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Goro Nigi', Izumi Kinoshita?, Masanori Hiraoka® and Kensaku Azuma®: The effect of fluctuation in nutrients on the thallus length and

pigment content of Ulva prolifera in the Shimanto River estuary. Jpn. J. Phycol. (Sorui) 66: : 7-16, March 10,2018

To clarify the effect of fluctuation in nutrients on the growth state of Ulva prolifera in the brackish waters of the Shimanto River estuary,

nutrients concentrations in the surrounding waters of habitat, tissue nitrogen (N) and phosphorus (P) contents, length, and pigment

(chlorophyll @) content of the thallus were investigated during the growing period in 2009-2011. Concentrations of nutrients, especially

dissolved inorganic phosphorus (DIP), in this study were much lower than those of 30 years ago when the yield of U. prolifera had been

rich. Since there was no change in DIP concentration in western Tosa Bay from the 1980s to the present, it is considered that riverine DIP

input have decreased across the 30 years. DIP concentration had a significant correlation not only with tissue P content but also tissue N

content, despite there being sufficient dissolved inorganic nitrogen (DIN). Thallus length grew long at least in part even when tissue N and

P and chlorophyll a contents were low. These results suggest that a deficiency of DIP for nutrients demand of U. prolifera growing in the

Shimanto River estuary causes deterioration of quality as thallus discoloration.
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2P 74 7Y Ulva prolifera Miiller 13 313K BT L
(¥7IF5 1946), THEOEWETIE 2007 FELKE, 7V —v A4 F
D FH R L LTI AR AKBBOIESI]E SN Tw 5
(Shi & Wang 2009, Liu ef al. 2010, Zhang et al. 2011, Liu et
al. 2013), —75, HATIE, JUKETAFEIEE <ro &
ELTHIEN, TDHIBAYTA 7 VIIKEZRE L Toffi
fEDRbECEINTY S (T - EH 2004), HADOAY 7
F V) ARFEISEEIARE & RIRFEEDSH 1, RINETIZEE RIS D
PUTT N s R E R & 22 o T % (CERd - EH 2004),
INHES NI AL T A 7 VIFERHEIC X > TEHERPREL, Rk
292D EERE IS0 CRBF 1990), Frichig+
JIPE I EfEcHEl ST & (FM - BEH 2004), L2 L,
VUGN 2 RABAY 74 7V OPFERIE 1980 AR
D 10 ~20 t/ FFTHERE L T 7223, 1990 4ERIEFICIXhE
DA EFISFE ) EBEARICL > THA L, 2006 ~ 2008
FELRERRAT2 ~3 t/ FFTHEBIAALL (CFRS 2012),
DD, 1~2t/ SEORMEDRLFEL T3 (Fd 2015),

HADZAY 74 7 VIcBT 2 07es 2 cdb 21U+
NIz B W THRLIZITbN, FHiZfhe LT 1 ~2 BIRRE
HELRD (KE 5 1999, Hiraoka & Higa 2016), % D7k
A2 687 km £ TT (KEF - &6 1988),
53 DRFEWI AT - 7o T RE 2L (VR - BB 2004) K OVE
IG5 - AR OB LSS SN Tw 3 (Hiraoka et al. 2003,
Hiraoka & Higa 2016), BREiZEfFicowTld, AERENS
LTOWEEMN15~29mg L' (A4 U HiHEELT) ©
#iPHicdH H (Ohno & Miyanoue 1980), SiADHIMA R 137K
I 20°C, i3 24.5 OFMED3RE £ Wi ST 5 (Soe-Htun
et al. 1986), Lo L, —fRICKRILGRRISE DRI % i 3 A28
DV, PTHICIE 1980 4EARUCKET - Eifs (1988) 12k D
AL T AV ABBICE T BB O—2 & L THIEED
HINTLEDOAT, R EHRE L ORHEICOWTIZA
LTI TR,

AV TH ) DOERERER L OBRIZOVT, -1y
ANRdLk T 1970 ER A 5 BRIl L KBENE & 0B
1% D345 45 X 11 (Fletcher 1996, Ye et al. 2011, Smetacek &
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Zingone 2013), JT4ETIE, WHEBEFICE T 2 BRENMDOE
BRI L W OHEG D H 25 (Leliaert ef al. 2009, Lin
et al. 2011, Liu et al. 2013, Li et al. 2014, Shi et al. 2015,
Xing et al. 2015), AL 74 7 V) DERISHT 2 KR EHOE
H oW TUE, BRORMMIVERZMGET 2 FH0% (it S
#L (McClanahan et al. 2007, Shi & Wang 2009, Luo et al.
2012, Li et al. 2014, Zhou et al. 2015), VORI 74 /7
V) Ulva intestinalis ® ZEIEINC X 2 EREEDIR I T
% (Lotze & Schramm 2000, Kamer & Fong 2001, McAboy
& Klug 2005), ZD—/7C, IBNHEIRREER A FIEIEREY
v (DIN:DIP) o EFickD, Vo »HlREATFER>TAY
7A 7 VOERERIGIL 72 F# b H ) (O’Brien 1987, O’Brien
& Wheeler 1987), A4 X724 Ulva lactuca T RO HE
K HESIN TS (Pedersen ef al. 2010), 7z, AP 7 A
VRO RY7A ) TIEEETON KO P EaESD R
Rpic £ R Z 41 (O’Brien 1987, Fong et al. 1994), Z®
D7 A V@ TIHEARN N RO P &FROBNNIC > TERE
PHEE S LT % (Bjornsiter & Wheeler 1990, Villares et
al. 1999),

AWFZETIE AL 74 7 ) A MK MEAIC & 2 P95+
MRICB T, REEOHELEASTE ) VDAL I RALED
BhEZHO T A2 LR HINE L, AT T7A /7 VAERIHICA
HHIDORBFIRLEDHEZIT) & & bi, APTA /Y ik
DN KOPE&EHR, ML 4~ ZDIFEE L CHEAED
HEZIT o7, SOICAIIZETIE, KEERE L COfifiz A
A3 a0ficbiER L, 7/ VEDETAEL 5 gD
L7k Tidr7aa 7 4 va&HEMMET L (Zhang et al.
2004), £/AP T4 VL 7Y Monostroma nitidum
Wittrock & V> 7VKE 7 A VRO G % o4 § 5 ikt DR
RiICbEEhorsaa 7 4V a G HEPEKRL T2 (Ohno
& Miyanoue 1980, Ohno 1995), DL Ex#E 2, tatHDiFEE
tlTruvu7svaBREZMEL, REHLH EOBGRE
BT L 72,

MRIERE
SR DIRENETHA & RN AT

Hiraoka & Higa (2016) (& 2 EifHRICED E, Kt
28Tl 2009 ~ 2011 £ 1 A tys 6 2 Ah Aoz, W
T 3 MOBK BRI ETo 72, AL T A ) DEEY
& 73 VKU VA D 2DV E L, Z OB %2R T T
KIS L AT T 5 (Head 1985), #KIFAY 74 /2 V4
B D R OB & VK EZ TS 2T 2720, W]
mh ey EERL, 1| HOESZEDR E WRIIREZ, 7K
BN EGHE T HS B Qe TOmieg, TR, -
VTR, IR O 3 MR EE OIRRE) 1T 7,

FR & FUK DR S X, KYF - EAG (1988) KO E,
T1226 7 km OAREFAN T LM (Stn. UL), 545 (Stn.
U2), F#ifl (Stn. U3) @3 » iz & L (Fig. 1), %
Tey APTA 7V IBEEIC L > THENENT 20T (KEFs

Fig. 1. Map showing sampling stations ( @ ) located in the Shimanto River
estuary.

1999), i ORISR B, $RK, EAEREUE, SED 1
FIHOFAERICAS T A 7V OWELRELEL, b EgEICE
B 3EETiTo 7,

SRR OE B ORE, A E

R O BARERINOLIE T, BEEL v — YSIF/ T
7 #1# model 30 ) 12 & DKl &5y & IE L 745, A B —
KR (GEERREALED) ZEH L TRKL, RYZF LU R
PSR LT, KD 05 m BURoBE1E, EEE, RV ZFL
YR PVTEAR L 72, BUKIZERBURIE S I fifr L, Z2oH
D9 BITEE 2B ERAGEIC X D HIER, Whatman GF/C 7 «
WY —%HCTH L7z, AR Parsons et al. (1984) 12fE->
YRS R, T A, U VBEE N F Nl
tER L7,

Hiraoka & Higa (2016) 1%, 2004 ~ 2007 £Eiz P45 +JII
KD SRR S 7 5 38T AR D 7 A 7 VIZDO»T, fld7
SECEEVEBICHESE, 96% DAY 74 /) LHEL T
%, ZOLERESNIINMEIDED DR WIBEEZRL, Rk,
Ulva mediterranea Alongi, Cormaci & G. Furnari & [Fl7E S
7 (Hiraoka et al. 2017), F7-, ZOfEIZFICINGICHEIL 7
ERICER L, AUFROEARIGLR L TIRIZ L A EBI%
ST (Hiraoka & Higa 2016), L7255 7C, A5
TR Tl VB e S8 S DB AT T A /) LA
L7, FHS TP A 7 VEERDEE L Qo AgEREL, i
R 50 itk 2 v 2y b THERP» AR, kR4
HIE L7z, 38D ORI L T2 EALHEIEED, 78K
T L CRAIDNEYZID R E, T T—BRER
U7z, MRDHEIC o7 2 2R, SXY—CBkL
THARRGRLE U7z, 3kHE Buapet er al. (2008) 12fE- T,
TN =R —A v R 7 2/ —LiEic kb N aE&%, Wbk
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Fig. 2. Daily average (a) DIN (NO;+NO,+NH,-N) and (b) DIP (PO,-P) concentrations, and (c) DIN:DIP ratio at three sampling stations in the Shimanto River
estuary during the growing period (January to February) of Ulva prolifera in 2009-2011. Water samples were collected five times a day during the high tides
of morning and evening. Error bars represent the minimum and maximum values on each sampling day.

WEEB R —) 7T EERICXY) PEERZIE L, &
B, 7Y — VR TIREAENT OB I ERTE RV,
W NGO MTREVEDSEI 72 %, 72721, Soulsby et al. (1985),
Fong er al. (1994, 1996) bR 74 /7 VEEND 7L ¥ — )L
EFEENEGHREL, 7, Lartigue & Sherman (2006) <
& % Ulva lingulata AN O N &4 IS5 2 ilBRES R R
DEAIZIRAK 3% FLE AR o 7720, KIFZES 7L & — V&
FRENGHREER L, SohRREEHZOV T, &
HoHARORELLTZuu 74 v aid% 90% 7% b+~ lith
12 & b e & L 7 (Buapet er al. 2008), AN N 44 &,
P&, 7nn7 4 a &HRIZOW ISR OB ARR
BHZD & 3RIOMEZIT, ZO VxR L 7,

R
BEEH (KB 59, BE)
ORI 513 2K, M5, WIEEOZEHP &
S, RO E % Table 11278 L 72, 2009 ~ 2011 4
D&MD HTE AR 94 ~ 15.5°COMIATETL, 3 7
S 1 B HLE O KIRIC A A 2 R S s o 72 (ANOVA,
p>0.05), FHEDOAIRDHAZSIE, EHEMo S, Ul T
fthop 2 MU A TA S BB L2 R T HBS <, 3 7 4E DB
THIMERD 6°CIUT, FURE A 17°CHL L IC3E T 2R3 D

Ronr, 3 7 FoLBEDED1F 05 ~ 334 O T4
B L, RAKISEWIRIED 51T K F COIAH R 72t %
LTz, BHUS D H PSS AT HIC BT 2 K0
DGR WL Tk & 2o 72, DU+ HIEE RS 20
~30 m’ s DERICIZFHE L b M 20 DL E& L
TeDITR L, HFHEHBIN L 72 2010 4E &£ 2011 4D 2 A
R TCIE RN ARIE ¢, Stn. Ul TIdED 4 ~6 TR T
L7, &Moo HPE s 2 s i 9 2 &, Biifilas o
TN 2> TR B3 AR RSN, 72770, FELED
H3GEE e i B oG a2 I/ R e k- 7% (ANOVA,
p>0.05), H I IC>»T, Stn. Ul & Stn. U2 Tiz 481
MIH2EE 2 mg L' LT O/K#EICH > 72, Stn. U3 T 2010
42 Avhf & 2011 45 2 ApfAnic HRR#EE Smg L' MLk, H
YL 2 mg L' DA R&GERL, 2011 FEICD VT Z Ofth 2
Hus & DA REDRD 5N (ANOVA, p<0.05),

REBIERE

FiHEH DK HE O DIN & DIP, DIN:DIP koo H¥41MH &
2B % Fig. 2 1R L7z, DIN (% 3 Higd & HRgERHE + mifiy
BT vE= Y LM LD bERE T, DIND 71 ~99% %
7z, DIN UG DED D 20> 72 2011 4£0 1 H
25 2 H EANSHF T (Table 1), 3 ik & SRR E oo 72,



i

Table 1. Daily average values with daily minimum and maximum values of environmental conditions (water temperature, salinity, and turbidity) at three
sampling stations in the Shimanto River estuary, and fresh water discharge from the three rivers (Shimanto, Ushiro, and Nakasuji Rivers) to in the brackish
waters on each sampling day. Discharge data were cited from the website of Ministry of Land, Infrastructure and Transport, Japan.

Environmental conditions at sampling station

Freshwater discharge

Date Station Water Temp. (°C) Salinity Turbidity (mLf) River  Discharge (s
2009 Jan. 12 U1 140 (11.6-158) 243 (16.4-29.1) 1.1 (0.7-15)  Shimanto R. 26.35
U2 148 (13.7-164) 271 (224-319) 0.7 (0.3-1.4) Ushiro R. 0.51
U3 13.9 (13.6-14.2) 284 (25.8-29.7) 0.9 (0.6-1.0) Nakasuji R. 1.18
Jan. 25 U1 106 ( 58-14.3) 118 ( 05-227) 16 (09-33)  Shimanto R. 39.60
u2 114 ( 9.0-16.6) 142 ( 57-325) 20 (1.3-3.3) Ushiro R. 0.74
U3 11.9 ( 9.2-158) 17.7 ( 7.2-326) 0.9 (0.7-1.0) Nakasuji R. 1.30
Feb. 11 U1 146 (11.2-165) 185 ( 3.7-297) 11 (06-14)  Shimanto R. 3247
u2 138 (12.3-166) 172 (11.2-333) 1.1 (0.8-1.3) Ushiro R. 1.18
U3 15.5 (13.3-16.5) 244 (17.6-334) 14 (1.1-1.8) Nakasuji R. 1.69
2010 Jan. 15 U1 150 (12.1-17.0) 229 ( 89-305) 1.1 (0.8-1.6)  Shimanto R. 32.89
U2 153 (12.4-16.8) 246 (18.0-29.3) 1.1 (0.8-1.4) Ushiro R. 0.13
U3 13.2 (109-16.1) 211 (146-306) 1.5 (1.0-2.3) Nakasuji R. 1.19
Jan. 31 U1 129 (101-152) 154 ( 29-248) 1.7 (1.0-83.0)  Shimanto R. 3752
u2 14.2 (11.6-16.8) 201 (11.5-30.0) 1.8 (0.9-2.3) Ushiro R. 0.35
U3 13.3 (11.3-15.6) 179 ( 9.0-294) 1.8 (1.2-2.5) Nakasuji R. 1.55
Feb. 17 Ut 11.0 (10.0-12.2) 42 ( 09-134) 09 (0.4-1.5) Shimanto R. 4735
U2 125 (10.7-144) 103 ( 3.3-202) 1.1 (0.5-1.7) Ushiro R. 1.13
U3 12.2 (11.2-139) 142 ( 7.2-250) 2.1 (0.7-5.0) Nakasuji R. 1.66
2011 Jan. 19 U1 140 ( 94-17.2) 220 ( 99-30.1) 08 (04-13) ShimantoR. 2505
U2 144 (131-16.8) 237 (20.0-296) 1.1 (0.9-1.4) Ushiro R. 0.41
U3 13.6 (104-15.2) 225 (14.8-296) 0.9 (0.8-1.0) Nakasuji R. 1.15
Feb. 4 Ul 130 (104-146) 208 (145-290) 0.7 (0.3-1.3)  Shimanto R. 2203
u2 130 (106-150) 225 (16.2-289) 0.8 (0.4-1.2) Ushiro R. 0.20
u3 136 (114-149) 260 (20.3-31.1) 1.1 (0.9-1.3) Nakasuji R. 1.09
Feb. 18 U1 94 ( 59-11.2) 6.1 ( 1.4-131) 1.1 (0.5-1.9)  Shimanto R. 72.87
u2 127 (109-138) 144 ( 7.0-214) 15 (1.2-2.2) Ushiro R. 7.66
u3 13.2 (11.4-142) 169 ( 83-258) 3.0 (1.5-5.9) Nakasuii R. 3.78
2 ¢ 25
a) e Discharge [SthU1
<) | @200
020 @ 2010
15 o @ 2011
s = o5 f Stn.U2
3 ik = @ 2009
— o @ 2010
= = 010 | Q@ 2011
s | Y=-0736x+215 Stald
r =0.887 005 t g;g?g
(p€0.001, n = 27) O 2011
0 e —_—
0 5 10 15 20 25 30 0 5 10 15 20 25 30
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Fig. 3. Correlations between salinity and water column nutrients ((a) DIN, (b) DIP) concentrations at three sampling stations in the Shimanto River estuary.
The salinity and nutrients concentrations represent daily average values. Size of circles is proportional to daily average discharge of the Shimanto River on
each sampling day.
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Fig. 4. Tissue- (a) N and (b) P contents, and (c) Tissue-N:P molar ratio of Ulva prolifera at three sampling stations in the Shimanto River estuary during the
growing period (January to February) in 2009-2011. Analyses of the tissue N and P contents were repeated three times at each station. Error bars represent the

standard deviations.
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72 (ANOVA, p>0.05), DIP @ 3 7 4ED H ¥4 IE, il
D Stn. Ul 2MEIREE & 72 2 RWBA% < A o4, 2010 45Tl
2HIR EDEIFHETH -7 (ANOVA, p < 0.01), DIP OfF
FFpAng, Stn. Ul Tl 2009 FI AT 2010 ~ 2011 409K
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27 <, 2011 £ 1 HhAl~2 H Ao/’ Stn. Ul &
FSEDOAKMEE TR T L7, 3 74D 3 H#Hixo DIN:DIP thoH
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Fig. 5. Correlations between (a) water column DIN concentration and tissue N content of Ulva prolifera, (b) water column DIP concentration and tissue N
content, (c) water column DIN concentration and tissue P content, and (d) water column DIP concentration and tissue P content at three sampling stations in
the Shimanto River estuary. The nutrients concentrations represent daily average values.
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Fig. 6. Correlation between water column DIN:DIN molar ratio and tissue
N:P molar ratio at three sampling stations in the Shimanto River estuary.
The DIN:DIP molar ratio represents daily average values.
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