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Feasibility Studies on Sediment Perturbation as Control Strategies for Chattonella Red Tides
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Abstract

Diatoms are the most predominant phytoplankton group in the coastal sea and many planktonic diatom species produce rest-
ing stage cells in their life cycle to endure unfavorable conditions. These diatom resting stage cells play an important role in ini-
tiating the blooms. It is empirically known that diatom cells are sparse in water during the course of red tides of harmful
flagellates such as dinoflagellates and raphidophytes. A promising strategy to control the occurrences of red tides by harmful
flagellates is to artificially induce diatom blooms just before the development of red tides of harmful flagellates. There usually
exist more than 10° cells of diatom resting stage cells or more in 1-g bottom sediments of coastal water areas, but they need light
for germination and rejuvenation to become planktonic form. Sediment perturbation was carried out to transfer diatom resting
stage cells in bottom sediments to euphotic zone and to induce germination and rejuvenation.  This trial was made using dragnet
fishing boats in coastal sea area of Tomonoura, Fukuyama City, Hiroshima Prefecture, in July 2016. The densities of diatom
resting stage cells were 2.8 x 10° g wet sediment at the site (Stn. A, 4 m depth) outside of the dragnet-trawling zone and 1.2 x
10° g! wet sediment at the site (Stn. B, 4 m depth) in the trawling zone. The densities of planktonic diatoms increased in the
water column at Stn. B just after the trawling, but not at Stn. A, and totally increased thereafter (maximum value of 1,383 cells
mL™). The cell densities of the raphidophyte Chattonella spp. decreased at Stns. A and B.  The water sample after sediment
perturbation was collected at 2 m deep at Stn. B, and incubation experiments were conducted for the bottles in combination with
the inoculation of Chattonella antiqua (200 cells mL ™) and the strengthening of SWM-3 culture medium (1/100). Diatoms
always increased and Chattonella cells decreased in all the experimental bottles. The present study demonstrated a possible fea-
sibility of sediment perturbation as a environment-friendly control strategy for Chattonella red tides in coastal sea area with artifi-
cial induction of phytoplankton flora to diatom dominant communities.
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LEZHND, WREOBIN2 G, MY A VA
DBREMAEMH T EWBRAELTH Y, WIFEBR
DWEHENDODDH 5 (Imai, 2015; FHZE S, 2017 ; Hl,
2017),

7 7 4 N Chattonella spp. i HITE#: Karenia mikimotoi
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e LTRETE B (53F 2010), #EHHHEITZD & &
N OSBL L 72l 2 UET 72008 Th ) (
P, 2002), EEORFBICBWTEBIZERIN TN S,

AREFZEClE, BICHEEKHHE % i L T 5 L B IRAAEIL
T OO EIRIZ BT, 2016 SEDQE | HpEHHELE %
FERZATV, NI A LT\ 72 Chattonella D31 L,
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Schematic representation of sediment perturbation as a control strategy for Chattonella red tides in coastal sea.
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Bottom sediments contain-

ing numerous diatom resting stage cells are suspended to euphotic layers by sediment perturbation with submarine tractor or trawling fish-
ing gears, and germinated and/or rejuvenated diatom vegetative cells multiply vigorously and predominate in water columns, resulting in
decay of Chattonella populations by virtue of nutrient exhaustion.
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I INTEEPERT L e 2 B L, /2, WK
HRZIE 2 O MR SR 2SR L 72 vk URE & 15 TR %
Chattonella % N 2. 728 MVEGEEERZ 1TV, HER Chat-
tonella DE=% ") > 7 % L CHEIZONEL I 2
L—arli,

MR B L UHE

MRS, A RIRARILTT OO M 5T 2016 4F
THTHESHIZERML, 7H 7-15 HoMH, -1 kA
DOFHFLETD, 02 B HOPHELER), 3, 7HBIZHRKE &
UIKBERE OWIE % 4T > 72 (Fig. 2)o 72, —1 HBIZI3H
FRENNIRIRZ AT o 720 AAE SIS Stn. A (FHzIEFENEIX
W, KIERSm), B XSt B FHEEEM K, KER
S5m) D2 EREFHT, WARKEHIRY N T Y BLUONY
F— > fokisz VT, 28 Om), 2, 4m DFEH ST
WL 720 WEHEREIE T 7 ~ v N — DRI S CHRIE L
I 0-2 cm OFEL BRI 7o AKFRERE OKIR, 155
7117 1) a(Chl a) HOGME, EERRE, SIS (B L
TiE, CTD (HYDROLAB 8 # FHWCllE L7z, b
7oK ENC OV, WS T v b v OEE LR,
BLOREHBEOWEET- 720 W T T 7 b V3R
KL H, FEEE ORGSR 1 mL % 6@ iigsE T Cl
R FELFHEIT> 720 T KA E ) v YT 1
VE— (XY 2t A X 045 um) T L7238 2 G EiR
L7tk SREEEET N7 FIAF—THN LT
B, SHHEREEY £ L 201, NET] ok
FERXITH B

MERRFHINEN] 2 7T AF v 7 He B LTI
HL, WEHENOR RSN T T3 » HHELERE L%
HORAIENC & o TR O 2838 G A3 1T B 7 B AK
IREAAINEE % 514 L 72 (Imai et al., 1984 ; 435, 1990),
T3, AN O Z & CRBEL%10gD
TRUR e R R 0.1 gmL! & 725 X ICERE L (10°

30°N

130°E 145°E

SR, TN EUZE SWM-3 H54 (Chen etal., 1969 ; 47t
2000) % FH > CTNEK 10 5@ L 10° F CABURE T % 1
L7z D%, MG 48 7 )b, IWAKI #1#)
rH, BEEICOWTEHFRER TS 7o)V (FY o )v
(2 1T mL §70) [ZH M L 720 imfE 20°C, JEIREERY 50 umol
photons m? s, AARYJEHA 14hL: 10hD O 5MET 7 H
#E L 7zo BN RIS S EOLIEMSE (Nikon 1152 TMD300) %
WTHIERIT, RIRBIMILOFZES 2V I3EE 208
T, HEGE L 7o IR O FE 217 o 720 SKASMIEAY
RSNz oV EREEE L, SARER 2B 2%
Uz VEBOMAGDEEEIC, BEREFE - S
1987) 2 ML C, iR 1 g HISHETES 5 ZE3H /4G A3 e
7 FEBRIRIR IR O % & (5cMEXL . Most Probable Number,
MPN g ! wet sediment) % 3K &7

R MV xR RO 7- 0 O, s
MiteD St BIZBITA 2mE XL DRI 72d 0% vz,
ZO%, BERMT 7 4 Vi C antiqua OTNEES X O
1/100 58 O SWM-3 E5 s in oo A T 4 2 0 FEB&EIX
%52 L7z (Table 1) JFE 25°C, JGH#EEHY 50 pmol photons
m?s”, BSR40 0 10hD O T T2 TV, 2,
4,6, 10, 14 HHICRIFEEZIINL, C antiqua B & O
HHHOMBE 2 72, 7, EEEEE 7o T o
Voa DEZERELZ,

Table 1. Experimental bottles with the combinations of the inocu-
lation of the red tide raphidophyte Chattonella antiqua
and the addition of SWM-3 medium.

Bottle Chattonella antiqua Nutrient addition
No addition No addition
B No addition SWM-3, 1/100 strength
C 200 cells mL™! No addition
D 200 cells mL™! SWM-3, 1/100 strength

Tomono-Ura
Stn. A

| 34°
40°N

1 km
—_

133°40° E

Fig.2. Zone (dotted area in the right panel) of the sediment perturbation with the drag net trawling by fishing boats at Tomono-Ura,

in the Seto Inland Sea.
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W B IEER X O Stn. A B X OBHEERE X BN O
Stn. B D 2 5E I BT, 2016 4 7 F 7 H 272 MR
TP OB EFIRIRIIAIE O 75 A % 1 & 3 FARERLIL % Table 2

IR L7z %13 Stn. A T 2.8x10° MPN g ! i, Stn. B T

67(3),2017.

Densities and taxonomic list of the diatom resting stage
cells enumerated with the extinction dilution method
(Imai et al., 1984). Sediment samples were collected
on 7 July 2016 just before the start of sediment perturba-
tion with dragnet trawling by fishing boats in the coastal
sea of Tomonoura, Hiroshima Prefecture.

1.2x10° MPN g {8 TR S 7z AR O #EE R i
FEEERRPAMESSEEICFEEL, 209 508
80% L L 2SiFlE A Ch L F.LHTHO b TWz, £
72, RIS OKFEIZHR Sm & RGBS T
b S, Navicula J&R° Nizschia J&ZE O AR B EEE
D R R S ze BRICL 72 MR e sl B H L S
FTZ 3 7 ARERIE L 72720, RIRITH BRI BAE O &4 23

WSz E2 N5, LN LGNS, Navicula EIZD

VTR O 17 1 DS 13T SRS T B S
(MoQuoid et al,, 2002), 41 48 o PRIRIIL O HEI 5

BTdhbo
BIEMHER

IR,

201647 A 7 H & 8 HICHID Ty,

ZDt% St A GEFHZIX), Stn. B (FHZX) 0 2 i TT H

15 HE T, WFRELRET 7 14 NI C antiqua % & THE

Taxa MPN g wet sediments
Chaetoceros spp. 5.8 X 107
Skeletonema spp. 8.1x10°
Thalassiosira spp. 24x10°
Other centric diatoms 8.3 % 107
Navicula spp. 1.7 X 10°
Nitzschia spp- 24x10*
Other pennate diatoms 1.3x10°
Total cell density 2.8 x10°
Chaetoceros spp. 1.9 x 10°
Skeletonema spp. 9.2 x 10*
Thalassiosira spp. 2.7x10°
Other centric diatoms 2.1%x10°
Navicula spp. 40x10°
Nitzschia Spp. 1.1x10*
Other pennate diatoms 1.9%x10°
Total cell density 12%10°

W7s s N roEZYY) 2T EERLT: (Fig 2)o
FIAHAR T, KRB & U4 1E 22.6-25.5°C, 23.2-31.6

Depth (m)

Fig. 3.
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Temporal changes in water temperature, salinity and chlorophyll a concentration at Stns. A and B in the coastal sea of
Tomono-Ura in the Seto Inland Sea, from July 7 (day —1) to July 15 (day 7), 2016.
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OHFPACEB L, WL b FBOEFHOMEAALS 1 BRI N2720Th 5, WEHHEOER 0 H B),
7o ems, HHEICLARBIZIILALRD LN o Chl @ |& Stn. A THJEH 5 &k £ T 263~309 ug L, St
7= (Fig. 3) #1233 H BICHEIZ B W CEREIE S O B T260~470 pyg L' O LB — i/~ L 72 Sn. B
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Si7z, ChlafEiL, -1 H B @z OERBIZB VT, HEERAT T I AE S LT 72 P dentatem D3EIERHZIZ X -
Stn. A T983pug L', Stn. B TI 2703 pg L' D5\ % 7R THESNWGHENHEREEZOND,
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Fig. 4. Temporal changes in dissolved oxygen (DO) and light intensity at Stns. A and B in the coastal sea of Tomono-Ura in the Seto
Inland Sea, from July 7 (day —1) to July 15 (day 7), 2016.
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Fig. 5. Temporal changes in inorganic nutrients of DIN (NO;-N + NO,-N + NH,;-N), PO,-P and SiO,-Si at Stns. A and B in the
coastal sea of Tomono-Ura in the Seto Inland Sea, from July 7 (day —1) to July 15 (day 7), 2016.
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THHETW S ) & L2HAERm ZR L7z, EEONGHR 3HHICEE CREERED LA L, $FICDIN THET
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Stn. B TlZ&, DIN (% 0.1-15.9, PO,P Z# R FLLT —1.0 1% 0-34 cells mL™ OMINEHEEOHHTH - 72, EHHOZ
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Fig. 6.

Changes in cell densities of Chattonella (@) and diatoms (O) and taxa composition histograms of diatoms at three depths (0 m,

2 m and 4 m) at Stns. A and B in the coastal sea of Tomono-Ura in the Seto Inland Sea, from July 7 (day —1) to July 15 (day

7),2016.
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TSI ELEFHNIFRO SN0 7278, Bii%x Fh L 72 Stn.
BIZBWTIZ0HHE @HzER) ICEZIHEINL Twi,
HR1Z, 2m BT 78 cells mL™ 20 5 226 cells mL”', 4m D JiE
J&T 49 cells mL™ 7% 5 550D 264 cells mL ™ ~ & A5 3 (B0
L7270 MEEHHEIC & o CRPICHSEE O S (PRI
HIRL DR A 72 58 3F + 181E) 25107 cells mL! O F — 5 — D
TETHHEEINEEZONL, 2O LIZLD Char-
tonella 7% 10°-10” cells mL™ £ L TV ThH, ZOHEGHDH
flsnzes52 L9,

Zotk, HEHII» S OFBHHEOMBETH Y 3 HH),
7 H B3 RE THHERRT (-1 B H) Of) 30 512 % CEEH
WML 726 —5 Chattonella (%, BHZHT (-1 H H) IZHE
J& T 14-30cells mL"' OBETHIEL TV, THEHF T
WIS A Z & e SEHEEOBIHIC o THB L7z, &
MICRS 72 H1E, SR OMEPHL I & o TEEEIEO 5k
DR S, B S 22 Chattonella O FETEDSEIH] S 5 5
Rl otz

R MIVIEEEERR

e ORIRIAMIEASZE S - 06 L Coe4 L 72
Y Chattonella Diitlisz, K MVEEERL HW T -
720 FWEHIMKHHAREME RO St BIZBIT% 2mE L D
BRILL THWz R MNVAORBEEEOLEH = L5 &,
FEBRXBFICEHETOIESDE1EH 200, RERRIE 2-4
H EZHF TR R IEE O AT 57 (Fig 7). FF
IZEEFR L) U THiEDE L,

7o 7 b EOIRETH A Chl. a iEET D L,
SWM-3 ¥528{fi % 1/100 58J% (N T 20 uM, P T 1 uM) T
MLZZR v CiE 2 BEICHEMLTEBY, HEEOR
TEhRATFRD 517z (Fig. 8)e D14, 14 HH T THAMEA
M& R L7z REEL TN 222> 72K MUHTlE, Chl
a EOWHNIFRD S b L7z,

%R N VT Chattonella 3 X OHEW 75 > 7 ~ > @

124 O A B
10 A @ C—4& D
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0 2 4 6 10 14
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Fig.7. Changes in chlorophyll ¢ in the experimental bottles dur-
ing the bottle experiment. See Table 1 for the explana-
tion of the bottles A-D.
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Fig. 8.  Changes in inorganic nutrients of DIN (NO;-N + NO,-N
+ NH,-N), PO,-P and SiO,-Si in the experimental bottles
during the bottle experiment. See Table 1 for the expla-
nation of the bottles A-D.
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Fig.9. Changes in cell densities of Chattonella (@) and diatoms (O) and taxa composition histograms of diatoms in the experimen-

tal bottles during the bottle experiment.

Chattonella 3R EEIZAETE L T 72 B/ IX A <‘: BlZBWw
THAL (ﬁ(ﬁ?%@ﬁf)‘i)o foo =77, EEEEEEIINEFRICBE
@Lfﬁ@m%ﬁ@ﬂﬂw%ﬁﬁif%ttﬁ,:ﬂu
JZ V) Chattonella \3FFBE SN2 E 2 HN Do T BN

WCESL L -EEE, SROFEBRTIIIREEED
Nitzschia longissima T& > 7o

I, \erEfElﬁf(quﬁﬁ{@(%THﬁ(ﬂi:rlf:()?:%‘]‘ FVIZAT,
ﬁﬁF%OQL‘tL RO fhw%%DTﬁt

4 (0m, 5m, 9m), Wﬁ%ﬁ%#% §F LA

*Ef)‘iéﬁ'ﬁ L T C. antiqua X° K. mikimotoi |Z#)] & hé%ﬁ‘
REN T A (Imai et al, 2017) BLEAS, AHFZED R E
P, ERRIRIRIMNG 2 S8R & A 5 2 MK D5
JERHEZ I & o THBE LTS ITHAE L 2k ol 7
77 b UBERICBWTC, RIREIMIE 0S8 20 U o
A L 7-EEEEBS B L CHEBT 2L, RN D S\
KREBEDOBEHVHREZEZ ON D, T IUIMREBHEZD
B ORPZ BT B 7T > 7 b Y REEOHERE DFER
EFIERCHHL TS, L2 LD, FEELISE

See Table 1 for the explanation of the bottles A-D.

3

BZOWT O EHZOFHEICT—7 2B, Hig
FREEINE S LS WERIESR G M L TT DS
EETHHI),

ESR 7V — LDOFE CRREARRZ

R OMER L, T2 A REEEO PG HEE
ﬁ@%ﬁ%m%# EICHET 5 (5D, 1990,2015;
Itakura et al., 1997 ; McQuoid etal, 2002), ZAUIdiFEEERESHE
BTN — LB L7tk REROME R &G & 4L
7% o TR DRI %2 7E ) R~ LR L Tho /e
KEHTdH B (Smetacek, 1985), = A1 5 HEIEE O PRI B A 12
KED TV — 2K DFEEPE L % o TV % (Garison,
1981 ; McQuoid and Godhe, 2004), AT 12 X B F KD
ZBCHIERPFHEBEL, TIUIL > TT I —a0584T
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