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Abstract: Lacustrine blooms, extraordinary growth of cyanobacteria, contribute to the
deterioration of the water quality of dam-formed lakes. It is, therefore, necessary to establish a
method for monitoring blooms both spatially and temporally. In this study, we used an acoustic
method to investigate the relationship between acoustic reflection intensity and the number of cells.
The study was carried out at the Miharu dam reservoir (Lake Sakura), Tamura-gun, Fukushima,
Japan, in August 2019 and 2020. Using a 120 kHz quantitative echo sounder, volume backscattering
strength (Sv) was measured to 10 m from the surface, where blue-green algae move vertically.
Cell numbers of plankton in samples were counted. As a result, the Sv at these depths ranged from
—81 to —55 dB. The cyanobacteria count ranged from 11,000 to 232,362,600 cells/l, and the most
abundant species was Microcystis aeruginosa. There was a significant correlation between Sv
and the number of cyanobacteria cells (p < 0.01). Because gases from the air contributed to the
acoustic reflection intensity, it is believed that the gas vesicles in M. aeruginosa also contributed
to the acoustic reflectance and therefore to the significant correlation between Sv and the number
of cyanobacteria cells. In the future, it is expected that the acoustic measurement method will be

valuable for evaluating cyanobacteria spatially and temporally in the Miharu dam reservoir.
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Fig. 1 The study area and the survey points in Lake Sakura, Fukushima Prefecture,

Japan. Stations A and B are the nighttime and daytime data of 2019. Stations 1 to 3 are

the daytime data of 2020.
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Table 1 Specifications and settings for the
quantitative echo sounder (Simbia model KSE-310,
120 kHz) used in all surveys.

Transducer T-182
Frequency (kHz) 120
Transducer type Split beam
Pulse length (ms) 0.3
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X2 WWTIUO BT T N DRIKGE.
Table 2 Water sampling depths of phytoplankton and zooplankton at each survey point.

: . . Sampling depth (m)

Sampling point Sampling date Phytoplankton Zooplankton

StA 20 August 2019 5and 10 5,8and 10

StB 21 August 2019 5,8and 10 Sand 10

St1 19 August 2020 4 4 and 9

St2 19 August 2020 3and 8 3

St3 19 August 2020 3,5and 6 3,5,6and 10

Survey in 2019 Survey in 2020

PC Buoy C

Transducer,

Transducer

Water sampler l Water sampler

B2 PRI S B A OBIIRIX. 2019 4TIk, hIVAT a—T—
ZAREINCERE L, 2020 £TIE, FIVAT a—P—IFNERZRO T, T
REMELL

Fig.2 Conceptual diagrams of the acoustic surveys in 2019 and 2020. In 2019, the
transducer was installed on the ship’s port side. In 2020, it was attached to a buoy
and towed by the ship.

25 m

Bottom

X3 e (M) LRORIS FEHE) OIZa—r51.
Fig. 3 Echogram showing bubble tracks (square area) and fish tracks (circled area).

The color figure is available in the pdf version from the web site.
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Fig. 4 Echograms of Lake Sakura in 2019 and 2020. The left one was obtained
daytime in 2019 and the right one was obtained daytime in 2020. Both were obtained

at the same place. The circled spotty reactions and the banded reactions surrounded by

squares show acoustic reflections of cyanobacteria. The color figure is available in the

pdf version from the web site.
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L3O TS VU b R E NIz, 2019 4R
O TZ 27 b D B S HIEIZ7adF AT 1
ZFRLD Microcystis aeruginosa, 7277 K7 FXFF}
D Pseudanabaena mucicola, <7 A3 AT 4 ARD
Microcystis viridis, Y4/ INr ) B0 Nitzschia
sp., %Y 2 ERD Aphanizomenon sp. TH VD, L
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sp. ZFR < 4 AR TH /e, —J5, 2020 4D
W77 b s 7aF A7 10 X
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Sphaerocystis spp., )V K v 7 A K O Eudorina
sp. TH O, LAi5HODS bEMHEIE 1 D H Tht
HHEHESOREENRO D42 ED TV 7
F ADFEAARIACME T 5 > 7 b 2 D RE R
7% 72 2019 4F & 2020 FEDE & 1T, B
Microcystis aeruginosa W& ELE L Tz (X 6) .
W75 b0 BN S R, 2019 4TI
J1 %8 Maxillopoda @ / — 7" 1 v7 Z (Nauplius) %%,
V> avg LY RO Hexarthra mira, )V 33TV
I 8D Chydorus spp., V' 2 ¥ 2 AR D Bosmina
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Fig. 5 Statistical results of fluctuations in Sv and rank of higher plankton
taxa over the two years. (A) is the graph of Sv, (B) to (H) are graphs of
phytoplankton, and (I) to (L) are graphs of zooplankton.
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Fig. 6 Bar graphs of top 5 phytoplankton and zooplankton taxa in 2019 and 2020.

The color figure is available in the pdf version from the web site.
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longirostris, 3/ & Fl D Diaphanosoma brachyurum T
& o Tz. 2020 413 I Maxillopoda @/ — 7'V
v A (Nauplius) $h4:, 21 7 2%} Cyclopidae ¢ 1
RREZA b (Copepodite) , 7 FHr I ak
Eodiaptomus 0D XK X 1 ~ (Copepodite) , X F}
@ Diaphanosoma brachyurum, <32 17 NI FO
Hexarthra mira T3 - Jz. 2019 4 & 2020 FFIic % <
HIR U728 72 > 2 b I 30 B & R
THo, HWBLEEEW T 5> b > ORI K ZE
FEWIRONGN -7 (K 6) . TR E N
FEEEY TS 2T b ORERE 3 ITRT.
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N, Bt2 e T AT 232,362,600 cells/l FREVE Nz
—7, HEREBHTRERE DRV E T AT 44,000 cells/
1EREE N, REZWVE T AT 554250 cells/l FRELE
nr.
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HZ b7 %. AR TIREREE 120 kHz D~ 5 > A
T a—P—ZH\OT, EEIEN125cm THS.
TabE, W125ecm LLTODRED A A= H Sk
WISV N ONEIENEETH S, £33 TRLUE
EBY, BN EHEZHM TS D5 E
EEMN125ecm 2 Z 5375, ZNH XD &/
SWVEHD X S Wi 7T > 7 b SR S
ISR E R 52750, 2L, HAERT %
T NI ARERE S RNT T KD
ERWEE NSRS RT T EHEZENS. Kb
DEFARIEEFERFNCRKELHF G LTWS T DS
NTHL, FEAOEICEENZKEDARIEDE
BHFIREICBONTHDSEEIE 90-95%TH 5 &
SbN T3 (Foote, 1980) . AEfDEFA L/ AAN0.
HETH -7z LT —60 dB FEAFO 2L St &
BHTEMHNSENTWVS (HiE, 2001). < 5l
T L TWz Microcystis aeruginosa 75 £ OD—EBD
EmE, MilRWNIc ARl zZAT 5 (G, 1988).
F 7z, M. aeruginosa (3TELE 4.4-55 yum (T & TH B M,
ERLUKERE O TR mm DL FORARIEKT S
(ELIEA, 1994). TNSBEHARIEL/A D 0.1 ff3k & 7%
%. TNHOT EXOARMILTHNE 7o S8
WEICEHE R 52 12 DF, HANEE SR OEEE
T3, HARZE UBHAZIER T 2% TH
BLEZHNS.

RIC 2019 4F & 2020 4E O A OMAE O F-HE
g9 % &, 2019 4E OB R O M A O 1
95,551,590 cells/1+93,868.024 T& b, 2020 4F D #% sk
DR D F1E 151,167 cells/1£173,615 TH D,
ZDFEZH 630 5> TV, —/5T, HEED
2019 4 & 2020 FEOFMAEL DFEIAfEIE, 2019 4Tl
363,950 cells/I+172,727 T & D, 2020 4 T & 77,333
cells/1£32,486 TH D, ZDAEIHOI I SGLx-o



IR E < I B 2 FHRFRHRAE 2 T 7 B O S B HI DAl A

£3 LSMTREENTEELEY 757 b DRE.

Table 3 Length of major zooplankton species that were obtained in Lake Sakura.

Species Number of specimens (n)  Average Length (+ SD ) (mm)
Nauplius of Maxillopoda 340 0.13+£0.026
Hexarthra mira 312 0.16+0.024
Chydorus spp. 327 0.24+0.038
Bosmina longirostris 296 0.29+0.050
Diaphanosoma brachyurum 152 0.84+0.16
Copepodite of Cyclopidae 18 0.48+0.073
Copepodite of Eodiaptomus 34 0.72+0.17
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Fig. 7 Statistical results of the relationship
between Sv and cell numbers of Cyanobacteria and

Bacillariophyceae, respectively.

Tz, 2019 4 & 2020 4E 0D Syl Z FRFEAEICE L
7oA (Sv) D FEED I 60 517z > Tz, B
WO L R EMUNEZET, DA A%
A S TROEEEFED, 2019 £ S 2020 FEICA BN
Sv DZEAICEE R 52 - L13EZICL V. E5IL,
Ostrovsky et al. (2018, 2020) (& B % % O Microcystis
sp. DL & BB R ORICHBEIN H 5 C &
R LU TWA. T9 LTl & S8 SmE D%
{LEOBFRS, EmEIH ARz HH, AR
BENTVARRARIIBNEE R GREZRT T &,
Microcystis sp. DR NAEL & 528 K 5o g D RS AHBY

95

M2 ENSHIHENS, BEFEDOE L HTIEEEK
o & s O M O RN BERENH 5 Z &N
IRENT.

AW TIE, EEICERIENZERBRHOT—2%
TN 2172 7278, S8 SR IE—E DM
RENR SNz, WiEDOE S TH B M. aeruginosa
FERICEE ARz, Ml RKIEY) 72
AT 5. ZTHICKD, BHEHDOLDHARADK
RICKXBFNTHEZ L Z A ENTEELKED
B%3 % (#Ekf, 1988; Chu et al., 2007; & LEELIZ M,
2015) . T D& & M. aeruginosa 0 77 AR M D
Wz, AARBZE LAY (G, 1988). D
£ D, M. aeruginosa O H JE S EZH] TILX A ANIN
DXARDRENZRIIZLL TV ERWED, BE
BN TEERMNEEOZ(LIIR SNEho Tz L
EZbNB. UL, [FAUCEEREETHANRZIEK
9% Anabaena D—FOFETIX, T ARIDIM EHED
K7z, HERRIC X - THIFEWNIC Rk {EY) 72 4
B U T2 BRI RIS N D IZ E M HET T LU AT AN T
kT 2 5bNTVS (EFf, 1988). X7z, #
EEHO —FE T 2019 4F & 2020 FE D WMILE & ISR
N, 2019 FTlX M. aeruginosa I NTE - 7z
Pseudanabaena mucicola (377 A=K LAV, &
BMITIT- I ZEMOHA T, M. aeruginosa
WEEFHDOHR T EIEHEINICZ <, Anabaena (%14
ERICHEI NI o T8, HARDZEITHES
BB SR DAL P. mucicola O IR X 5 K
SR OB NENWEEZENDD, Anabaena
0 P. mucicola WMELE LU TIERENS 7 A alicD0
T, BB & IR 0D S8 I i g DB
IEDVWTR GBS MCT 208D % .

F7z, M. aeruginosa IFFAZ=IT/KIRK T &R £
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B - FE s
& FEE -
EOE FEOMNEREOE(IC K> T, MllaND
A7z b S CIEIC I (EEERIED, 2015).
ZFDI%, BEOERMMEE LT 74 azk
U T WIHNEREEORF &, Z OO TII AR
B AHARIOENEIZ D, TS - THEER S5
JEL B ZAREMEN D 5. SHBIZEBLIIN OB ELE
DHARIDIREE L, ZN5 & FER SmE & OR%
EMGET % Lo Tz, iR EREEO BTG RIS
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ZRV VI AREICED EEZBND. £z, HA
FEANEREOZ(LICIS U TRk ZT 2D THN
X, KRR REERSFORE T — 2 & 5b¥ TIUE
LU, TNZNORREICET A b 2 R
DBIRZIANZEND B EHEZBNS.

RIRIC, AR TIE =HZ Lkitio x < 5ific
BT, sHEMOGEZRIH U7 SRR SR &
HOMIB OB DOWTIH SN L. iz,
M. aeruginosa WEL L7 A a7 KT % & < Hilfl
BT, FFEAEEBICE 274 a0HINERT
BB ERENTz. TE, FLMTIET A DR
FAERMRT 2 B THEA 7 4 I RAR SN T
W5 AEOFEM TH - 7z =HX LSOV TI,
LN T % 5082 5 9 H DR Ak
INA SRS, YRSk ZE R % BN & ks
EE B % HNOREIEER iR 7R 21 K 2 RERAEL
HNTWVA. RS, BIRBUKRMIEIESICE > THR
75 % IKE RIS CTHUKT 5 2 e M TE S 128,
EREHA D Z VKR BRI HEKS®, Wi Bk b
TRWVIKZ2 FIRINIC IR S % bV o TN T E 5.
FEGHNTHEIC X 0 22N R B FEO 05 DR
TENZ, REIEERIC X A EREEGE, BIREUK - F)
K% X ORIRINCITS T ENTE, 7AaDFEA
FIRMCBNE L EZ NS, 212 L, BUFEE
FOZERN I ORI E > TED T, £hF
FiM 7 B O IRREZ LWL & T2 & & OB i
JEOZELEIES T LIFTETVERY. 5%, KO
eI NS BRS R 2 B 2 BN D 5. AT
T, BEEOEL HHIT 10 m ¥ TOR L &%
[SERE & O—EDORFRMEEZ R T L IETERD,
FlEFERKE ZEGINE A G DR IHEZTT
W, HESHINC X Aok Hig L, i
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KE& KR O B Y RSB O DU e e Z 2 5.
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