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Reconstruction of changes in the community for the past
100 years in Lake Akan using environmental DNA stored in
the sediment
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To elucidate changes in the communities of Lake Akan, Hokkaido, Japan, over the past 250 years, we
analyzed the population abundance of Marimo (moss ball) and Wakasagi (pond smelt) using DNA
preserved in lake sediments (sedDNA). Wakasagi sedDNA was found in sediments after 1930, when this
fish was artificially stocked in this lake. The copy number of Wakasagi sedDNA increased with the
eutrophication that started in the 1950s due to the increase in tourists. According to the analysis of Daphnia
sedDNA and microfossils, it was found that the sedDNA in the sediments was highly attenuated before
1950. Therefore, we corrected the copy number of Marimo sedDNA from the correction equation using
Daphnia sedDNA and microfossils. The historical changes in the copy number of Marimo sedDNA showed
that Marimo was 10 to 100 times more abundant before 1900 than today, but its abundance decreased
before 1950. This result confirmed that the decline of Marimo was caused by the influx of muddy water
associated with deforestation in the watershed and water level fluctuations caused by power generation

intake that occurred in the early 1900s, rather than eutrophication that occurred in this lake after 1950.
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HNVF T THLIMIENI) ERHET LT TR, EARADEEMTLH Y, FaSE 2 AT 58 4E
D 1>TH5 (Wakana etal. 2023). L2L, 20 AT EAILHEAROMLIRIC X 2 EKTAL, THAKDFEE
PRI PE 5 AR ZEME, 1930 SEARLDRICIHIAER R E LTOT AV FR o U A0 RIS h, S 5121
1950 FEAA HIZ U F 2 B ERFHREINCIZBDE 7 — 212085 MRS I X D BRI L7 (353 2008). BUfE, %4
KIBOBFMRIEIREND Z &R RS h, BEPUKBITDON R oz, S HITHIEET &2 Hl 2 T AGE R FH3E
ek, FIENRED 72O DR ) MAIHED SNTWDS, L L, B S TIRAKEORIBLZLHICIEE> Ty (4
#2017).

BIFEIERAE CTHICAR LIS AL B TH Y, ZOABROBEIIBOLERE L CoORRBFIHOz012
BAUNRTHL. LD X H1Z, FIEMNIIALIICKE LHFELEZ 2T CTE 2N, EWHESERA~O BN 258G
oA TRV. ZOMEHIE, BEOWENE DD THENT, KERINIH - 72 AWHEORNZEE T 2 S
Wiz ThHs. 59 FTORL, ABROREDZDIE, EWHELCERNOMENLETHL. BED
EENDOYIS RIFIUE, FRZFET I LIk T, EF LWREAELEMMICHET LI LEIANTETH 5.
COXH)BEFROD L, NEEHEIIMIENMERYZ AT L, HWREWICE N5 LHRA Y L EE MR B R O 5T,
LR FMARRIE W, SHICIXT T 7 b VBEERZ ORI OB 2L, Tk (B X 2i#lE 100 4)
V2% 2 BT IR DT E DI T - THRZ (HE2017). LA L, URRHOHFEZIKEL T, HILTE 50
X777 PUBEIIRON TV, Sk, RPHEOEHUNOFILNIIHFOLNTVE 0D, ) R
I &5 B4 RAY OEERZOEBALENOEFMFEHITIEE > T iwn

F T, AT, MEHERICEESR TS DNA E#RZANT A2 T, ZhECHEHILPHETH - 72
~ V) & (Aegagropila linnaci) X7 71 % (Hypomesus nipponensis) e EIET 7 7 VEYOBFEDOEBZFILT H I &
HBYE L7z, AW o i LBRBI I L 72 DNA % 3255 DNA LIER2DS, 2R 5I3KRMO AL 5T, R
Wb PAFE S5 (Sakata et al. 2020). 4512 DNA 5T X8R TAWBAE T 5 &, A X 55 % 2112w,
X o, EBRMEE L2 IEHERY (sediment) I2&H F NS5 DNA, 374D 5 sedDNA 252 LT, v ER
&, PEROEBEBICHETIIRETD - 7AW OBRE L ZELI OISR L RS, 72720, 20k
RO FE L, BRESLETH S, sedDNA & (T ¥ —H) 1I0H3h, BERFIISIHEL T2 H D
W0 sedDNA # k2L LTd, TNBEOEYEEZ KL TWD LIZEL RV, 2w LI, HifW
12i1E, IV 2o E0E LIS WA O EEDE 1T W S (Tsugeki et al. 2003, Ohtsuki et al. 2015). £
NS & Z DEYWH KD sedDNA # LT, sedDNA OBEREE AL 2 2 LR L 2B Atk wv
ZIT, RWFETIEI YV I0EBEIRIEL LT sedDNA OEREL L L LI, ToRKEEZHV, )€
RTHY XD sedDNA BE 53T 5 2 & TREDOZNSEWBEDOEEBIZOWTHA.

iR )

2021 4F 7 A 5 HICPIgElmigit OKEK 35 m) IS CTRSEH I mOIKRI 7 3K %, KRS A N—IZXDEREL,
1 om JEHATHRGRE ATA AL, KRIT3IARKDI B 1A Q21 akl) 2fFH#Ea T &L, 2037 Hh oA MAME
1LF5H1, sedDNA AT H Ok EL 2 5 L 72, SERIEIZ D W T, 2022 ~ 2023 SIS Tl L, 9 58 cm
&, 8l em g, 90 cm BIZEENT W27 7T (KILWK) DFFEERIT) 72D, EOHEPMMK % = 2V F— i X
BT FIAF =LY IR EATo 72 RWT, FIRRKFARREYL Y 7 — 0y BN 2RI LT, 210 8
ROE 137 vy 2% MEL, FOMEEHCT CYCEIC L 2E R 247572 N2014). 2775 & RAARE
DFEFEH S, WARRS B OMAENE R Lz, e L72ERMED S, BHEMR MR (SR: g sediment cm” year” %
TrRElC L DEMR L

SR=(W;# Wi )[2(Yi - V)]

CZCFHEREEEE (ecm), Wi & VX, FRER 1 em’ H72 0 OHERTRER & HEEENRTH S,
CNHAERRE & PAT LT, 2021 4EA 5 2023 4EI2HUF T, HERHRDOILF 5T & sedDNA 34T 217 - 72, L5250
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HT I PTSEM D8 2 D RARIRE 2 IR T 5 7201247, HRRICE I 28 Y ROKYW 7S 7 P v Hskoson
TAIVIEE (Faa 74 Var 7ot 7 4F V) @R L. S O5HHE, Ohtsuki et al. (2015) 12 L7255 TH
riLzz.

WIS £ 115 sedDNA Ol I Sakata et al. (2020) D JiE T o7z, T Ol L7z DNA B 2 Hlw, 39~
3 (Daphnia dentifera + D. galeata) 122\ Tl 12S rRNA #{n T- O 03 IEES] (8 150 bps) %, T AHFIZONWT
1Z, eyt b AT ICE TN AEIERYI O —# %, <) BIZDWTIZ 18S rRNA EIE T O HIERS] (% 150 bps) %
AR, BRI D 72 ) OBk o ¥ —F % i PCR(QPCR) (2 X W llE L7z, T 72, ABFETBAEDO~ ) k%
Rz ZAH, AVTVAERDOYT N T)T (FAW]) BERELTWE I ENbRrol. £2T, TOY T/
N2 7)) T @ 23S rRNA Bz T O LR (3 200 pbs) 1I22WT b, BATHERERH 72 0 Ok o ¥ — % PCR
XD E L7

FHRPIEEN2MLATH S IV~ 2D\ (abdominal clows) (&, Tsugeki et al. (2003) D FHPFIT L Y, Bk
FET TR, MRS 20 ORMZF L2, SRS HEMHERTRD 72 ) Ok o ¥ — B Mibafus, %45
ROWEEEZRLLZET, 75y 272 (14EDHLYOLKER) 25HEH L.
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Fig.1. Results of radioisotope measurements and tephra records from Lake Akan sediments (a) and the relationship
between sedimentation year and sedimentation depth (b); Ko-cl and Ta-a indicate tephras originating from the
eruptions of Mt Komagatake and Tarumae, respectively.
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RO raa7 4 VEEE) VEESNILELEZSS, FNODT Ty 7 A, 1900 4E LA <, FTIEN 13 HE
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Fig.2. Fluxes of total phosphorus and chlorophyll pigments from Lake Akan sediments and environmental variables
recorded at various ages.

JAHF

HeFE WA 515 5172 DNA BB 2 90T L7246 8, 1930 SERD 7 A FEAZITHY T 29~ T2 HIELEMNIC
T A Y FD sedDNA 2SI S 7z, LA L, BEALRTORE 2 5137 49 F D sedDNA (ZE MBS NG Do 72
(¥ 3a). ZOFENS, O DNA IZHEWICRIBESNTVWLZEDBHLN L o720 F/2, Bllshzy
N FD sedDNA 2 ¥ =DM, —KAEEBEETHL 70074 V7T v 7 ADOZAME EAOKINE—F L
Tw7z (Fig. 3b). Ziud, FIZEMIAE L L2 e b —532 (M2). 2%, Z OBEICHTIEM AT H 58
L —wiEws W75y r7 by) Pz, Thaflfe 32807507 b rodEmd¥inLizzo (5
2017), ZNOZEBETLIATFLMIML-EEZ NS, ZNLOFEIE, TR~ ) TR L) ICHIEOK
FdfTo Ty, 72710, RIETRT LIS, T ¥ sedDNA 2 AT 5 1950 FEL L% TH 1L sedDNA D
BEEDNEVEZZLNEZENS, MIELTWARVT Ty 7 ZATH T A FMAERO LK 2 BHIER LT
LLEZLND.
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Fig.3. Copy number of Wakasagi sedDNA from Lake Akan sediments (a) and its flux plotted against chlorophyll flux (b).
When analyzed using a generalized linear model with a negative binomial distribution, the flux of sedDNA copy
number showed a significant positive correlation with the chlorophyll flux (p<0.001).

<) E

WIS N TV ) ED I8SIRNA DAY —HKa AR/ L T hH, TDT T v 7 ADOREEILIE, TP R
ga7 4 VERLIPTH (KM4). $4b5H, 18 RNA D7 F v 7 A1 1900 4EEH T TIE/ME L, 1900 LI
WINL72, $72, <) EHARICEFEL TR AV VaER YT NI F Y TD23SIRNA I¥—HDT75 v 7 R},
<Y ED sedDNA & FBRIZ 1950 SERMEIM L 72, SORKPI Y =L, AV V2R 7 /N7 7Y THY
VEEMBEICHFELTELIEZRBLTWS, $72, ZOFKEER, U EOELEEEILOTHLL, BwiEl
WCED o THMULAZZEZRIEBLTWS, LALARYEES ) D ? YT O sedDNA 23503 n 2 & 2 L EW
KR SNTWE LIRS v, LA, R L & HITHHIMEL 720, M DNA 258 o728 LTH I
LD LTWBTREMD S 5.
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Fig.4. Fluxes of Marimo sedDNA (a) and its symbiotic cyanobacteria edDNA from Lake Akan sediments (b). 95%
confidence limits are shown in gray areas.

Z 2T, DNA O fF#E % BT D 5720, HRYWHPICRIBRESNE ZEDPHONTVWE IV Y aDRNEZ
DIV YAD12STIRNA D DNA TV —HEERL 7T v 7 &5 L7z (M 5a). &8, X723 VY aoifczir
E~ ) ELERR LN, DNA DR ST 150pbs Fifs & MAETHS. IV ADRINDT T v 7 A (P) & sedDNA I
E—¥n77y 7 A D) 2K L7AE 5, sedDNA L RIND T T v 7 ADIERZALIX 1950 4F5 5 BUE F TIIP7
X By —vaRRLA Lo, 1950 4ERAANI M E ORERFEIZKRE CRE D, DNA 77 v 7 A3 o 728
RBIND7 5y 27 23 LAKEP-72. ZOREIL, DNAZHES R, e & D ICHEMT TRIEL TV &
ZIRLTW5.

WHEDT T v 7 A% BHEDME (D,, Py) THIIEL, Z0Dk, T74bH DNA I¥—HERBINOLE DM (1) &RHBE
¥ (y) L OBMBRERNEZS, koXTESRE (K 5h).

£=log[(Dy/P)/(Dy/Py)]= B -y “,

a (M £ 95%CL) = 0.300 = 0.053,

B (M = 95%CL) = 1.327 =+ 0.706,

r'=0.637
ZZT, R ek ORI RACEEICLY, TFDOB%BHBAMEEZT—FA NSy Tk
(iteration=999) IZ X D HH L 7-.
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Fig.5. Fluxes of 12S rRNA copy number (D) and tail claw (P) of Daphnia magna (D. dentifera + D. galeata) extracted from
Lake Akan sediments (a) and the relationship between D/P ratio and sediment age (b).

COEEIINWT, RVEEIT /NI TFYUTODNA 75y 7 A%MIE L. ZORIEMHD 96% 15 HER FH i1
FHRUZ27—=FART y FHEICEDREM L. 2OKE, ~VELHES T /N7 7Y T EHIT, 1900 FEHE T
X010~ 100 5% AR LTWZZ EAVRB SN (M 6). FEEE, <) T2 RKRLaWIiE Lzd sk
1, 1919 SR ICPIZER TRAZ TV, <V EAERT 2 HEHOLH2ME L Tw5 (3 2008). ZoHEr b i
< BN RARL AW E E Nz, LA L, DNA &2 #E LR T, =) i3 1900 FEUHZBA L Twiz,
T, 1950 EICIE< ) EDLEEEINRF 2 VA BETICR Y, FHRESKELCBP L2 2MELTED,
ShlORRIT, HHOMEZERWIIENTLDOTHS (353K 2008). FIFEHTIE, 1950 FEHF TIE, BOLILIX
FRMEATEE T, ERBITHEE TERD 5720 1900 FEIZ L HRT 1950 4R F TlT~ Y 259D L2 HIN &
LC, FHFMEIRIC X 2EAKOMANIFEEIORIC L 2KMEE 2 HIFHN5. 1900 FEFTHE, BTIEHEK TIXBEKE
e LU THRMAMEIR SN, SAKOMAIBHEIEL 2L W), 72, 1919 B FIROKIEEIT 2 HE S 57
ORNIET T2 EDDHo72. TORMEIE, WEOIYEETFHITTLE -7, MEHELZ R X585
WZ7% 5. SV EOHEBMOBIEE 2o 72 (53 2008). ARUFFefE R, KOZB) R HAREERIHE D BWARDOTA
M) EERLSEE VI HEE (B 2008) 2HMNIFLIOTHS. LiL, 1950 FE I FMoKRIZTH A
KRy, KIWFEEBIZEIBHORDBI bR Lo/, ZNICHHDOST, 1950 SELRIC ) EMAE L 2o 72
DI, BOBLIZ X B2 EFEBLICE AUHEMEDNE V. FMENO<) TRBEEZ 0 XD A8EEETH 7288, 2
DOFEFI, BOBLICX 2 ERBICE > T EDOREIHEN T AT L ZRIEL TV 5.

SEAE, U BIEE ST TV BIMEN D D, sedDNA OFEHR L Z N2 HAT TV D, 2000 EELLEEIL, IHRIRT
DRLAKKE R TP IR OB, IBEALIC X 2 IPIACH OB (Nakayama et al.2003) KB DA & 2 SRAHE
D557 (Obara et al. 2022), ERIZ X 2 REOFH BT (F53£2008) ARAEKFE LTHRBEN TS, <) EIEH]
BARBROLI=— 27 BAEYTH Y, PO TRBMNOMFILLL GMHMLTwzEw) . LaLl, <Y EOEEHFHE
ENTWZIZEALDWRAT, ) BHME L TEBY (Boedeck 2010), HAETIX, KELIRROBARIELL T
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Fig.6. Flux-corrected values of sedDNA copy numbers of Marimo (a) and its symbiotic cyanobacteria from Lake Akan
sediments (b). Measured values are shown as blue dots, corrected values as solid lines, and their 95% confidence
limits as red horizontal lines.

SHOREE

AWFFETIL, sedDNA (IHEREW T CTHET 2720, TNAKRIEL T LOBEOAEY OB LKL W LD h o
720 AR CTHEG L2 T B FORBEIZOWTIE, <Y ETITo 72 & 9 7% sedDNA DIREE % i1 L TV 728, 1960
FELAIE sedDNA OGREIIBR SN TWE T L&A b, #8350 FRETHNIHIEL &2 Th BB X ZoMmii>
POTVWDLEEZEZLNS. LA L 50 L EafEd# L 7-HERY T, sedDNA ORI 2 D EITLTWD 2 b,
AWFZED< ) ETRLIZE ) BHIEPLETHA .

A FEOARDOEFNL, MR IIZBRICAEB L TOZ2EY O DNA MREINTWE I EBHL N E o
&, S b s LTHR A4 % T sedDNA O 4R3I 2 [ E 3 1UE, b & % 5 W AEYTH B
FELTW5 sedDNA 2 S5#EE0AEYREZ R HEHBRSL Z EAVRENLZ L TH L. KifETid, IVYyaoRR
LA OTREE L LCTHWAS, BEOMILA L L TRITBRAF SN, 215D sedDNA LHlAGHLELZ LT
MEOEWRELHIT L I EPWREIC R 5725 9. AU THONA TN SHBUNRIE, BIECHERY % v 728
FORMTFEELEOBICICHE T 2E0 ISR T LERICEZ EEZHNS.
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