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On the importance of habitat continuity for riverine ecosystems and related
restoration measures

X B Hiroshi Hakoyama
Institute of Freshwater Biology, Nagano Univ.

2 OF:

(Background/Issues)

Riverine ecosystems are continuously linked by the migration and dispersal of their
component species that occur at various temporal and spatial scales. For example,
freshwater organisms such as fish use different habitats (mainstem, tributaries,
channels, etc.) at various stages of their life history, and habitat connectivity plays an
important role in the persistence of their populations. Disturbance by large-scale runoff
and physical habitat fragmentation by river structures such as dams and weirs can
make it difficult for freshwater organisms to move and disperse, and can significantly
affect population dynamics, community structure, and the functioning of riverine
ecosystems. Against the backdrop of the recent increase in river disasters, multinatural
river management requires improved river ecological engineering techniques in river
continuity preservation, flood control functions, and water use.

(Research Objective.)

To clarify the effects of disturbances and riverine structures in riverine ecosystems on
habitat connectivity, as well as on the health and persistence of populations and
communities. We will clarify the importance of habitat connectivity in rivers by (1)
understanding the basic structure of meta-populations consisting of multiple habitats
in aquatic systems and their response to disturbance, (2) understanding communities
within habitats from surveys, and (3) incorporating these into meta-population models.
Furthermore, (4) apply the development of fish migration monitoring techniques to
these studies, and (5) make recommendations for the rehabilitation of fishways and
weirs in the Shinano River system.

(Summary of general research and expected results)

Using the Chikuma and Shinano River systems and the main stream, tributaries, and
irrigation channels in Ueda City as main fields, we will understand the habitat
continuity of freshwater organisms such as fish, and clarify the effects of river
disturbance and riverine structures caused by runoff on that continuity, as well as the
structure and persistence of metapopulations, community structure, and interactions
among organisms. Water quality and other environmental factors that affect the
distribution of organisms will also be measured to assess their effects on organisms. In
addition, to understand the movement of freshwater organisms, new technology will be
developed related to video monitoring equipment for the movement of different fish
species. Finally, using the data from this research project and existing data, a model of
watershed fragmentation will be constructed to evaluate the scale at which fish
migration needs to be ensured as a system for the entire watershed, and
recommendations for the expansion and maintenance of fish passage, etc. will be
compiled.

(Reflection of research results in river development and management)

Based on the basin-wide assessment of habitat fragmentation caused by dams and weirs,
recommendations for the expansion and maintenance of fish passageways, etc. can be
made to consider the direction of river maintenance that takes into account the
restoration and conservation of the river ecosystem. In addition, if video monitoring of
the migration of individual fish species at dams, etc. can be realized, a better
understanding of the relationship between habitat continuity and structures can be
gained, and multinatural river management can be expected to be improved. The
feasibility of interdisciplinary research utilizing the backgrounds of the collaborators
in mathematical modeling, genome analysis, fieldwork, and river engineering is high,
and will provide a new rational perspective on river maintenance and management.
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R E W E#A7T*, Leanne Faulks, Alessandra Cera. #lU 1f
T8RS RAKEY AT

%O

TN T 2 ORI TR AR EMIC L > TRELSIESND, TH)IHF
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FFEFAECIHIFORA=aF ) 4 RREERBEIZOWTHHRN, x4 =a3F/
A RARBEIIIFHEEDIITEE L SNITFELKEBE L TWHEETH I, HEMTH
LIKERBRT T 07 Moz LTEREAORBICONWTREINLTWS, EFETYH
A[EH) L el U C IR E N S VMEMIC S D8, IR L A OBMRICOWTEELLS A
NREFVTWRN, Ak Es T O E Mk 12 CHA L7885 DNA S4ric X A faliE & x
F=aF ) A4 RZREEICONWTOREELZRET 5,

Sampling sites and dams in Chikuma-Shinano River

38.0°N- Dam
9: Suimon
8: Nigataoozeki

7: Kanbaraoozeki
6: Ookouzukadouseki
5: Myogenzeki

Sampling sites

30: Main_15

29: Nakanokuchigawa
28: Kamogawa

27: Main_14

26: |karashigawa

4: Miyanaka 25: Kariyatagawa

37.5°N - 3: Nishiootaki 24: Main_13
2: Nishiura 23: Shibumigawa

1: Uminokuchi 22: Main_12

21: Uonogawa

20: Main_11

19: Main_10

18: Kiyotsugawa
17: Nakatsugawa
16: Main_09

15: Main_08

14: Yomasegawa
13: Main_07

12: Ayukawa

11: Saigawa_02
10: Saigawa_01
09: Main_06

08: Kangawa
07: Main_05

06: Yodagawa
05: Main_04

04: Yukawa

37.0°N-

Lat

36.5°N -

03: Main_03
02: Main_02

36.0°N - 01: Main_01

137'5°E 138.0°E 138.5°E 139.0°E 139.5°E 140.0°E
Long
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Alocal scale metabolic assessment of epilithic biofilm from the Chikuma River
and tributaries

H x H: Cera Alessandra et alii
Institute of Freshwater Biology, Nagano University, 1088
Komaki, 386-0031, Japan

2§ : Microorganisms play a key role in ecosystems as they drive the major
biogeochemical processes of our planet. In rivers, most microbial biomass is contained
in biofilms, which are mixed communities of algae, bacteria, protozoa, and
meiobenthos within a self-produced polysaccharidic matrix. This study examines the
spatial variability of metabolic functionality of freshwater epilithic biofilm and the
effects of environmental parameters as explanatory variables (i.e., temperature, pH,
conductivity, dissolved oxygen, chemical oxygen demand, nitrates, nitrites,
ammonium, phosphates).

Seventeen sites were sampled from the river Chikuma and tributaries in Ueda city
catchment (Nagano Prefecture) to include different land use and stream orders. In
each site, 6 cobbles were sampled only from runs, to increase standardization. The
metabolic potential of biofilm was examined by Biolog® EcoPlates™. The EcoPlate is
a 96-wells plate containing carbon substrates (and blanks) which allows to profile the
microbial community by measuring the carbon substrate catabolism through
absorbance values. During the test, EcoPlates were incubated at standard
temperature (20° C) and measured once a day for 7 consecutive days. Environmental
parameters were measures by multi-parametric probes and by chemical analysis of
water samples. Statistical analyses used RStudio: packages “nlme” and “vegan”.
Analysis by linear mixed-effect modelling of the dataset (N. data points=22'848)
shows a significant fixed effect (/) of time of measurements, sampling site and
interaction between site and substrate on catabolism (p<0.0001). Random effects (5)
are also significant (p<0.0001). The model expression is the following: yix = 8¢ + (Y
+ bk + bii) t + (B2 + bi + bri ) 2 + B%; + BY;i + eijs where yiir: absorbance (metabolic
activity); ¢: time of measurements (24, 48, 72, 96, 120, 144, 168 hours); 1 : substrates
(N =32); j: sites (N =17); k: replicate on plate (N = 3). Including land use and stream
order to the model did not significantly improve it. Among the environmental
parameters, the model including river temperature and pH as explanatory variables
of absorbance is significant (tb-RDA, p < 0.05). The change in riverine water pH
(meantstandard deviation: 7.6+0.3) and temperature (19.0+1.6) explains 56% of
variance in the utilisation of carbon substrates by sampling site.

pH directly affects microbial communities’

composition and metabolism; however, in Laoen
rivers the pH values can be modified by Stte
several parameters (e.g., catchment geology,
hydrology), so it can be a synthetic parameter
informing on the river spatial structure
affecting microbial communities. Different

cH2

A CH3

RDA2

temperatures also affect microbial

communities; in this study, it is shown that ° =
these effects are retained after biofilm is put &

at standard temperature during EcoPlate test. - pH

- Temperature

In conclusion, the potential metabolism of T ‘ ‘ | |
riverine biofilm varies in different sites of - - ° ! :
Ueda city catchment in response to water pH
and temperature, and the variation is different according to type of carbon substrate.

RDA1
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FHECHEEAR AL S v PR S, KESRLR & am
FAB TR & KA R SR, 22 )=k D] e
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JINIHEE ChH -7, T, BWKEICR LT KEIT SN TIER o7,

4, BER

K OBBEAHORH E LT, IEEFIRGFRED S X L R X 5 & HBLAREO MRS Z S
HD, ZHAUTHEKEIC T BICTE KA i TR D/ SUNA R & K E DR D
72 5 1B KM D BREE O AL DG NS B F TO N AR 72 s it K EE O EL 2N D 72 )
STl DI )N BN E CLREMICRENMER SN TE 2o Th D L ibi b,
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1. [ ZL®IZ
PR RIE, Ak 29 45 7 A TWNAEHZERNIC & 0 S RAEZZ T 2. RBBGEE
(K DARERA~ DB, KFEROERROBIEIERZHGNIT 52 &iF, FEINZT
TR MDOFIUZ I HNIEHRB LOVERBRREICAHTOHLLEXALND. Lo T
ABFFETIE, RNV TREZ HRIZ, BREEDNA E&EA X N\—a—7 ¢ 7 &
TRBUESEER (20174) & 2444% (2019 ) DOATIRILO ik 2 A7 72

2. A HIE
FENKRD DG, WML ZR TOHEDRREZ -7 9 AU (LR HIE)I)

19 R L, SHRX E LTHED/INS o726 I (BLFxFHRIXSIN) 15 #is, £ 1L TH
U T OHAE)IAR) 20 HUSOFF 54 Hii 2 X502, 2019411 H 10 HBL W11 HO
2 HMTEE/XK 1L OFKEBZ2o7-. £RIL7ZKY 7%, i, DNA OfH 4,
B A X N—a—T 4 71k (gMiFish, Ushioet al. 2018) # HWi=otra ks Z 72~ 7=,
I BT, \BLNTRERE IS, gIEHSII, $HRRIXS)IE ORI T, 2017 4 & 2019
FEDOLERFEDOFER R L OBEEE DNA B IC ST, Stee-Dwass 5% HVW /- L H LR E
B oT.

3. FEREEBLE

2019 FEOHKH ], XX I)NE X ORI OFEEIZE B L2hE, TIREN xR
X (18 F), AJI (11 ff), M) (7 FE) ONEE 7225 Z &% 2017 4 & FIELT
HoT=, 201TEL TRV FEZETIAONRN-T=. £7-, BREEDNAREIZERL
%, FEFRA B EIIA D> T2 b OO, HHRAERHRIX )| (8444 copies/L),
W31 (3955 copies/L), AJIl (1666 copies/L) DAL 720, WS 23A) 1% 1
[Al> Tz, FE7e, #ERHEI, RS, A)ofEEE L OB DNA BE % 2017
L 2019 F T U725 R, 2019 FF O3 BRIX 3 D BRHE DNA RS, 2017 ARk~
THEBIENZ ENRHLNI R ST, ZHHOFRERNS, M I W CAREO LY
BRI/ N FLEE 7272100 Tl <, 2017 EOKEEHIT, *RRX )N HFaEE O REHE
B UTHREL TV A RN RS-,
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T < OIS B IS L OEERRBCEMTHS L ELBNS, £oT
ARBFIE T, S8 B CREA HRIC, 35T DNA E B A 48 —3—F 1 L 7 % i1
TREMESE IS (20174F) & 2 4% (2019 4F) O&MOBE DNA #E (ko
1) ORIEEW LM B L ERBT

2. HEHIE
2017 025 2019 FAZHNT TEREE DNA JREESHMN L Th =)l ChaFJH, =
JIL, B, RAEJI, &)1, AEAJI, /NERJI, BREJI) &, 2017 205 2019 F2T T
BrBE DNA JEE B/ LTIl (ER, KA, BRI, S, LB £hn
ZRIZBWT, KRAED 2017 0B8R DNA BE L, 2019 F£0O5E DNA BE 4,
Mann-Whitney @ U &% W Tk L 7.

3. fEdLEL

2017 E 5 2019 FEITHT TEREE DNA BRI L W =wINcsnwTix, -~
R, AV RVIE, BULY, ZhoTY, h~Ih, 7O DNA BENEEIZHM
LTEY, 4407 0REE DNA BEIZEIMER ALz, 2017 425 2019 420
FCEREE DNA BBENED L Cni=iilicBnwCix, Fra, avy /RVE, aAf, 77
&, WRb T, =R ANTEFI, YA, S, A ERa, UL, AXY T,
H= I DOERE DNARBESGREICEAD LTEY, BT, 777987, 24 HU, hYU
b A OBEEE DNA JREICBAMEMA R Sz, 2 b OfERN G, Bi5E DNA JRE A HY
ML TWRINZEB W T, EISWIIEOREOAENEI L, B DNA B
L7 CIE, SRR 2RI AT 2 AIEO A E DS LT ATReMED /R S 7.
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1 HRKRKFREFRIZRMER 2 BERMEKRZRKE
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1. [T HIZ

BEREDZ < OFIIITIE, KEetF Aoz, FNE, AR,
ANEHEBY O EOERDES L O tEhie 22k S8, fERE LT
BEREILFICEIL LSS T\ 5. BEENFFE T, WERELZHET -0 —
OOFEE LT, BEMEOHSRIZEREZY T TWDLHORZW. LL, I
L EDOVERREZE L= BEGR 2 SICm E 3, B TR Lo R
FEHRR BB IZ 31T DILEREZAL D RFE 2 FEIC ARG T A PRI AR+ Th 5.

2. BHWY

FFEP)I TR 31T DB RER L ORI B R D2 b %, KK IR D
HEHLTHOLNITAZ EH2HE LTWD. FFE)IBOKEEIE, W HE2D 18km
DU W TUIKITE DKo BRI T2 2 & 2 BRY & L, 1965 F1C
SERLTWADN, ZO/RELE LT, NINGEDOK « LRPEIEE T ALK O % Fi%
THRIIZZE L, ZIUTINE L TILEREECR BRI EMMIZZ(EL 01D b
DEZEZXBLND. £ T, ZOHIREMEIZHT 2 LWEhe & hERk & O REf%
WZOWTHT 52 L & L.

3. ATk

FT, FFE)IBOK B ERR AT S BIE £ TO 60 M4 X512, EAZ@E OB
AR 2 W TINEE R L O R 28R L7z, [FIRFS, bfins| X 2 e
TERDZEALD A T = X LA PRS D728, —IRITIIR R BN BUEMAT 2 92k L 7.

4. FEATRG R

MW D3 HT OFRER, K 73 YRR B 00 A HIRTSE () 1 E O i /NS0T Al D
RTERABH, RSWTERENER SN TS ZERbhoTc. Ele—RoT
RSB EAEIFATIC &L > T, FEERDOHEWTTZIRCIT IR B O RLEE LK 0D 2811 2 PR3
T LD, FHROERFMTH D Lifthwn b Ok EZ DR L, Fi
JUBE DFE 2 BB O FEMIE L D b/ NS FTDLERDH D Z L hbhroTe. Z
DFERING, BUKBE OB O LA A RO BCICH S L LY — D%k
b &, POKFEDRD OWEIZ LD REIRERERZE(LO 7 1 2 2 HEE LTz,

5. ki

AMFZETIL, FFE)I BRI I1T DUKIROFEEZ F.0IZ, 2 60 [ O]
HEREWTHIEZ LD FEIE L F DA N ALCONWTEREZB o=, AHEELN
ToRN LT, 22 E U T2 SR TE OFRNT s 5135 B v WR I 2 TE T RE 28 L A& B
T HBRICE R T REHEBERFHZRETLHHOTHY, SHBONFERIRF) -
TREBEO IO DR R IERZRUIETL2HDOTH D,
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FENRBRICE T HHRK - TR T S5 v I XY HKRE

X B 5 BEZ
() TN—T—REF2Y T+, BEXEEELE

%O

BRI & A ReR & DOBIfR, £70, FEIIEOKEOREOFBEELH LN T 5720,
FFEF ) piedak 2 kE ST MR K & HL R 7K O A AL % AT 7T BE 72 HydroGeoSphere 12 X % 3
POCHERET ) > VAR ED TE TV D, RN & ARER OBRIZIE, R b IR, &
76 B OWEIRWKER] » 22 A 7r— VORI T S, HiERK, HTFKOKEEK
g, LWHEREY), MAEME O R EER 7 0 ARG Sivd, EDTD, kAT
— L OIAK & T RO (Hyporheic Zone, HZ) (23T 535 & % O Ml v R
DOEfiF MDD LIS, WEOWMEILNED LS ARG E LTHE L TEz
REMEN S 2 0 EERETT D 1O OB T — % O A b 2R ATV 5,

ARFTIL, TR A — L KON A 7 — L DGR D 87 5 — o DEF IV Z{ERK
LT&ETWD, Ji[IE AR — v DFT ML, FFEIN KB IREJE D & Fdk A r— D5
AN L, EmATO HZ —H O =Rc A v a2k L7=b DO TH S, VT
b, WHERWIZ A v > 2B EIC L, BUKEEDIRSJED QR R IL, KK DR
Wl BT — & & kB ofizE L —FRET — X 2B bE THICER L, iEA
= VBT VDO BEEY A R THITE AL ST 2 sk 2m & Lz,

B 1%, 2019410 A 12 HICEMEFEEEIC EELZAR 19 5 (GFcHF R H AR
A, Hagibis) OFBFERMERTH Y, [FH 14:00 BEHOKZE, Fik 25185 ) K OH
MCHEL7ZbDTH D, BUKEEIZ L > TKEITH 0.5~0.8m J L, JiedsiZiok o
b FURAICEMRICE Y | RO BN L7 R STV A, TiLbDE
BRAE O L HIERK - I N KA T T 7 A ERERINE & OREME 2 L T <,
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FEINKRZROKERRIZETEEKRR - IHRETOBI OB TE
BIGEE, AR < Source-Sink MDEFR M

R x H: AHEHE, MThigEl BEABEX EHER?
"EARIE TS - AR, 2EMKE - BER,
SEARMIEF - BREEMELE VS —

%O

AN ESINOEEHIZ K - TR S 7LD KRIE, &SN OPiedsk % Sfe 12 3R] 2382
fed o Z LA R E < 2 2 2B EMIE 2 © 2, IRt O 1 E TOREE 2
REKIBEDBREL R DIZTERRARLRE L 2D | REOZERME (BEMW) &£ 5, [
CHIEDKFZR T > TH, ZOHIBRIZIRIC L - TEREDOZERMES B2 v | F 7R
DOHEREE LR D SRR E S ET 5, 2 9 LIZKRNOWIERE DO ZERMEIT, K

WZAEBRTH2AEMFEREOZEMEICOIRBEDLS EE X BND,

AW TR SR & T DIFE)IARIT, FEFHOREUE ARG & L, FiRILECE il
BENDLOI)N ST 5 2 D, B ZEREICE T, 72, A OHET
HHMH 100 7 b OFEAKPEKT DA HERE L T O . KRNIZEBITH8RED
FEMESBIER, 2 9 LIoKRNOBRE D ZARMECEEMEIL, HKREORES —FE T2
7B AlEEM A M, —FrR Y 7 o — U7 i) Z4&AHL, 29 L7 72—
T CHEEFESTHEHINER & 72> TOKRNOERBERORIEICH 5T 57 L8, KRAD
source—sink BfRMEIZIES < THoKIZRFT ALYV = 2 ) BRI L BN S

AMWFGETIE, BB AKR & IR HE % T7J<$E':E*E@HQT%L%@W@@?W?%L
BSHEN ED X ) RRBUTH D D2 ) IZER 3
T 5, KR TKRWNICRIRIIZ AR B3 D KA B i
. KBENORNN—FZINDORy NT—T & ED L
IHFIHLTWD D02 J ITEREZY T, Biaf~
— 7 — %ﬂﬂ‘tLE%Lﬁﬁﬁ F0. RN—3)
DKFZA Y MU —27 2B DB IEIO Ttk
OTRE A G 5 Z D KRN D source—sink
BAfRME AR < 2 & 2k Tz,

BARMIZIE, KBNIZIEEIZAERT D KAERR
v sy AU ~NvE 7 T Stenopsyche
marmorata % Xf8\Z FFEF)IAIN . SN O HE)
I, KRG, I, E=TE)I KEJIETO
BaEEL RRF L, Bl F~v—A—& LT
X, NSRRI T W ha s R T
DNA (mtDNA) COI fH#i&kicinz., 7/ L7 A K
7o —HEHLAL (SNPs) Z# REIZHRH - T3 THE o
Toh 5D GRAS-DiiEZ AW, Z OFEHR. FFE)IIK e & & .
ROEFFAHT ST TIx, IR E *
AU TWDZ EIRBENTZ, —FF, FEAKFITH LM H)ITiX, mtDNA COI fEIK DfiE
B T HIFE AP D SN LT R T m & A 7°>"th75:/?[/ (EED., 772U
A K73 SNPs fi#tT (9,201 SNPs (2 k5 ADMIXTURE &1, K=7) (2B T HIFE)IIA
JISA D) & 130 BR e D e EZ R LTz (FTX), EF?%@L’CK( 2 15°CREEEIC
ZEL, FHZE LIZ BN AIEETH DL Z L0 b, 7k7—ﬁ?ﬂ“@%§%’%?f£$ﬁ&*iiﬁrfﬁﬁéhf
WAHAEMTHLZ ERERLTHWDLO0E LR, 72, filIEHKOEEZ 13
TRV TEH D Z &b, HEOEMM OB & L Tidss< T, BkKRRZIX ) 7

—U T ELTHRE LTV . KREBIRDH A — U %52 1T 2B source HIBERERZ © 726
FhRE, AFEME L TEEREEZHS TWAAREELEZOND,
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FENORRECNBRAEZAEO—REELRYBICRIFTTEE

® x H: EHEH
IR K S IR EFED

%O

T Z 8 U CHE LA 2 Bl B SR O S G I . IR AERE R DA SR A RE R RE D
HEFFICHBE 2 RE 2 BT LD, T, )l LRI O WA RER OF AR % B
L. SKEIH & AR Y — B 2 OHEEF DO WS 25755 72 DI, i OFRREAITEE S 15
ARER DB A TN 2 MERH D, L LR 5, I ARER O E B & EEo
—RAE & OBURIZOWTI 723 ITE A Tnen,

i LB 2 R D FFER)INT, TR 8 DT L — RS AT H LA HE & KR
KILNBEN R AT D EE LD, BRI PRSI = BIEaiticn-> TEE
HIFAKEEANBEHLTBY, ELllBkEEZOND P, Si, VAREDI X T LNERE
FEIZEENTWD, 2D XA ERAICH T 2 BEIT, DRI O AW EPEIZ EE
RE R L CNWDEEZBND, T 2 TARMZETIL, FFEF) T K 5 B AT
A Z A U CBEVBIN RO 75 v 7 b U BEEE L BN T 9 5 A fh S I AT
&7 4=V RREIC X v il L 7=,

R ERAEAT ClX, @E 18 bl TBMSINTBED 7 una 7 4 v a BIE
(Chla) DOFFZERT — X ZBEE A XET /LY 3 DOFHLE Of, KR, EEH
JIIDWiE) TRlak U7z, fENTORER., FEAFII (& LI 260, 5781 o)1
BZ8{EA Chla OFFZEMIAENI K& 72852 IF L TR Y . HKEEOW )M 5 O Sk
KBERE ORI 7 Z > 7 N OBBEICEE THH Z LR LN E o7, S BT, FFE
JINA Oy A & PRI & 22 Mg E (250m 7Y v K) C© Chla OEEIGE 2 7ML= & 2
A AL DO BN LA =7 7L — 2 H30] [ 9 & BRIANE B At~ L L3 0 | i 77
YU MO E L IERIIC LRI D 2 ERH LN E Ao T,

BRTES CEREE LT-AEMREEED 16S B XY 18S 77U a UiEr TliE, WThozE
i - REICBWCHEESE (Chaetoceros spp.<° Skeletonema spp.) 7MESELTEY,
FFEF AT O A TR K » CGEIZN D ST oG IC K- TEBHEOIEEGAE (72
X UFU) BELHNTOZENRHLNE RoT-, EBIT, HEOOLIEBICEDLEMY
T MBI OREO RAFEIIREONY 77 7 AL > TH AL TWD D
& WL EFNLRGHT OFER N B BN E IR o T,

AW L0 . FFEFIKR CTIEE LILERO I 2 7 003 1)1 218 U TR ERIc £ < it
faaIn Ty, ELICSIHENIBRROBEREEZ FKRET MM T T 7 N OWEGEE
BEHL TWDZ ENH LN ETeoTo, Elo, BEA N MTEE D FRE DN & O SR IG G
XBEIVE O —IRAEFEDRFZE AN EZ KT L TWD I ELHLMNE o T2, EBIT,
BRRVE ORYIMIIEE O 7 7 7 N AZH KT D EBEMAEICKRT L TR Y, T
JINT & B — R A PE OSSR 1 200 T I X BARIVE ORI EIMMREE I E TREZ MFL V5D 2
ERBBMNE TR o T, AT, FFEF)I-BERE IR Rk Ottt 2 R 9 2 7o D IC B et
KL ESCHAKBEE 2 H2R L, TN E KT 5 720 OFFR KN BIEC HOKEE O 43 i fE
IZOWT, Btz ED TV E 720,
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FEINBKBEOICE TS - KMELIEFERMEORE

R A 1ERRIE—
AR RFIEER

%O

FREP)IIE, Fhi A B 5 TP I 2 At UBB B IS S — &I CTh 5. Z O Ttk T
I, BELIUnS O REOH T /AKPHH)Z2 EDOGEE U TEIT A 720, JE ki Xtk
IMESNTE 2, 2O, 1965 FITHFEFIIHKKEIBE I, B SR ER
CHOKE Z BT 2 2 & C, FFEJIRIO K EFITEM I D Lol 7-. LaL, Fok
B D ORIL 72 KIRALH KDY, oK O RO & 7- D 10E OB & ARRRICKE 72
WEELTELLTEREETHIEND.

AT, FFE) K B B O ERDWER O TS CTERIERE 217V, FRICBAa T L BR
HER D i BT 2 BSOS/ Y — 0 LERELEH LN LT, BiE
ALK FB N FEICRET 2WRCTERT IV 7 T HAFHEX XX LT AITHOWTHEFEA K
AT L AR D A I A PRl L7z

FPEP) 1 K OB OV B W, 201948 A - 12 A, 2020 48 A - 12 A,
20212 H -6 H -8H < 12H, 202243 H-6H -8H 12 H, 202344 H -7H -8
H 9 AICHIBREZ I L=, SRIEHAIE, St. 0-14 © 15 EHTHDH. FERITBW
T, &JE - KREAKOKE OKIR - ¥ - WHFBEIRE) &, HREYORLE - Bbi&CEN
ZRHAIL, =y 7~ "=V EHAWTEEST 13 BOREEZITo7-. #ELE
HREY NI EC 1lmm HOH CHE L, ZoilE 2 6IR 0, EBR=CEAEY %
L, EABIIE R ERE Z & A BRSO A G L7

ZORER, AKE2mEEED St. 0 2> HKE Tm LIED St 112 TRAR THEL 20,
ZHUCPENHERE ORE & AR T 2 “HBEFOREER b K& < B> Tz, KE 2m
PIERDOE R TIE, R I3 HBEOBNE L VR chH Y, 7H Vo oA A4 ED
TI|BEERRESI N, 2 LT, AKETm LIUROE S TIL, BAEMMA 25%< &1
B L MMM L, HREYOBRLEICENMD-100 mV LUT & IZEIT R BRERZ 5 72
B, FOFEFIZHL TV ITIXE A TIHAB -V I THA - XXX VLHA T A T2 ED
THREFERAEE 100 EA/mME UL EOBE THR I, 09, XX LVATAL LT R
ANFUE, TTIAL A RE O AERNRE SN TVDIN, VI AT T HA)|meEDS s 7
A ZEte=y a4 B TIILFAERAE O L AEICET 2GR A TRYZS
T, A% OMEETH) - BIRFRIRENT N LI & STz,

2T, EBEREAERFOIHGZMELIEE LT, FXZ LA ST THAD
(AN OIS 2 B A E T ML AW TR LI 2 A, £ X¥ LA OfEHEN
WITRAAEM N ESEE CBEINTZN, V7 7 A OfGERE CIIR AN S v
DIRAEAEMIBERINR T2, ZDT0, Y7 T HA OO NE TNt 4£ %
T AL F A B E IIAFE LW 2 E DRI S 7.

—7J7, DNA fEHTIC X DIFEZAEM O RIERM R TIE, LEMEREEADOFXZ LT O
Ik 2> 51X Gammaproteobacteria (A % U RLMIE 22 < &te) MNFEIE i, HLAMME
DG SN TN 7 Z 74 2 fEROMEFARE 2> & 13338 L T Lachnospiraceae (Bf5i:
B MDEE SN, Zofth, 27 7 5 A O O ITHRZE TS K E, eI
EARE S, UIXe AT A EOMMIE O I3 M RS EE R S
2. bL, Y27 I3 HA LU TX e AFTHABIALFERRME N ILAET 5706, il
JASMCHAET DR TSI E 2 O =R VX — 2G5 TV D AIEEMER H D53, fEE~
DA EHRG EORREME L PR SN2, & BICFEMZRRmR 2D T 5.
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