIcE &
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Appendix Table 1 #HAFIMOME], FBOHA, FIHNOESHUEOR R, POKHLORIE, FE,

VU5 R K O R K DR

(=]
rs )

Characteristics of headwater catchment; bedrock geology, catchment area, the elevation of
highest peak within the catchment, elevation, longitude, and latitude of the sampling point

= = =
Hisd HiEy HEEIE FEIE KR BRAH A KA b
(km?) R (m) i (m)

B 337 11'40"N 1327 47'28"E

e 33°20' 8"N 1327 57'20"E

s [y il 33°11' 0"N 132758 9"E 21.23 150 779
ARI LYl 32° 58'42"N 1327 50'35"E 2.65 20 383
AR2 LYl 327 59'28"N 132° 47'50" E 3.18 30 570
AR3 VY 32759'29"N 1327 47'51"E 2.60 30 460
EK2 LY e 337 12'47"N 132" 46'56" E 11.62 70 764
EK3 Y 33°12'17"N 132° 50'47"E 7.42 60 636
EK4 LYl 33°12'27"N 1327 51' "E 436 80 660
EKS Ly i 33° 14'22"N 1327 50'40" E 20.06 90 790
EK6 VY 33° 14'22"N 132° 50'43"E 9.06 100 922
EK7 LYl 337 14'21"N 1327 51'59"E 5.65 100 760
EK8* VY 337 10'35"N 132° 49' 14"E 211 120 654
HN1 LYl 33°20'58"N 1337 8' 4"E 20.28 300 1053
HN2 LYl 33° 21'44"N 133° 8'20"E 4.11 300 842
HN3 VY 33723 3"N 133° 7'S5"E 8.76 320 738
HN4 LYl 33723 3"N 133° 7'58"E 13.95 320 842
Y1 LYl 33°10' 0"N 133° 7' 6"E 0.49 230 392
Y2 LYl 337 8'49"N 1337 3' 4"E 5.99 220 596
1Y3 Y 33° 8'51"N 133° 2'55"E 1.91 230 538
Y4 LYl 3378 8"N 133° 1'26"E 091 190 508
IY5 Y 33° 7'59"N 133° 1'28"E 7.81 180 687
Y6 Y 33° 7'58"N 133° 0'44"E 274 170 498
Y7+ LYl 33° 9'46"N 133° 2'19"E 445 175 578
KBI LYl 33°13'57"N 1337 13'32"E 0.56 290 457
KB2 LYl 33° 11'44"N 133° 11'25"E 2.64 265 560
KB3 Ly i 337 11'58"N 133° 9'47"E 147 250 610
KK1 LYl 33° 18'35"N 1337 4'11"E 1432 280 875
KK2 LYl 337 18'52"N 133° 4'18"E 14.75 270 1053
KK3 Ly i 33°17'42"N 133° 6'16"E 4.29 240 806
KK4 LYl 33°19'59"N 1337 6 3"E 6.27 280 856
KK5* Ly i 33°16'32"N 133° 5'49"E 2.49 250 780
KNI LYl 33°0'52"N 1327 48'42"E 1021 100 681
KN2 LYl 337 1'27"N 132° 49'51"E 4.48 40 635
KN3 Ly i 337 3'41"N 1327 49' 8" E 22.39 30 751
KN4 LYl 33°4'17"N 132 48'59"E 6.32 20 649
KRI LY il 337 18'42"N 133° 10'38"E 0.90 300 556
KR2 LYl 33°17'22"N 133°9' 5"E 2.20 290 692
KR3 VY- 337 17'28"N 133° 8'36"E 222 270 692
KR4 LYl 33° 16'26"N 133° 11'30"E 1.90 290 690
KRS VY 33°20' 3"N 1337 9'13"E 3.97 305 570
KY1 LYl 33°5'20"N 132 45' 3"E 835 90 751
KY2 LYl 337 6'50"N 1327 49'21"E 10.35 30 735
KY3 VY- 33° 7'46"N 132" 48'59"E 448 30 682
KY4 LY il 33° 7'45"N 132" 46'56" E 5.86 60 563
KYS VYA 33° 8'49"N 132° 45'28"E 3.03 80 456
KY6 VYA 33°9'44"N 132°50'44" E 534 200 856
KY7 VYA 33°9'29"N 1327 50'52"E 1.82 220 856
KY8 Py 337 9'18"N 1327 50'37"E 5.96 220 831
KYO* Py 337100 2"N 132° 50" 14" E 2.89 170 636
MMl J(AE=) 33°12'13"N 1327 39'32"E 10.52 360 1228
MM2 J(AmES 337 11'26"N 1327 40" 18"E 5.59 270 1200
MM3 P4t 337 11'14"N 1327 40'41"E 2.39 240 683
MU {Ehis 337 7'46"N 1327 40'41"E 17.66 210 1200
MU2 Py 33°7'37"N 1327 40'37"E 7.12 200 1105
MU3 VY3 A-i 337 8'43"N 1327 44'38"E 2.81 120 430
MU4 i i 33°9'32"N 132° 41'54"E 4.54 170 888
MUS {hi s 337 9'51"N 1327 41' 14"E 6.11 190 1156
MU6* VU3 33°8'56"N 1327 42'52"E 3.85 145 725
NK1 LY 32° 57'51"N 132° 54' 4"E 574 10 477
OoM1 BRI 33°26'12"N 1327 58' 13" E 11.20 530 1455
OM2 BRI 337 26' 5"N 1327 55'49"E 9.06 510 1342
OM3 BRI 33°27'11"N 1327 52'55"E 2.94 580 1320
OM4 BRI 33727 4"N 132° 52'32"E 4.02 560 1402
OMs BRA 1T 33°26'21"N 1327 52'S4"E 2.93 520 1052
OM6 FEA 1Y 33°25'16"N 1327 52'52"E 2.95 460 1098
oY1 Pujs- 337 844" N 1327 58 54" E 3.77 180 594
oy2 i 33°8'35"N 1327 59' 24" E 113 180 560
oY3 LY it 337 7'46"N 1327 57'29"E 2.24 120 560
oY4 Py 33° 7'46"N 132° 57'28"E 3.99 120 659
oYs LY it 33°6'46"N 132°56' 7"E 352 120 730
0Y6 LY it 33°6'16"N 1327 54'26"E 5.64 140 779
oY7 LY it 33°6'18"N 1327 54'28"E 8.06 140 779
0oY8 P 3376'16"N 1327 53'34"E 4.95 90 745
0Y9 VU 33°6'15"N 132° 53'37"E 11.35 90 856
0zl FRA AT 337 26'25"N 1337 4'53"E 1.64 650 1336
072 FRA AT 33726'31"N 1337 5' 6"E 1.50 620 1183
073 BAH S 33°27'30"N 133° 2' 14"E 8.61 570 1336
0z4 FRA AT 337 26'46"N 1337 1'25"E 9.75 500 1336
075 BAH IS 33°26' 6"N 1337 0'I1"E 4.50 450 1050
SDI BAH S 33725'11"N 133° 4'51"E 2.56 440 1336
SD2 YRRl 337 23'57"N 133° 2'51"E 351 430 925
SD3* Y 33723 52"N 133°5'23"E 341 390 880
TK1 LYl 337 13'51"N 133° 5'31"E 10.30 250 808
TK2 LYl 337 14'26"N 133°3'32"E 16.29 250 908
TK3 Ly e 337 12'40"N 133°3' 9"E 241 220 560
TK4 LYl 33713 4"N 133° 2'35"E 3.06 250 720
TK5* Y 337 11' 1I"N 1337 1' 1"E 3.92 170 514
TK6* YA 337 11I'33"N 133° 2'S1"E 3.10 175 608
T™I LYl 337 17'39"N 1327 56' 16" E 334 220 1000
T™M2 LYl 337 19'41"N 132° 59'33"E 1.56 310 790
T™M3 YA 33°19'40"N 132° 59'34"E 7.39 310 922
TM4 LYl 33°20' 8"N 132° 57'37"E 0.39 290 520
TNI VU A 337 14' 1"N 1327 52'51"E 2820 90 1128
TN2 VYA 337 13'48"N 1327 54'44"E 13.11 120 924
TN3 Y 337 13'12"N 132° 54'49"E 2.94 100 714
TN4 LYl 337 10'44"N 1327 59'26" E 275 170 580
TN5* [y il 337 12'12"N 132° 54'44"E 12.92 110 856
TN6* VU 33713 5"N 1327 59'16"E 18.23 160 758
YS1 % 33725 4"N 1327 55' 8"E 422 450 1103
YS2 LYl 33°21'51"N 1327 54'59"E 391 360 1022
YS3 YA 337 21'45"N 132° 56'37"E 530 330 1103
Ys4 LYl 337 20'19"N 1327 57'45"E 0.19 280 750
YSs VU 33720'24"N 132° 57'47"E 0.19 285 750
YS6* % 337 23'53"N 132753 1"E 5.93 420 1055
YS7* VU5t 33°22'50" N 132° 53 2"E 1.50 440 900
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Appendix Table 2 EFOMETREIC 1) % 1A MERK R 151

Results of stream water chemistry in summer

i pH EC Na* NH," K* Mg Ca™ cr NO; -N SO,” Si HCO, T-N R1 R2
mSm’ mgL’ mgL’ mgL’ mgL’ mgL’ mgL’ mgL’ mg L’ mg L’ mg L’ mg L’

EE 7.57 8.25 4.20 0.01 0.67 1.32 9.78 291 0.06 6.33 5.01 37.53 0.19 =22 -4.3
S 7.83 7.79 3.04 0.00 0.46 1.02 10.50 2.08 0.15 4.76 5.25 40.14 0.20 -4.6 -4.8
IR 7.52 6.80 4.72 0.00 0.54 0.91 6.85 3.12 0.11 6.60 7.67 27.07 0.11 -3.1 -4.1
AR1 7.44 9.20 6.47 0.00 0.49 2.44 7.82 5.05 0.21 6.36 7.50 35.55 0.21 1.0 -2.9
AR2 7.50 9.66 5.98 0.02 0.87 2.25 8.69 5.04 0.21 10.12 6.36 36.17 0.28 -3.1 -4.5
AR3 7.47 9.38 6.27 0.00 0.71 225 8.07 4.68 0.12 9.94 7.06 36.09 0.12 -3.3 -4.4
EK2 7.66 11.55 6.84 0.02 1.40 2.61 11.05 4.54 0.13 13.01 5.59 44.57 0.25 -1.7 -4.6
EK3 7.53 9.50 5.16 0.00 0.81 1.26 10.61 3.50 0.24 11.74 7.49 35.08 0.34 -3.1 -4.5
EK4 7.48 8.64 5.07 0.00 0.76 1.28 9.05 3.31 0.19 10.08 7.02 31.60 0.20 -2.3 -3.7
EK5 7.59 9.68 7.13 0.00 1.16 1.97 8.09 431 0.23 10.31 6.26 36.66 0.28 -2.6 -4.0
EK6 7.58 9.07 6.91 0.00 1.10 1.87 7.26 3.58 0.10 10.44 5.89 34.62 0.16 -2.7 -3.8
EK7 7.48 8.99 6.29 0.00 0.98 1.69 7.94 3.56 0.18 10.50 6.49 33.62 0.22 -2.8 -3.9
EK8 - - - - - - - - - - - - -

HNI1 7.55 5.61 3.67 0.00 0.41 0.89 5.68 2.09 0.07 4.49 5.51 25.40 0.07 -4.1 -3.8
HN2 7.25 491 4.14 0.00 0.39 0.86 3.88 2.62 0.08 3.60 6.15 21.07 0.08 -4.6 =33
HN3 7.56 6.97 3.71 0.00 0.44 1.28 7.70 2.21 0.14 4.05 5.07 33.97 0.15 -3.6 -3.3
HN4 7.52 5.77 3.40 0.00 0.31 1.00 5.98 222 0.07 3.56 5.27 27.29 0.07 -4.6 -2.9
1Y1 7.21 7.55 5.68 0.00 0.61 1.47 6.52 4.87 0.07 4.77 6.06 30.67 0.11 -2.4 -3.3
Y2 7.37 6.06 5.26 0.00 0.67 0.82 4.90 4.02 0.10 4.75 7.46 22.85 0.13 -3.1 -3.3
1Y3 7.16 6.10 5.51 0.00 0.72 0.86 4.65 3.79 0.09 5.57 7.52 22.56 0.09 -3.2 -3.5
1Y4 7.15 6.42 6.03 0.00 0.72 0.92 4.98 3.47 0.13 5.89 7.68 25.00 0.13 -2.7 -4.0
1Y5 7.49 6.72 5.56 0.00 0.67 1.13 5.49 3.94 0.10 5.47 7.08 25.95 0.09 -2.4 -3.2
1Y6 7.39 6.84 5.50 0.00 0.70 0.91 6.12 3.65 0.09 5.75 8.16 27.12 0.09 -2.6 -3.4
Y7 - - - - - - - - - - - - -

KBI1 6.96 4.90 4.95 0.00 0.73 0.66 2.81 4.46 0.16 3.55 6.13 16.00 0.17 -4.6 -2.4
KB2 7.09 7.00 6.07 0.02 0.85 0.99 5.59 5.36 0.23 4.34 7.85 25.65 0.34 -2.3 -3.2
KB3 7.28 6.10 5.48 0.00 0.63 0.81 5.03 4.26 0.11 4.72 7.70 23.10 0.11 -2.7 -4.1
KK1 7.41 5.44 4.09 0.00 0.57 0.76 4.64 2.21 0.10 6.43 6.82 19.69 0.10 -3.8 -2.8
KK2 7.57 6.25 4.20 0.00 0.52 0.83 5.53 2.30 0.08 6.80 5.92 24.15 0.08 -5.8 -1.6
KK3 7.37 6.25 4.60 0.00 0.47 0.71 6.02 2.53 0.05 6.20 6.95 25.15 0.12 -3.8 -3.0
KK4 7.47 5.62 4.28 0.00 0.43 0.88 5.01 2.30 0.12 4.83 6.31 24.28 0.13 -4.5 -3.5
KK5 -- -- -- -- -- -- -- -- -- -- -- -- --

KNI 7.43 6.46 5.18 0.00 0.59 1.17 517 4.26 0.10 6.04 7.26 23.36 0.13 -3.3 -3.8
KN2 7.27 8.48 5.65 0.00 0.65 1.54 833 4.40 0.17 7.63 7.35 32.67 0.17 -1.5 -4.1
KN3 7.33 6.25 4.95 0.00 0.60 1.00 522 3.88 0.09 5.83 6.93 23.98 0.16 -4.6 -4.1
KN4 7.37 6.99 5.56 0.00 0.71 1.07 5.86 3.67 0.13 8.00 7.93 24.16 0.13 -2.6 -3.6
KR1 7.11 5.48 4.56 0.00 0.51 0.75 4.49 3.04 0.08 5.39 6.93 20.66 0.08 -4.3 -33
KR2 7.33 6.64 4.60 0.00 0.79 0.85 6.47 3.12 0.29 6.20 7.00 25.18 0.29 -2.8 -3.7
KR3 7.08 6.36 4.68 0.02 0.76 0.78 5.80 3.36 0.20 5.60 6.71 24.48 0.29 -4.0 -3.3
KR4 7.19 5.30 4.72 0.00 0.52 0.72 4.06 3.53 0.10 4.88 7.16 19.02 0.10 -3.9 -3.3
KR5 7.15 5.05 4.41 0.00 0.60 0.70 3.83 2.89 0.12 4.39 7.20 19.27 0.13 -4.2 -2.8
KY1 7.38 6.10 4.66 0.00 0.50 0.90 5.35 3.60 0.13 6.34 7.25 21.74 0.13 -3.6 -3.8
KY2 7.26 7.51 5.16 0.00 0.67 0.99 7.50 3.64 0.17 8.06 7.61 26.92 0.17 -1.7 -3.8
KY3 7.61 7.68 5.54 0.00 1.05 1.14 6.97 4.25 0.22 8.51 7.75 28.42 0.22 -4.4 -5.1
KY4 7.48 6.38 4.71 0.00 0.59 1.02 5.38 3.25 0.14 7.05 7.40 22.45 0.14 -3.6 -3.0
KY5 7.64 9.14 4.56 0.00 0.51 2.36 797 4.03 0.16 9.28 5.53 35.47 0.21 -5.5 2.4
KY6 7.53 8.15 5.01 0.00 0.73 1.37 8.13 3.27 0.15 9.77 7.30 30.34 0.15 -3.1 -4.3
KY7 7.52 7.62 5.13 0.00 0.73 1.11 7.43 3.59 0.33 8.25 7.83 27.22 0.33 -2.5 -4.1
KY8 7.33 6.48 4.71 0.00 0.68 0.85 5.72 3.61 0.21 6.71 7.35 22.74 0.27 -39 =32
KY9 - - - - - - - - - - - - -

MM1 6.73 2.95 291 0.00 0.31 0.42 1.44 3.74 0.19 2.64 4.28 6.88 0.19 -8.2% -3.4
MM2 7.05 3.15 2.96 0.00 0.31 0.50 1.85 3.25 0.10 2.45 5.14 9.33 0.10 -5.4 -2.6
MM3 7.41 5.25 4.26 0.00 0.49 0.86 4.26 3.74 0.12 4.32 6.81 18.92 0.16 -3.3 -3.5
MU1 7.08 4.26 3.73 0.02 0.40 0.59 2.87 3.76 0.28 4.17 5.58 12.75 0.33 -7.1 -3.7
MU2 7.30 4.55 3.78 0.00 0.33 0.76 3.44 3.74 0.14 4.07 6.26 15.12 0.13 -4.6 -3.7
MU3 7.50 8.35 5.33 0.00 0.81 1.84 7.84 3.71 0.12 8.76 6.30 32.08 0.14 -1.6 -4.4
MU4 7.30 5.19 4.05 0.00 0.45 0.76 4.44 3.51 0.13 423 6.86 18.47 0.14 -2.7 -2.9
MUS5 6.94 3.99 3.51 0.00 0.19 0.57 2.82 3.40 0.23 3.40 532 12.84 0.24 -6.4 -3.1
MU6 - - - - - - - - - - - - -

NK1 7.00 6.03 5.33 0.00 0.15 1.33 3.56 4.71 0.13 6.93 6.90 17.57 0.15 -4.7 -2.6
OM1 8.05 12.16 2.44 0.00 0.32 1.30 20.54 1.93 0.21 3.27 4.18 70.46 0.21 -1.8 -5.2
OM2 7.65 6.76 2.43 0.00 0.24 1.60 8.01 2.18 0.14 2.87 5.05 35.21 0.18 -4.7 -3.5
OoM3 8.06 14.53 2.73 0.00 0.34 243 2291 2.40 0.30 6.77 4.30 70.84 0.30 2.8 =33
OM4 8.06 13.54 3.00 0.00 0.31 1.89 21.51 2.55 0.26 3.48 4.94 77.48 0.26 -2.3 -4.7
OM5 7.59 8.68 3.34 0.00 0.59 1.70 10.56 2.75 0.33 5.70 5.45 40.54 0.40 -3.3 -4.0
OM6 7.82 9.59 3.09 0.00 0.38 1.88 12.51 2.82 0.24 5.80 5.78 47.01 0.24 -3.4 -4.2
oY1 7.44 7.30 5.39 0.00 0.64 0.92 7.32 3.43 0.12 7.33 8.47 29.60 0.12 -3.5 -4.9
0Y2 7.58 7.87 5.32 0.00 0.60 1.04 8.19 3.65 0.14 8.07 8.88 30.28 0.14 2.2 -4.3
0Y3 7.61 8.27 5.84 0.00 0.76 1.06 8.58 3.94 0.22 6.98 8.42 3427 0.24 -2.7 -4.6
OoY4 7.58 8.02 529 0.00 0.65 1.04 8.64 3.45 0.15 7.58 7.73 32.63 0.15 2.2 -4.5
0Ys 7.52 8.10 5.54 0.00 0.78 1.58 7.54 3.88 0.17 7.74 6.99 3221 0.17 -2.7 -4.5
0Y6 7.45 7.12 5.14 0.00 0.59 1.00 6.85 3.84 0.12 6.40 7.52 28.30 0.15 -3.6 -4.1
oY7 7.54 7.65 5.37 0.00 0.69 1.19 7.45 3.68 0.14 7.48 7.54 30.28 0.14 -3.0 -4.4
oYs8 7.47 7.25 4.93 0.00 0.59 0.90 7.31 3.69 0.16 7.37 7.36 27.28 0.16 -3.4 -4.0
0Y9 7.51 7.48 5.10 0.00 0.59 0.94 7.54 3.46 0.13 7.35 7.79 29.55 0.13 -3.7 -3.8
0Z1 7.11 2.83 2.09 0.00 0.24 0.45 2.14 1.66 0.11 2.29 4.62 12.00 0.11  -10.2* -3.1
072 7.12 2.90 2.41 0.00 0.25 0.43 2.10 1.73 0.10 222 5.19 13.95 0.10  -13.5% -4.9
0Z3 7.44 5.19 2.69 0.00 0.34 0.74 5.92 1.86 0.11 3.61 5.03 25.28 0.13 -6.6 -4.1
0z4 7.38 3.94 2.73 0.00 0.33 0.59 3.78 1.83 0.13 2.93 5.83 17.86 0.13 -6.4 -4.3
075 7.79 9.80 3.17 0.00 0.41 1.08 14.53 2.11 0.11 5.24 5.56 51.63 0.11 -3.0 -4.5
SD1 7.97 13.16 2.90 0.00 0.28 1.56 21.54 2.08 0.22 4.48 4.81 74.71 0.22 -2.0 -5.0
SD2 7.56 6.70 3.33 0.00 0.32 1.15 7.81 1.88 0.11 4.93 5.78 3141 0.11 -3.0 -3.6
SD3 -- -- - -- -- - -- -- - - - - -

TK1 7.35 6.17 4.46 0.00 0.58 0.73 5.86 2.88 0.07 6.03 6.59 24.24 0.16 -4.0 -3.2
TK2 7.47 6.86 4.34 0.00 0.53 0.90 7.14 2.67 0.09 7.25 6.90 26.84 0.09 -3.1 -3.5
TK3 7.49 7.66 5.20 0.00 0.60 1.26 7.57 3.11 0.14 6.49 6.91 32.70 0.14 -3.1 -3.8
TK4 7.58 8.31 5.27 0.00 0.62 1.15 8.89 3.20 0.12 9.26 7.53 31.45 0.12 -1.2 -4.0
TKS - - - - - - - - - - - - -

TK6 - - - - - - - - - - - - -

T™1 7.52 6.57 4.43 0.00 0.51 1.02 6.31 2.68 0.13 5.94 7.02 27.95 0.13 -4.8 -3.6
T™2 7.58 7.86 4.82 0.00 0.57 1.30 8.22 2.45 0.19 7.66 5.97 34.07 0.19 -3.8 -4.3
T™3 7.62 6.15 4.43 0.00 0.64 0.90 5.70 2.29 0.08 7.20 6.64 24.38 0.08 -4.2 -4.2
T™M4 7.76 8.54 4.68 0.00 0.69 1.30 9.58 2.42 0.18 9.0 6.27 36.84 0.29 -3.9 -4.7
TNI 7.65 9.16 5.75 0.00 0.75 1.69 9.05 3.29 0.12 10.96 6.40 35.44 0.13 -2.8 -4.5
TN2 7.56 9.16 5.07 0.00 0.70 1.32 10.21 3.06 0.13 11.71 7.14 3432 0.21 -2.6 -4.6
TN3 7.64 9.56 4.83 0.00 0.54 1.73 10.83 2.84 0.12 12.13 7.29 38.15 0.12 -3.2 -5.3
TN4 7.46 6.62 533 0.00 0.66 0.96 5.81 3.02 0.12 5.70 8.36 27.69 0.12 -3.7 -3.6
TNS -- -- -- -- -- -- - - - - - - -

TN6 - - - - - - - - - - - - -

YS1 7.34 4.16 3.21 0.00 0.48 0.67 3.46 2.65 0.21 2.63 6.10 18.25 0.28 -1.7 -4.6
YS2 7.76 7.85 3.69 0.00 0.46 1.26 9.27 2.49 0.18 6.29 5.83 35.01 0.18 -3.1 -3.6
YS3 7.92 10.54 4.61 0.00 0.59 1.70 13.37 2.81 0.20 7.24 5.32 51.69 0.25 =32 -4.5
YS4 7.85 10.05 5.40 0.00 0.84 1.58 11.65 3.83 0.28 10.3 5.93 35.75 0.40 2.1 -3.6
YS5 7.66 7.72 4.67 0.00 0.71 1.34 7.89 3.58 0.19 79 6.09 30.59 0.26 -3.7 -4.9
YS6 -- -- -- -- -- -- -- -- -- -- -- -- --

YS7 -- -- -- -- -- -- -- -- -- -- -- -- --
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Appendix Table 3 ZFOMETREIC I % B AMERE R T

Results of stream water chemistry in winter

Hix pH EC Na“ NH," K Mg™ Ca™ cr NO; -N NeoJ Si HCO, T-N R1 R2
mS m’ mg L' mg L' mg L' mg L' mg L' mg L' mg L' mg L' mg L' mg L' mg L'

EE 7.60 9.45 4.79 0.00 0.59 1.51 11.26 3.33 0.18 7.80 3.90 43.08 0.28 -3.5 -4.9
e 8.00 9.62 3.40 0.02 0.29 1.23 13.49 2.34 0.22 6.78 3.78 45.24 0.29 -1.8 -4.0
il 7.50 7.07 4.91 0.00 0.47 0.94 6.85 3.20 0.16 7.75 5.83 27.68 0.16 -5.3 -4.2
AR1 7.44 8.99 6.27 0.00 0.37 1.87 5.90 4.88 0.39 7.30 4.40 36.31 042 -11.1* -0.8
AR2 7.43 9.24 6.23 0.00 0.60 1.62 6.12 4.97 0.23 11.39 391 31.28 033 -11.1* -0.7
AR3 7.35 9.66 6.62 0.00 0.60 2.34 8.03 4.76 0.21 11.61 5.74 3431 0.26 -3.0 -4.4
EK2 7.66 12.10 7.46 0.00 0.87 2.97 11.43 4.20 0.50 13.85 4.54 48.17 0.53 -2.9 -5.4
EK3 7.59 9.86 5.19 0.00 0.57 1.37 11.38 3.08 0.40 13.08 6.19 37.00 0.43 -3.9 -5.4
EK4 7.56 8.85 5.16 0.00 0.55 1.35 9.40 3.13 0.27 11.86 5.57 32.52 0.27 -4.0 -5.0
EK5 7.62 9.85 7.37 0.00 0.74 2.09 8.41 3.78 0.40 11.00 4.93 38.61 0.47 -3.3 -4.8
EK6 7.68 9.99 7.56 0.00 0.77 2.20 8.51 3.30 0.31 10.89 5.19 42.04 0.34 -3.8 -5.0
EK7 7.49 9.15 6.51 0.00 0.66 1.80 8.21 3.41 0.31 10.71 4.98 35.62 0.34 -3.7 -4.7
EK8 7.52 10.63 5.54 0.00 0.63 1.63 12.00 3.39 0.30 14.69 5.35 39.89 0.34 -4.1 -5.5
HN1 7.46 5.86 3.77 0.00 0.34 0.98 5.97 237 0.15 5.25 4.43 25.27 0.17 -4.3 -4.4
HN2 7.32 4.86 4.28 0.00 0.36 0.85 3.58 2.82 0.13 4.04 5.05 19.59 0.15 -5.3 -3.5
HN3 7.60 6.93 3.83 0.00 0.38 1.28 7.50 2.45 0.28 4.60 4.11 33.22 0.34 -5.2 -4.4
HN4 7.58 5.75 3.50 0.00 0.31 1.02 5.98 2.35 0.18 3.95 4.12 28.31 0.18 -7.1 -5.1
1Y1 7.31 7.11 5.77 0.00 0.53 1.40 5.40 4.91 0.12 5.79 5.52 27.32 0.13 -4.8 -3.7
Y2 7.32 591 5.24 0.00 0.52 0.74 4.21 4.12 0.22 5.39 6.25 22.85 0.26 93 * -3.9
1Y3 7.28 5.58 5.38 0.00 0.54 0.71 3.63 3.70 0.19 5.90 6.30 21.04 0.26 93 * -4.3
Y4 7.34 6.02 5.74 0.00 0.52 0.75 4.00 3.56 0.18 6.20 6.37 22.75 0.21 -7.8 -3.2
1Y5 7.38 6.36 5.42 0.01 0.51 0.97 4.50 4.05 0.20 6.09 5.70 24.55 0.25 -85 * -3.6
1Y6 7.41 6.53 5.45 0.00 0.52 0.77 4.90 3.81 0.16 6.37 6.23 24.65 0.20 -8.0 * -2.3
Y7 7.36 6.09 4.79 0.00 0.42 0.74 5.40 3.42 0.21 6.36 6.37 24.65 0.24 82 * -5.2
KB1 7.08 5.48 5.49 0.00 0.62 0.74 3.59 4.78 0.29 3.93 5.98 18.41 0.30 -4.0 -3.6
KB2 7.36 6.69 6.16 0.00 0.63 0.94 5.26 5.18 0.24 4.35 7.38 24.52 0.24 -2.4 -3.6
KB3 7.34 6.37 5.71 0.00 0.49 0.85 5.19 4.19 0.15 5.22 7.06 24.54 0.22 -4.0 -4.0
KK1 7.43 6.03 4.45 0.00 0.45 0.92 5.39 2.41 0.11 7.83 5.66 21.88 0.11 -4.1 -4.1
KK2 7.49 6.69 4.65 0.00 0.44 1.02 6.51 2.44 0.14 8.12 4.98 27.06 0.14 =52 -5.1
KK3 7.48 6.78 5.08 0.00 0.44 0.83 6.67 2.75 0.13 7.63 6.02 27.12 0.17 -4.3 -4.7
KK4 7.44 6.03 4.66 0.00 0.44 0.98 5.34 2.71 0.19 6.05 5.20 23.74 0.20 -3.7 -4.1
KK5 7.40 6.89 5.09 0.00 0.57 0.85 6.77 2.89 0.17 7.31 6.23 26.81 0.17 -3.1 -4.2
KN1 7.41 6.63 5.30 0.00 0.45 1.19 5.17 421 0.14 7.37 5.84 23.69 0.17 -5.6 -4.4
KN2 7.27 9.01 5.86 0.00 0.53 1.62 8.51 4.42 0.30 9.39 5.43 33.81 0.35 -4.0 -4.0
KN3 7.30 6.82 5.13 0.02 0.53 1.10 5.60 3.88 0.19 7.44 5.49 24.85 0.34 -6.0 -39
KN4 7.34 7.49 5.74 0.00 0.57 1.18 6.22 3.60 0.21 10.05 6.31 25.69 0.30 -5.2 -4.3
KR1 7.25 5.44 4.78 0.00 0.49 0.75 4.42 3.19 0.14 5.60 6.26 20.32 0.14 -4.4 -4.5
KR2 7.34 6.89 4.86 0.00 0.69 0.91 6.60 3.41 0.37 7.10 6.11 25.13 0.39 -3.6 -4.2
KR3 7.29 6.47 4.71 0.00 0.58 0.81 6.26 3.20 0.21 6.18 6.19 25.78 0.24 -4.5 -4.4
KR4 7.22 5.55 4.96 0.00 0.45 0.76 4.34 3.61 0.13 5.83 6.37 18.88 0.13 -3.3 -3.8
KR35 7.30 5.10 4.59 0.00 0.53 0.73 3.86 2.93 0.19 5.03 5.91 18.44 0.22 -3.7 -3.6
KY1 7.34 6.59 4.74 0.01 0.44 1.00 5.72 3.46 0.21 8.00 6.11 23.16 0.25 -5.8 -4.0
KY2 7.30 8.18 5.38 0.00 0.52 1.13 8.24 3.59 0.26 9.48 6.21 29.89 0.29 -3.5 -4.2
KY3 7.45 8.61 5.88 0.00 0.58 1.42 8.36 3.49 0.30 10.90 6.46 31.36 0.33 -3.3 -5.0
KY4 7.36 6.95 4.93 0.00 0.46 1.19 6.04 3.17 0.22 8.57 6.21 25.19 0.25 -5.4 -4.1
KY5 7.61 9.97 5.62 0.00 0.90 2.79 8.72 3.97 0.37 10.26 433 40.09 0.56 -3.9 -4.4
KY6 7.50 8.51 5.19 0.01 0.54 1.50 8.40 3.26 0.25 10.58 5.78 30.78 0.30 -3.2 -4.1
KY7 7.50 8.48 5.56 0.00 0.57 1.30 8.37 3.63 0.35 10.20 6.51 30.63 0.40 -3.7 -4.5
KY8 7.46 6.78 5.04 0.00 0.50 0.93 6.25 3.30 0.19 7.68 6.27 24.49 0.21 -3.7 -4.0
KY9 7.54 9.78 5.61 0.00 0.60 1.51 10.36 3.47 0.31 13.78 5.51 35.60 0.35 -4.7 -5.3
MMI 6.55 2.87 2.83 0.00 0.27 0.43 1.40 3.46 0.24 2.87 3.56 7.51 043 -114 * -5.1
MM2 6.85 2.97 2.84 0.00 0.29 0.45 1.62 3.11 0.16 2.56 4.28 11.29 0.16 -15.0 * -6.1
MM3 7.20 5.65 4.28 0.00 0.42 0.97 4.81 3.63 0.18 5.49 5.90 23.05 0.18 -8.0 * -5.8
MU1 6.98 4.49 3.73 0.02 0.35 0.65 3.04 3.93 0.33 4.57 4.66 14.38 044  -104 * -4.4
MU2 7.21 4.84 3.78 0.00 0.33 0.85 3.66 3.62 0.14 4.52 5.26 17.35 0.18 -7.1 -3.8
MU3 7.55 8.12 5.32 0.00 0.55 1.77 7.03 3.32 0.27 10.28 5.33 31.00 0.31 -5.9 -4.9
MU4 7.30 5.12 4.11 0.02 0.16 0.75 4.17 3.35 0.18 5.28 5.73 19.02 0.21 -7.6 -4.4
MU5 6.95 3.36 3.12 0.00 0.30 0.49 2.07 3.25 0.24 3.26 4.52 10.38 0.27 93 * -4.8
MU6 7.23 5.52 432 0.00 0.37 1.05 4.54 3.42 0.26 7.09 5.36 19.59 0.29 -6.7 -6.7
NK1 7.00 5.53 5.00 0.00 0.41 0.88 2.38 4.60 0.23 6.55 4.84 16.15 028 -132 * -1.0
OM1 7.91 9.90 2.93 0.01 0.27 1.30 15.22 2.16 0.29 4.75 3.61 53.97 0.30 -3.1 -5.9
OM2 7.64 6.64 231 0.01 0.15 1.70 7.74 2.16 0.19 3.50 3.90 35.30 0.28 -7.0 -4.8
OM3 8.07 14.77 2.61 0.02 0.25 2.26 23.62 2.45 0.34 8.15 2.97 79.62 0.36 -2.7 -5.6
OM4 8.04 11.96 3.03 0.01 0.23 2.11 17.19 2.61 0.29 4.16 3.86 65.10 0.31 -3.3 -3.8
OM35 7.71 8.08 3.25 0.02 0.39 1.53 9.36 2.74 0.41 6.41 4.28 35.60 0.46 -5.0 -3.8
OM6 7.80 9.51 3.08 0.01 0.31 1.82 11.81 2.69 0.28 6.98 4.41 43.41 0.32 -3.9 -3.0
oY1 7.40 7.29 5.44 0.00 0.54 0.76 5.95 3.42 0.22 7.92 6.46 29.40 024 -108 * -2.8
0Y2 7.48 7.98 5.33 0.00 0.52 0.91 6.91 3.67 0.24 8.70 6.89 32.08 029 -109 * -2.7
0Y3 7.46 8.10 5.81 0.00 0.54 0.87 6.68 3.76 0.32 7.68 6.10 32.18 0.37 9.6 * -1.5
OoY4 7.59 8.56 5.62 0.00 0.53 0.91 7.24 3.56 0.28 9.09 5.22 33.07 032 -10.1 * -0.9
0Ys5 7.51 8.36 5.77 0.00 0.58 1.30 587 3.87 0.24 9.76 4.38 30.49 029 -109 * -0.8
0Y6 7.49 7.70 5.32 0.00 0.51 0.90 5.93 3.80 0.17 7.85 4.78 30.21 0.19  -11.7 * -0.8
oY7 7.58 8.09 5.48 0.00 0.52 1.04 6.13 3.75 0.17 8.78 4.49 32.17 020 -125 * -1.2
0Y8 7.51 7.98 5.24 0.00 0.49 0.80 6.31 3.57 0.18 8.94 4.57 31.03 027  -13.1 * -0.6
0Y9 7.63 8.39 5.40 0.00 0.50 0.88 6.67 3.49 0.19 8.93 4.86 34.11 023  -135 * -0.5
0Z1 7.01 2.81 2.10 0.00 0.27 0.46 2.17 1.83 0.17 2.46 3.69 12.36 0.17  -13.0 * -5.8
072 7.04 2.89 2.55 0.00 0.29 0.42 2.10 1.82 0.18 2.53 435 12.83 0.18 -11.6 * -6.1
073 7.57 5.87 2.86 0.01 0.26 0.76 6.12 2.33 0.16 4.72 3.67 26.16 0.17 9.5 * -2.0
0Z4 7.42 4.09 2.89 0.01 0.26 0.62 335 1.85 0.13 3.55 4.31 18.49 0.14  -11.1 * =32
075 8.04 10.03 3.35 0.01 0.35 0.99 13.75 2.14 0.15 6.29 3.93 51.28 0.16 -6.1 -3.0
SD1 8.06 11.59 3.11 0.01 0.27 1.26 16.47 2.14 0.32 5.78 3.60 60.32 0.33 -5.4 -2.5
SD2 7.59 6.72 3.39 0.01 0.28 1.06 7.00 2.07 0.21 5.87 3.97 31.69 0.22 9.4 * -3.4
SD3 7.60 7.23 3.79 0.00 0.35 1.41 7.92 2.23 0.28 5.82 3.91 31.91 0.29 -3.0 -3.8
TK1 7.40 6.76 4.74 0.00 0.45 0.84 6.57 3.12 0.16 7.91 5.45 25.53 0.16 -5.2 -4.4
TK2 7.44 7.59 4.79 0.00 0.46 1.05 7.87 2.86 0.16 9.32 5.54 28.55 0.16 -3.8 -4.3
TK3 7.54 8.21 5.64 0.00 0.52 1.36 7.84 3.28 0.27 8.08 5.58 34.07 0.27 -4.8 -4.2
TK4 7.56 9.53 5.85 0.00 0.54 1.34 10.09 3.28 0.21 11.44 5.97 37.34 0.21 -4.1 -4.4
TKS 7.48 7.55 5.25 0.00 0.44 1.38 6.73 3.28 0.22 7.88 5.21 30.50 0.23 -5.6 -4.1
TK6 7.49 8.52 5.93 0.00 0.64 1.24 8.23 3.69 0.30 9.62 5.32 31.85 0.30 -3.6 -4.3
T™M1 7.49 7.29 4.91 0.00 0.46 1.15 7.08 2.52 0.18 7.42 5.74 29.74 0.18 -3.7 -3.5
T™2 7.52 8.07 5.09 0.00 0.51 1.35 8.40 2.26 0.28 8.39 4.59 33.97 0.28 -3.1 -4.4
T™3 7.41 6.48 4.68 0.00 0.51 0.97 6.03 2.30 0.13 8.30 5.12 2475 0.13 -4.4 -4.5
T™M4 7.74 9.39 4.77 0.02 0.45 1.52 10.77 2.44 0.25 11.30 4.90 36.32 0.29 -1.9 -4.1
TNI 7.71 10.06 6.22 0.00 0.61 1.93 10.27 3.32 0.26 12.24 4.99 40.53 0.27 -3.7 -5.5
TN2 7.75 10.19 5.71 0.00 0.57 1.56 11.71 3.12 0.19 14.35 5.71 38.99 0.19 -3.1 -6.2
TN3 7.69 9.92 5.20 0.00 0.48 1.76 11.13 3.02 0.15 13.51 5.85 36.62 0.15 -2.0 -5.0
TN4 7.41 6.44 5.38 0.00 0.52 0.89 5.28 3.17 0.18 6.55 6.67 24.69 0.18 -4.7 -3.5
TNS 7.57 7.35 4.87 0.00 0.50 1.03 7.31 3.20 0.20 8.69 5.97 27.13 0.54 -4.0 -4.2
TN6 7.74 8.14 5.28 0.00 0.48 1.34 8.13 3.18 0.20 9.63 4.98 33.80 0.20 -6.2 -5.6
YS1 7.35 4.25 3.34 0.01 0.31 0.75 3.78 2.46 0.28 3.22 5.17 19.02 0.29 -1.3 -6.5
YS2 7.80 7.98 3.74 0.01 0.35 1.27 9.03 2.55 0.26 717 4.44 35.26 0.27 -5.8 -3.7
YS3 7.88 11.42 4.67 0.01 0.44 1.79 13.83 4.73 0.29 8.26 3.76 50.06 0.32 -4.3 -3.3
YS4 7.74 10.26 543 0.00 0.46 1.68 11.77 3.47 0.31 10.46 4.65 40.77 0.35 -1.7 -4.1
YSS 7.54 7.51 429 0.00 0.43 1.30 7.37 3.01 0.49 8.89 4.60 25.13 0.54 -3.2 -3.1
YS6 7.73 11.13 4.64 0.00 0.52 1.93 14.10 3.47 0.34 8.33 4.06 52.67 0.40 -3.6 -5.1
YS7 7.64 9.19 3.93 0.00 0.43 1.33 11.78 2.92 0.35 6.80 4.45 41.46 0.36 -2.6 -4.2
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Stream water chemistry of forested headwater areas
in the Shimanto River basin

Shuichiro YOSHINAGA"", Tsuyoshi YAMADA®, Yoshiyuki INAGAKI”, Satoru MIURA®
and Yoshiki SHINOMIYA?

Abstract

In this study, the spatial distribution of stream water chemistry was investigated in headwater areas within the
Shimanto River basin to evaluate the effect of forested headwater on the quality of downstream waters under
ordinary flow condition. The study area was mainly underlain by Paleozoic/Mesozoic sandstone and shale, with
partially exposed limestone and granite. The difference in the bedrock geology of the catchments strongly affected
the solute composition of the stream water. The catchments underlain by limestone were characterized by high pH,
EC, and Ca®* and HCO;~ concentrations, and the ones underlain by granite were characterized by low pH, EC, and
concentrations of major ions as compared to the catchments underlain by sandstone and shale. The concentrations
of Na” and C1” negatively corresponded to a distance from the coastline of the Pacific Ocean, thereby suggesting the
difference in the deposition of sea salt during storm events that frequently occur from June to October. High runoff
rate during rainy season affected the decreasing Na“, Mg™', Ca™, and SO,” concentrations in the stream water by
dilution with the rainwater. Warm and humid summer climate may further accelerate the dissolution of silicate
minerals in the bedrock and soils, resulting in an increase in the Si concentrations. The mean concentration of
dissolved total nitrogen in the headwater was 0.17 mg L™ in summer and 0.26 mg L™" in winter. These results satisfy
one of clear stream standards of the Shimanto River (i.e., 0.3 mg L' for dissolved total nitrogen) established by
Kochi Prefecture Government and indicate that the forested headwaters would contribute to the clear downstream
water environment.

Key words : Shimanto River, forested headwater area, stream water chemistry, dissolved total nitrogen, clear
stream standard.
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Aculeate wasp assemblages in naturally regenerating
broad-leaved forests and conifer plantations in temperate Japan
(Insecta, Hymenoptera)

Shun'ichi MAKINO"", Hideaki GOTO?, Kimiko OKABE", Takenari INOUE?,
and Isamu OKOCHI"

Abstract

We collected aculeate wasps in ten naturally regenerating broad-leaved stands (1-178 years old) and eight
Cryptomeria japonica conifer plantations (3—76 years old) using Malaise traps through the wasp flight season
(April-November) in Ibaraki Prefecture, Japan. There were 167, 12, and 3605 species, families, and individuals
collected, respectively, in the broad-leaved stands and 136, 11, and 2645 in the conifer plantation stands. The most
speciose family was Crabronidae, followed by Pompilidae, while in terms of the number of individuals, Pompilidae
dominated in every stand. Species richness and abundance were the highest in young stands, decreasing as the
stands grew older. Although most collected wasp species preferred young stands, some species characteristically

occurred in older stands.

Key words : hunting wasps, monitoring, Malaise trap, parasitoid, forest age, biodiversity, ecosystem services

1. Introduction

Aculeates make up a group of hymenopterous stinging
insects; this group includes bees, ants, and stinging wasps.
Most aculeate wasps hunt insects or spiders and store captured
prey as food in their brood nests. However, some aculeate
wasps are parasitoids or kleptoparasites rather than hunters
(O'Neill 2001). Prey or host insects of aculeate wasps include
Homoptera, Lepidoptera, and Diptera (Iwata 1976, Bohart and
Menke 1976, O'Neill 2001), which contain several potential
agricultural, forestry, or animal husbandry pests. Thus, these
wasps possibly contribute to regulating ecosystem services.
In contrast, spiders, which are generally recognized as natural
enemies of various pests, are important prey for some hunting
wasps. For these reasons, hunting wasps may influence
ecosystem services in a positive (as natural enemies of pests)
or adverse (as predators of beneficial spiders) ways.

Aculeate wasps are also diverse in terms of nesting
substrates: some wasps nest in subterranean sites (fossorial
nesters), while others favor aboveground sites, including
wood burrows and herbaceous stem piths (tube nesters) (Iwata
1976, O'Neill 2001). Given these diversities in food and

Received 25 December 2020, Accepted 5 February 2021

nesting sites, we can naturally expect their assemblages to
significantly change with forest conditions, even in a single
geological region. To manage forests from an ecosystem
service perspective, we need, at the very least, exhaustive
lists of agents that potentially affect these services. However,
limited information is available on aculeate wasp assemblages
in various conditions or forest types (Shlyakhtenok and
Agunovich 2001, Arnan et al. 2011, Wenninger et al. 2019).

In this study, we present a working list of aculeate wasps
collected with Malaise traps in broad-leaved and conifer
stands in a region situated in temperate Japan. The broad-
leaved stands were naturally regenerated after clear-cutting,
whereas the conifer stands were monoculture Japanese cedar
(Cryptomeria japonica) plantations. Both stand types varied
in age from very young to mature or old ages. Sampling was
regularly performed in these stands through the wasp flight
season. This extensive list will explain how aculeate wasp
species richness and abundance vary with forest type and age,
thus contributing as preliminary information on which forest

ecosystem approach strategies should be implemented.

1) Center for Biodiversity Study, Forestry and Forest Products Research Institute (FFPRI)

2) Kyushu Research Center, FFPRI
3) Tama Forest Science Garden, FFPRI
4) Vice-President, FFPRI

* Center for Biodiversity and Climate Change, FFPRI, 1 Matsunosato, Tsukuba, Ibaraki, 305-8687, JAPAN; E-mail: makino@ffpri.affrc.go.jp



122 Shun'ichi MAKINO et al.

2. Materials and methods

The wasp samplings were conducted in two areas, Ogawa
(36°56'N, 140°35'E; 580-800 m a.s.l.) and Satomi (36°50'N,
140°34'E; 700-800 m a.s.l.), approximately 10 km apart
from each other, in northern regions of Ibaraki Prefecture,
Japan. We selected study plots in ten naturally regenerating
broad-leaved stands (stand area varying from 2.5 to 32 ha)
within an approximately 30 km” area in Ogawa and eight
conifer (C. japonica) plantation plots (2.6—14.3 ha) within an
approximately 10 km’ area in Satomi. The ages of the broad-
leaved stands ranged from 1 to 178 years (1, 4, 12, 24, 51,
54, 71, 128, 174, and 178) after clear-cutting and that of the
conifer stands ranged from 3 to 76 years (3, 7, 9, 20, 29, 31, 75,
and 76) after planting. The dominant large trees in the broad-
leaved stands were Quercus serrata, Q. mongolica, and Fagus
crenata, whereas planted C. japonica naturally dominated
the conifer stands. The broad-leaved stands in Ogawa and the
conifer stands in Satomi, respectively, correspond to plot codes
01-0178 and S3-S76 in Makino et al. (2007). The same codes
are used in the present paper. For more details on the plots,
see Makino et al. (2007) and Taki et al. (2013), who studied
longhorn beetles and wild bees, respectively, in the same series
of plots as above.

We collected aculeate wasps in 2002 and 2003 in the broad-
leaved and conifer plantation plots, respectively. The wasps
were collected with Townes-style Malaise traps (Golden Owl
Publishers; 180 cm long, 120 cm wide, and 200 cm high)
with a collection bottle containing 70% ethanol and propylene
glycol as preservatives. We placed five traps, approximately
10 m apart from each other, on the ground inside each stand
to avoid possible edge effects. The traps were visited every
two weeks from late April to early November to cover the
wasp flight season, and trapped insects were brought back to
the laboratory of the Forestry and Forest Products Institute,
Tsukuba, Japan, for identification. We used the collections
of aculeate wasps from one of the five traps in each plot for
subsequent analysis.

Because the relationships between plot age and species
richness or abundance were nonlinear, they were approximated
with logarithmic regression. Cluster analyses were separately
performed for the broad-leaved plots and conifer plantation
plots to examine similarities of wasp assemblages among them.
We used the Bray-Curtiss index as the dissimilarity index
and Ward's method for clustering. The number of clusters to
divide was determined based on the Silhouette coefficient.
The indicator values (IndVals) were then calculated to find
wasp species that characterized the clusters. All calculations
were made with R4.0.2 (R core Team, 2020) using the
following libraries: “vegan” (Oksanen et al. 2018) to calculate

dissimilarity indices, “cluster” (Maechler et al. 2018) for

clustering, and “labdsv” (Roberts 2016) to calculate IndVals.
The identification of collected wasps was mainly made
by SM. The classificatory system of families and higher
taxa follows Terayama and Suda (2016). All specimens
are deposited into the collection of the Forestry and Forest

Products Research Institute, Tsukuba, Japan.

3. Results and discussion

Table S1 presents the list of all collected aculeate wasps.
A total of 3605 individuals of 167 species (12 families) were
collected in the ten naturally regenerating broad-leaved plots
and 2645 individuals of 136 species (11 families) in the eight
conifer plantation plots (Appendix Table 1). All families
of the broad-leaved plots were also collected in the conifer
plots, except for Dryinidae, and 114 species were collected
in both broad-leaved and conifer plots. The biweekly capture
peaked in early to mid-August in both series of plots. The
most speciose family was Crabronidae, accounting for 42% of
the total number of species in the broad-leaved plots and 43%
in the conifer plots. Second to Crabronidae was Pompilidae,
which accounted for 23% and 28% in the broad-leaved and
conifer plots, respectively. The other ten families, namely,
Vespidae, Chrysididae, Bethylidae, Tiphiidae, Mutillidae,
Scoliidae, Dryinidae (in broad-leaved plots only), Sphecidae,
Myrmosidae, and Thynnidae, contributed to, at most, 10% to
the total species richness in either series of plots. Females of
some or all the collected species of Mutillidae, Myrmosidae,
Chrysididae, and Dryinidae are apterous, whereas males are
fully winged (Terayama and Suda 2016). For these species,
the collected specimens were almost always males, which is
expected as Malaise traps are principally designed to capture
flying insects.

The proportion of individuals of the families was slightly
different from the species richness results (Appendix Table
1). The most abundant family was Pompilidae, accounting
for 61% of all collected individuals in the broad-leaved plots
and 52% in the conifer plots, followed by Crabronidae, which
accounted for 20% of collected insects in both stand types. The
numerical dominance of Pompilidae in forests has also been
reported through monitoring using trap nests (Makino and
Okabe 2019). The abundance of other families, as in species
richness, was much smaller compared to these two dominant
families, although a single species of Myrmosidae, Taimyrmosa
nigrofasciata (Yasumatsu), showed disproportionately large
contributions to the total abundance in both plot series (8% in
the broad-leaved and 12% in the conifer plots).

Species richness and abundance were greatest in the very
young stands in both broad-leaved and conifer plots and
declined as the stands became older (Fig. 1). They showed

steep declines until broad-leaved plots became approximately
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50 years old and until conifer plantation stands become 30
years old while remaining relatively stable thereafter in both.
The changes in species richness and abundance with the stand
age did not evenly occur among the families: Pompilidae
and Crabronidae shrunk as the plots grew older but persisted
through the oldest plots. However, most of the other families
became extraordinarily rare or completely disappeared in older
plots, particularly in the conifer plantation plots (Appendix
Table 1).

The cluster analyses grouped the broad-leaved plots into
two clusters, (01, O4) and (012, 024, O51, 054, 071, 0128,
0174, O178), and the conifer plots into three, (S3, S7, S9),
(S20, S29, S31), and (S75, S76). Based on the ages of plots
contained, the two clusters of the broad-leaved plots were
referred to as young (Y) and old (O), which respectively had
41 and six species with statistically significant IndVals (Tables
1, 2). Likewise, the three clusters of conifer plots were young
(Y), middle-aged (M), and old (O); the “young” and “middle-
aged” clusters had 16 and five species with significant IndVals,
respectively, while the “old” cluster had none.

Of all Japanese aculeate wasp species ever recorded (846
spp.), Crabronidae, and Pompilidae are the two most speciose
families, accounting for 32% (274 spp.) and 16% (134 spp.),
respectively (Terayama and Suda 2016). The dominance of
these two families was also represented in our samples, but
more markedly, as the two families together contributed 60—
70% in both series of broad-leaved and conifer plots (Appendix
Table 1). Additionally, in terms of abundance, the contribution
of Pompilidae is remarkable in that more than half of the
collected aculeate wasps belonged to that family. This suggests
that these forests are diverse and abundant sources of spiders
that the wasps hunt.

The generally declining trends of species richness and
abundance of aculeate wasps are similar to those found in the
results for bees collected in the same plots and with the same
methods as this study (Taki et al., 2013). The open habitats in
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young regenerating or plantation stands seem to provide many
hunting wasps with suitable habitats and prey because those
stands abound in diverse nest substrates. Wasps with high
IndVals (Tables 1, 2) included some fossorial species of such
genera as Tiphia (Tiphiidae), Cerceris, Oxybelus (Crabronidae),
or Episyron (Pompilidae) that nest in bare soil, or of Dipogon
(Pompilidae) or Psenulus (Crabronidae) that use dead stems
or pith of herbaceous plants as nesting sites. These young
stands are also rich in forest floor vegetation (Tanaka et al.,
2008), which seems to result in an increase in various groups
of phytophagous insects (Inoue 2003, Maleque et al. 2010),
as well as some spiders that feed on them, thus providing the
wasps with diverse and abundant prey. Further, rich forest floor
vegetation means suitable nectar resources, on which many
aculeate wasp adults depend as energy sources (O'Neill 2001).
Greater species richness and abundance in very young stands
have also been reported in various insect groups examined in
the same study plots (Makino et al. 2006, Taki 2013).

However, our resulting IndVals also show that, although
much smaller in number, a part of aculeate wasps occurred
more frequently in older (>10 years old) or middle-aged (20 to
31 years old) stands compared to younger ones in broad-leaved
and conifer stands, respectively (Tables 1, 2). It is also notable
that such a genus as Dipogon had a wide habitat range because
it contained species with different preferences in terms of stand
ages, as exemplified by D. nipponicus and D. bifasciatus that
were mainly collected in younger stands, and D. romankovae,
which was found in older stands.

Finally, the presence of aculeate wasps that characterize
middle-aged to old stands in broad-leaved stands, but not
in conifer stands, is an important finding from a forest
management viewpoint since a mosaic-like landscape
composed of various stand types or ages is preferable in terms
of conservation of diversity and abundance of these wasps, at

least part of which are excellent hunters of insect pests.
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Fig. 1. Responses of the number of individuals (left) and species (right) of aculeate wasps to the stand age of naturally
regenerating broad-leaved stands and conifer plantation stands.
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Table 1. Aculeate wasps with significant index values (IndVals) characterizing the clusters of regenerating
broad-leaved stands. For further information on the cluster components, see text.

No.wasps in cluster:

Species Family Cluster  IndVal’ Y 0

Dipogon nipponicus (Yasumatsu) Pompilidae Y 93.4 81 23
Dipogon bifasciatus (Geoffroy) Pompilidae Y 94.8 69 15
Tiphia popilliavora Rohwer Tiphiidae Y 99.6 71 1
Cerceris nipponensisTsuneki Crabronidae Y 97.2 43 5
Episyron arrogans (Smith) Pompilidae Y 99.0 25 1
Oxybelus strandi Yasumatsu Crabronidae Y 100.0 25 0
Psen dzimm Tsuneki Crabronidae Y 99.0 24 1
Psenulus laevigatus (Schenck) Crabronidae Y 923 15 5
Ectemnius iridifrons (Pérez) Crabronidae Y 91.2 13 5
Cerceris hortivaga Kohl Crabronidae Y 100.0 17 0
Crossocerus cetratus (Shuckard) Crabronidae Y 96.6 14 2
Dipogon sperconsus Shimizu & Ishikawa Pompilidae Y 83.7 9 7
Pseneo exaratus (Eversmann) Crabronidae Y 96.3 13 2
Tiphia punctata Smith Tiphiidae Y 100.0 14 0
Hedychrum japonicum Cameron Chrysididae Y 100.0 12 0
Pemphredon lethifer (Shuckard) Crabronidae Y 97.6 10 1
Arachnospila sp. Pompilidae Y 100.0 9 0
Eumenes micado Cameron Vespidae Y 100.0 9 0
Scolia fascinata Smith Scoliidae Y 100.0 9 0
Methocha japonica (Yasumatsu) Thynnidae Y 96.6 7 1
Gorytes aino Tsuneki Crabronidae Y 92.3 6 2
Priocnemis ishikawai Lelej Pompilidae Y 96.0 6 1
Ammophila infesta Smith Sphecidae Y 100.0 6 0
Chrysis fasciata Olivier Chrysididae Y 100.0 6 0
Ectemnius continuus (Fabricius) Crabronidae Y 100.0 6 0
Pemphredon diervillae Twata Crabronidae Y 95.2 5 1
Pseudomalus punctatus (Uchida) Chrysididae Y 95.2 5 1
Cerceris carinalis Pérez Crabronidae Y 100.0 5 0
Polistes snelleni de Saussure Vespidae Y 100.0 5 0
Tachytes latifrons Tsuneki Crabronidae Y 100.0 5 0
Discoelius zonalis (Panzer) Vespidae Y 94.1 4 1
Tiphia magnoliae Tsuneki Tiphiidae Y 100.0 4 0
Trypoxylon fronticorne Gussakovskij Crabronidae Y 100.0 4 0
Chrysis syrinx Tsuneki Chrysididae Y 92.3 3 1
Crossocerus nikkoensis Tsuneki Crabronidae Y 100.0 3 0
Hedychrum okai Tsuneki Chrysididae Y 100.0 3 0
Pemphredon krombeini Tsuneki Crabronidae Y 100.0 3 0
Priocnemis kunashirensis Lelej Pompilidae Y 100.0 3 0
Stenodynerus chinensis (de Saussure) Vespidae Y 100.0 3 0
Trypoxylon nipponicum Tsuneki Crabronidae Y 100.0 3 0
Ancistrocerus japonicus (Schulthess) Vespidae Y 100.0 2 0
Clistoderes futabae (Ishikawa) Pompilidae (0] 91.2 7 289
Poecilagenia maruyamai (Ishikawa) Pompilidae (0] 93.2 4 219
Ctenopriocnemis filicornis Ishikawa Pompilidae O 86.5 5 128
Priocnemis cyphonata Pérez Pompilidae O 100.0 0 90
Carinostigmus filippovi (Gussakovskij) Crabronidae O 95.5 1 85
Dipogon romankovae Lelej Pompilidae O 100.0 0 22

*p<0.05 for all
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Table 2. Aculeate wasps with significant index values (IndVals) characterizing the clusters of conifer

plantation stands. For further information on the cluster components, see text.

No. wasps in cluster:

Species Family Cluster IndVal* Y M (0]

Taimyrmosa nigrofasciata (Yasumatsu) Myrmosidae Y 532 184 108 36
Tiphia popilliavora Rohwer Tiphiidae Y 100.0 184 0 3
Eopompilus internalis (Matsumura) Pompilidae Y 77.1 79 7 11
Dipogon nipponicus (Yasumatsu) Pompilidae Y 97.4 76 2 0
Anoplius petiolaris Gussakovskij Pompilidae Y 97.2 52 0 1
Tiphia sternata Parker Tiphiidae Y 100.0 45 0 0
Episyron arrogans (Smith) Pompilidae Y 100.0 37 0 0
Priocnemis shidai Ishikawa Pompilidae Y 100.0 25 0 0
Caliadurgus ussuriensis (Gussakovskij) Pompilidae Y 95.8 23 1 0
Dipogon bifasciatus (Geoffroy) Pompilidae Y 100.0 19 0 0
Psenulus laevigatus (Schenck) Crabronidae Y 100.0 12 0 0
Anoplius samariensis (Pallas) Pompilidae Y 100.0 10 0 0
Bischoffitilla ardescens (Smith) Mutillidae Y 100.0 10 0 0
Stenodynerus chinensis (de Saussure) Vespidae Y 100.0 6 0 0
Arachnospila sp. Pompilidae Y 100.0 3 0 0
Trypoxylon imayoshii Yasumatsu Crabronidae Y 100.0 3 0 0
Priocnemis cyphonata Pérez Pompilidae M 88.6 4 124 8
Irenangelus nambui Shimizu Pompilidae M 90.8 6 89 2
Poecilagenia maruyamai (Ishikawa) Pompilidae M 86.1 1 71 7
Trypoxylon varipes Pérez Crabronidae M 83.0 0 22 3
Rhopalum venustum Tsuneki Crabronidae M 73.5 2 18 3

*p<0.05 for all

Acknowledgments

We give cordial thanks to the following people for their
help in identification of wasps: H. Suda (Crabronidae), A.
Shimizu (Pompilidae), M. Terayama (Bethylidae, Tiphiidae,
and Dryinidae), T. Mita (Chrysididae), J. Okayasu (Mutillidae),
and Sk. Yamane (Scoliidae). This work was partly funded by
the Research Institute for Humanity and Nature as a part of its
research project “Sustainability and Biodiversity Assessment
on Forest Utilization Options (FY2002-2008)" and by the
grant “Development of eco-friendly management technology
of water and agro-forested-aqua-ecosystem in watershed
and estuary areas (FY2002-2006)" from the Ministry of

Agriculture, Forestry, and Fisheries, Japan.

References

Arnan, X., Bosch, J., Comas, L., Gracia, M. and Retana, J.
(2011) Habitat determinants of abundance, structure
and composition of flying Hymenoptera communities in
mountain old-growth forests. Insect Conserv. Divers., 3,
200-211.

Bohart, R. M. and Menke, A. S. (1976) Sphecid Wasps of the
World. University of California Press, Berkeley, 695pp.

Inoue, T. (2003) Chronosequential change in a butterfly

| Bulletin of FFPRI, Vol.20, No.2, 2021

community after clear-cutting of deciduous forests in a
cool temperate region of central Japan. Entomol. Sci., 6,
151-163.

Iwata, K. (1976) Evolution of Instinct: Comparative Ethology
of Hymenoptera. Amerind Publishing Company, New
Delhi, 535pp.

Maechler, M., Rousseeuw, P., Struyf, A., Hubert, and M.
Hornik, K. (2018). cluster: Cluster Analysis Basics and
Extensions. R package version 2.0.7-1.

Makino, S. and Okabe, K. (2019) Trap-nesting bees and wasps
and their natural enemies in regenerated broad-leaved
forests in central Japan. Bull. FFPRI, 18, 189-194.

Makino, S., Goto, H., Hasegawa, M., Okabe, K., Tanaka, H.
Inoue, T. and Okochi, I. (2007) Degradation of longicorn
beetle (Coleoptera, Cerambycidae, Disteniidae) fauna
caused by conversion from broad-leaved to man-made
conifer stands of Cryptomeria japonica (Taxodiaceae) in
central Japan. Ecol. Res., 22, 372-381.

Makino, S., Goto, H., Inoue, T., Sueyoshi, M., Okabe, K.,
Hasegawa, M., Hamaguchi, K., Tanaka, H. and Okochi, 1.
(2006) The monitoring of insects to maintain biodiversity
in Ogawa forest reserve. Environ. Monit. Assess., 120,
477-485.



126 Shun'ichi MAKINO et al.

Maleque, M. A., Maeto, K., Makino, S., Goto, H.,
Tanaka, H., Hasegawa, M. and Miyamoto, A. (2010)
A chronosequence of understorey parasitic wasp
assemblages in secondary broad-leaved forests in a
Japanese ‘satoyama’. Insect Conserv. Divers., 3, 143-151.

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre,
P., McGlinn, D., Minchin, P. R., O'Hara, R. B., Simpson,
Solymos, P., Stevens, M. H. H., Szoecs, E. and Wagner,
H. (2018). vegan: Community Ecology Package. R
package version 2.5-1. https://CRAN.R-project.org/
package=vegan

O'Neill, K. (2001) Solitary Wasps: Behavior and Natural
History. Cornell University Press, Ithaca and London,
406pp.

R Core Team (2020) R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Australia. URL://www.R-project.
org/.

Roberts, D. W. (2016) labdsv: Ordination and Multivariate
Analysis for Ecology. R package version 1.8-0. https://
CRAN.R-project.org/package=labdsv

Shlyakhtenok, A. S. and Agunovich, R. G. (2001) The
dynamics of species composition and abundance of
wasps from the families Pompilidae, Sphecidae, and
Vespidae (Hymenoptera: Aculeata) in successional pine
biogeocenoses of the Berezinskii Biosphere Reserve.
Russ. J. Ecol., 32, 126-129.

Taki, H., Okochi, I., Okabe, K., Inoue, T., Goto, H.,

Matsumura, T. and Makino, S. (2013) Succession
influences wild bees in a temperate forest landscape: the
value of early successional stages in naturally regenerated
and planted forests. PLoS One, 8, (2), e56678. https://doi.
org/10.1371/journal.pone.0056678

Tanaka, H., Igarashi, T., Niiyama, K., Shibata, M., Miyamoto,
A. and Nagaike, T. (2016) Changes in plant diversity
after conversion from secondary broadleaf forest to
Cryptomeria plantation forest: Chronosequential changes
in forest floor plant diversity. In Ichikawa, M., Yamashita,
S. and Nakashizuka, T. (eds.) "Sustainability and
Biodiversity Assessment on Forest Utilization Options".
Research Institute for Humanity and Nature, Kyoto, 166-
176.

Wenninger, A., Hollingsworth, T. and Wagner, D. (2019)
Predatory hymenopteran assemblages in boreal Alaska:
associations with forest composition and post-fire

succession. Ecoscience, 26, 205-220.

Supplementary data

Supplementary date can be found at

https://www.ffpri.affrc.go.jp/pubs/bulletin/458/index.html

Table S1. Numbers of aculeate wasps collected with Malaise
traps at ten naturally regenerating stands (O1-O178) and
eight conifer plantation stands (S3—-S76) arranged by
collection date. Trapped insects were collected every two
weeks from April to November in 2002 (O1- O128) and
2003 (S3-S76).
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Appendix Table 1. Numbers of species (A, C) and individuals (B, D) of aculeate wasps collected in ten naturally regenerating

Aculeate wasps in natural and plantation forests

stand plots (O1-0178) and eight conifer plantation plots (S3—S76). Values in parentheses denote
percentages to the total of each plot.

A Number of species in naturally regenerating broad-leaved plots (% in parenthesis)

01 04 012 024 051 054 071 0128 0174 0178  Pooled
Sphecidae 2(2.0) 1(0.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(1.2)
Crabronidae  39(39.8) 40(37.0) 28(41.8) 28(41.8) 19(39.6) 17(39.5) 27(54.0) 13(28.3) 14(36.8) 9(40.9) 70(41.9)
Mutillidae 1(1.0) 3(2.8) 1(1.5) 1(1.5) 1(2.1) 0(0.0) 0(0.0) 1(2.2) 1(2.6) 0(0.0) 3(1.8)
Myrmosidae 1(1.0) 1(0.9) 1(1.5) 1(1.5) 1(2.1) 1(2.3) 1(2.0) 1(2.2) 1(2.6) 1(4.6) 1(0.6)
Pompilidae  26(26.5) 29(26.9) 24(35.8) 29(43.3) 20(41.7) 19(44.2) 20(40.0) 23(50.0) 14(36.8) 10(45.5) 38(22.8)
Scoliidae 3(3.1) 3(2.8) 2(3.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 5(3.0)
Thynnidae 1(1.0) 1(0.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(2.2) 0(0.0) 0(0.0) 1(0.6)
Tiphiidae 5(5.1) 5(4.6) 2(3.0) 1(1.5) 1(2.1) 1(2.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 6(3.6)
Vespidae 11(11.2) 14(13.0) 5(7.5) 4(6.0) 4(8.3) 3(7.0) 1(2.0) 48.7)  4(10.5) 1(4.6) 17(10.2)
Bethylidae 1(1.0) 3(2.8) 1(1.5) 0(0.0) 1(2.1) 0(0.0) 1(2.0) 2(44)  4(10.5) 1(4.6) 9(5.4)
Chrysididae 7(7.1) 8(7.4) 3(4.5) 2(3.0) 1(2.1) 2(4.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0)  13(7.8)
Dryinidae 1(1.0) 0(0.0) 0(0.0) 1(1.5) 0(0.0) 0(0.0) 0(0.0) 1(2.2) 0(0.0) 0(0.0) 2(1.2)
Total 98(100) 108(100) 67(100) 67(100) 48(100) 43(100) 50(100) 46(100) 38(100) 22(100) 167(100)
B Number of individulas in naturally regenerating broad-leaved plots (% in parenthesis)

o1 04 012 024 051 054 071 0128 0174 0178 Pooled
Sphecidae 4(0.9) 3(0.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 7(0.2)
Crabronidae  139(29.7) 174(25.4) 81(18.0) 78(22.7) 45(16.9) 35(15.0) 64(15.1)  26(8.3) 43(15.3) 23(16.6) 708(19.6)
Mutillidae 3(0.6) 14(2.1) 19(42) 15(4.4) 2(0.8) 0(0.0) 0(0.0) 1(0.3) 3(1.1) 0(0.0)  57(1.6)
Myrmosidae ~ 31(6.6)  31(4.5) 50(11.1) 21(6.1) 10(3.8) 40(17.1) 33(7.8) 19(6.1) 37(13.1) 9(6.5) 281(7.8)
Pompilidae  230(49.2) 290(42.4) 272(60.4) 218(63.4) 189(70.8) 137(58.6) 323(76.2) 247(78.9) 186(66.0) 105(75.5)2197(60.9)
Scoliidae 5(1.1)  10(1.5) 3(0.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)  18(0.5)
Thynnidae 1(0.2) 6(0.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.3) 0(0.0) 0(0.0) 8(0.2)
Tiphiidae 14(3.0) 97(14.2) 7(1.6) 2(0.6) 1(0.4) 1(0.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 122(3.4)
Vespidae 22(4.7)  37(54) 11(24) 4(1.2)  18(6.7)  21(9.0) 1(0.2)  15(4.8) 9(3.2) 1(0.7) 139(3.9)
Bethylidae 1(0.2) 3(0.4) 1(0.2) 0(0.0) 1(0.4) 0(0.0) 1(0.2) 3(1.0) 4(1.4) 1(0.7)  15(0.4)
Chrysididae 18(3.9)  18(2.6) 6(1.3) 5(1.5) 1(0.4) 0(0.0) 2(0.5) 0(0.0) 0(0.0) 0(0.0)  50(1.4)
Dryinidae 0(0.0) 1(0.2) 0(0.0) 1(0.3) 0(0.0) 0(0.0) 0(0.0) 1(0.3) 0(0.0) 0(0.0) 3(0.1)
Total 468(100) 684(100) 450(100) 344(100) 267(100) 234(100) 424(100) 313(100) 282(100) 139(100) 3605(100)
C Number of species in conifer plantation plots (% in parenthesis)

S3 S7 S9 S20 S29 S31 S75 S76  Pooled
Sphecidae 0(0.0) 1(1.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.7)
Crabronidae  36(37.5) 31(41.3) 26(40.0) 14(51.9) 14(40.0) 19(45.2) 11(42.3) 10(37.0) 59(43.4)
Mutillidae 3(3.1) 1(1.3) 1(1.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3(2.2)
Myrmosidae 1(1.0) 1(1.3) 1(1.5) 1(3.7) 1(2.9) 1(2.4) 1(3.9) 1(3.7) 1(0.7)
Pompilidac  31(32.3) 26(34.7) 23(35.4) 11(40.7) 17(48.6) 19(45.2) 9(34.6) 15(55.6) 38(27.9)
Scolidae 1(1.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.7)
Thynnidae 1(1.0) 1(1.3) 0(0.0) 0(0.0) 0(0.0) 1(2.4) 0(0.0) 0(0.0) 1(0.7)
Tiphiidae 3(3.1) 2(2.7) 2(3.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3(2.2)
Vespidae 7(7.3)  8(10.7)  8(12.3) 0(0.0) 1(2.9) 0(0.0) 3(11.5) 0(0.0)  13(9.6)
Bethylidae 1(1.0) 0(0.0) 1(1.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(1.5)
Chrysididae  12(12.5) 4(5.3) 3(4.6) 1(3.7) 2(5.7) 2(4.8) 2(7.7) 1(3.7) 14(10.3)
Drylidae 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.7)
Total 96(100)  75(100)  65(100) 27(100) 35(100) 42(100) 26(100) 27(100) 136(100)
D Number of individulas in conifer plantation plots (% in parenthesis)

S3 S7 S9 S20 S29 S31 S75 S76  Pooled
Sphecidae 0(0.0) 1(0.2) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.0)
Crabronidae 151(16.3) 136(30.4) 50(23.3) 27(17.5) 44(18.0) 78(18.2) 27(23.5) 22(19.6) 535(20.2)
Mutillidae 10(1.1) 1(0.2) 3(1.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)  14(0.5)
Myrmosidaec  84(9.1) 56(12.5) 44(20.5) 30(19.5) 31(12.7) 47(11.0) 20(17.4) 16(14.3) 328(12.4)
Pompilidae  400(43.2) 199(44.4) 89(41.4) 96(62.3) 167(68.2) 301(70.2) 58(50.4) 68(60.7)1378(52.1)
Scolidae 2(0.2) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(0.1)
Thynnidae 3(0.3) 6(1.3) 0(0.0) 0(0.0) 0(0.0) 1(0.2) 0(0.0) 0(0.0)  10(0.4)
Tiphiidae 217(23.4)  12(2.7) 5(2.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 234(8.9)
Vespidae 24(2.6) 19(4.2)  14(6.5) 0(0.0) 1(0.4) 0(0.0) 4(3.5) 0(0.0)  62(2.3)
Bethylidae 3(0.3) 0(0.0) 1(0.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4(0.2)
Chrysididae 33(3.6) 18(4.0) 9(4.2) 1(0.7) 2(0.8) 2(0.5) 6(5.2) 6(5.4) 77(2.9)
Drylidae 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.7)
Total 927(100) 448(100) 215(100) 154(100) 245(100) 429(100) 115(100) 112(100) 2645(100)
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Uo7z EMHERZHBICKOEE Lz, IROII-
AR 9 <ICERIET B T2 D REISSZ G IE A b o T2 b3,
HERED R LGS HRE L THE LTz, ZHIROH
YU TTEEN GE 1) EER G2 2K
AU CRdEk L7z,

ESPS
(1) HEFABR
Mecoptera R#H
1.Panorpidae U775 LIF
1.1. Panorpa fulvicaudaria Miyake, 1913 F > 2 5
U7
1, 14iv2001;1d,22iv2001;1 % ,2v2001;15",16
iv2002; 1 € ,10iv2003; 1 &*,22iv2003;1 2,5 v2003; 1
d1%,9v2003;1 % ,21v2003;1 % ,10iv2017.

1.2 Panorpa japonica Thunberg, 1784 Y=<~ U745

HH 1 ,9v1990;1 % ,23v1990; 1 &, 1v2001; 1
g, 12v2001;2 4", 25v2002; 1 &,30v2002; 12,4
vi2002; 1 &, 17v2003;35 0" 1 %,21v2003;1d,2v
2016;1 0" 1 % ,3v2016;1 %, 19 vi2017.

B2 A1 o, 12i0x 1990; 1 £, 17 viii 2000; 1 &, 31 viii
2000; 1 % ,6x2000;2 £ ¢, 14ix2001;1 o, 26ix 2001; 1
g, 16ix2003; 1 £, 13ix2016; 1 & ,1x2017;1 $,23x
2017.

1.3. Panorpa wormaldi MaclLachlan, 1875 F7> 1) 7
7

1 %,9v1990;2 %% ,22v1990; 1 &, 24v2000;1 % ,18

v2001; 1671 2 ,16iv2002;2 &% ,23iv2002; 1 % ,28iv

2003;1 ", 1vi2006;1 ¥ ,3v2016.

2.Bittacidae HAVRE RFH
2.1. Bittacus nipponicus Navas, 1909 Y MAHHVRE
e

1 £,15vi2000; 1 &, 11 vii 2000; 1 ¢, 19 vii 2001; 1 &,
30 vii 2001; 1 o, 10 vi 2002; 1 &, 11 vi 2002; 1 &, 20 vi
2002;1 1 % ,23vi2002;1 % ,24vi2002;1 % ,29vi
2002; 1 £ ,19vi2003; 1 &', 18 vii 2003; 1 &, 17 vi 2004; 1
o', 10 vi 2005; 1 &, 26 vi 2016; 1 £, 10 vii 2016; 2 % % ,
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19vi2017; 1 &, 11 vii 2017; 1 %, 22 vii 2017.

2.2. Bittacus takaoensis Miyake, 1913 7Ot XHAH VR
ERF

1 %,12v2000;1%,18v2011;1 %,3v2016;15 1 %,

4v2016;25 2% %,7v2017;16,9v2017;1 % ,21v

2017.

Db, B#H 285 HDREIEARIC K > THERE S Nz,

(2) =EER
EANREINEAMCEDE, AL OEFEE
RS LICHERT LTS R% Fig. 2 1GR9, 2L, boYv
Y7 P U CERE LR RN TH B, RV
Y7 FHEIC X O FER T LIS E N BT
SRR LTRSS Fig. 31TRd, SREANMT—2BX
Chrort7 Vil T — 23 REROFEEEZRL, &£
LD 4FETIE, FY 2TV TT FT7VVUT,
b AHHYRE FFOHBEIIE IR, FrlcF
VENTFIUT L 4 ARPEN DA AW GEERE N, AKX
AAXLBICBRINTEDIEISHETTH>%, 7k X
HAHVHRE FFEIEROREHICBNTE N7
FAETOHBAMMCEWTE 5 HORICRHEIN, L
MEIZE A EDMfEDN 5 AniHiciii s N, LB
TLBELF - MICRET BT RSN, —T7, =
NAAYRE RFOHBBIERPEL 6 HuiYn5 7H
BPETHE, 70 ANV RERFOL S ICHEHEARM
IKBEENZ Z EidahoTz, 2DV~ MU T H T

== Panorpa fulvicaudara
-8 -Panarpa japonica
ke Panarpa warmald!
—a=Bittacus takacensis
== Bitacus nippanfcus

Mumber of individuals
tn

& i b i i
Al May June July Aug. Sept. Oct

Fig. 2. SRAULEICBD 5 I HRMEE A WIZE 2 BEARMRL 2
TINETIBSNIEARBZEIE - FITL
AT U TR 7o B H 34 RE D ZE I it
Seasonal relative abundance curve for each
mecopteran species based on the number of
specimens collected every half month, irrespective
of the collection year, in the Tama Forest Science
Garden, the Forestry and Forest Products Research
Institute.
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W 1{b GBRD 5 AREL S 6 A% 5 28 (EHED
M-8 HBZYENS 10 ABYICHHET L LD ER5NT:,

(3) 1EIfRER

b Tl FRE TRIERE NAEAREL (Table 1) 13V~
U TN RS L  FRGENT 34 MR EER S N,
AREIFE 21T 270, AEEZE 1L 2{ticnld
THRY D ARz ERT 2 L. ZNFN 24 ik, 10
A TH>Tze F R NTFIV T 70N D
VF7VVIUTTIESASHIC T $HHBENZOAT,
g I RS Diah - T,

AAVRE FFHO 2 & AEBIE RN Z < FFIC
U ANHYHRE FFFEMARENY< U7
ICRNTED 5 Te, AR 2011 FELLETIE 2 AN E S N
TWiDHTHO ., Bk e Bbnizh, 2016

25

== Panorpa fulvicaudaria
—e -Panorpa faponica
& Paporpa wormaldi

20

== Biftacus nipponicus
—a-Biftacus lakacensis

Number of individuals

oSy o A ¥ 3
o YV T et s

P
i B LN

______ AN, ~

ol ey ~-

10-Apr 10-May 10-Jun 10-Jul 10-Aug A0-Sep 10-Oct

Fig. 3. BMEOIITE 2 BERMEL AT 2017 fFD F 5
7 MR & O A SRR & h AR
FED W TR T2 B H SRR O =T L th it
Seasonal relative abundance curve for each
mecopteran species based on the number of
individuals recorded on each census day in 2017 in
the Tama Forest Science Garden, the Forestry and
Forest Products Research Institute.

Table 1. 2017 E IS BRMFE S WEFERT 2 EBRMRL B T L
Teb Il A TR E NI AH SR O
AEL
Number of individuals of each mecopteran species
recorded in the transect census conducted in the
Tama Forest Science Garden, the Forestry and
Forest Products Research Institute, in 2017.

¥ Species

% X Male A A Female &t Total

Panorpa fulvicaudaria 3 5 8

Panorpa japonica

1st brood 10 14 24
Panorpa japonica

2nd brood 4 6 10
Panorpa wormaldi 0 1

Bittacus nipponicus 3 3 6

Bittacus takaoensis 8 12




132 KAFG

RIS S H EAICEFNICHRETZ T Ehbh>Th B
AR BICHRAE NS K 517 0 R X 72,

EH

TR ER SR R H SR BB (2010) &, HHEADEY O
Ly RF—=27w JERLTWAH, EMHERITHR
R RETS TRV, CTNREAFICBI 2 REBHE
HOERBRPZLVWC EIcEk> TS eBbns, K
BTRHEERETEROL Yy RTF—27 v ZICE#MEN
By EFonT0a, EFERLY RF—%2T w7 (F
FIEBRBEERA L 0 HRFE 2018) TR B3 EOE#HE®
MLy RF—=ZFICH D EF 5N TV T, BERICAER
TEHMTRY A YRE RFE2MHGERTE (VU)
ELTWS, T, THERO IEETR TERL Y R X
& (@) 1 (T ISEIRERESAE TR SR H AR 2006) 1l 5
HMOEMHERAL Y RF—ZFICHO EIF5Nn, B2
FICAERTHRTIEF X N2 77 e EEE LY
B). Y~ U7 T 2—RR#EEY (D), Y N
RE FFZEAREARY) (O IKHRELTWS, bk (1992)
BRI EROI U7 LVEO il L&z LT,
H%ﬁ%@%%@@htﬁﬁf@%?k/u TFDES

BHETH- TP EL, cokE3IU 7T L
yﬁﬁwb©%Faﬁﬁ%ofméjﬁﬁfﬁmgiﬁ
TERVWCEEBERL TS EERLT VS, Ko
X TOEBHORLERZ I L 72 AR (2006) & HHAX
KBTS 1932 FF2IE 1933 FFB KT 1952 FEDOYV < b
U7 T DHERERFETTVEN, ZTORKE,M L EMHE
AR ENZC L ERNVESITH B, R LEKOE
VRSN E A RBERTE Y RV TS v
FAAYRERF, 7O AAAVRERFO3 O
D 2 M (ENTRZAEIEE 2008), FEROARZBITFENT
WBEIFT, WOMBRENTZEONIEDOHI SR, KA
HWOXIIZ BN TEMAEHDBEDGEN DT MTHE-> T
W3 CT L ETEDRLEN RN L, BEEOEE LI
Bk, BAFEDHE AT HUE THEPEDN L SR S > 7R TH A
I. Wl-oT. REFICEAHERDN sHEEL LTV
T EEHAHOE SO & LT ERFERTH D,
FEEE OO LY Z MR 2 EOMfEDNFW T & 2R
LTWaEeEZOND, £, HEMICEBRTL Y R
TR EIN TV AREHAHOENELRLTWVS T
Ehb, HINTINDEED-EBRHRROA BIRIGH
BEEMTZ L EIC, SBROBAHDOL Y RTF—2T
TJOWFTICBVWTIEEAHE NG LTEEIXRETH
A9,

7 AHHYRE RFIE Miyake (1913) I K > TH
PEIC S apwERIL (RHgRER o S &R LTE
THI3 km) TEHEINZ 2 KD A RITHEH DN TR
SN, AROH A X OB 5 4RI
MLUTREEBNMEAIhZECLEH D, TabB, KH
(2002) &, TFEEHEMTH 2 mREL & ZFOUFER T

AFEOFEEMNE LRV LiERL, 51 NE7LTAK
MICHEDOERBINCAFENER L TWIEDTH A 5 h
ERRTWVWB, LA L, AL SNEHEIEHEE T
HHDOATIZHZD LERHABEROELERDDH S L
5, @EIEFHICL AR L TWENEEE H 5, &
TR T, HADEATHE EEZ SNSRI ER - T
WIRTEZ 7O AHHVRE RFIIREERTHD, MR
JHIR T PR BRI LIS 7 - T IR AT B R R )14
B EAERET ; i 2004) & m SRR TR INE Rl (e
2010) M SEEERENTZDHATH 5,

RPEETIR FEo@b 7o AHH Y RE RFIZEZH
BREE - HBIN TV, T2t 7 NildE ciEmsn
YU TTIEDONTEL, VO T EaE
NEAFEDOSBETE - ELHBBNEZ o7, BZ5L
JFRCHLORAFENE S S HHA S NG > ok, HBl
A5 A EHOBEHMICESN TV THA5, &
B ARITERIT - RS - ARIRICED - kiR - 5L -
EEEALEFIC LR 2 < 6 - 7 HZFuDIC Rl Rk
ENTVT, HEINEWV, HE0VEEVEWV S EREE
TNE TRV (BA 1979, THH < HFF 1991, 5K 1995, H
K 2000, KH 2002, 5 2010), ZhidTnbdOEsHITIE
FAEMEL, BELHBIC X O BRI REZ T &
TR Ok e Ui o B EIARNIC B Uk
WEWIEKMNDDH 27D TH A5, BHHGREETRTIE S
HEfAL, £728 LT3 &3S diE T P AAT
X4 AT SEREL THREINRESHBAERI NS AHE
HEHZDOTREEVNEEZ BN S,

A
HEH OIS WIFEANRIE % DR 13 2 B MR 2R
D ZFTIT-> oo BIRIRERNL, & ICHEICT
Bl T2 ieH BRI LI B L iP5, 7
Griffith University O Dr A. G. Orr 13T 2R L Tz
72Wiz, UL THILHL BT S,

5 HISCHR

TEERERBE A TR A E A ORAERR (20060) THEWRL w FU X b
(EhPw) 2006 FFESGThi . T IEIR BRI LTS A0 H IR ORE
R, 36pp.

B A [z (99D & A& R
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Imadate, G. (1974) Fauna Japonica, Protura (Insecta). Keigaku
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HHOBEKRES - hHE EY% - ZHE B - B T - Ak
BAS - kH T (1991) SHIERBAKIC I51F 2 I HUR
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A OBERRES-ZHH B RS- kE T (1993)
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Mecopteran insects and their seasonal abundance patterns
in Tama Forest Science Garden,
Forestry and Forest Products Research Institute

Kazuma MATSUMOTO""

Abstract

Five species of Mecoptera (three species of Panorpidae and two species of Bittacidae) were recorded in the
Tama Forest Science Garden, the Forestry and Forest Products Research Institute, Hachioji City, Tokyo Metropolis,
Japan. Seasonal abundance parterns of these species were studied by examining the collection dates for specimens
preserved and also by conducting a series of transect counts from April through October in 2017. Univoltine species
varied in their phenology: Panorpa fulvicaudaria Miyake and P. wormaldi MacLachlan appeared from April to
May, Bittacus takaoensis Miyake almost only in early May, whereas B. nipponicus Navas appeared from June to
July. Bivoltine Panorpa japonica Thunberg appeared in May and June in a first brood and from late August to
October in a second brood. The very short appearance period of B. takaoensis could be the reason why the species
has never been found in or around its type locality, Mt. Takao, since the original description in 1913. The first
brood of P. japonica was the most abundant on the basis of counts per generation made by the transect census, B.
takaoensis was the next, whereas P. wormaldi was the least abundant. Tama Forest Science Garden has a relatively
rich mecopteran fauna as a low elevation area in the Tokyo Metropolis, reflecting its stable forest environment.

Key words : insect fauna, Mecoptera, Tama Forest Science Garden, Hachioji City, Tokyo Metropolis
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B RER P THRER L BNt OD 77Cs RSHSE DR T I A DR ¢
By LEEERER TRAT INERBOBIRE ZOREREICOVT

KRG A", AR 586, il ALY, B K

L=

AR ERERN T L T2 O gttt o L (P7Cs) OEHRERIE ORhRIbIcE TS L2 H &
L. ¥RE L 723k 72 [EE Y Ge BiHIES & U-8 RIRDFA G OR TRIET 2B FOGE L iR LT, 7
RIS ) 1) BERHICHBURIREE TR LU CIE L2 6. &b CIKVEOHEE T = )V Ge M
HIBR & #737 BEsOAEHLE THE LG, EOREOMENELZ DO EHiNz, £z, Uil
Al Ge AR TOWEIC DOV TIE, AT X B y FRD H ARINOMIEFIEDNHEL SN TR NS,
SICAT A B4 75 H EWINENE T E DWW T EMET LTz, FERdDR ) RV RBB LU #7137 ReD E B 5IC
BWTH U-8RBTOHIE L UL T RFEA T A SN o Tz, BIRFEZAOEII., B T 7% K%,
BB T 6% Rl b EZ BNTze 7 o)V Ge MR & #737 Bes DALY ONE TIE. B SWIHi
1E7Z2 [AHh A Ge iR & U-8 BRARDMA B HOEDME L [AERICITS LB SN ZMENPR/NE L ZE 2N
MH O, HOWUHIE DR E THEZ EESROMEICT 20, H AW EZ 1T W0 T2 Y Eh
Boniz, iBOR XD EFENV NS WIERIRZ N TR O —BZIET 2 & MLzl Tth -
THEHEANRKEL ABHEADE SN0, AEORICIGC CHIERERZEINT 5 LA, HIEDORHR
LD DNTTICE S TEETH B EhbhoTz,

F—T—F [ Ge AR, ¥ 2V Ge #itlidh. U R UEE. U-8 Bdh. #737 Adn

1. 3LBIC

OB NS — T IRERT R X > THRMARE
R B T2 b ENFREHER ST L (YCs) &, PrEEAn
HIIAM 0 FE LD T RIS A, RNANDF D
T®H %728 (Shinomiya et al. 2014), n7x D DEHHICH T
DB ERERNICIRET S T &k b, ZDz, Vs
TG MBI T TR - MREEY)E OFIHIC K 5 U
L ZWEYNCE T 5I1cid. SBEHRHERRICBITZ
BCs DHRE i RIAMICE =) V7T 2 08 H
%, —7F. KO EE & BITHIE) V—REFRENT
<% I "'Cs DREHREIE U MEEZIC K> TR F L THI
ENERBET %720, T2 VT OMEIIRS T
TR BEREANE ORI MR T & D EEREH
BEIR->TWVWD, o, ZBRRGHNERD RO
TELHRMEBRTOE=ZZY VT T, HRANTHIE
KORBNZ 5578, BETRENIE ORh=R(LId R E
HTH%,

IR O YTCs O RRRERIE IS &, —RIc LY
= LAt A (BUF. Ge Bigs) 3 vi{kF MU
7 LR (LUR Nal g AHvS 5, +—

SRS - A2 A1 H 20 H  SIASZEE C A1 3 4R 2 H 25 H
1) BRPAFR I SET ARFEIN L - REPERFZL AR IR
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3) ARMAR T IIICAT XA B - P PEYIE Sl

4) BMAREWTZEAT AR LT FE i K

MY TS =R U T Nal B RIS 2 O & Il E
T2 LETHHTHZH, Ge M ZRIC LT VCs D fitt
BERIE DR EN S B T Lo, WIETE ZiEoENDix
W QOmLARE) TEAENS, HATERHHMNEE X
N5, bRARER - & - BERE LNV ORRZ iR
DEFEEICHIE T 572, BMERAWIIIT TIEEIC Ge M
282 W T Vs OETREHIE 217> T %, Ge M
FITIE. MHBRDIZIRIC & > TREIHE DY 2 )V 0 &
ATHH 2, WHEEFEERNHNEN S, Ge MHERIC
XZWMEICBIT 2 - AL - HEE - FIESOFEHICD
W, THEHRERIETE S ) — R No.7 IV = L
ARIARIC K B y BRAXRT b X b U —] (R RHIZ
H%&2020) ZZRENT0,

B ORI, BRI S E B y BROEE Ge
BHZRTHY Y b GHO §5C L TRDB, ZOFHGH
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BB E NI y ORI ERCEET iR CGRT2ENEN%
Mk e AR O BEE, FURIAS - MILER OB IR, SR
DFHEEGFIMHATT ) . ARBASD y 2RI %
(CUF. HERID g GO O EREURIA IR DI IR
WHAFT %) IC X > TEEHEIRELED->TL %, L
Mo T, Ge BN TR OB BEZ #HRICIE T %
Wik, AR OB SMURAERZICIE U Tl Ry A X - B
IROWERMBZEINT 208N H 2 (R 1HHEZES
2020), [AIFHE Ge MiHH 8 T—RIICH WV SN B HER
ELTIE. YV RVURE (Ge RHZBOE VY —%E S
Bk, AEo07LE LR 20 & UsAdH (MfEK., 7
A 50 mm TAEEM 90 mL) OFEIC 2N H S (Photo
la, 0)o WTNORBIEBNTE, adFHIMF THEL
L. WO DBRNESBBICFHIETZ20MFEHITH S (L
ERAE 1982, [ IR B2 2020),  y FROFHSGNH
GRS E Nz y BB BRHIZR T H YV M EN SR
[counts per y ray]; LATR, E—27%3F) &, RO
AEOFIEEIC K > THRE D, T HIC Ge HEBRDET IV
K> TEHEEBD. BB EWIZEAT TOHI%Z Table 1 1C
R, BRI HR A U-8 Benid, AR OFEEEIC
ST =T ROMENHETH 572, ROEN
90 mL GARIFEIER 50 mm) K TdhH > THMER LA
TBHIEMTES, —/. IR RES U 2 BRI,
Mk ERE (BMERR e R EFTRELTHEHRT 2 &
DR TH 5720, BHARMOAFRICH RV Z 78
I 2 701CiE. FHT A ROBSHEMEE &R0 YE
CHistghy ies OISR ST MV Y LE) ZIRAGLT
MWL TB0END 5,

Ge MHHARIC X 2 UHBEDRIELNH ORIAZEE R TIEEL
B S B E NS y BOFHLZE [counts per second] L [A] U
HEMTHW?) ZRAIETRZ LRI ZEZZDTH
N, WERBT EDOE— IR LR EED S 5iH

THIERBEANTEC ENTES, MR, AHT D
FRLOBEE A Uk 513, Table 1| DRI OE GRE
AEXE =758 DREVHAREDEIE ERERD R
B, MEREIEE S THEs, L L, sz lEAds
ICFEET 2 D ORTLHEIC D 3 TRI%HE SO Rk
BE2dl. e 5ABMERBNED > TL 2550
H %, BIZIEFAFIOREA 90 mL DL 700 mL A0 4
ARl ZHEES N O LFETHhIELLTO07-LTY Y
AREETHEITRED, HEIVIEHAR O % U-8 BT
HETRED, HWHH L, E—78RIZ07-L <Y
)RR e U-8 Aok GUR A 50 mm K TIXIZIEH
CTHhHsd, ROBMN 0 mL L EHBSE51E, R
Wi N O LETHIHELLTO07-LIY X )R
TS 2 5 ES IRV, LA L, Wlg+r bV
LEORBICEZNIH LI, FHHIIZ T EITNA,
HERICEHAR 2 R FEOMO AT HRIH Lic< <
BHEVHITAVY "WBH B, T T, bkl EhieeEd
IKREMTYID 2T, <V X BRBRACHO DR LS
BZIREETHIAT % & W0 3 B 5 5 EME S Tlkiz
EEZBND, TOHEE, WEEZMREL T USAMBT
WET 2 X0 &MU FRA LR, WESERE RN
EWVS AUy EBH B, LA L, BEAOIEORLE D
fi O R D V'Cs EBED i DA —1EIC RS %
MENKELRBZEEZONS O (R EHEES
2020), ZTOEAEFRE L FTRHT 2208855, &
B, IEMEEE <) 1) BRNICEICTRIETE 255
ICDWTIE, EHE ORI OWE & it U, SRR
EFAERET, MARLZDOHINL 6% £ ThH B T L2
LTV (Appendix Fig. 1),

FRIDED 90 mL AN DOE A, — IS U-8 Adad
Huwbonsg, L, dBoEahE sicdizny (HEE
LCH 20 mL Kiif5) OHEE. 7 oV Ge g & 7

80 70 _80_
I

0 30 4 50

']

Photo 1. ZRAFESWIZEINC BT Ge Bithids TOMSRENIE AN L T2 A 8
Containers used for radioactivity measurement with Ge detector in FFPRI

(a) 0.7-L RV X URE GFEETTO0.7L). (b) 0.7-L XV RV RERIC Y O P I B REETHRIE L 2

KA, (©) U8 AR, (D) #737 Ads O O Y VB XTY AZELD RO TIRE,

£ TR

(a) 0.7-L Marinelli container (0.7 L up to the red line), (b) 0.7-L Marinelli container filled sparsely with unpowdered dwarf
bamboo leaves, (c¢) U-8 container, and (d) #737 container (left, hinge and protrusion of lid were removed; right, original

form).
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NCEDR AR Z VS S WNESIEN RV, ik,
HEROY 9 —ERICEARRZIROAT T = )V Ge M
HAR TR, y REORMZINNED G N TH %,
BB ST Tl HF R > — ANl B
15.5 mm, FEE D40 mm DO = )V Ge M 25 (ORTEC %k,
GWL-120-15) & #737 A48 (HETE. BE A E S 40 mm
TAE 5 mL; Photo 1d) ZfH L TCHO . A% Ge #iH
#% (ORTEC I, GEM40) & U-8 &8s GARIFEH 5 5 mm Ff)
ZHHAT 2 X0 EE—TWFRITH 3 FE0 (Table 1) Ux
B, #BTARBIEEOL VLY XAHD R [Photo 1d
D] EHFO L Y —EICHEIC 5 mm E E LA
TEMNTE, E=TEDLNB 0, HEEe Ve
YV AZOBRNTHET 2 5D EV), LT, U-8 &M
LR CAROREZ #737 AaRICFAREL TY =)V Ge
2 THIE L7235 8 OMNENH GURIER X E— 7 30%)
. U-S BEOAIEE 5 mm KO E— I #hREE—7
SRR (E— 7RO & Feltm OB (&7 £ 3R ;
JRFIREIEES 2020) 5RO TLLET S &, [FHHA
Ge 2R & U8 A2 DA G HLE XD & 2.9-3.3 f5E0,
UL, 7))V Ge MitHERZ O T2 IGRENIE Tlk. y
MOHE ARIFFEDS T HE M E > TRV EWL S /i
WICHEENRETH S @ 1993, & - 58k 201D, HE
AN DR, FET B OME - B - & X DEHE
MIHEFE CHBAEEEE RS RWA, HRMERRR TOH

BEOXIITHLIEME - BEORRZXS L T 5551
HWHTEROIREEDND S, ¥ )V Ge AR TE HA
R DFENRKENEEZ SENSHEIET XV F—D
y #R (<200 keV) IZDWTIEHEEDHE TN T BN
(Appleby et al. 1992), "'Cs DHIE THHR E T % 662 keV
DX S HHRINENT 3V F—D y ROV TIEH AWK
INDEI NS NWEEZ ENDTz8h (Diaz-Asencio et al.
2020). EACWRINOEEZFARTHNTIZFE A LRV, L
L. 7 x)VB Ge IR TH BT 3 I)VF— vy FRD H I
D TEHRVWAEEND S ENREN TS 28
(BH - 25 2011), EERICHRMARERD SERIL 72bk &
M - BEOREENRE LT VCs DIEICHBIFEH
CRIN D2 R L THL T ENEE LW, A Ge
it ER & U-8 BB G DEDMIEIC DOV TIEH
INDOHEZENHEL I NTED ., B ETZAT Tl y 47
A AT 7 B £ 77 Gamma Station (SEIKO EG&G #1)
LT, USAMBRICAEL I OME - hIHE - |5
WKt U H ORI IEZ 17> TV 5, BURTIZ, v b
B Ge AR & #737 A DA EDEDORAEICDNTE
FRED H OWRIAHIEEZ AT 5 &icik b2, ZD
ZEM 2R U LT 20805 5,

AWFER T, RAERRRANTRILL il ko
YCs DIRFRERIE D RILICE T AT e #HE L, @
WO Ge MiHgE & U-8 RERDHA B/ DETD Vs

Table 1. ZMFEAWIZEINC I 2 MPHE KT 2V Ge Bil&i DNERTR T L DY — 7 3% (662 keV)

Peak efficiency (662 keV) of coaxial and well Ge detectors for each measurement container in FFPRI

AR 2 17 wan AEEE RS @ =78 () aXb
Detector type Container Sample height Sample volume Peak efficiency
(mm) (mL) (counts/ y )

[AJfiY Coaxial 2-L Marinelli - 2000 0.013 26.75

[AJfY Coaxial 0.7-L Marinelli - 700 0.020 13.96

[AJfi7 Coaxial U-8 50 90 0.019 1.74

30 54 0.025 1.35

20 36 0.029 1.05

10 18 0.035 0.63

5 9 0.040 0.36

7 U Well #1737 40 5 0.120 0.60

30 3.8 0.133 0.50

20 25 0.144 0.36

10 13 0.145 0.18

5 0.6 0.145 0.09

7 )V Well #737 40 5 0.095 0.48

(with hinge) 30 3.8 0.113 0.42

20 25 0.123 0.31

10 1.3 0.133 0.17

5 0.6 0.137 0.09

[l Ge #ittidh : ORTEC #t GEM40-P4-76, 7 = )L Ge #iftids : ORTEC #1: GWL-120-15
Coaxial Ge detector, GEM40-P4-76, ORTEC; well Ge detector, GWL-120-15, ORTEC
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DORGHRERIE GREMREY LT, D <V 32 ) Rk
GRURIIEM R - BiFRE) TOWE. K5 TIic2) v )Lil
Ge WHH2R & #737 RAROHA B DLE TOWE T, LD
JEDRMARAL X CMRRENEC 2D HEI LTz, &
7o Uz VL Ge Wi EE & #737 BEF OB G DB OWITE
DWW, fBSICIT 2 28 75 B IR E A D
WTEMET L7z,

2. J5ik
21 U-8 A2% (EE#ME) &< U xR GIRIEME: - Bf
FIE) DB

AR U THEBREZIERMBTRINL 27 < A9
(Sasa senanensis) ¥ X U A X2 (Sasamorpha borealis)
(LUF, UY) O - 8- BzHvi, dzRkEnc
I LT 75°CTC 48 e L Lz T ¥ 7=1%. 07-L <V
FURBN (AFY T U, Bd MAX-Y07, /87
F : MAX-07H) IC CTZZROEONEZVESICE ALK
(Photo 1b) o KO I EEE B - 7214, A Ge M
HiZ% (ORTEC #l, GEM40) ZH Wiz y SRAXZ F A b
J—Ic ko CTatklho V'cs OEHEEZRRE LTz () %
B ¥ — 7 S IE I IR HERR IR MXO033MR [ A
TAYV =T, TIVIF MY w7 A, #E 1.0] Bff
AL, URVAIMRTORERZ., U R UAHRN S
Bz L ThAYy T2 273 CR—F A%k, UPC-140,
6-mm A v > afittE) ThtEL. U-8 ABdy (BELAR
#aft, No. 3-20; Photo 1c) ICFEHE LTz, A, YU XUR
WMTHE LIGE O ER US BICARHTEZE DN
105, R CRAECEFIC—HE2AELIZL DN T K
Holeo T UTHE 75°CT 48 Rifi DL E#Z M & ¥ TRl
O EE R B - 2%, HOHEME Ge 22 HWT
R D Vs e SR T2 (U-8 BERD ¥ — 7 5hRkL
IEIC I REHE SRR MXO033USPP [AIAT A Y b =T, 7
JWIFT MUY T A, BEE 1.0, FTEE 5+ 10 - 20 < 30 * 50
mm] ZEH U7, HIERRIE<Y 2R E U-8 Bis
DVFTHUTDNT ., FHEIGRA 5% LUK (Fz72 L. &b
DIEBBEILIE DFFHT DV TIZ 10% AT &5 XS
30 70 24 KERE DHiH TEE LTz,

U-8 Bt GRERM Y Tl U7z Ves BUEEE L bt
L, U xRS GURIEMFE - BiAal) THIEL
YTCs GTBRETEIEIC & DFREDFRAEMNA L 20 ZFHEd %
7z, Tl DRz W TR 72 % (mean absolute
percentage error; DL . MAPE) ZHl L7,

100 & |7 4 D EHRERR O — U-8 BRI OE(E

MAPE = — -
n = U-8 AR OME

22U-8 A% (R#hE Ge tkHHes) & #737 88 (U )b
B Ge #RHHER) DB
ARMERROMAGME - HMEORR Z 05 L9 2
7o, MBI E T2 I RIKIR O MM TERE L 7288 7 (RF
[Cryptomeria japonica] X 7z & 3 F T [Quercus serrata], n

=9), M (RF, 7 Hh<Y [Pinus densifloral £1z1& 7V
[Castanea crenata],n = 5), UV Z— (AFH, n=16), HH
t8 (AFM, n=7 BXOKEEY (TR2ATEVHT
1 7 [Ephemera japonica] ¥ 7z & 7 1 = [Geothelphusa
dehaani], n = 2) Zalfl & UTHW Iz, ilRHIW TN E 8
WX H T2, B oM - U 2= 33— (7 Ra L,
TM836) T 5-10 M THTE L. SR 583 2 mm X v
¥ a DOFFRICHENT, U-8 Ads (BIFL#AERHt, No. 3-20) I
FIE Uz, KELEMIVETH 727280, U8 AT A
NTARITHETHLE L, W@t Uiz, Rz 75°C T 48
e LA Bzl & & CilRl O R B 2 & - 7o 1%, [
Ge fi 125 (ORTEC #, GEM40) % W CalR o *'Cs /it
HHReZ KD Tz, U8RI TORIER, sz #737 Aa5
(Kartell #1:; Photo 1d) IcF L., &lklZ 75°CC 48 R Ll 1
WS TP OWREERE - 2%, U oV Ge M
Hi#% (ORTEC %L, GWL-120-15) 7% W T ¥'Cs BUREZ 3R
BT #7137 AR D ¥ — 7 8 F AR IE I I EERR IR EG-ML
[Eckert & Ziegler Isotope Products £, TRF < hU w7
A, 1.0, FRHEE 5+ 10 220 + 30 + 40 mm] ZHEH L7,
T DR, U8 ABERTHITE LicidFlo L% #737 Remick
B0 3 b, 2REBETIC B2 LIZEDH 26
MBHo T, TO26 FICDVTIE, U8 Aesk #7137 s
O THEN LR B L TWB T =2 %1550, #137
RITOWERISGAR 2R U8 BB L, [l Ge
Mt 7%2 FAV TR V'Cs FETREDHIIE 217 - 7z HIERF
Rl U-8 Ada L #737 RISDWVTNUCTDNT ., FHEGE=
5% LUF (Fef2 Uy DE ARG EEIRE DT DWW T
E10% LLTR) £725 K9 155 24 WK O TREE LTz

U o )VH Ge Mith 28 & #737 BKAROMA G D EDOHEIC
DN, VCs DRGEZ KD % B D H WU I D 2%
UMM B0, y BMOTY 7 U 27 Gamma
Station (SEIKO EG&G #t, /N—33 > 2.12.23) ZHW T,
LUR®D 538D OF51ET Vs OETRER R Tz, 1) HE
W Al 1 72 [0 Ge MR HIAR & U8 Adnz A B b Tz
AGE & RBRICATS (y BT 7 F o 27 BT #
HrEIEBEOMEIRETNED e - 115 L, %
FEIZH AR OERBEOMICFEET 5). 1) A TIHIEZ
1M, MEZEERKHEFACEDICRTET S ME: =
RF, B REROM), 1) HAWRINLEZTTS ), %
JE 2 RRERRR & A CMICEE T 5 (M- ey - L3,
1.0, V) HARNHIEZTTS D, MEBXUHKE
HREHERIR & [ CICERET 5 (ME: TRF >, % 1.0),
V) HEWIEEEZ1Th R (H O Z B IR
LIc =23 EX 29 %), 2T REVIHE
HERRIER & 42 A U1 CH CWIRE IE 217 5 728, B
FEEEVERIUHEREERZETTH B, B, TOH
CIRIAERRE MO TIE, U-8 BasNDKE O &
= #737 Ben CHIE LTS RO A2 M H Uiz,

A Ge #iHigR & U-8 Agr DA ALY THIEL T2
Cs T HETLE & 2 VB Ge MiHiESR & #737 7R ESODHIA
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BHETHE LT VCs BUNRERE DT & OFEEZEDEL
W& ZE wid (2.1, U-8 Ads GURMTY) &< %Y
Aan GURDERE - BFeED Ol ) LIRkkIC, U-8 Ads
I OME M 72 FaAe & U 7o P iz % (MAPE) %
BHIT 2T &TRHm L 7z,

3R - Bt
3.1 U-8 A2 ERME) &< U xUASR GIRIEMEE - &

Foi8) DL

Y Etk R o Yes BURREIE I 1. AR Z R L T U-8
AR THE LT E LR 2 Mg i< ) 2 ) RERIC
BT IRRETAE L CHlE L7250 T 11 1 OBFRER
L7z (Fig. D o B U OEMR (B, HEBXUTH) TTOH
RICKEEVIZRSNAED oz, £z, VCs GTHER
JEEE (U 1) AR R ORIEE, U-8 A dnfli FHIF D
HIEM) (&, 1.02 £ 0.11 CEEEEAEFEZE) TholzC
EhbE, AEENRETICTY RV ABRICHIRET
FH U CTHERERZJIE L TH . HiL o e /R sk
LanWEEZ BN,

MAPE X, ¥V X UARBHNOREZ 2T U8RI TH
HIE L7aE (Fig 1la) DY 7%, <V xRN ORI O
—iB% U-8 Ras CHPEIE L4 (Fig. 1b) 5 9% TH o
2o THUL. AEEMFEE T IS U 2D BasC B IRRE

TARELUTHE LGS, B Zht L TU8A/EET
HIE UG aic x| YTCs TR RIS 3 T 7-9% 2
JEORAENECTC e ZRLTWVS, LML, FEEICIE
U-8 e THIE L7z V'Cs URRE L <) 2 U AR THIE L
72 VCs BBHRED E B SiIc B lEREN DS (Dl bk E
yRROGHEGREN D Z) T2, TNOEDOEEERLT
MAPE DRz fRINT 2 08N H 5B, T TOD yMRDFF
AR, U8 AdeZ O HIE TR 6%, < U %
U BERE W HIE TSR 7% Th - Tz fat it
Y7 +9 27 R (R Development Core Team, /N—3 5 >/
4.0.2) @ rnorm BEEZ [ U, U-8 & as F R o JIl 8 18
& U THIEEHE AR 722 6% DIERI e 5 L. <V %
) R AR FEREOHIEAE & U THRHEHER 2 X O I 59 1
I S ELEE Z N Z 4 10,000 fHAEK L. MAPE DY = o
L—avziiolc, TORE. MAPE W 7% & 752 0D
XD 7% D& E, MAPED 9% £ 75 % DX XA
10% DEETHHT EhbhoT, BidDLSIC, TC
TRV R ERZ HOTHETO y BROFHEGEE A 1
B 1% Tholzlzd, VU X URSRNOFIZ2T U-8
B THNE LS EIE MAPE B 7% (XA 7%) TH -
Tee WS RERIE. y BMOFHEGRZDSNN ORERRZ I &
AEAE TS Tz (y MOFHEGRAICHENTIER /N E
holz) EMRTES, Lo T, U RURIEBAHNOD

Y URUBBRAOER DL TZU-8AR CHAIE

VR UARRNOSRO—EEU-8AR CHEAE

a //
1O3T T

y = 157509
R%=10.986, p < 0.05

1 | 1 |

53

Branch

Leaf

2

Culm

y = 1.354x"948
R®=0972,p < 0.05

1 | 1 |

T
102 108

TURURSE GRIEBT) TR CsETEEEE Ba kg™
37Cs activity concentration measured with Marinelli

T
10° 10°

U-8A% (BRR) TROIPCsHETESERE (Bg kg™)

7Cs activity concentration measured with U-8

Fig. 1. Hi¥1alRt (Y9) o “'Cs AHENRE 2 3R 2 it U T U-8 A TR0 LR 2 Bl 9 U 2 U Adiic

BURIRRETHRBIL TRO 7G5 DO L

Comparison of VCs activity concentration in plant samples (dwarf bamboo) determined by packing powdered samples
into U-8 containers and unpowdered samples sparsely into Marinelli containers

(a) YU RV AGEHNORZIEL, BEZ U8 BHRTHIE. (b)) YU R ARNORBZNREL, —il% U-8

A CHME,

(a) Whole sample in Marinelli container was remeasured with U-8 container, (b) partial sample in Marinelli container was

remeasured with U-8 container.
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AR DB E DA — PRI D 'Cs FU BETEIE DR
— M.y BROFEGEED 7% FEE ORIE IS BV IR
HTEBRETHDLEZADND, 272U, FEMPEIR
2R AU AESRAICEICAIE UGS (Appendix Fig. 1)
I 6% DIRAFRAZ DM A SN, ZORED
I ECDAREMNH D T BBE L TBVWEANE
Wi2A5, —H. XURUBHRNOHRO—E7Z U8 &
BTHINE LA MAPE DY 9% (X D39 10%) ThH -
e, TR y FROFHEGRAE LIS O MBIRFZEN 1% (GRE
R OB Z IV THERT ; VP — 72) @ Embofkl &
ERBLTWS, %iRd % 32 U888 (A Ge i
HigR) & #737 /e (U o)V Ge IR DL gk
TEH, BBHNOREO—HZ ORI LEZ THI
E LG SICHEBRICGREDNRE Mo Tz b, TO
IR 2 ) R VAR TRHE LT 2IcE > T
ELTEWVWS XDk, Z2RICHZABO—HMLH, U-8E
WTHE Lol lick > TEUAREN SN E
EZbNb,
DbEZrRFEDB e, WYERZHRRETICTY XUR
ARNICHR D D70 K 9 BURIRIE THRIE L T 'Cs HUHAERE
ERNET 50575 775E. B ZHML T U8 BRI T
VCs I REIRE 2 WE Uz 55 & g U T HAT - 72 5%
BRI RAERT, MARRAAOEINE 7% RiElZEEZD
N3, Lich> TRHEGEEZE 7% REONE 2175 d
0 R LHIE D0 SRy OREMEZE 555
IR SEATE 2 5kl EE A%, 2720, flx
E 1 EIORE TREDOREMEZ TE 2RO @mkEEIcEk
WE S EGER. BRZHT L CEURIO RIS U THEE
DUSHBCAEHL, ZNHDOWEMD LS T &
NEELVES S,

32U-8 A% (8T Ge#tigs) & #737 8% (UL

B Ge #HigR) DL
321#737 828 (U /VE Ge 12 28) TORIEICHITS

B CRINAEIE DR E DL

7 VR Ge M ER & #737 RARDH A G D EDOHIE T
. B ORI IEDRREDEWIC K> TR S N7z Vs i)
BRGS0 0. A Ge M 2R & U-8 AdnD#
HE DR TOREMEICSHT B LD FEREE 1+ 11T 0.96,
REM « IV« VT 1.00-1.01 TH o7 (Fig. 2)o RET"
I TEHEICEARORBOMEEZMH L, RED - VT
IR O (1.0) ZEAL TS e b, HAER
IHIEICEAR ORBROREZEHRT 2 &, B5N5HE
fEMRRNE L RB T ehbhoz, LML, RET -
1 Tk V'Cs UHEIREELL (#737 RIS, U-8 Aol
HIE) Labklo®m e L ORICA R RS NEh >
72728 (Fig. 3a [RE I ORFRIGENE]), FEAERUR O
(1.0) &0 &EEMEOEENE 218 5 N2 HEMD/NE <
2% WS R EMIE MR T E a5 e — 71, PCs
BHREEE L (#737 AR U-8 AR &k

FloFetE R & ORICIFERGADOHBNE SN, ko
FHEDEOIGEICIEELD 1.0 5 OTREENKEH >
7z (Fig. 4a  [RE T OFERIZEME]D, LIEDA > T RE T -
I CTHLNZIEM[DBPRDNE D> FzDid, RO FHE
EREWIEEOH RN ENENE E> TR T &N
TRFEEEEEZ OGNS, — ), REM - V- VTEDS
NIz VCs IBTHE IR RS L (#7137 BRI U-8 R gn
FHRE) &, P49 1.00-1.01 T, DR O E L KUK
DFEE R & DM A BN L h > 7 (Figs. 3b and 4b
[BENVOEFRIIER]) /2, B RtERIEE S %,
INSDT ENDE, U o)V Ge MilHaR & #737 Bagz il
AAEDETREICHT 5 B U E DR E DRE IF.
[EEROARI O E | Tlda TEHEREORE | 95
TEeWZYTHST EMREAIE LTHLMNMIE 5 Tz,
TNUE 662 keV D &K 5 AL E W RV F —0D y #RIC

0.96 0.96 1.00 1.01 1.00
+008 +008 +007 +007 007

0.9 ‘

0.8

STCSHETEERE L (#737TR % /U-8A %)

37Cs activity concentration ratio (#737 / U-8)

T T

Il [h \{/ V
HCRINAIEDRE
Setting of self-absorption correction

Fig. 2. #737 A48 (7 2 )V Ge Hithid) TOREICHIT 3
H CIR IR E DR E & 135 N iz VCs U ek
(U-8 A5y (Il Ge BRiL 8] fEHIRIC S 5 bb)
DB
Relationship between settings of self-absorption
correction for measurements using #737 container
(well Ge detector) and "V'Cs activity concentration
ratio (#737 container [well Ge detector|/U-8 container
[coaxial Ge detector])

1) ML kA e, & BRI OfE, 1)
MHE  TARF VB FIROM, ID ME : Aty)-
THE EE 100 V) ME TRFT L EE 1.0, V)
HEINAIER Ue KD 0% E V'Cs HUhE
IRE LD X OB R 22K,

I) Material: ash/soil, density: actual sample, IT) material:

epoxy, density: actual sample, III) material: ash/soil,
density: 1.0, IV) material: epoxy, density: 1.0, and
V) no correction (assuming the same self-absorption
as reference material [material: epoxy, density: 1.0]).
Values in upper part of figure show means and standard
deviations of *'Cs activity concentration ratios.

FRARRA S BT e S 5 20 % 2 5, 2021 |



SICSIREBEE L, (#7375 /U8R %)

Fig. 3.

1STCsHRETAEREE L, (#737A %/ U-8AR)
7Cs activity concentration ratio (#737 / U-8)
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HOBINFEEDRE | HORINFEIEDRKE : Il
1241 a b
@
3 - )4
N Bark
104 - L
N ] #
Q ]
® u L . 1 Wood
c T a
o] u _
=N . el - - - s 7
= 1 & Litter
@ _______.___—/ ' -
< . . ' . a | mELE
o - . .
> 09+ = . Mineral soil
2 B -
S | L KEEY
3 y = 0.037x +0.942 y = -0.02x + 1.011 Aquatic
2 08 R?=0.012, p > 0.05 R2=0.004, p > 0.05 invertebrate
T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

SHEOMNEEE (g em™d)
Bulk density of sample

AR DI EHPEL VCs UFREIREELL (#737 B4 [ 7 =)V Ge Millidi | TRD T U-8 758 [ WY Ge Bithids |
TRDIAD DBIR

Relationship between bulk density of sample and "*'Cs activity concentration ratio (#737 container [well Ge detector]/
U-8 container [coaxial Ge detector])

(a) HOWIAHIEDRE R 1 (M pALY) - 158 55 FBROM) & L7zHa. (b) HEWRIGHEDREZ T (3
B KA - bHE I ERERRIEOME [1.0]D & LA

Self-absorption was corrected using (a) sample bulk density or (b) reference material density (1.0).

HERMHEDRE : | HORIAHEEDRE :

)54
Bark

" #

- } ) T Wood
IJ 9 —
Litter

Ve 115

Mineral soil

094

| KEEY)
y = —0.003x +1.038 y = —0.002x +1.053 Aquatic

0.8 R?=0.227,p < 0.05 R?=0.098, p > 0.05 invertebrate

10 20 30 40 10 20 30 40
ABOTER (mm)

Height of sample in container

Fig. 4. #737 A OBl O TS & VCs IGTHREIRIELE (#737 B3 [ 2 )V Ge Kithids | TR®O 7= U-8 A4 [ [Hlfil

B Ge Bithid | TRD7AD DBIFR

Relationship between sample height in #737 container and "’Cs activity concentration ratio (#737 container [well Ge
detector]/U-8 container [coaxial Ge detector])

(a) HOWRIAREDREZ T (MR : pALYy - 138, %5 FEROME) & Lidha. (o) BARIEIEDOREZ I (M
B pAEY) - e R EEERRIROME [1.0D & LA,

Self-absorption was corrected using (a) sample bulk density or (b) reference material density (1.0).
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DN TIEAKE OB DENIT K B H I DE DI S
TELHETH S LT B (Diaz-Asencio et al. 2020) &
—HITBHRTDH B,

REI-NTHEESTICREN - VE T, MEZ TIK
ey - T CEBROMEICREEVED) ] &350 [T
RFY EHELREOME) | &3 20DENMNH - T2,
BENTZHEMIZIZIEFRUTUTH >, T, AN
HIEICHE SN 2 BRI RE (cm’/g) DY, 662 keV Tl
RAEY) « 142 (0.076) & T HRF (0.084) DR THI 10%
$75% (SEIKO EG&G 2017) £ DD, FREIOEEED 1.0 LA
TTHREED 40 mm L FOEEE, BHEI NS H AN
MIERBICIZ 1% U T LN G211 TH B, L
e > T, TOEKSHEMCH TS Yes ORIETIE., #
HOFEF ey - 13 L ToRF> ] oEBHT
LR NEEZBE59,

WRENVEV T, BENZHEREMH LACIETTH
D, REICIFZIFECHRENIEONZ L EERT ST L
WTE, MEOHTHERDP2LF U T a0,
RGEV T H ORI EZE LR E— 7 R IE %
WIER T BRENDH D, ¥ — IR RBERDERIA S
FCICIE RSB THB, RENVEVDOELES
EHEHLTCLHEERVESZ 5D, E—7ERKEXD
VTR EONRWHZERATZIHARWERDNS (5

RGO

\liE. HORINEZELTE— 2 RRIERZER L
75 [REN] BETIIFEONEN -7,

DIEXD, 7o)V Ge ithids & #737 Rz DA GD
FOWEIC I % HRINAEDREZ. A Ge Mt
e U BIOMHAGDOEDOHELFHT RET) ICT3
DIFEYTRAEL, M-V VOWLTNAMNICTT S DAHE
LThd (M- -V VOENZHWTHREZY) Teh
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B7Cs activity concentration measured with U-8 (coaxial Ge)

Fig. 5. FRAMERER N TERIL U 72kl o> Cs FURHETRE 2 [ Ge BiHHt & U-8 Al OB DR TROIELHE Y =
JUVHL Ge KRR & #737 BRI B A DB TRD LA D LUK

Comparison of ’Cs activity concentration in samples determined using U-8 container (coaxial Ge detector) and #737

container (well Ge detector)

(a) U-8 A#N ORI DR EZ #737 AR THIE. (b) U-8 AdNOARIO—#7% #737 A2 THIE, 7 =)V Ge
Hidh & #737 AEROMA GO ORIEICIT 2 B AWIGHIER .. BE I ME : bWy 58, & 1.0) Tiro7.
(a) Whole sample in U-8 container was measured with #737 container, and (b) partial sample in U-8 container was measured
with #737 container. Setting “ITI" was used for self-absorption correction of measurements using the #737 container.
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Appendix Fig. 1. Hi¥1a08F (B2 o> ™Cs JAGHRENRIE 2 iR 2 kit U TR 7883 Lakkb 2 B
FITRD I DL
Comparison of Cs activity concentration in plant samples (tree bark) determined
before and after the powdering of samples
BBz AURL 2 /7 10) 5 emy FIREDTTA] 2 em BREEICYIWT LT 2.0-L % U 3 ) AdRICHIC T
HU., Rl Ge Mgz O THENRERE 2 KD Tz, D%, Bieh SalkZH D
HWUTHY T4 V7 I)UTHREL, B 2.0-L U 3D AR CRETRERE 2R T,
Bark samples were cut to about 5 cm in axial direction and 2 cm in circumferential direction,
and then packed densely into 2.0-L Marinelli containers. After determining radioactivity
concentration using coaxial Ge detector, sample in container was powdered with cutting mill,
and radioactivity concentration was determined again in the same way.
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Examination of efficient measurement methods of '*'Cs activity
in samples from a forest ecosystem: selection of measurement
containers for a Ge detector and their measurement errors

Shinta OHASHI"", Akio AKAMA?®, Shigeto IKEDA” and Daisuke HOSHINO”

Abstract

To efficiently measure the radioactivity of radiocesium (**’Cs) in samples from a forest ecosystem, we examined
whether the following two measuring methods are acceptable by comparing them to a normal method that uses an
U-8 container and a coaxial Ge detector for a powdered sample: 1) filling a Marinelli container sparsely with an
unpowdered sample and 2) using a #737 container and a well Ge detector. The *'Cs activity determined by both
methods showed no systematic errors. Additional random errors caused by the former method were estimated to be
less than 7% and those caused by the latter method less than 6%. The measurements using a #737 container (well
Ge) tended to produce smaller values when self-absorption of the gamma rays was corrected in the same way as for
the U-8 container (coaxial Ge) but showed reasonable values when the self-absorption was corrected using the bulk
density of a reference material or when the self-absorption was not corrected. In addition, we found that measuring
only a part of the sample with a smaller-volume container than the sample volume itself resulted in relatively large
errors even though the samples were powdered. Thus, it is important to select a measurement container matching
the sample volume to achieve measurements that are efficient and have small errors.

Key words : Coaxial Ge detector, well Ge detector, Marinelli container, U-8 container, #737 container
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