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Study on the generation mechanism of turbidity
that obstructs seaweed aquaculture: A case study of an aquaculture field
for Monostroma nitidum in lzonoura, inner side of Matoya Bay

Tomoaki Tasaki' T, Yuzou Akashr?, Toshirou KaTtou?, Tomoki Mryamukar®, Kazumasa IMao®,
Teruaki Suzuki® and Teruhiro TAKABE®
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Izonoura—Ilocated in the inner area of Matoya Bay in Shima City, Mie Prefecture—prospered in the aquaculture of
Monostroma nitidum, whose amount of production was over 300 tons per year in the 1970s. However, the production
decreased rapidly after the 1980s, and the fishermen have demanded an investigation into its cause. We conducted
observations of several environmental elements, including turbidity and weather, throughout the spring and summer of
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2014 and analyzed the generation mechanism of high turbidity. It was found that the turbidity was higher than 7
FTU—17-66% and 26-73% of the time in spring and summer, respectively—which is considered to affect the growth
of Monostroma nitidum. The following factors were considered to cause high turbidity: i) Decrease in river flow
accompanied by dam construction reduced the mean flow from the inner to the central area, which would induce a
clockwise circulation flow, ii) The surface residual outflow current through the canal weakened. Then, SS (Suspended
Solid) from the river and that produced and re-suspended in Izonoura, does not readily outflow from Izonoura, iii) SS
was re-suspended not only by the wind but also by the usual tidal current, and iv) Excess sedimentation of SS has
caused the deterioration of bottom environments, benthic communities, and the self-purification function of the bottom.

Key words: Monostroma nitidum, Sea bottom sediment, turbidity, re-suspension, continuous observation
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Figure 1. The maps show the monitoring area and each monitoring station. Bottom map shows Izonoura, Isobe River, No River, Ikeda
River, Kamiji Dam, and Matoya Bay. Upper right hand map shows topography and location of monitoring stations in Izonoura. Sta-
tions marked by black dots are the monitoring stations of water quality, and that marked by a white dot is the monitoring station of the

aerovane. Values of the bathymetric isolines are in meters.

— 246 —



WEBEFE I OREE & 7 518 ) OSSR § 2 78

350

O Sakazaki O Anakawa

300

250

B [ihama

@ Shimonogou

200

150

100

50

Monostroma nitidum production (ton=yr™")

1955
1960
1965 [
1970
1975

Figure 2.
data/tiku_data.pdf,11 February 2016).
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Annual changes in the production of green laver (Monostroma nitidum) in Izonoura (http://www.satoumi-shima.jp/aosanori/

Table 1. Latitude, longitude and depth of the investigation position.
Point Latitude Longitude ( C]]))Iip(t?n) )
Sea St. 1 34°21'50.1" 136°49'20.2" -0.3
St. 2 34°21'35.6" 136°49'31.2" +0.2
St. 3 34°21'41.1"  136°49'52.0" -0.1
St. 4 34°21'28.5"  136°49'44.0" -0.2
St. 5 34°21'22.5"  136°49'57.2" -1.0
St. 6 34°21'33.2"  136°50'08.8” -0.9
St. 7 34°21'48.8"  136°50720.2" —4.2
St. 8 34°21'59.1"  136°50'33.4" -5.1
St. 9 34°22'16.0"  136°50'46.3" -11.0

River St.R1 ~ 34°21'50.5" 136°48'36.3"
St.R2  34°22'34.6"  136°48'19.4"
St.R3  34°22740.6"  136°48'41.8"

Land St.W 34°21'53.9"  136°49'24.8"
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Sampling items and the period of field study.

2014

Items

Apr.
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15

24 7 15 8 19 27 3 8 16 26

Sea area

(St. 1, St. 5, St.9)
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Land (St. W)
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observation

Salinity
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Check of equipment and data collection

Salinity Observation with

Turbidity the equipment

Chl-Flu. (St.1-St.9)

SS Water sampling

VsS (St.1, st.5, St.9
St.R1-St.R3
Each upper layer)
(St.3)

Observation with
the equipment
(St. R1-St. R3)

Periodical
observation

River discharge
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Figure 3. Relationship between turbidity (FTU) and suspended
solids (mg-7""). The figure shows the result of observation
from 15 April to 15 May and from 8 August to 26 September
in 2014.
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Figure 4. Time-series changes in turbidity (a), salinity (b), Chl-Flu. (c), precipitation (d), wind direction and velocity (e) and tide
level (f) at the upper layer (St.1, 5 and 9) from 15 April to 15 May in 2014. The arrow (») in the figures of the turbidity shows 7
FTU. Vertical dotted lines show the typical days with very high turbidity, 21 April, 30 April, 10 May.
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Figure 5. Time-series changes in turbidity (a), salinity (b), Chl-Flu. (c), precipitation (d), wind direction and velocity (e) and tide
level (f) at the upper layer (St.1, 3, 5 and 9) from 8 August to 26 September in 2014. The arrow () in the figures of the turbidity
shows 7 FTU. Vertical dotted lines show the typical days with very high turbidity, 10 August, 12 August, 5 September, 7 September,
24 September, 26 September.
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Figure 6. Power spectral density of turbidity was calculated for the period from 16 April to 14 May (a) and from 17 August to 26
September (b).
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Figure 7. Time-series changes in shear stress 7 from 24 April to 15 May in 2014 (a), current velocity from 24 April to 15 May in 2014
(b), shear stress 7 from 8 August to 27 September in 2014 (c), and current velocity from 8 August to 27 September in 2014 (d).
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Figure 8. Observed concentrations of turbidity (a), salinity (b), and Chl-Flu. (c) along the longitudinal cross section from St.1 to St.9
of the Tzonoura estuary, and tide level and the current velocity at St.1 on investigation day (d). (D shows the vertical condition on 26
September where the influence of heavy rain is notable, (2) shows the vertical condition on 19 August where the influence of tide flow
is notable, (3) shows the vertical condition on 8 September where the influence of Chl-Flu. is notable. The vertical lines in the graphs
(d) show investigation time, the dashed line denotes northward velocity of tide flow, the solid line denotes eastward velocity of tide
flow, and the dotted line denotes tide level.
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Figure 9. The concentration on distribution of particle matter and the ratio of organic (VSS) and inorganic (SS—VSS) matter. Size of

circle shows concentration of SS.
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M, compartment of surface tidal current at St.1 calculated from 16 April to 14 May (a), and from 17 August to 26 September

— 254 —



WEBEFE I OREE & 7 518 ) OSSR § 2 78

a)

b)

0 5 (cm*s!)

Figure 11. Residual current at St.1, 5 and 9 averaged from 15 April to 15 May (a). The solid lines denote the upper layer (0.5m below
sea level), and the dotted line denotes the bottom layer (1.0m above sea bottom) . Residual current at St. 1, 3, 5 and 9 averaged from
8 August to 26 September (b). The solid lines denote the upper layer (0.5m below sea level), and the dotted line denotes the bottom

layer (1.0m above sea bottom).

Table 3. SS budget through the canal between Izonoura and
Matoya bay and SS load from the river

Spring Summer
Upper Bottom Upper Bottom
SS budget (td™) 389 389 60 -53.7
Total SS budget (t-d™h) 0.0 6.3
through the canal
Average SS load (t-d™") 0.3 1.5
from the river (0.5)* (1.4)*
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Figure 12. Relationship between 12h simple moving average of shear stress (z) and 12h simple moving average of turbidity at St.1. The
figure shows the result of observation from 15 April to 15 May (a) and from 8 August to 26 September (b) in 2014.

DI X B EEEEFRECIE, KRS B2 0 B DS LSRG
DOEICE S T TICE LRI, AL s2EIR N,
otz ZTAEINIA S A L7z SS DL Bk T A3k IR i
RIREGN X O ATEE D FHiE, BB, WW DB L OThREZ
DI HT, HEEROIKIEERE ORI A —L L7272
HEEZLND.
MERICKZEY
8 H 10 HiZH K T38mm-h' DFEAKB X O 8m-s™! O RIJA D
Bl s, HYedbiio St. 3 T463 FTU &l b &<, RIZTH
RO St. 5 T217 FTU, {#HEE O St. 1 T162 FTU, i
KIBDStL.ODEKETAH FTUTH »72. SHI0OHITVT
OMETTOEBEIT LA L2228, FRICR T IS E T 5 St 3
THFETH -7z (Fig. 5). WEREIFEEEICHEEL 25 E
WAKICK DA L72SSAERET 5 D % WP ASFHEL, &
DAZTARAK &AL D iRHEDSIKE { BRI 2720
OB E LIFE SN (Figs. 7,12), 9B Skt Ko
WELAPEIT 22 EZ 005, WEMBICL 2D
FAEOFE LTIE, REEZENNMOBINIICE VT, B
HMBOHKIZE D SSHPRBB P RMABL SN, I
MOBELAPRELZZEIHESINTVS (IS,
2008).
AL BEY
B R BRI O R & 3 R 2 SRR 2R E oo B 5
MR SNz (Figs.4,5). St.1B XSt 9DJEE D EHED
N — A7 bV (Fig.6) Tlx, WIndbPEHREAW, H
AT — 2 RN 00, MK REED LRI
T RO EEN TR BN TW D EEZE X N
HAVFA FEHCRICE 25E FIFER (BES,
1990) 2B WT, kI 243.5% O e o R A & A BG
(z) 120.024N-m2 B F &G SN TWD. £/, REARH
Wiex 72928 GEIA BIUSERRR, KER) 2B

WT, @K 160-170% DIRJED 7,130.03 & i S T
. WTEHM S RORERES S, HlGETH DM, w0
WAE M OWIREIE, BEBLUEZEL BIZH 10ecms™' (Fig.
10) THY, 13X (1) X D0.02INm?2&%b. TDOZ
&5 EIKEE160% UL E ) e T KR B & % 52208
B ELWHDOATEEX ENDRENEW NS
%. Fig. 8-, QO EDOSHHE MK % W5 &, St. 1-St. 8
DJEJE T 10-15 FTU F2 EE O s i &5 3% BE 0SB S 7.
C O O IE F o G HI 4 Il il BRI R 7 Ao 72
A5, St. 1 TOH# 10em-s™" (Fig. 8-D-d), @-d)) %t
T5E, ZORBMNEDOE D IZEKLA160% DL ED TR
WEE Lo bo LN SN G,

—7i, KREHMD 1%, [ URETDHHERIE RO
LD MET 52 &AM (BAS, 1990) ShTwb
A, ARSI IEENN 2 YOV G OHERIIZ 201048 £
D201 FED A X+ (FERHERY) b os/z2 & Ty
VI OWRBED Im%EBZTBY (= 5K E 7T,
2013), CHZLBKROBE LIF2ERITL—-HTH
L5EEZEZHLN5.

BT N B EFTHEMICKZEY

WEEOBIWIZ L DB E LAD)ERIE, &K 160% 2L Lo
FRIREO LD LN SN2 Ens, TOHEHEE
A, BEFEICHFICERONZLHIZ, HNTHEINT 5SS
IXVSSOE G E NI & (Fig.9), 9HSHIZHEFITAD
N5 X9 BE D S HKIBIZAT < IZON T, SSHA
HIZWPLVSSOEDLHEGHI|RTLTWDL I &% EHh

O, W77 7 VHEDOVSS BN TIREL T3
FARBENSL, L7zdoT, ThohimrTs 2 b i
HE$ 257 1) 7 2RO D DHERE160% Ll _LEDFRD
HkEZEZON, JFICEFICHNT2b0LEbh s,
Chl-Flu. % %% (Fig.4) £ E%F (Fig.5) THEKT 3 &,

— 256 —



WEBEFE I OREE & 7 518 ) OSSR § 2 78

BEROTF2EREE V. 2, BN X 5 5EE Ot
FRDHZFIIKRE L, KRk, HEZEWYTZ > 7 b o5k
T D540, BEFEOLPEL TV 0 EZ b5,
9 H 7 H it il Je B KR C 20 ¢, WED RS-
ASChl-Flu. O3 & L 12BIM S 7z (Fig.5). ZORHO
EWEOE S (Fig.8-@) % /A L, St.5-St.8DiH SR
o - FREIZ20-30 FTU O & ¥ BEHEIRAFE L TW 5.
COEHBEORINE LTiX, BIIH®HSHUWIZ, #l
W77y OB 3E (8 15H~17H, 825H
~28H, 9ASH~8H) Blllsh/=z & (Fig.5) 75,
INSEHEETLRET N F AERY AL L 72T
FIRD D DA, WAL 20ems™ OIS L Y, JER L 3L
WZEE Loz LRSS, 20cms™ D 130.1
Nm2 e ENE. &KL 110% DREABIHIEZ H\ 72
FEE (RH S, 1989) Tr 30INm2THhs LI
TWa. ZOEBRE? ST, IR EA TR
WX, RIS A EGKIE100% RO T TEE Lo
LN ING., ZoX)RNMTT 7 b kD
AW EE L LEROE S FIFWs, 90 7HEIROEE
FAOEREEDLNS, @, WO KEBREAMES T
HEEWDPEAEL TW AR THIUE, VSSIZEEELEY DE
BIZE DAL, KEEWHS S SKROEDICHASNE
WAL R LT <2 (BHES, 2007), ZEIRKER
ZERT (2013) DAY IR TIE, St 9T UL 2% A T
(1m?) H7-0 36FE%H, 102gTHAHDIIHL, St.3IFHED
11 A3, 9g, St SR TIX 15, 10gTH Y, (WD
JEAAYIIES - ' E DISIEFITA W LI T
W5, ZNIZVSS DR IZHE D BRSSO BAL SR &
ZALN, DX RIREIZELR L EEEYORD EEHD
OIS L REEATRIZ S N 5.
&Y DBEFRER
S SN RTE & ORI T O SS ORI (Table
3) Tld, BFETRLEE»SORMATEL?SDOIA L%
LAY, BEFETE LEREATREEAZ LY 63td!
DM E o7z WAL OFYSS AfifElE, FFETIE
03td”!, EFETIH150d &40, FFEMND25DHA
SR HRRESPHNICE T A EMICH B L, BRI
MO OFAGITINAZ, WNTHERE, LK FEET 5SS
D= EBIZHH L TVDL I EDRR 5.
WAEDOHN O EE, FZF1309-1.7cms™!, EFZ
EEOMBBETHHLHDOD1433ems LM TH Y,
% 722 O R EHE ) OB IC 7% 5> T (Fig.
). 20720, BAADOHNOSSIL, HHAkiEs o RS
BICHE SN, WIWEICX DS ETFB X Ok E#Y
WLA55, WIS E 26055 Lo Twbbo L
WEhs.

X HRRRIE e NI EBEREOHERE (Fig. 2)
RUEBE DS OB ETD 205, 19804FEEHD 515 4 I

o7z 2B SNL. HNOEY ORRAELLZZ &
L, BEOMA GZELR L OMHEIZOWTIEAWZ HBL W
B, —OOBNE LTINIED ST AERRIC X 2 Bkt
DWWV BEZoNDL. RESNWHTIED 505, ¥Fu5H
FXHT D 1969 - OFEIRN, W, WD 4~5 A OEEHT
(- 525, 1972) &4 IIE L7220145ED4~5 D
3N oAEEHE & 2 KT 5 &, FHREDH30-50%
WA LT b B, i), I o 3 38k A
10.8km?, 20.5km?, 26.3km*> D & &t 57.6km* &, ¥ A Lt ®
VLIS A 5.0km? 70 S HESH X N B HEA I A 0 IR A R AR
10%RBETHEEEZLE, HEBDRIIHI LD OTHEH
H50BMHIAWTH S, ZEZONDBERL LTI, 74
AT E S OB RERH24~5HOARTH 5 5,
1969 SE DN DR 7 — & DR EN TV ARnwT &, HllE
HESEDOERIRHMEN TV ARV EEDLRDH Y, SHOE
LM PLETHDL. LrL, 1971FE05 23RS
X Z0HO LAKEOTFERMZ LY, 5125 P/
HANDOPKMIE R L7223 FETHS. Zhilk
0, A S H I AT TR ANREET R ) O SN 2 96
BRIEICED Y, oKD & 0 R HAHIR 191259
F ) SSAHMNA S LIC { WiEIEIZ 2 o 22w REME I+
BEZLNDL. T, INLORM R FZERICMZ,
2010468 L O20114ED A4 R b (HEIRHEREY) HSER S
LT, BEORRI o7z b B SN S,
WRALLZ2W ) oWl e LTid, OfMICHER LS
KEBEOEVIKRORE, QOWNOMELIEOYWE, Gl
MEOEE, OBEBICE LT EREAELEYOABIHEL
7eBRBEOEE (¥F, 2006) % EOREAETFONL. T
NOSHOBREBEROBENCEE LTI, SMERBTE %2
Ao F YIRS OWIGEBIN, SRS ST O FEM
BB X O - LFORWILIBPLETH L. S5
HRERY I 2L —¥ 3 VI X BB RO BN OMGE %
SEZHAMFEMSLETH 5.

E

KT 27 TOE %W o 72 ZERFEOF TR L EH
¥, MREE A AT Y FFy ) a Y — ot
4+, B SRV 750 7 BRI R FALE O
AT RS, 2 B ol BRI SHITEW B
FIBEERISE T AL G O E R W B S 2 13 LoMABR
OERICIRIEHT 5. 2B, RFEO—RIE, #H#kME
& (B & AMKFRFEBERR A AR & o L FAFZEIC
F D FEmI N

5 A E

W T34 (2015) [HEO R %W 5 —iEEH o 5B L LT 2
Bl 78.

i H (2006) 7V OPFEIC KT T WAL F RO B

— 257 —



IS, ARFIAT =, IBER), ERAR L, SRANE, SiAHE], R

BA9 A28, JKEEL%, 43, 117-130.

FOAPUES - 551473 (1978) MW BRLGDOWERE B L 0%
FHAEICBES 2RI ROE D 253t e b T /I RIT TR
B SEIOKENR, 1,21-30.

E 1zl KEH - BLaeR (2014) ELs8@A IR
MEHEAAE B2 m4fi mERBINOKE, 24

AT - PG - 5 A2 - ) T (1989) HEEL - AL
RO & FIFIC T 5 EBRINIZE. 5 T30 08, 36,
314-318.

SBOKEMNIZEAT (2013) A /2 il BR 5% O 3 95 36 %0 L B SE
8-9.

PN Z - B — - A — - R —1F - AR 22 - WA
F- W B (2008) BILE L EENNN WIS BT 2 KOS
& RSB 2 BUHEIN. RS T, 55,516
520.

B B KEE (2007) KEE Y 3 » 2007, 5-6.

SRR - AR - =W EE (1997) SEEWE DS 2 )Lt o

BRI TRE, LR, 580, 19-26.

BARFEIE - ALl - v R M- SWEHE (1998) HEK IR R T
DU - WREDST h AW FDOHEE ZFZDOERICE XIFTH
EEH. KREBSREE, 21, 670-675

HARMRS4 (2016) WM. MRS A4 ¥4 >, 4,32-36.

HARKIEG B E 2 (1992) BRBEATEFEANC J (T3 3528 % H
T 57200 [HkEE] L34, 423

B Bode, SelA (1972) EBEHIAKRSHED Y RBUE IS ITT
B = EEKE RIS, 1, 1-32.

REAAE - AHERE - RHE— - AHEH - SR80 E - SR
B (2007) AN LTFEBUC BT BIAEME A XY b AREEOE
W ERERE B X ORELRRRE, KBTS, 44, 11-19.

WAL — - LHAHF - 2 KEE (1990) fiB L OWIC X BIE
RDBE FIFRAE. EBEHEHUER, 674,3-13.

B KRR (1972) 74 A DWNGEKIZH 2 B FIEORE.
AR 1Y [ SR A A T S S A R (AR B - AR R R SAER 5E
KA, 151-157

— 258 —



