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Application of a Novel Cadmium-sensitive Fluorescence Probe
in In-vivo Detection and Quantification of Cadmium Bioaccumulation
in the Freshwater Cladoceran: Moina Macrocopa

*Thilomi Samarakoon (Saitama University), Takeshi Fujino (Saitama University),

Masayori Hagimori (Mukogawa Women’s University), Rie Saito (National Institute of Environmental Sciences)

1. Introduction

Cadmium (Cd) is a toxic heavy metal which causes
adverse health effects in humans and animals. To
understand the potential risks of Cd exposure, it is
important to determine its bioaccumulation, where
fluorescence probes; an emerging tool to detect and
quantify target molecules in a desired medium, could be
employed with numerous benefits in comparison to the
conventional methods. In the present study, a novel
cadmium selective synthetic fluorescence probe
(4-(methylsulfanyl)-6-(pyridine-2-yl)pyrimidin-2-amine)
was used to detect and quantify the bioaccumulation of

Cd in the freshwater cladoceran Moina macrocopa.

2. Materials and Methods

Exposure experiments were conducted with female M.
macrocopa neonates (<24h old) obtained from clonal
cultures excluding first brood progenies. The neonates
were exposed to a series of Cd concentrations (1-1000
Mg/L) prepared in aerated tap water along with a control
for 48h under semi-static conditions (3 replicates, =10
per replicate). Immobilization was recorded daily. Upon
termination of the exposure, all surviving neonates were
incubated with the fluorescence probe (100 pmol/L)
prepared in 1% dimethyl sulfoxide (v/v %) for 1h after
sequential washing with aged tap water and phosphate
buffered saline (0.01 mol/L). After incubation, the
neonates were imaged by a fluorescence microscope
(BZ-X810, Keyence Corporation, Japan) using 4x
objective lens and BZ-X filter DAPI (Model OP-87762).
Fluorescence intensities of the images were determined
using ImageJ software (National Institutes of Health,
USA) with background corrections.

3. Results

Percentage immobilization in M. macrocopa was
increased with increasing Cd concentrations and
exposure duration, where control groups did not show
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any sign of immobilization until the end of the exposure
assessment. Neonates exposed to Cd >750 pg/L did not
survive until 48h. Furthermore, the 24 and 48h median
effective concentrations (ECso) for immobilization were
calculated as 260.84 and 114.59 pg/L, respectively.
Fluorescence images analysis showed a concentration
dependent Cd bioaccumulation (Figure 1), and the mean
fluorescence intensities showed a significant positive
correlation with Cd concentrations in exposed media as
well as with the calculated percentage immobilizations
(r=0.943, p<0.05 and r=0.972, p<0.05, respectively). .
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Figure 1. Mean fluorescence intensities (xSEM) of the
fluorescence images of Moina macrocopa exposed to Cd
(0-500 pg/L) (* - p<0.05, One-Way ANOVA)

4. Discussion

The results of the present study indicated a
significantly higher Cd bioaccumulation M.
macrocopa exposed to Cd >5 pg/L in comparison to the

in

control group. In conclusion, the present study revealed
the potential use of the novel Cd selective fluorescence
probe in the detection of Cd in living organisms as a tool
of screening Cd contamination in aquatic habitats.
Further, application of the fluorescent probe to identify
the toxicokinetics of Cd and identification of molecular
and biochemical effects of chronic exposure to sublethal
Cd concentrations are recommended for future studies.
Reference: Hagimori M. et al. (2021). Journal of
Fluorescence, 30(3):33983566.
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High temperature tolerance of Chironomus sulfurosus and its molecular mechanisms

* Tettey Afi Pamelal, Sotaro Fujii! and Kawaii Koichiro?!

Hiroshima University, Graduate School of Integrated Sciences for Life, Department of Bioresources

Sciences!

1. IFCHIC

Organisms employ adaptive mechanisms when faced
with any stressor or risk being wiped out. Heat shock
proteins have been widely studied to determine their
involvement in stress tolerance among various organism

of which chironomid species have been no exception.

2. MHLERE

We examine the survival and expression of genes
encoding seven (7) heat shock proteins (HSP90, HSP 70,
HSP68, HSP67, HSP60, HSP27 and HSP23) from
Chironomus sulfurosus larvae reared from 1% instar for

10 days at 25°C, 30°C and 35°C.
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3. #R

The highest survival rate was recorded at 30°C,
followed by 25°C then 35°C. Some heat shock proteins
responded to an increase in high temperature. The
relative expression levels of all HSPs were lowest at
30°C. At 25°C, HSP90, HSP70 and HSP67 had the
highest expression. At 35°C, HSP68, HSP6-, HSP27 and

HSP23 were highly expressed.

4, EER

In this study, we have demonstrated that expression of
genes coding several members of HSP groups are linked
to temperature tolerance. The expression of heat shock
proteins varies from one species to another, and
depending on the species they may be upregulated,
downregulated or remain unchanged. The upregulation
of HSP90, HSP70 and HSP67 may indicate that 25°C is
not the ideal rearing condition for C. sulfurosus. These
results and future studies at both the transcriptome and
proteome level will improve the information needed to
predict the future geographic distribution of these

species within the context of global warming.
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U U A% 12 mL A [FRRIZ 3 OB ST Cs IR
ZEHAIL, ZOHEME» GREELY FE LT,

57

PGS (CREBERBINTIEIT - BRELIAT)

2-3 BAEICEITIEMRESAR

A ITBRBEA T T L v 7 A03K
RELTCEIRE L pol-e AT HAU MESXT (LL
T, FETTEET) Shha vz, 2021 4 7 H
23 HIZH ERFEITZ A L7 e 5T %
BRI L, REE ORI ERIE LB TR —T —
R PR EMERF LI AKIET 1 2% 0 25 {E KA
BL,

WEL LT, AIfiCHELRZ Cs 28ATEIAY
FA FEHMRELE =R EKEIZANT, ZOMIX
% 5 2 T BMh5. 3, 6, 12, 24, 48 BT S
BRGS0 B LT, iR%E 99% =% / — /L CREE L,
Wil S, (RN Cs R 23R L7,

3. EBRRER

AR EBRy— AL L CCsIEE 10mg/ L &
froCcaeTThHF YA P bR ELr—R
DFINLLWFE L=, £ & b0 Cs A
DENE EWAE R L, IRHPICED S s
Cs A A > OFIE DN 2 Ok, W s g fni 2
SWilzbEEZXBND,

BB b Y 7 A TOMEERICONT,
Cs OYIHITEE 0.5 mg/L D & &3 AN X
o T, WEMERIHELD Y UL ERKIE Lo
mEEZOND, BFRELTHAV A LV bk
N — 2 RITEBNTEED Cs BLE LT,

M THREERR - 6. 12, 48 FFBII VAU T
A NEERESE KON N TIRNOEY
CsIBRENERIZE -T2, B AV T4 NI
DNEE N TIRNOD Cs NG 7 DI H
ST, BEREAL T — 22N TIE 48 BRI
DTz, 7B, 2 BB OB LY e T3k
JEE CTHAMED HRD TV 2 & BB S AN~
DERBICHEL-ZZLE2LND,

T U LOWEMEDEWI LD EEBL IO
FEDOBIEDE, ET2IRFEE OPEE S DEEIZ O
TIFA B b SRV THERR T 5,



P-34

EIND Y FOZHESLUE2FIEIZETS

RAOVATSRAF VY DELER

1. [FL®HIC

R 2 3iidL 21N DI, T o B ERRE
NOMFFDO NIAEEN DD, ZOTU L RIZLD b7z
b EN DM REEIL, 2 < DKREAEDT I &
o TS, FlziE, Z< OFENES L IIHER
WLy FUZ MIGEH I TWD X T T8HT, 18
JITIEU Y RETHNE LTE T, #FT8id1 Y
A B ZEEZEINGITE T 54EREZ > T
DM, ATHAH KA S E-2ETEREOMD
PEEEINTEBY, Uy RFZFI\EeA VA H
THEZIZIUD L Lemd Ao BELARY
Lo TWA,
TN OKIRE 72> TWHEETIZ, v~ 7 r”
FAF w7 (LLF. MPs) s Tkh, HE
72> B L7c MPs I 3@ N2t T L, U v RN
DFERCDEARFE CHE T D EBEZBIND,
THEFEOT T 7 R LR O
T RIA X REELKELY 2B, =T TAHIBLT
WETR S DEARNIZEY ATy, F72, #FTHL T
T RIEF TR, TR IA X ABHATES
%o AKPRIEIEIZ MPs 2353740 L TWOLE, MPs 24
WM LT DZ L2y, ARICEEERIZTTZ &
DRI ND, &2 TR TIE, WIDOARFS X
QU » FNIZAEERT 2 KA, BLUOZ T TEOK
DHIZEEIND MPs A LT,

2. MHEARE

N O B BIEIC A~H #SOARTES 5T T
VRED, REEBER L, ZoO#MED Y B, HR
C. D, FORKYE, BLOHEE F, Gi HODY R
TIE KB DA A (Nodularia douglasiae) %+
WMLz, SHIC, S GDOT Y RTIRHEA T I NT
&5 (Rhodeus ocellatus ocellatus : UL, # 5 2)
EENENOMSTER LT, A HA1E 1~2 i
Kz 1 SOFEHE LT, B bR A Iy 1L,
T 7 LIHFENE G T OO & 125 THI
E LTz, #F3E, BE. B 25WITHHEEOFEINE

58

HTZ - RESEHR - AR ORBRER KT
U R B A (RURRE - H1ER)

ZED BB LT,

ZHENOREHT, 10% (w/v) -KOH %l 2 N &
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DI F) 70 A FE A ZZARBRINIC X 0 ARl dE 22 b
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1. Introduction

Recently, DNA metabarcoding has gained
traction among researchers, as it allows the
simultaneous identification of many species within
one sample. However, this method may not be
appropriate to detect species if there is a large
difference in the Polymerase Chain Reaction (PCR)
efficiency among those, since genes from multiple
individuals of several species are all amplified by
PCR at once. This study aims to examine the degree
of “PCR bias” between three different gene regions
in freshwater zooplankton species and assess those
biases in order to determine the best gene region(s)
for appropriate species identification of Japanese
freshwater zooplankton.

2. Materials and Methods

Samples were collected from the Miharu Dam
reservoir in Fukushima prefecture on June 12" and
August 21%, 2018. A total of 15 mock communities
were prepared with a defined number of individuals
for every species and denoted as either June, August
or Mixed (June and August) mock community. The
biomass of each mock community was estimated
and the extracted DNA from each mock community
was amplified in PCR for mitochondrial 12S
(mt12S), mitochondrial COIl (mtCOl), and the D6
domain of nuclear ribosomal DNA (nr28S). PCR
products were sequenced with a high throughput
sequencer (HTS) wusing an Illumina MiSeq
platform.

3. Results

The HTS produced from 48,299 in paired-end
mtCOI reads of an August mock community, to
138,814 in single-end mt12S reads of another
August mock community, of which at least 95%
could be assigned at a species level. The data
revealed substantial differences in PCR efficiency
among species in all gene regions examined, such
that different species were nearly eliminated in
different gene regions. For example, Eodiaptomus
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* Sioud Imane (Tohoku Univ.)
Makino Wataru (Tohoku Univ.)

Urabe Jotaro (Tohoku Univ.)

japonicus, which is a common copepod species in
Japan (along with Cyclops vicinus), was rarely
detected when using mtCOI, while it was evidently
detected when nr28S was used. On the other hand,
another common zooplankton taxa, Thermocyclops
spp., was rarely detected in nr28S, while it was
distinctly detected in mtCOI. It also appeared that
mt12S detected copepods successfully, but failed to
detect cladocerans.

4. Discussion

In mtCOI, which is the most used in HTS,
Daphnia galeata was over-represented, while E.
japonicus and C. vicinus were under-represented
relative to their biomass. That was especially clear
in the case of E. japonicus which is endemic to
Japan. Without prior information on E. japonicus’
evident presence, HTS reads could have been
judged as analytical noise, as there is no threshold
value delimiting the presence or absence of a
species in HTS metabarcoding. nr28S detected E.
japonicus in a mock community, despite being
barely detected with mtCOIl. However, it did not
detect Thermocyclops spp. efficiently, which was
better detected with mtCOIl. Thus, using both
mtCOIl and nr28S in future HTS monitoring is the
best choice for Japanese freshwater zooplankton
communities. Moreover, when monitoring is done
using HTS in Japan, it is important to carefully
detect E. japonicus, D. galeata, and C. vicinus.
Taxa which were over- and under-represented
compared with their biomass varied with gene
regions used in the HTS analysis and did not
produce quantitative data.  Therefore, the
quantitative nature of zooplankton monitoring data
should be ensured by traditional quantitative
collection methods and traditional counting
operations using a microscope.
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& 725 (Wingberg, 1971 ; Wallace and Merritt, 1980), i
JWARER AR DAEFE N EHBE oA FN 2 Fel- LT
5 EEZBZLND. BFITFEQ019 4910 A28k L7
KMDOEE 19 Fi%, W)IOICE, LwRER &
RippFEZ2EMICLED L, ZoRBITAFIIT
FERAARGE & T, Tl I BsRo
sz ek T UKD TEAE Lo, RBFFETIE, Tl
NP OMICIB T D 5T HAIT eI O
WA 2 MOKDORFIE CHET 5 Z & I2 kY, Aff
BRDOEFENCG AT BE A LN TH L%
HAY& L7z,

2. M EAE

FHALIEL 2019 45 5 A 75 2021 4F 6 H OFICGRTE L M
B a2k, mH 1EEBOKEDE 6-9 HiX
JEAI 2 [8]), Tl 1 s oo BEETE AT (F LX)
DWW TITo T2, KA OFLET Y ——x v b

(NMG42, 30 X30cm?, A ¥ =¥ A X 450 u m)%
W, 3Y T O ERICHIE Lo, BUBHIFER
HIZRBIFY 70% % /—/LCRHEEL, WIRB IO
FRBEMBEZ W Ce T AU he I e

fZ 35 L, EAEk & EEWW)ZFHII L2, 4
UL, #IRI 7 v XA —Z—Z AW CHEEZHIE L
FRIZFE LTz, RAERE T 1B Ak 15 (Johnson &
Brinkhurst, 1971)% IV CTHERF L 72, {REE &5 O
I (AFDW) % 3K 8 % 51213 Waters (1977) D% A
VY, MR - R E SIS ER AR U D 2 & T

71

MBI« AT PARRT (RINR - #HE)

TR LT,

3. BRLER

T PRI O F AR BT  e F A h T
kB T OFERIRENE,  Sh R OERBIKLER O AT
(RBEE AL GOREIRE) 7O IRk
AAEAR D 2 A HER S LTV D (], 2018). &
TAIEIL 9 HBFUED 6 A £C, R
a5 A0 10 HETOHBTHY, HHEAKRGE
(2 & 2 KREIBHAIZIERAAAR (2019 4E 5 H D
10 H ; DABE 12019 FE0IEMAAAR ) Dicts, B
A (2019 429 A 25 2020 4 6 H ; LUK 12019 4
DOBAHA)) OHDICH Z »7=Z i/ d. AHE
BT, Mimofe b, AR (okorRE: =
7z 12019 OB & BFED 12020 FF ik
AR)) O ZWAERENCESEZHTT, RAKRE
JERTD 12017 FFEEAAR) D ZkAFES] (%, 2018)
I LN BT HREZT 5. BQROIICKD &,
HIKRTO 2017 = DOBAAR (2017 429 A 225 2018
.6 H)D " WRAEFE ST 13.8 AFDW g/m?(CEYE 13
206.31540.8 Vb/m?, FHJBIfFE 591 1.5 WW g/m?)
ThHU, YokED 12019 FOBEHA] (2019 49
AN 2020 4F 6 H)D —IRAEFESIT 11.5 AFDW
g/m¥(60.6+£175.7,24+73) T o72. ZDI LM
12019 FEOBA AR OHIHNUAKDBE Z o772,
TWRAEFEINZ, BUKETE TR 2 B Lzl
Folt. ELICFED 12020 FoMh&Af] (2020
8 HMND 2021 46 A) O “WwRAEMETIT 7.0 AFDW
g/m3(126.1+112.5,192£163)TH v, HkRTE
TR2D1ETRDL, REREERHST-Z &
NGNS, bk s, oLz T
WKDOEBELEZTHNMNCELY, ZoMRIZLHAA
2l WOMRETCKRELSFEEST L LERHALNE
Rol-.

BWEE AIEEZTT ALY, E LA EE N
VD 5 £ 3t A 2 B 76 2 B ISR 5 B (ST 1 AR B oD
WFFEBh A2 W =722, R L £
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FLIZK HERBELH

HBEEVI FETTHORBRBIZRIETE

iy B (5% B2 KPR F B AR SULR S FHAITIERD
PrPRESL OBk =2Bh K IERT)

1. XLEHIC

U N ES TR HIERI O OB G HET T
JWEOAIZHEM@EERY, i NI D00 72 A % B
WTHRA TR ET S, EMHOEHEH T 5,
AL TFWIRICIE, & S CARE SR 2 By
7T NoRERRE T HIEBEE NS AR
T2, Ak, R EH O L e D WHIA Y O 6K
531X b SR OV IE LI D REARA 2T ) N D 35
BHEOHE CHY, ZnDI3EM T T 7 R
KV REMMPMENE STV TN S (Kainzetal.
2004, Torres-Ruiz 2007), # A Fifi ClEilAE D
FENBAZ DO, FKEMOEBVEWED T T 7~
MREIHIESND Z LICE D EORETHY
(Doi et al. 2008, Katano et al. 2009), {lE{&IZ & [FkED
EQOFENKRATNDEEZ LN TEZ, LMLk
e, F AT CIRIER S EERORE &3 LT
WS Z Ll sz Uk 2019, fEES 2020)
INBIFAZFEDO 1IHEIZBIDT -2 THHD
TR EE OMBICFHOREEREOEEL S
@Té%ﬁﬁb<%NéZ%ﬁ%é ZIT, Ry
WAL QE)IKFRFEN, FHaTH) JEiBIiZs VW TH
*@@%%%E%ﬁ“,@gﬁT%6MT%Eki
CAERET LY~ s TR B EROIRE &iZ>
WTC, AT E X LOEBEORNI) & DT
L7,

2. MHEARE

FIR) QGE)IKR, HEFFIRT) &2 D3JINT
HAEHINCBNT, X LDORENIWHLT (St1),
ZAET (St2), ZJNFEA% (St3), HKERKA%
(St4), =HITTFyE 3 HiA (St5, St6, St7) Of
R 7 MR A ERUICERE LTz, Sts.2-4 (315
WA & e o TRV ILEICINEIER S v TuVhZen
23, Sts.5-7 TITJIMENAA D FF ML AR &
TW5b, AL 202044 Ao —» A2 1 BT

72

s (SR R ST R 2R ARGl R 2P FE R
HEPR R BT REEDITERE B AR R)

TRY, BELKRT THDH, FHAIZBNT,
JNREKDEK & BREEZ% (OKIR, EC, pH) OH|
ExEIT, 7727 hoFxy NERWTH T %
L7, £77, St1 & S6ICBW Ty~ hEY T %
BAE L7223, St.6 CTIER » WA LDt &N &
DVEENTEXRVWEND -7, FBRETIE, KL
TIAKFDSSE, 7anv 7 1 vaEEJE L,
Tz, W PO SSEEZREL, BT 77
VEEEREICL VAN, BELEY~ eSS T
XRE L721%, Wit 21772\, Folch (k2 XD
BEELNE LT,

3. BBLEER
KT OFE#EEIL, X L2ORENRNIII
(St1) kv & AR (Sts. 2-7) DS TEh o7,
E7z, WIKkF o7 ma T v a s - i N OB
W77 bOBELZLATRTHEMLTEY, K
A L TURIE, Y~ PES T ORI TH HHEY
T N BT T N HRICEEREREET
bDHEVRERINT, v~ b TR R EFE
L7, v~—3~ KBS 7 Hydropsyche
T HINT I~ e T H.setensis, =
& < N E/4Z Cheumatopsyche brevilineata, 443

orientalis,

~ h B4 7 Macrostemum radiatum, =5 33~ F &
472 Potamyia chinensis @ 5 FENHER S 7z,

BIZELEL W Lv—y< hEAY S (Stl)
LFINT =TT (St6) ZfEM LIEEED
BIEZITo72 & 2 A,5,10, 1 AIXSEATHITE & [FER,
SN OERIZ AL L TR OEE CRRERI G2 E
EIZI LT, 8, 9, 11 AlRli#E IC A B e
TR o T, ZHNH DR, TR T
WmEINTZLI e TXLATHTOY~ FES ZD)E
BERBAD] IHICARONDBHR LV D DI TIERN
ZERHTIRE T,
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FLTRIZEFTAHXIIFRA - LEETH
ARREEELEBYRRICEAHIEE

R EFCRELTFR - B - EIRFFEAK « 1) - ARFHE RS (BmERY: - Bt - BRERY) « BEFHE

~

1. FLE&HIC

AL T TIE Y L DORREIZ L > TEB oG
WAL, IRMARME & W O RIERE Z > T D,
RAGIZPEE, FINZAERT 2 JEABMREE OREE b
RELENT D, HALEARET 5 72D O BREERE A
L LT, ¥ AE T TOIINRAR AR TbiE T
DT H 5 (Katanoetal. 2009, Sumi2017). Ziu
D OFEFNZ L - T, & AT A Sh,
RBREE, EABMRFEME T, ¥ L RS L0
EEDORWIREBIZESS ZERbhroTWV5
(Katano et al. 2009, 2021). L2>L72723 5, LAbiEIc)s
W T A BRSSO K L, KA TR
LIS OBE S & L FHICHAET 5 LWV 9580V R H
L. FOD, A & LbEIT KA BREE
WCRIETHETR AR Z LR TREND D, WED
WERZIK LRI N E T, 2 TR
WFFETIE 12 O F LI BN T, SIIGRA « HAbE
TCAT K 2 IR BR 52 S0 JEE AR B W 5 ~ D 52 %
Thhig L7z,

2D

2. Ak

SIHADEBEAE TR DT=OIZ T DO X LI, +
HEITTOEEEZFTHARD-DIT 5 DO X L)l %7
il Lz, iR e LTH LOEEDRNY
Ty LA (FAEHRSLIEHIN), FLET, X
JIRA#E S L IEEW@RITHEZRE Lz, FHUE 3
AT CERIREERZER, = F7— MEZ KV EA
Y E e, ERECRE, #EETok. BEE
K7 — & L IEAEB T — % & T4 B
PraATv, EATBWIEE (PCA), IIKEREL (RDA)
NEOREELI=rEREB L.
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ISR « B - MRV - ES @ TR TER - ) - FIFR (RBRLTFK - Bt - HREY)

3. #R

RDA OFER, 1L A EDH A THERMEERD 1 - 2 il
[ZI 27T L e LTEREI, TSRV EREEE
KCThsbZ LRI, Tk BIEABEE
LOEZEK VITRT. SINRAY LTI L & E
EE DL D HFREFEAL TWDHDITX L, +
WIRITTH A TIE AR E AL THIERAR
WNIIF L A ERET, RRELE S SIIRAY L
DRI Th o7,

4. ER

SOMRANL L TIIAIRERBE & A BRESE, Wik C
HLFENERMIND DKL, HAbiEICH CrE
RERBEDMERI SND b OO, JEABIMFE DFEFIC
ERFA RS D EF 2 HILD. TAbETHILA TR )
MOEACHI KR E Do T2HEL AT, TIPIETHA LD
T CINDOWMAR DT, ZDOZ L1, THET
FHNRADEELEZ TITH Z Lk, Lvi
RO T2 D ATREME A RIR T H L B2 HND.

®
= [
B .
8 5
e
& Pa AL
H o A
A
A &
! | | | | e TR
-0.5 0.0 05 ]._Q 15 20 AGR
THEOEINS

X 1 ekt 3 EAEBYDOEL
TR : AL &, GR : LHMEITH A
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D EENEFRE D fZEA

ST (R B KRR AR UL A

1. FLEHIC

Yok AWML =HR » # U x XX (Chimarrogale
platycephalus, DAREARE & IE5) 13X, )1 Liikic
ARL, KPP TRAERBSMBER EAHRAL, WE
72 P TR AT 9. T, KE AL
JIHEEY D% E 72 8 NZBRIZ2)IBHEIZ KD, AKFl
DERBGHIN KON TETEY, £ OEEMTIHE
BREREN TS, RET H0ITIE, Rai4d
REHEREROSHEPILETH D, £ 2T, A%t
TlE, AFEOIEEIRMICE R Lo, AL, &G
BICIEEN T2 2 &6 TVWD A, HFOHEH
OS] LA SLTVL S (B, 2003). LasL
FEER,
AFEOTEENRF ] OFEIZIX, B AT FT v FIEOH
EHEEDSHONONTE . L, ARIIRITHE
DO/ THRBESEEEDDLTED, DAT T T
ETIERAE E T rraetEn m <, MiEREIXREN T
ETHY, HEBDOHHBIFFICREN. 2Dk
ZREERUE, BREE DNA EZ WD 2 L2 LY iRk T
D LEZ . BEBE DNA EIL, KFICEEND RS
LFED DNA 2452 LIk b, ZoxtgHo
EREEZMRBTEDHHOT, MESCHAERER E£L
DEYFEIZIBNT, RO 72 f‘oﬂ‘{;ﬂkﬂif%f@
HEhTnd. BT T, RO
B DNA IERHW SR, FiElc Eﬁﬂbﬁaéﬂf
W% (Yonezawa et al., 2020). % Z TAWFIE TIL, BR
5 DNA L2 v, RFEOTREIRE OfiFH %2 Y &
L CREZITo 72, 8, AR 258 L CEH
BICAE 4 5], 1 B3 & 1T 24 BRRE OF KA 217 -
7-.

2. ¥HEEAE

AT N7y ECLYREOARLDHER I
T 2R RIRAE RS « A L)1 & B - BRIz B0
T, AT NI v ICL D & EbE THRKAE
ZAT o 72, AT AEE (2020 4E 10-11 H), 42 (2020
2 1), £F (0214E5H), EF (202148 A)

A EHIRNCATEI L TO D NEAITH 5.

BLegrseEl) ,
tEFE (RN KRFEREBE RS TR,

74

BIEDNA IC K B KEMILEEH I RXS Chimarrogale platycephalus

PATER (W C o () BRETAERTZEAT) ,
FrEFIR (R R FREATTERTE B AR F5R)

AT TR, FREZRIIARFEOMYE - +F CTH (10 -
11 H), RE-HRY 2H), +HT-BIbH 5
H), FEZGHM (8 H) ITHY L TWb. HAKFAT
IXIEF 12 BB H 13 C, LB X2 2L @
K@K E BB ST, BokET Ik Hra
= U LKA W0 - B L, RPIREE THERREIC
FrbIfo7-. FEBRETIL DNA Ok, FEEFEA
T3 A4 ~w—% A=Y TILHZ A L PCR T LV AFE
DB DNA Z ki L7=.

3. #E
W) 1] - 2T T, WIICATEOBSE DNA
ARINT DL NTEE, —HT, 45 - EF - H

TN 2, BH S BR 5L DNA 23 H S 47z,
K ERRFIZIT e AT T v FIETIEAE
OIEENIRE SND Z EIXZER D -T2, BRIIT
TR E bICIRE SND Z i3, BIWIITEHE
%, HE, AFORMICHTRE Sh, R SR
%@%%Ti%ﬁﬂWA@@m%éht#,E%
—EbLREINDZ Lot

4. EXR

iR DNA 2B & S vz keflic>n T, &
FIIRRE - HRHTH Y, BRHODT U R —%
B2 CRETLEEEZ L WO EEZLND.
BEEITEC - B LHTHY, +HETCORDOE
ﬁﬁﬁﬁfﬁ@ﬁfﬁ%f@ﬁ%ﬁ@Lfb\f: H LT
BN S TSR EE 2 & D 72O I B HIEE L Tu
el B2 b5, BRITIFLHHTIEIH D0,
BN o 7 ShER DS ERER & [FFTAOIC AR L, BREEDT-0
BEIbIEE L W=t EBx o, —F, KHOH
BRBE DNA 2SR -k LTI, fHg - +
BFCHTHLIZ0, BFFHRoFTEBIL, KM
FEE AT > TV D AREMENE X LTz,

Fio, &F - FF - AFEOBRBICHR T SR
WHREITWD Z b, FHICK > TTAFJEH
BICTEEN L TV 5 2 &SRR S LTz
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P o A

1. [FLHIC
BERMEOBAN LA B LB ETRRDY IL—
TTHHERIFH 100 FELEHIATLELO0D,
FREHELZ L. DNAN—O—FT 4 U5 BE
SNFFEUODNABTREFERAT S L&Y, B,
i, TLCENICEZRETESFETHD.
ZTOEEEMNSREAT=421) VT, LEREIZHET
SEIEMBFRICKIEMBEDOEBMNAIREL IR
5. MAT, REEHECEKEORRICEHALTL®E
hizy—ILThs.

MEQ— D AHEMOHEREIZEKY, A4/8—2
— T4 UTEMOFEEEEY, RE DNA ITEAL
TILAN P ABDKFDIRE DNA 2852
ET, TIICERT AEYMRBEHALHNIZTED LD
27> 7=, IR DNA IRICEVLVTHELTLSA
$IZHI+5 DNA N—a—TF 4 U421, mtDNA
cytb FBEAAWNLNTELN, A4N—a—F 1>
JEFTOIREE DNA f2H7T ©lE, fE8EER5 THERAIT
EERESLFEEI—H—IFERSINIZILET, A&
FORRAZAN——T 4 2 TRTSA4I—HE&
FEnf-Z L TREDIRE DNA BIRE2RLER
rHET-. TO®k, WEE BE PREICENT
LRRICARE SN TS,

LaL, BREICELTIE E#EERSTEEAT
ZFHNAT—A—FHEILINTLVEL. KFEDE
Mk, BRE BIOKERRBENRIC, ABMED
BWTSAT—%HETHLT, EREAICTBENT
FRELIEAANR—O—T 4 U EEERETES
HBRAEETDE E5(12, TSAT—DHHFLEAK
ICEZELGLHON, BiESh-ECFREZSET
BT —AR—ADEETHS. £ T, /N\—a—T
1 VJREBEEH, RRBTICHLERATE SREN
FRODAATS4v—48E L, REMBITOELETF
BImEERT SMREICEBMICER - 2Kk LTH

552 ¢IZE2T, T—EAR—XADRREIZDEHITFS.
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SRRFICAATED AR /N\—aT 1 >/ DNA B DFESL &

RERiEOREH

(FURK - £aiR1R), BFRH (BED - EERE) - HREtHh FEEX - #BKIRE) -

R=ER (BMK-H)

2. MHEAE
AR TIE, £ITHRZESEIZ L, mtDNA 16S rRNA,
12S rRNA #8315 (Z75 B L, GenBank [C& S TLY
HBKEBHEDOI LV FYTH/ LERAVTRE
BISAT—fEEEFER L. LT, #FitLET
ZA4X—ty FORRAEEHERL.
3. BR-ER
mtDNA 16S rRNA 8 IZBEL T, N—a—TFT 12
Pl (JEEEERSI) A 754 ¥ —Mtlinsects-16S &
T—AR—ZHADORHEEIAZEZ TN TNEET LI
mtDNA 12S rRNA $8iICBI LTI, £RREEHERE
TENATSAI—DHRFEIR#ETH 1=z, F
TELERBFLFNETSERRERELERE - +
E4SH®D 3 DDREEICHITT, FhFh/\i—3
— T4 UUEE (EHES) ROTS543—
Mtinsects-12S & T—2 R—XFADOREEIIRAEZ
NENFRE L. ChoDFREFLIZTSA<—%A
WT, EREOIBELVAERICEVTBIET S &
FHERTHILENTER. ERICAZN—O—T 4
VOBMEERTAIVEEIHSLOD, BREDE
SR ZEETIODERLBEFELLEDIESS.
DNAN—O—F A4 2JDA)y kO—DELT,
ZHRMOBFHECRENEIFONS. EZ52A45O
& Epeorus IEANIDFRIEICIR > TEMNEAS T
ELENORESTLTWS. LMhLELAL, BA
IZEWVWTHFABESR AN A Epeorus aesculus
[FHEALWRENCHERETES. £2T AFED
NFRBEBMICE>TEZLDEYREIZEITLR
BENMRESNTERLIIC, F/OES2A45A
DRENICLRERENEEN TV SAEEZFEL
f-. £27T, RERAZXRICFA/OES2H5 O
VEREL, AARTHELIZTSAI—FANT
BEFERTEERL-. TORE, EREOEFEZ
TR HERNELON, KR THRBEHKLIAHA
TS5A4T—H, TV REHEZLRELBD &
DHIFHEGREDLDTHAIZ ELHLMNELD
BEBRGHENEONIZOTIIIZHRET 5.
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O-B0O1

BHAD KL RROBME

SBRREAES (RIIEBAY: - 808), BOEHE (SERY - A

1. BRDEEELHBDOEKEAE

R (1939, Mk HERE9) X, pH<S Z/RL, &
FEfE % & £ 3, KFA A OMAEH H IR SR ORilR
ORI K D RINNE 2, HERRIR I & ER L, H
AKOREKY: LOBEER—738Th 5 Lk, Ueno

(1958, Verh. Internat. Ver. Limnol. 13) %, * Dk
ZEEEEEKTSHE (SIL) TR LE. 20k,
Satake and Saijo (1974, Limnology and Oceanography
19) (T X 2 MmAgER I 551 2 MRS O T % 1%
U, FREAYHMZR AR & kG L T2 2 RINEAR
ROV (Doi et al, 2003, Aquatic
Microbial Ecology 36) %%, HHBRIZEMGE L CHFES
AT TS, 1970 44K E T oD SRS I VE DA 78
R, PErT (1980, B/K7PMERE 41) DORMBUZE &
HHITWD. KR TIE, W3 &SR
DRE =538 T D) 21 RIT, KD R
FAPE RO EZ R 2 L2 B E T 5.

2. KLt EES )1 D K B 7 B TR

HHE - 2R (2011, HAKSCR#4EE41) 1%, H
AL AR L Ao 2R/, BROER - XA,
)il ®E, B2, VR, H DV TR
JISLW ) 72 E DA FI DW= FRMER)I (acid river)
WEEAFIET Do) LHEML, ZTNOORMAE LT,
O FerER (FIEIR) oA, @ mifbgkof(b
I K DEEMERHIKRDOFA, SINHEKZR EbETe, @
REH RO LY (FRYERCRE T) 2311 (4
B) ITRA, @ oMo NERFEY), O 4 S2&3
FTWDd, KLt mEREER MR I, OIS L, &
BEERPEITE L R U <, KILEIR O iR i & 8
WZEATEEK (REAKEET) DIRALZSG EWVWZ
. O LK PR EASER 1L, M4 IZ B K
XN 5 HiTKERETHY, ARKEDFRRKSH
HEWE 72D KIICBEEL TWb 720, HEREE
(b)) OEFERIER L 20, KEFHIBRIZ
3% < OFATHRENPEEIN TN D.
ZOEETIE, FERYEATHRIZOWTHIR
T 5. FKEROE)E L OEJNER O - 4810,
1990, A A& L3k~ 2355 61 ; Yoshiike, 2003,
Geochemical Journal 37 ; {&#£I%7>, 2010, &JRHE

77

60), RO TE L (5%, 1934, FEAKFHEE 4
AHF, 1936, [EAKFMERE 6 (LR, 1952, [k rAE
B8 16 ; Ak, 1954, HIFRSETREG 27 5 HH, 1960,
Bk S MERE 21 3 AJL, 1976, Be/k27Mesk 37 ; ik,
1979, HiEEELY: 32), mERORWEI (=1,
1948, KGSERE 26), MhA)INROFRL (K - /)
<F, 2020, BEkdpElaEk2), REFERON - CF
A 2K, 1957, HAMESAMERS 5 WEE, 1961, oK
FHERE 22) CHIENFEM ST E T,

3. KIS BRI D £ )48

PRI SRR 2N AT 2 2 LTl <
DI TN SN TE TV D, FRICHERRIL,
Pinnularia /&, Eunotia &M 5713 < ME ST
W5 (ETEIZD, 1974, HARAERES2EE 24 ; Negoro,
1985, Diatom 1 ; &34 - #&H:, 2006, Diatom22 ; L
M%7, 2009, Diatom 25 ; HH, 2012, DUH iKY
BRI HEmE 15). MoOBEHTIE, I NY ATVED
Euglena mutabilis, ik # ¢ Chlamydomonas J& ,
Hormidium J&, Microspora JE2NFFIE S (FR
Sk, 1943, RHW)FHERE, 57 ; 1Rk, 1962, ¥ -
Hi#E 20) . % D —J5C, Nozaki (2016, Rikunomizu 74),
Nozaki et al. (2020, Rikunomizu 87) 1%, EskLIF#E
DKL EERE T W), HIRTIE, (& BeRE
EORRNRAOLN2NZ EEH LN LTS,

KA HEEYIE, LB (1940, BE/K7HES 10),
[PE (1941, PE/KPHERE 11), {PE (19428 B LY
1942b, FE/KFHERE 12), @l - AR (2010, HrEK
FHE TR 3) BDHELTWDA, Wb
BRI CIX RSB 2 BWAHE CHAE L DRV D
ERES N, FBIE, TEEERAMETT I CIT A RO HE
FBE 720 (Onoda and Kayaba, 2016, Rikunomizu 74) .

4. SEDOBRE
SEREFRPET) 1 D AR SOV T, FH 5 DA
WFECAETE OBFZEA AL LT D, BRI 11X
KIS & B BRI H 503, KUK DR B L
[ R I T ®ASZ LV, #E4FTlE, Claeson et al.
(2021, Freshwater Biology 66) I, 1980 4F|ZFE -k L
7= St. Helens ‘K |1 BBRFAAE 2 £ L T 5.
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1. [FL®HIC

KR DK DR A LD & 8 Lk gk
PER R, HUTFIZKRNZET D72, HIZRAKDHE
IREE)[R0123%5 U 7= R KA (L o0 B8 7o A& R %
H72BT, ZOX D ZREINIAEE LI < <, kil
FEDIBKRLZ Z i BAEF NI ORFIE, BAKT
BHEL D, KOFPIZHAEO RV E 725,
Fio. KINEENZ & 72 5 KR HI 25RO E
B 7 & OBEELITFEARBREE (T L TRE 2241
7 M52 5b0ICb7e D, ARFERTIE, #HELO
BFANCHE 2 B D K L s oo MR Fc 8l & A
TIHHRE LS WEKBI R A B - BIET D Z LI
F o T KILERT )1 0O HFRE) S8l & ek BR B2 0O F
WELTRAT, 2B, FEINOXMIIHEEDOT-D
FHICHUKESNTED, I 5IC EAEDOKFECEE
K72 EOHBTANLRZRAKBERTHOIL TV 5,
INBEEDIEN R L AT, KIEER - K
I3 & VEEER . B L OERER Y AT LD
BCThD, TODITIE, BUKhisx O ZECBUK &
DOEFEHEETH 5D,

2. MIRAE

FE)N SR Td D BRM)ITh 280 S 5
K TH DAn L & KRR RO 2L &)1
HBLOMRZIT o7, [ )X 198449 A 14 BT
AL RFIREHMEORRIC, #ERNT (s L5
AU) ERREI D RBIAREE 2 = L, TR 23 e de
FEWC B35 70 ERE A7 S A A LT
Do ZNHOREAMET L7720, ARV X
(SIGUMA 4.5mm F2.8 EX DC CIRCULAR FISHEYE
HSM) & MWW BERE 21TV, RBlEfG 0o K%
oo HREREIR L, WIREICOWTiE, AT
DAZEIN T % 55 Lo M RROTE K T &R0 0l )~ 72 B
B{Tp o7z, WEIL., 7 AT v 7 8O BT
AT AEM1-D (T L % 60% /K% TR T 5 1 siyEoit
TRBLIN O RIS X o 72, 4 HUS 0 K R
L FEARBIITIT) TE OB 31 0.05~0.2m [HIF T
MELE, 510, ANLHARBEZEET 5720
IKBERR DR & R B D 7= D O BUK S O L T i
RCHENEZITV, BUKR O H1T7 572,

78

KILWEEA ) D3 E R R 8 & BEKIRE

*HOEH (ZFEKXK - A0

3. BRLEE

Z 2 ClE, 2019 4F 9 AICRAE AT - 7-3#)1| Bk
= B D5 B)IFGE D S 59 1.6km X OFE 2 R~T,
TR EDOEAZ RS & An FIINOR )G B
1.6km X TIXE 3 D O R E 23 AL 72003,
& K (EC:2.17~3.31mS/m) 7 H DIRANRH Y |
B Bl S (EC @ 23.1mS/m) T 0.740495m3/s
225 EJIAE (EC : 19.77mS/m) Tl 0.905288 m3/s
LD, BPRENAWT IXMNH . I
HESE 3 LT\ D 2 & R O HEREER BT 72 PIc &
LZHTFREZLDbDEEZ BND, I EE A
L. Ik EFiRAERS (M E) TOEMEILT
PAIER S @ < L IR BB\ = 2858 & RZER T2
NZTI213% L 38.1%EFIAMEL o TWD, &
TUEAKDAT HHE B (MR D) TIREEEW
D)IMEDN S 5726, 23.2% L 49.8% L 72> T\ 5, {5
)G iR (R B) Tl 27.4% & 57.7%H 1 |
fth oD Hi1 i3 & b U CIl) 122 O B U A 2 2
DEITREN TS, b, s )IEERIOE
FClk, SbhlichZEREREROEGITEL D,
384% & 67.4% L 72> T 5, MR (s LA
ERRIEAL D KB AR K 3~ D HERE L IR T &
2R O BRE Ao i O =R A R L & b
(2228 & R K DR 22 FE AR 1 3B E IR
REEHATOITH bR S5,

4. BbYIc

F i) D3R TIEA D N TR 72 BBk 16 B DR
ERFEENLOND, FRCRE L SBUKIE, TIK
BROERER R EOBKBRRICRE R EL HT20

THELH D, BT L b BUKHLECEUK & O
F—=ZDAFEREGTRNZ LD L, BHFMO
e Sl Ko T AR & &S O B
L H AR T 5 Z LS ROMETH D,

AHFSEIL ISPS FHIFEY - JARIISE(B) [ B SASKE BRI & 5%
51 % KILLEE IS 0 B 28T I 72 K SOKE « AR TEREAE O fif
B, DFEAREE  MAE GRS 19H04318) ] o—if L L CTHE
i U7z,
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=

AT

(EE

1. [FLHIT

R BP IR &l B o0 BRI AL 3 S R LT 2014
9 BTk LT, 5L A2 i & TR IR R
2P - FKT 5 E LA P R R, K&
TERERs, BAMRBIAIR, (37 CI3AKBERA RMRET
DENLD BT, MR A KB AT o TE T2,
2020 4 8 H O 7 [RIEFTE T, 2018 OB
MR D pH BHLKATE [ LUl o722 R0, B8
BiHEMED pH TRREZ R L T\ D Z &R HE S
7o (EzA hE g, 2020). BKEZICHSR, KE
IFRELEE L, KEMICREDZRVIRIE L, K
BRERROWEERDT-. 12121, TOEEHIX
WEE K HTOD 2009 4512 b BR BT AL E A T (0 5 pH 281 L
TWAZEBIRENTEY, sk LR K&
X, EABKIFETREL, KUHIRIC A 5D T
FEMEf K DRI E DER D & DRUNEZ LS.
AR S (2020) B ME K% > B AE LR O /K E
EAEN LTI, ML O ILALE T D HRK
BB T 2B T, A OAESES
D12 A5 3 A< HBUWE T (SP, Snow Period) @ pH
2, BEREO 4 Ao 11 HSHWET (RP, Rain
Period) 2@ 7D 2 E AR L TV D, AR D
W2 OFEHIR O pH 2 LT kic L H8 L\ 5 K

DY, IBERKLIZEDEETHD ERBLTND.
WK% DOKE DORIEITFED B D08,

ZDXHIT,
R EEREZ 3 5 BT, EEREREREKTH
5 & B E A TR OIRR O WL, KEF
FRAEHE OEIII L ETH L. ZoH o, SEl,
—EENTOREMINZ pH 21 &, MR EREERE L

772 pH 28K & OB O THHTEAT 5.

2. FRAT—4

AWFFETIE, () KETREERE KRG E B
AT HP (2B S Cund TR & - FLEukn
OAREARDIL OF O, FARGHTO R EED pH % H
Wb, ZORMEHMSTHIMFEMEIE, WEX DN
w7 A =AMLY S ERICH Y, E)IEE T
BRI A R & T 2 TH S,

H

=

Ia]

79

fBLEENIOEME X UDBIMAKEZERIZDOINT

Ui FrERHEAF (B HEXR - Bk E)

Lo (BHmE - BREER )

BRETHTT),

FROBNRICE Y, MFETOHKEGHRIEIL 2014
B 12 H25 AL VBHAEEN, 2020427 H 29 AET
1A 1 Bl OB CTiThiLT.

3. BRBIUEE

4 1 130 k% ORIFAEIZIIT D SP & RP D]
JIl pH OHFRAE E 25 BELOVNT5 =k v & A )UEE
FOERPEEZ R LTS, £ 3, Ei897 pH 28
fb& LT SP & RP Offizxtbigd 5L, EOFEL SP
DFFH RPAZHA_RPUIEITE < > TWD Z LA
N5, 172721, SPIXRPIZHABHE N D72 72D
728, MY pH X RPIZITL 72 5.

Z LT Hf e pH 2 L & LT, k% D pH I,
SP, RP #:{Z 2018 = RP F Tl EFAMEHICH D =
ENDOND. 12121, 2018 4ELIKE SP IV,
RP 13 2019 (230 L, 2020 i3 E T EH L.
SP @ pH 3 ALK Z IR B ALY, RP
X, WABBREL, TOBSMIIHRAITNEL
ST, O E BT LK pH 2385 Z & TRIK
OpH b L LD ENDND.

8.0
7.5 +
7.0 1
[I] T i O oo
6.5 T 0 i & <'>><
5 T 7 O X : o X 1
6.0 + O % 1% ! | N
1 ¢ 1 !
! 1
55 T 1 |
- 1
5.0
2014 2015 2016 2017 2018 2019 2020
SP{RP SP{RP SP{RP SP{RP SPi{RP SP{RP
n. 15:39 16:32 16 i35 17:35 16 i35 17 :i17
B 1. RJFEREICEIT S SP (O) & RP (O)

O pH HIRAE, 25%& 75%ile fEE (ONFHR) B &
OEMFEEIE (X)) .

BEXH

E A s iEE (2020) : 55 7 [EIAEE LM K RE
ARE N EPIsoK B R A SRR,

AR (2020), FEosk, 87 : 11-22.
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g — A (P e e

1. [FLHIT

F B I 4L TIE, 2014 4 9 H 27 HIZ 1979 4
DIk 35 5D LA DM RAE LTz, HKIZE D
7eu, LA T3 ERIIIKRICEWT, 1T
BUBAIC X DMK & ERPEL 7 & OB TR
SNTWD., 20, El)IKFZOKRE R E Lk
BNZAT DI TUWTZ2Y, 2020 45 8 H DRSS T KRl
DOKERBNCHE L2 ENMESN TV D,

AR D (2020) 1%, FERIIANEE)IOA F 4
BONFELELL CTWD Z Ennh, E)INER)IIOKEIC
RESHBERIFLTNWD I L, T8N
R IR pH 2SR AR ) D pH O K E BB %
FIEFLTNDZ Ea@ELT0D. Rz, @I
JND—>T o LI INTA LMK <, A
FUBENRE N N TWNA. 1272, AKigid
RERIC & - CHEREZ KT T pH ERDO—o L&
2 HNDHEEA 4 O AR EIZOWNT, KILME
KA TRAMICHHAE S L7l 7.

Z T TABETIL, "EKHIE T ERE)IIKRITIR
W2 RAE LTV D881 2 SERITHREE A A i
AR EORE & £ ORFEELOHEEZITO 2 &
ZHHIE LT,

2. RERUERAZX
2018 /-2 H LV 201945 HE T, fBH, WD
X TH DB, W) 2 RICHEEIT - 7.

AR ICHROK LTCRUBHI R = ISR BIR Y, £ D%,

filie 1 4 1%, TOAIC-300 (TOA) %MW CTHIE%
1T-o7-.

TERIEL, 2BEX VBT AEHNTER L.
ATHMEDBEREITRG)T ORI OWNRET — % %,
AR EITREIIEEOT T VIEERIEMR R T —
S = 2O BALE Skm [ SALET 2 Bl H & R
DT —HERW-Z. v U7 L—a CHRIX 2018
L 2019 T, FEITNRT A—F i EITo7-.
MBI BFiE T, 2013 4E/ 5 2020 4F F Tt EFH
w1077,

BRERA A AR EOHEE L, AW Tz

80

EHBMLUEICHITHAERNIKARDKE L ZOREELDOHETE

BRI L), AR (BMmE - REAH 1)
FheREA T (BKR - K E)

WOVEE L Z ORFOREEA 4 IR E % D) T2 hi iR
A UmHAmE»S L-Q NE/ER L, 20 L-Q X
WCH 7 ETATHEAE LEHAEREZ AT S Z
& T, WEEA A ORI AR RE EH Lz, i
faA A AR EOR TN T, oK
THEXHNHHTT, SENE, KK TH D
DWW 21T o 7.

3. BRLEE

= BN EER)INT DK H OREEEA A 2 i H A far
RAGHR LIRS R, B HMlifEAE O —>Td 5 Pbias
NS B6%FREL & RIF 2 HEEREE AR bz, £2T
ZORER AT, 2013 FE2 D 2020 4 F TOREEA
FrmariEEZmH L (K1) .

& B E @R OFEEA A v AR &OF &
i, R T 128 9.7%, IR )13 90.3% &,
KIS OB X VAT 28PN 1%L 2 5D
DRER L7 o7z,

WA, BEAKE L BRREA A4 i AR R OB % B
LE, BB BEINED S LI IEOMBINRSH Y,
REREITIZNE10.88, 0.94 L7poTz. X5,
T R IR RS A R LTS R, Rl A A
HAEMEIL, BAKEIZE > THEERA LI, BASR
WK% & - 7= 2018 4E1F, Wii)I & & 2020 4E(C
WWTEVEZ R L.

-]

4000 +

(%7 & (mm/yr)

6000

10000

miz k)l
8000 1 oiERI
6000 |

4000 +

50,2 load(kg/ha/yr)

2000

o 4
2013 2014 2015 2016 2017 2018 2019 2020

B 1. oK &Rl A A i AT B O L.

BE IR
ARG (2020), BEOK, 87 :11-22.
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KILPERBER B K I 8 1T 5 R KRE

Klebsormidium flaccidum DX & B ERBERFEE & ORER

*EPIRHEORER (BBILRFER),

1. Ex&EBEM

L D SERE R R KT, B AR O BB ZE T
LD 1-o>TH5 (Ueno, 1958). Nozaki (2016) 1%
pH 4~6 Z 7~ 3 fHIS3k 1L e 0D MER PRI )1 T U, A
EBMPEREDPBELRNWZ L2 WME LTS, Bk
T, I PR R E D LR FE & LTK
ST &, BRERAUICIE, 0.31mgC Lt &8 %
% Z LiE7evy (Satake and Saijo, 1974). Nozaki et al.

(2020) 1%, HEHERRMEITIC IS A BEIL R B FEHD
REBIZHDZEEZHEL TS, L2AN, fA2H
1%, 2020 4 11 A 13 BT ILFEEED pH 3 27”7
P ORI T, SRRk Klebsormidium
flaccidum O RZELZ B L7 (K1), 22T, 20D
E 3% {ﬁfﬂﬂfi‘%%*ﬁ)”:??{}ﬁf L @F%?JM %%%‘—‘ L7-.

1. EH5E LR EE D pH 3 &7~ B IA B K IZFs 1
% SRokAkiEe Klebsormidium flaccidum % (2020 4E
11 A4 13 H).

2./ &

HpAh AL 2020 42 11 H 13 A6 14 R AT o 7.
AR, AR L DR SCILAMLIE T D MRS 2
HT 2 @PINOTNNETH L. —fOKEHEB L LT,

KR, pH, BEXAREE ZHE L=, fERIE, 20 cm
X200 cm D3 K7 — h 2 AWTEHRILTZ., EED

TP, W3k = 7 — (HOBO U26, CO-UA 002, Onset
Co.) & A= ¥R A7 BR IR IR B > HASALRTE 2> & R L

e (BHEEE),

81

HHENE (ZERT), FEREAT (BilERT)

B & BEERT)

7-. K. flaccidum OFEAA 11 H 15 A IZHH L B

WCEEBIRY, BHRFOAEIZ L » T, ARk L Mk %
WE LT, AP EpgRe ik FIRE (DIC) X, TOC/TN

7t (Analytik-jena Co.) TE® L7z,
3. EREBE

AFHA T LT K. flaccidum OFIE OIS
1% 6~8 um, £ X% 8~27 um TH - 7=. K. flaccidum
IREAEE L LTASNTWAD, EETIEIRANS
LA I N TEY (Rindi, F. 2011, The Freshwater
algal flora of the British Isle p.554-557), flad k& &,
AHIaEE &I O RED B K. flaccidum & [F7E L 7=.
2%, EHicksiTs27rr7 0 ba®E (A), R
BudiE (B), WAAEMRERZRE (C) ONfMToh
HoorvwunTgakk AT 4F 0L mEEE
(X, BHEDS 10 m PR HIINL, EEEAE
IRFBILEL, TR THBE AR 2R L.
K. flaccidum D 5Ep— EBRIZBEAETL TH 0, 15
TR Ofx THEDE S LTV D 72 ORI Z 5
NTWZEZZLND. I FEEEAEIR TR OWD T K.
flaccidum OWILIZ LD & D L HEER ST,

8

- N _
L] ‘ ®_ Chlorophyll-a + pheophytin
5 300 ,g—f—"”—;
E 1
5 200 4 / ‘
§ .
= o L& ~.
5 . & . .

60 -
E a0 1
c e
o 20
< 4 Mai channel ofthe Nigorisava stream

0
~ DeCreasmg fi
__S IQW
2 24{C ———
g | _Main channel o the Nigorisawa stream 4 r \o ‘

0 10 20 30
Distance from springs (m)
X 2. AR5 7nn T o vakk (A), TREA
E (B), WAFERRBKFRE (C) O (2020
F£11 713 H).
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1. FLBHIC

KL, EORAEOHE - KE, HAACHER S
OEEAN LT, WEHIROERRERET 2, £
7o, KIWEKJE &3 AT, EHY THER S
LRKMEDENEKIREFT D2 LD, BESHE
HEEOBRENMED LN TWD, TDT7, B0
KL R O AEBER 21X, BHRBSTH S kI
IEE) & 2 L - HEERIC LA BUK « BTK -« ke Elz &
D NZHWRZEPEERNCEL TV DS (R ke
DK 74 :5-11, 2016), MEICIER L Tilld L7cH
Bl e A ER BN,

AT I, kL DR R A it 2 KRR D
T AR5 B L, 2014 45k 0 &2 KRR
)& Z DA TH KaHT 2RO KR
BT 2 IEABMBEORFZEMNE RS, Bkl
X EOEBIET 2ERERL D, 72k, AR,
WEC )& H A REMF 7B Ak (2015-04 ;2017-05 ;2020-03)
JSPS Bl 19H04318 % 3% 1) C Eliti L 7=,

2. MEEFE

LB O F R IR VT, ARG
BED— SN TE)1 ) (NigoB) , ) INZHEA T2 HER
JIT1 (NigoA) « [z )11 | (Den), #RJI LD IR
(Aka) « 1)1 ] (Shira) (BL_L, ¥&)1IKR 5 H5), )l
LI D= )N THSH T IR (Shimo), TV
(Ugui), TR ~7- 4 #1145 (OutA, B, C, D) (LA
b, ERIKR 11 #1480, TR R OARE ) —k
FINOTEI (Kuro) 12z, 2O A% O ITAE
JI) (Kiso) (FF 13 #is) CHRA L= (&2 72 HiK) . 7238,
R AIANZIH->C, i BRO FRR, FRRAHRAT
HITARIN ] (1984 FD B RN IZEDRINZ L) T
it (OutA) , ¥ A& (OutB) , 5 < W I A %
(OutC), MR 4 2 (1961 3% T.OF|KZ L) Fift
(OutD) , BLTY, FHEBKRMNOHKEDAREZ)I &
Vo 7o A ITHEWT 72 B LAV CE D,

WEE R 1 AERGE T4 0D 2015 4F 9 H 285 2020 4F 8
AITHTTC, FH SO T 30 cm 5T KN O HEFE %

HEV 0.5 mm Oy b TERELR, A,
R Loy HRE S SIS B AR ER 2R 7o, BREE DB,

pH, /Kili, BAZEE (uSlem) ZFHIIL T, i 512K

82

FLEKMZERT HKILLEAIIOEESYBER L TORERMER

=

*HK & GHEKX - BSOEENEE 2 —)
B AR LT,

REAEMRATIZIE, Primer Ver.6.1.6 (Primer-E Ltd.) %
Wz 1EZC DI, TR R 72 SR 72 8T KD A
BEIRIRZ RO AT, AT B 1KHED 15 7
TAV—IZERILT, KT, ENENOME AR5 %
4 TR T-ES AL LIS, M oEEE R
similarity index S17(0-100 %) z 3k, 77 A% —fEkr&
NMDS (Non-metric Multi-Dimensional Scaling) % 5%/

LT, Hs M OREMIE OEMEZ T LT,

3. BRLEE

HARMI Tt Tl (OutA) TlxmBE (891+
ATLAEMR) , 2o, e fisia o~ L=/ (50£9), 2015
910 A@)I EFEAL O TR (OutB) ([FI4E 11
1) TH7< (5 EERARN), 2016 48 H#)ll, 9 H
wIOI, 12 A EwE) (OutB, C) & 2017 48 A D
W) TIRE R (10 ERARTE) Tho7z, WIITIE,
2015 4= 11 AlzovmliE L (217 {8 {K), MEkaio
FRHEHFEAEMER SN2 0 FI RKgROMA,
1954), MEHPIRAZSE S SREEEIC X D EEL S O
[BIEEEEICH D RN D,

11Z1X NMDS 1T K Bt i 4 2 IRt T g,
KH o> A~D 1%, S17 =40%%BfE L L TRy SN,
KNI KR B TR S D A, FEK
WEBO/LIRNB, MABOEER ENEEND C &
W4 TR DR S o, KILTES) & & 4
BrKHLZ L0, BEEMEIC—REJRETIC 2 B3 A
CTCWBEEFB R b,

1.4
0.9

0.4 X

MDS 2

-0.1

-0.6

-11
-1.7 -12

-07 -02

0.3
MDS1

08 13 18

x Aka Shira X NigoA =Den A NigoB < Ugui Kuro

O Shimo OOutA OOutB OutC O Outh

Kiso

1 NWDS IZ & B EEEMEFEDAENT (2D Stress : 0. 16)



0O-B0O7 RINLEICEHT 2 _BIEREHRE
BKOEELE S (H1=m)1 KD K
*EE R AT - ARE GHEBELRK B E), AR - D (BHEE - RESTH)
HOERHE (ZFEK - A, KAEZ - SARE ERILTHEK - T%)
1. [XC®HIC

Bk LI R 2 i B ) I, BUR A A DRRIE IS
L0 S, EKE Al ARE X ATk o~E
b, TOd, BRES LE T H HEIEFEEITHOK
NF TOK 3k mOEREINTHKXKB LR, 20
K XN O IZE ZAAFAET DK D 50
XD ENGWAT DN L VR END, B
Kt — h 2B Ofliti, 2018 4, 2019 4F, 2020
ETENZEI 1,296 B (54 A7), 576 R[] (24
A7), 1,392 IFf[#] (58 H43) ToH Y, FEM 4z L T
WO & N N~ S AL B 130 70 <L ok X
DKRERIILE L TV 5,

Y2 LB TIE, EEHA K 0 EAKE T ANEH
LTHEY ., 20X D KRS HARDRRH THER
S, TR EORIR OMFZEITHEA TV D, L
ML, ZOKEBRENGEEZ T Fi~OEEIZ OV
THlA LRI 72, BUa s o (EwEID 3%
FAKE LTRIHENTWD 2D, ZOKERENT
TICEDRRICEEEZ 52 TWDHONERDDL Z L
IXEETH D, AHFTEO HINE, WK F DRy %
HE U 70 K BB D K BRI & i~ D28
RS H 2 LT HKDOWEKEZHE S ERE)IDOKE
EHA~OER, BOLERSCEREEE OTEHO—I
TH5ZETHD,

2. MHEEAZE

2019 49 A ~12 H, 202048 ., 10 A, 12 A
A A FE i L7, BT, KR, pH, BEXUREE,
DO. fHift/KFEDOME & i@l %z Lz, EHR=ET
RpH (FR/K L72#EK %2 B — B —(Z AR 15 45 [ER%
). TRV E REE (EERREEFRE, dHEEE
EBHE, TUoE=TRER, VARREY A) OHIE,
TR 0 #T (ICP F653 e Hrd& & : SHIMADSU :
ICPEQ000 (SF-pk 24 47 SURVA FL R JE 3R i e fif 22
EMBIE)) . T ARG T A FE M LTz,

83

3. BRLER

W & KR 73S 200m Fifii T TO pH IZoW

T, {AKREPKE T HERGAK (ERE)ID O pHIL 4.8
~55 &/~ L, BEMETH oo, XIEIL pHT TH -
720 VBT 2R D 96~98%7% CO, ThH 7= 2 &
R OFREEA 4 2 OMEEEA 4 IR EE, b
AF U TIEINAaDHIERH -T2 D, BEOE
KL COMMBNRMRIZ L DB D EEZ BILD, RpH IC
DOWNWTIE, XifIEH 7.2 THo=DITR L, Fifk
1280 /T AT VMTH- T, MIMEKIZE DI
7B Na=e CaE DRy g L7 v 71 U DK E A
B SN/ LZEZbiLD, ZOKEE T TlL, CO;
&2 LD pH5.5 225 8.0 ~KIEIZZ b4 5 KE T
bV, o, BMREOERBA A UNEMLTWDHT
W, KEEHOALBNRETH D Z L BHEERIND,
TR FE B ATHO % £ T ORI 3km B ORI -

TR EH L E B XD 0.5km i 1.3km (2
TPH R 7 ~rAICER Lz, T, oL
IZL B CO iR, Ziic L A AR, (EEEO A
Rlcksrb0EBFEx b5, —F, 1L5km H7-0 (1
YR Z LT EFEIEL LTz CO T AR S IR D3~
TEO ., pHIX TN 27 Tz T < ISHEV pH 3R
BE RS Uz, EFEERTIO% TIX, pH & RpH @
TN E < BT K IR S A7z E ) ) KD
Z O CHRBATMFKIC L O KIGICHR S, 3
KOZEII/NEL B ER LN ER ST,

Eifa

i) K G TR SR B B ATICIITRE D EE AKX - Tz
72 (CERMERAN T v 2 — PRI BRI IIEE T 2 D
By & BT LT 22, JSPS BHFE 19H04318  (£R
7 MR, 2019-2022 4 E) & WEC )it ZE REDFZeBh e (1R
F T R MA -, 2020-2021 EEE) DBk & %1 T E i S
N, ZZICRLTHEEZERT,



0O-B08 KLU BERT D EEK IR 5
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OB 218 (N, BE%

—fizEIE

O-BO9~0-B13
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1. IFC®HIZ

A R BE DR A TR IR LI E N OB R AL
(AWFFETIE DO=3mg/L & EF%) B HEFT L0,
ZOEBFECITIEE DOV IR AR S,
KEIZIED T 4 — RNy 7 %7263, FFICE
WA CITERBILOERFIRTH D U AN A
ZEO LTS, 2OV UEMIC X KELGEEICE
DA LTBH &5 (Sendergaard etal.,2013). KB
WORGEHATIE, 272 < &6 1970 RO E ) K0 i
JEKJE DEBEFDPER SN TVWD (REFREAANE
WFEET, 1975 ; &R, 2018). Z® X 9B MO
WATIIEE?S ) U BEH LT WRETHDITH
B &9, 2000 4ELARE, WAZKT U iR EE O FRH A8 E)
MEEAERBNT, BREEMEME (50ug/L) Atz T
HeE LTV 5.

AEHIZ 31T DIEFEDOWIAKRP Y AREDIK T ILY
VHNE AR B ORI 72T TIE R L, WY CERED
BT LD bOTIE RV N EE X, AL CILHRGE
WOIEE, EEE LK, (LBYOY v - BRRE, B
FOZNEOBBIZEELE A DWHFRARE
(DO) - FafbiEscdENL (ORP) DHIEZIT -7,

2. ™ - A&

2019 42 5 A /5 2020 4 5 A F CREHHITNO OKE
Fs8m) e CarYh I —CEREAHRR LT
TREHIR B Y, EEE LKA R, 0-
4em, 4-8cm D 2 JEIZYIY 430, mOSGEEL7Z b 0%
SINTICHE Uz, JERE H K OVKIE Bm i THRE L 728k
JLE) X CDB, NaOH, HCI % W72 U > O
HAEITW UMa b, 2009), EY 77 0FH-7T Azl
EURRETTR BRI TR E END U v
EEL. KEEEKTEY CREZELE. £
T2, FOBHRER & [R)RF (I JESJE oD VA fr e 4 i 2 & b

e
==
|7

e

ik

F<N

s

EILEMZHE Lz, S 612, WEANOKIEIZE L
T, 40 FROBAEO YT HAT - 72
3. ®R-BE

JEEOAY REX 1 A% LT 2000ug/g Rl

86

EEOWMAHNERICES TS ) VHEICEHT SR
*fIRER (EMRFERERD), EIRR— (RMRE - %)

EEEEEBNIZEAERLNT, U IR T
ol —07, HAELEBYMORY SREITENS
BIZHTTLERL, Sttto CDB D > oF|
AN MmN R bz, £, YT ok
BESEHICES RoTWE, EEHE LKkOEY »~
IREEIE 54-325ug/L THERE L Tz, RIEAKD U R
FEIE 32-63ug/L THEE L CTHRY (BINKE, KA
T—4), KEH FKEIY bRz EFICE TS
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FRBIMLTEY, 2019 12138 1.88 ppm & 725
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YRR TR DRI IAIET HZ L0, A4
COALFEIMEE DN D, A X PRI O KE AL
OFEL L THWD Z N TE D, & 2 RIS
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A TU % (Tsunogai et al., 2018), IT4=, FEEEWHICE
WTH RIEERPHERR SILRVVER B B 7o EKIGEER
WREN/KELSLEDYSOH Y | WAKDOIERNESR
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1. [XL®HIC N8, N9) [THEH 100 m, FEILFI 60 m &\ 9 i

H AR B AN 15 Hils & 5 BURCER &) 1K AR
)l - AR (K1) o8 TR &2 BFEx 5,
BT OH N KA IR T= T 1) BEKiRiEK, 2) KiE
7K, 3) FARIRAKDEE O ERL & % DZEZEAL,
FEHOM TFROKERK T vt 2% EAT 5
HEYTHIEZ FEhiF Th 5, ARIEHRTIE, 2019 41
A ~2020 4= 2 A o [R#lk o g K OKE - FIAL
KRR DA LIZ OV THE T 5,

2. BIRAE

AN D 7 A, FEEINO 3 ARKOIFF (K1 ES
10 m LL7R) oEEH T KE R, BiHGRA -
Bk%Z20194%1H, 2H, 4H, 6 4, 7H, 84,
9 H, 10 H, 12 A, 2020 ££ 2 AIcfT- 7=, /Kif,
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ARy, BEAJRE, Kom#E (880) « k#E (6D)

ZERANA, NO3~ D ZEFE (85N-NO3 ) « B
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KAGE - KIGEREZ EBRE CHIE Lz,
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HLTEBY, ZNZENOREDL 8.8~19.3 mg/lL,
11.1~32.8 mg/L, 4.8~24.6 mg/L & & L \\FEiZ
bz 2325 (X2), [, KL NOs™ ORI
b, WO TIRIEWNL POl xE R LE (B 213,
5 ’N-NO3~ ; 4.8~25.1%0, 0 180-NOs™ ; —3.5~
32.6%0), DL DI, M A B U CKE RN
A KIGIZZEAL L TV DO, HFAKBEEIC RS
KerKiRadsK, AGEIRAK, TFRRRAKOEE (FHXH)E
M) BEHICL - TRELSEDD Z LIT—FN R
FRERR S DD EHEESND, —T7, 1[ZERHED
§ BN-NOs~ & §180-NOs 1%, EH - X% Hd
FEMEZBLC CMEOEMZRT § BN : 6180=2: 1
DO EH (Kendall and Aravena, 1999) Z/h-> T
oy hEd, ZOLD RBEORELETD, F
Hi7p B ONTHUS R T OB DS, BFZE Gl o v 8
T AKOKEEBRICEIRIEEEZZFLTND D
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ZFRNT NOs I3 S e o 7223, ZHUIii=E
DFELWHEITORR L2 L9 5, DO X ORP O
HEME DS TH D,
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Mussel-distribution Estimation Using High-resolution
Sonar Images with Deep Learning

*HE WL, KEF BRAC, ZESH S GROK - BraEik)

FRILBEN, 8K A8, A ZROC, IREATRS (DY S D)

1. Introduction

The mussel (Cristaria plicata.) is an aquatic bivalve
mollusk that inhabits the sediment of freshwater lakes or
wetlands. In Japan, the mussel is widely used to remove

impurities and improve water quality, performing

essential ecosystem functions and services to humans [1].

For unknown reasons, the population of endangered
species mussel C. plicata in Lake Izunuma has sharply
decreased in recent decades. Conventional survey
methods (e.g., surface surveys using optical video
cameras and divers) are affected by the transparency and
depth of the water. The previous quadrat survey for
mussel distribution was limited by time-consuming and
required many labor resources. A new observation
method of mussel distribution was proposed in this
study; the acoustic video camera was applied to map
underwater topography. The well-trained YOLO (You
Only Look Once) model can detect the mussel and
classify their status (dead or living) with high accuracy.
2. Materials and Methods

A series of field surveys were conducted in Lake
Izunuma. Our field observation system equipped with
ARIS (Adaptive Resolution Imaging Sonar, Sound
Metrics, Bellevue, WA, USA) can scan the underwater
topography with an efficiency of 1,400 m*/h. As Figure 1
shown, the collected acoustic data were constructed into
a map after image mosaic operation. Before the field
survey, some mussel samples were set with different
postures to simulate their status in the sample
experiments. Figure 2 shows the acoustic images of
living (right) and dead (left) mussels; the living mussel
was partially buried in the sediment and has a strong
acoustic reflection from the outer shell [2]. The dead
mussel always exposed its whole body on the lake bed
and with a larger acoustic reflection area.

3. Results

The YOLO model was applied to mussel detection and
classification [3]. The training data set including 910
labelled images from sample experiments and field

surveys. After the training and verification, the mAP

90

reaches 94.45%, which ensures the reliability of the
mussel’s investigation. Figure 3 shows the predicting

results of field survey data.

Mosaic
— =
|

Underwater maps

Gdogle Earth

Fig.1 The field survey routes and underwater maps

Sonar Pitch: -21.40° _Sonar Pitch: -21.40°
Sonar Roll : -0.30° Sonar Roll : 1.60°

shadow

/

G
brighter

Fig.2 The acoustic images of sample mussels

Fig.3 The predicting results of field survey data; the blue
boxes mean living mussel, red mean dead mussel.

4 . Discussion

The acoustic survey makes it possible to

efficiently investigate the distribution of mussel in
high turbid water, contributing to the conservation
of C. plicata. In the future, we are planning to
explore the factors affecting mussel’s distribution.

References:

[1] Aldridge DC, et.al, (2007) Aquatic Conservation:
Marine and Freshwater Ecosystems 17: 554-564.

[2] Pacific Northwest Freshwater Mussel Workgroup.
https://pnwmussels.org/about-freshwater-mussels/
[3] Redmon, J., et al. (2016) CVPR. IEEE.



OR22H UK), AR%

—fizEIE

O-A17~0O-A33

91



O-Al7

DR R

* BRIk O TR ORRE - 1.2%),
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M9 27O EHEE 22 5 RE TR O
IRENREER R D FIENLEL D,

Multi-Shot Pyrolizer [ZZ\BLAE ., BVfiE, AT A
34T (Evolved Gas Analysis : EGA) 573 Pkkx 72 F
ETHBER D 2T T2 2 LNAETH D,
EGA-MS ikiZ, B\l o Fln#z ;Dﬁﬂb%
WETDH ARy % DBED T DE i S TIE &S
HreEticBAT 5 2 kf*)‘ ET T L% E’fé?ﬂ > i
FHOFIEDO—>TH Y | REIOBWAE - iR
AT OREAR L IR 553 ETH D,
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T&BH X7V g v MDS)PY-GCIMS K OILHE sy
IRrya IS oY Wl I ae =Y (e A SNt L/ BN
EGA-MSIETHI b 3 H L 5 aUBHH O FRIE D ZEK 4 B
LT HZ EEHME LT,

2. MHEARE

2018 £ 10 A, 201941 A, 3 A, 7 AIZEEWI
WA HEp R (St 17B, 7KEE 89 m) (TN T, A
GLERESR X R RHE S AT A HWTEE =T
Z HEFE BRI (Layer 1: 0-1 cm, Layer 2: 1-2 cm,
Layer 3: 2-4 cm, Layer 4: 4-10 cm, Layer 5: 10-20 cm)
R U 72, 45 B a2 sk 3z 040 BERs (3000 rpm,
20 min) 2 XV HIBK & EERB 2 EE L 7o, JERE
ABHIEREEE L, £0%T 7 v U HekE 0T
L, WEmARRABE L, ZoRBZHANT
EGA-MS {EIZ X %50 &21T -7, 15 C/min T
150 C7°5 600 CE THIL S, AT 2 BNLE AT
R LB EIT A B BHEE EOATENTEA L, o1
7Y —% 277 L%EfENT LTz, DSIPY-GCIMS {£I2 X %
HEtO T =47V, TD : 150-390 °C &2 T PY :
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Multi-Shot Pyrolizer GC/MS ZAW-EEHEHEDHER S
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BJNFFS, 1 ORE GVE REEERAT)
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Fig. 1 12 EGA-MS J£1T X 2 7R 0 HEFE 1R 1%
B —F 7T L& 7§, 355 °CE 470 °CITHEAAE A
file78 A1, 150-390 °COEBLA 5y & . 390-600 °C D
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M X iz, E72 355°CH e — 7 THEIAIRIRILKFEIC
Hk9 %5 miz69 72 Envm < il Sz, 470°Co
— 7 TlE, FRC A B ERICKFEIZHET D miz 91 73
< M &7z, DSIPy-GC/MS ¥£Ti, Fig.2 ® TD
EPY DAY= BEOHMLNF1:12 TH D,
EGA-MS £ 150-390 °CHiElsk & 390-600 °CHEIHK O i
b BW—8E R Lz, £72, BB EOIKRE
R E EGA-MS T L, & D& k) b EE MR
BROEEZE LT,
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EIEIE, 6871206 fil{k m? ThH o7,

BT A AT XL UL, 3~5 HUSOSE A REE O
FERRAEAS, 2012 4EEED D 2020 FEE OBV
T, 2013 FEITHRAT 34 A m?2 TH Y | 2020 4F
EIZHR/INT 6 R m?2 Tdh -7, 9 F /M OEHHEIE,
233 Kk m?2 CTH o7,

AV ENL, 3~5 MR ORI E B E OF R KME
23, 2012 FFEEE D 2020 AFEEDOHIRIIZRB VLT, 2013
FEFEIZRRT 52 IR m? TH Y, 2015 IR/
T 1L AR m?2 Thotz, 9 FHOFEEIL, 2314
iR m2 ThHh -7,

AP, 5 RO A B OF R KB,
2012 AEFEN B 2020 AEE DB I T, 2013 4EJE
WK T 16 A m2 T v 2012 I i/NT 1 H
AKm?2THolz, 9 FMOFEHEIZ, 82 A m?2 T
Hot,

2018 4EFE, 2019 AL DEERETHAEEIGER S 2 4RI
DIEVRZET THoT728H, 2020 4 8 H~12 AIZ
%3 » AiZH= 0ifEE £ DO 23 2mg L KDk
BEAPER Uiz, 2020 4FEEOQT F 7 —/Ld ax e
UG AT ALY OEBBEORBMIL. ZDZEN
WELIAREERE W E B X BN,



0O-A20

1. [FLHIC

VK« WA DR RS AT 2 ERDO—> & L
T, HFWIORENETOND, FiLlL, wifbkFE
EETIEE ORBI KA RS —-KICHEA L, B
RO L W KA ARE R THRTH
Do HINE, BB MBS THEL TWDHHO
D, KRB THWRAEDTLEIFE > TVDHDIT,
012D 1 EZIFTHD,

2018 FEDOHEN D, RIEHDM R ¥ o
A N OWIKA—FREIC AT 5 & OfFHA
AND X I oT=, 12, FEKD DO MFIEFE o
EoloZ &inh, HEINKELAHREMENE 2 5
%o & ZCTARFETIE, SREWIOWIEN A L7
KRN 5120, REMOMFEOBIE, BLUH
WL AKEST D2 LIck-T, FOEREEHE
OHZ EEHME LT,

2. MHEARE

SREH O 708 B3 2 RIS T & e 305
728, 2019 4FD 6 A A 1~5 [RIO B TRIEWHH
FOBIEAIT o1, TOBIEERID, BEIE
b I BT BT 2 TS, 25 HUS O KEHEZ1T 9
ZEE LT,

Wb ARSEIE, R ZERETZ A2 U PITBKL,
U TUNB VY CVICEBEER LT, O AHKRIC
WERE R ENTAIR 2 IS L CEBREICFFBIR Y, HElk &
FEFREENEZTIM LT, 667 nm (281 DWW EE %
BIE Uiz, HRREEIE, WIKkZ Al L CHRR A
AREEICIEME L, EREICREDIFo7-, £0%, A
PRV 2 - T AR O RS Al L, 1K
Bartlett and D.A.Skoog(1954) 7 J5 % F\ T BAIR i
WAy ER LT,

3. &R

10— RNA 7 2> CREMOMFEZBIZ LT
Wb ZA, MENDMARERZE Uz, £ O
T, KEENTH ER-> TR L, £72, /N
FELCIEd 2 25 A Al LT b O & R L7z (Fig.
D, B L7k %208 L7fER, 0.8 mgS/L Ofift

FEHMRICHE T HEEBRRICONT

RS - FAARE - AR - TDIET T (BRK) -

95

H5%E (BIRA EsReC)

bk & 0.2 mgS/L DHARRFH A Lz, [FHA
kI L CEIZ Lo & 2 A, KEEMTH BT
W & FRARICITABITA LT, HifbkFE L
HRREORE L, THULENER FRU T CThH o7,
F iz, RIEMCERIL 72 KEL & REIKE ©—h
—ICANT, BIMTHE LToRER, ISR B
BEHNDET LD, 2 HEZIZIEKH 1 megS L Ofifk
KFZRH LT,

4. EE

FI L7k 28K L, AR A E & L 72 /5 2R,
0.2 mg L' OFRRSE Z MM Lz, 2D &b, ¥
HOHBITHEARECL b EEZOND, &5
2, FUEEHFR N OHEAEBRH L, LoTZ
OEARRREE Y, R CHRAE Lk R 1L
NTAERLIZEBZ bILD, WL, KOKZHME
ZOHNZ LR, RENOMBENEHE S D720,
—RENTHRKUL LGRS 525, LinL, &
B E#E LT BATE, KEOERAEITL, —kF
MBI REZ 2L Tt B2 65, K
WX, WKLY b RIREOHEEA 4 B FET D
728, KEBELDSEITT D EHALKBENERT D,
BENEROMEZ LS L, D)2 A THAILKEN
R ENTZZ LD, KENEIT 2 & ARERE D
SURIZEITT 2 Z E RN o Tz, WUb/KFIZEMIZ
%L CHRmIEEZ R T Z &S, FibKEZ RS TR
EXETIERLRY, LER-ST, 76 Exo72K
BEEIT 570 E, RERKEDORNIRNPLETH D,

IKREEDFTH LS o Te bk 7

Fig. 1



O-A21

REERM - KEEBETICXSEBERRREDOEIL :

ARERBRT—IILERAV-REER

FRARAE BB (EERATE « WS ARIERNN0 . SO (EEROT - M) . HREE] (EERUF - i) |
MRE— RS (EBROT - HusksEis) . I (EBRAT - AR . MRS (ERF - SRS
WO AR (EBRAT - SRS . SRR (EBRAT - WSS . A (ER - E%%

EEREEE0)

1. [FLHIC

EWDITE T, U U EORBHARMPRELS 2D L,
KENET 2FEAEOER] 20D EESME ST
LB DIRNR] IZZR 7 F T2 (LY—AT T )
ZERHLNTWD, EREMLIZIE TR, RO
KRG (T A=) CEBOAMFE LR OND,

HVITE 2 7 REEA~ R 7201213, RER AR O
HIDSLECTH L, LY—Lv 7 MR -AmEX
DHIBIELS THMERSHD, L, TNETLE
VI B OB B A FREEFIICIH S 3 2 & 138 LW
ANEL . FRICIEF IR OEER S0 5, BIOEE
LT KRR T REZEZ b, KLEKTFESESHZ LT,
KEENFHAET D, (ERIENENT S, K877
7 MUPHBLT S Z ERMEIRTWAZ &b, £
EN L7 BRI L > TKERSET S MR H
Do Filo, KENEL 72D 2 LT, KIS OSEEE
WEDD Z & TIEEOAMFRE N UGE S D ATRENE
LD, TZHOMSLARMIZIBNT, 22W0IE D RBRITKED
WEN R ONIZFINHRE SN TNDIR, EOLH77
TARA N =X LN TH D, EORE (B
MBS BHAIICS) OARAMAR TFIZ L > TKERUES N
D00, KNLDOIK FIZ L > TROZENEZ D00, 4
BEREPRICHRE OO HRITZ Ly,

ARFFETIEL, AKOAR FIC X 2 K8 OB EEFRER T O U
WHEE L, RBSERR V — VAR KB 2 R 4E S8, K
RLEAR T S DIANEREIT o7, KEEIRIM, AKRAAK
TS 2 JEE O AT IR R IR D2 Z 55/ B 5 2
T 5728, v —%HWTEEE T8I 21T o7,

2. MHEHE

2020 4, [ESZEREENFIEITER 2 IR SEBR R (2 8 D K
HUFER 7 —/L (10m X 30m X /K%K 2.6m) 1 [ % FWT
BEREBREZIT o7~ BN D 50cm. EEDS 50cm [ZIE
FER R 1 7 — (Onset £ HOBO U26) Zi%E L T, 5

yTEIE CIATFIARIRE L AKIRZBIHI L7, /-, ‘FAD
e AT, KRR FERBIREDSHE T 7 7 A Vb %
HHEKE® ¥ — (YSI £k Pro-DSS) #lE L7z,

6 H 8 HICHEBRZBIAL.6 H23 HAvH 8 H 11 H DR,
EREH, DEOEFRLEV CERNL, BRFBLEES
BEE T2, TO%, SH 11 A9 A2 AET, f#
i 40~50cm § D KNL % BEFERIAR T S ¥ 72,

3. BRLER

RERHRIMZ LIV, AKFD TP« TN JEE TR 4 E5H
L7z, REEFMEZIZICDTOLH 1 » A%D 7 H 20
ARG D, REKIEO EAPBEE L7220 KL EE
TKEENROND L D72 oT=, FHITEW, £ET
Wi~ 2 7 s v OIERIT &0 BRI O
MBIz, —J7, JEJE TIL, Bk & T RIC L0 |
R FBREMET L, ZOME, 2mgl/L % FRIZE
Fe KIS S CHIBLT 2 K o 1o 72,

Z D%, KN OHPEKRT DI CTRNAK FOERIEZIT -
720 BAID 50cm DOIKNAK T, 1 B H] TEE O &R K
BRITARE S, RIBOWAFIEFRIRE L RRE L o7,
KO FES S, EKEOKENSWRIC EH L, ®EL
DKBENHE > ThoTe, ZD%, KEIZH LI
KEK (BELEEICEHT) PYPFIEE~BEIL, K
J@KERET DB Oz, LEDOZ Mt KL
KTFIZL - T, KBOELZI L TERE & EEORA M
0, EKEOABFAKANPHEE L EZZ DN,

OEDRAKMAETIZ L > TH, WHBREDE(L L - T,
JEC o DB S S FLHR IR0 00 S L S AL D AT RETE A R
e X7z, BUROWAEHE T, KEXED HHTKRAL
ZELLS TS LI LW, D FARKAAE TIC &
S TKELBEC OBV D ARSI S NS, 4K, &
572 % FERR LI T OEBERNT — 2 L OMEEEAT
ITETHD,

96



0O-A22

ETHM. CRZH. REB=ZHEHRELE
KB REACEE & RKBREICET 2 RERX O

1. [FL®IZ

WMEORERFEIT, &REBIL, KUEEBEN L
IMARIEER DALIZ X 0 BEL L, AT
ME7poTnD, —HEREBUNETTSE, X
BRMAZHIRL TH, BRI EN TOREE
IZEHE Le B © 2 < & ORI LB IR
EFRNCHETH D, KBREZEENITHENTT 5
T, BOKIB R LI (AHM: aerial hypolimnetic
mineralization rate) (ZEERNXT A —ZTh D,
AHM 1Z. (1) JEE H kD S b S E DRl
(Frea). (2) ILBEHHER D53fE (Fom), DWIHE 25 I
BINZES L FHEROHEEIIRHEN I DRIV,
Frea O EME 72 HEE IFANER SR L. DI W BLG: 2 5
T5 L TEETHD,

—J57C. AHM DOBUHIZE K A LLlavE S8
TOHRRETNVOMELEA TV D, B 2T,
ETH-EAWAG D F— L2 kB A A ZEND 1117
DOFREFER., AHM OB TGFEKE O LR I
(Zu) TIFEAERTHPARELE STV D (Muller
etal. 2012), ZDOET /MFIHMCIGHMERE L B2
FHEWEEZTM T2 ETHLREHNTHLH D, L
ML, KRS RS S 70 2 IR FHE ~ 0 S H
PEIFRRGE S AU TW RV, HAROBEEDIHIVEIZ DU
TOEMEAZ Zhi 3 X, Ye7 voisHrEE
CECE 5, AFETIL, HAKRICKIT HHE
B R HUEIAE % %52 A % 920 L . EAWAG £
TNADIGAMEEZFM T L2 HNE L,

2. MHEARE

2020 4 8 ACEBROBFFIME LR =il
(BT, HFREA . AIRHST) . @ R o s il ds &
OVERERAWIARE (G2, /NPT, Bocill) Tk
Jeds L OBREER DR 2 Bl L7, £ 72, 2021
3 H, 6 A, 8 AIZITE LRIAZBIRAIZINZ,
=R =10 & A BRIVE B CEROKER A & Ak L 7=,
BRI, BIE O RIR F 72132 TR WRE %
HEOME U CRE L, GPS Tt il®ZE L=
B, BEHAHAe -2l CREEZRE LT,
FARE DKITN F—BAKEIC IV ER LT,
JEJRIE, =7 < N — VRS TERIUE, 2 BN
(2o Ly BELS 0 REIBRAK AR L 72, KT OETT
WesRi3 Y v 7 7 —ElE, METFEIREITL ICP
E&5HTEF (Agilent7700cx, Agilent Technology,
Japan) To#T L7, 17 P IFEIE, reaction cell %

97

RAEW, AKEEE GRAUR - BiEd)

7= ICP-MS/MS ¥EIC & 0 ofr Lz, @i
Agilent8800 (Agilent Technology, Japan) % Fu>, [&
FEOGET— FIZX Y m/z=47 C'P'OY) Z#H L7z,
ARFETOEERIT, 05ug/L ThoTz,

3. HERLEBE

SEATARGEIC 31T D BRI E T Mo, 83
DOKBT —#b Zn B Lz, £/2, BHEbT-
D GEKERESEHE L (aerial hypolimnetic oxygen
demand : (AHOD)) %, EAFRIREOFHILLT —H
EIICHEM U, ZORES, BB (TP <
2 ug/L) ZBRIMT U, Zn & AHOD ORIZ — %k
THCEUTRE AR FRBARIR S FE O BTz, Z DRIFRIL,
AA ADWGE T IV — T INBIHIOWIE CEH L 72
R EFLLL T2, — 5T, Zu-AHOD 2> LHEE X
N5 B AC BRI\ C K DR ETEE (Frea) D
B, 0.1 g0o/m?day ' FREETH D | A A X TOHSE
il (0.35 gO2/m2day!) & b U CTIRMETd - 72, [#]
BRAKHT 2y HHEE L7- Mn & Fe OERMKIC X HILE
A7 R LRI, WIVERI CEENIH D DD, Frea
2T D FHGIIREH TH -T2, ABFFETIX, Frea
KT AR RT VE=T DEEEZEE L TW
RN, AA ATOWFGEHITILZ IS DFENRK
TN ENERHIN TS,

AlafE S -k A AV C, UERMGHE NS
DK E R FREE N EHEET D & BRI
(CHFERD U, B Za IR EWIE E /N EL
2%, Zn IS CTRUDVEEIZRE S BT 537 A
— XTI R B OER ) TH Y, =W
BTIXRAOEEETZOMENE(LT 5 L THRIN
bo NT A—F hgmit LTRSS, R =i
AR =T LT 8 AV NS W EHEE S8,
Z UL RO SRR 72 JBGR 53 A s D O T & A
BTHoT=,

AAFZEIZ L0 . H A AR OTRK & ik 35 1H 2w
FELZ DALFHEREIZ DWW T, (1) AKEICES S IR
KEDWEATEEREOBMENFENTHHZ L. (2)
ZOET VO T HE O R EIRRE (P > 2
pg/L) ([ZHIHI Z3 D Z & | (3) Frea D A7 50 EEHE
BRI O JE A T M ZE S & 1 BERIFE B 23 1
WHETHDLZ L. DRSS TE, A%, BT 5
WHBEONY == 3 U EELT L EBIT, EED)
O ORTTHEYE OFHIEE 23 2 & ¢, BN
WIVE DY EEBRRIFZE D SR B2 121 L7,


Y. Senga


O-A23

1. [FLE®HIC

AKHEIE, ABHNCER S IR HERER Th D23,

JER B IRBHIC AR L CWaKREEMIZ L > TH

SRR B, BhEM L U CHBE L T D, &
DIERE 72 BABH G LAVE TlE, k& 72 ¥ A 7 OKHEN
Ronsd, BERTIE, BRI 5 A OF4EZ
b0 6 H oM@ ofth, HAEE LTS H
EOMMZRTE CEEHEET S BIEKHLRS

o, HEAKTOAEMBEEIT, AIEL D KHEOBEK
R & D HRE T NP IR D EHEXD

b, Lo, HIEZRHIRHE, ZBIEL Vo7
T EAR Y, EHEAKS OKEBREEIC L TED
X5 REELE RFET IOV TIIARH R SR L,
AWFZE T, B ERNOR—#ikics\ T, Bz
et (4 AR~5 AfEZ) . HiEHHE: (6 AMEZ) .
KFZETBE (6 AL OKEIZT, HEAH
DIRAEEREEE 2 i L7z,

2. MHEARE

B ERMAETANO 2 g (ELA., fliE) 2B
T, HEZ R 3 X OMm R R O R 5651 20 £
DKBIZBWTHREEIT- 72, KEBOELEIZIE
Imm A v 2D H%E VY, 50cm XEDES| &
%20 [BfT o7z, KRR O (= VahAdES
R a U%) 2oV TIE, B TREFE &R AT
VN, BHOVKHEICH LT, RSN/ NID EIZ >
WTIEEREICROIRY . HEE LB E1To 7,
BEBEIZOWTUIEREO ARG L, =2 RS
HIZOW IR L~V E T, 2RO EYIZS
WTCIEAREZRIR D FEE 72138 L~ UL & CRE L7z,
AKHENOBRRZEK & LT, Kk, pH, EXEEE,
KREZRE LT, FAIEL, 2020 436 LU 2021 4F 0D
SAMNG 7 AT T, FAKHOBEZ N HER L
T2 MM%, 4 8%, T+ LERTD 5~6 #H# O
33 [\ oS LT,

K HECRABMW) OREEMEIE 2 i T 5728,
Bray-Curtis f§%% % H\»"C PERMANOVA (Z L % &>
DIREEAT T, Tod., BHEMIEMRIT OO DT —
2%, FAKHE3EISORET —F %7 — L LIEbD

98

AHE A - BERRSKBOKESYHRICRITTEE

8 A (WMERRERTEEEEE X —)

Az,
IRAEENRESE D B Rl T do D R MEK AR
BB OERS & SBEIEEICER L, KHENOBRE
UK. pH, BXUEE) ., 4Y (=2 U B ELY)
W EBBEOMEE (FAXHE)) . B 6 Ot
i HEE A & L — AR ST VT
X0 gt Uiz,

3. BRLER

TAAEMIM 28 U T, AFt 55 ERE O KAEB N
PR S 72, PERMANOVA (2 X B iRt OFE5H. 7k H
DA T (p<0.001) 35 L OHUKRH (p<0.01) TH
BRENRD LN, =k T~HT vt~ T
NOBEFTNTNOKBIZEW T HiER Sz, —
¥, b a v~ HTuiAE, RO
KT OHEREE STz, AT OZFERHYI T ERIC
IL4~7 AL SN TWaos, sk CclE s AICH
T X AT 5 FAE 2 s O 7K H & BRI T & LR
HALTWkEBLoNnD5,

FAl % ¥ L OB O KH Tl 1 [BloOFH#E
THRESNTZ2R Y DB OMEEEIT, HKT 642
EARTE > 7223 10~200 ERFEEE DIGE Lo T,
TEREKETEONIZZ A Y AT, 509~2756
fER & B2 OB ABIC L > TRESEH L
b0, BRI TEVKETOLEEH TH
olz, WEME R OGRS X O ERR oI E%E
HAEHOMNCT D72, —BALRIBIREET VT X
DRI ZAToT2E 2A, W bEIEY (=2 U 7D
Bohh L AEH) OBEBENRZVTE, WRMER R
OEAREL, DFEREEN & BT 2 2N RD 5
iz (WL p<0.001), —FAFAKHTIEZ, ZDIX
FERICRBE S LRIC T ZiATelod, REEN LHEFT
RESIND Z & T, R Y LRSI AT RE AR EE
FRBEM L= B2 oD, TOREMMNRLAY
AR L 22 2 LT, REEHZ B TEY L
PO RBERNLET HRNEMERE R ETH AT
Wh EHEE IS,



	My Bookmarks
	9月21日，A会場，一般講演
	9月21日，B会場，課題講演「火山山麓河川の陸水環境」
	9月21日，B会場，一般講演
	9月22日，A会場，一般講演




