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For seaweeds with complex structures, such as the Sargassum, increasing water velocities can cause the fronds to collapse into a more

streamlined shape. Such deformation makes it difficult for seawater to flow through the fronds and can decrease mass transfer rates, and the
rates of respiration (R), gross photosynthesis (GP), and nutrient uptake (V) may decrease. In this study, we evaluated the effect of a gradient
of water velocities on seaweed deformation, R, and GP and V. Sargassum micracanthum (Kiitzing) Endlicher was used for the experiment.
Specimens were either allowed to deform (free-form) or were prevented from deforming (fixed-form). Flow velocities were set to 6 levels
(0.018 to 0.381 m s™). Our study suggests that, for the free-form seaweed, R, GP, and V tended to decrease with increasing water velocity.
However, for the fixed-form seaweed an opposite trend was observed. As the free-form seaweed deformed with increasing water velocity, it

changed into a shape similar to that of the fixed-form seaweed. This result suggests that seaweed deformation alter the flow patterns of water

through the seaweed fronds, and could affect RP, GP, and V.

Key Index Words: nutrient uptake, photosynthesis, respiration, seaweed deformation, water velocity

'Graduate School of Fisheries and Environmental Sciences, Nagasaki University, Bunkyo-machi 1-14, Nagasaki City, Nagasaki 852-8521, Japan.

*United Graduate School of Agricultural Sciences, Kagoshima University, Korimoto 1-21-24, Kagoshima City, Kagoshima 890-0065, Japan.
*Institute for East China Sea Research, Organization for Marine Science and Technology, Nagasaki University, Taira-machi 1551-7,

Nagasaki City, Nagasaki 851-2213, Japan.

*Author for correspondence: gnishihara@gmail.com

wE

KEARRERE L, CERPEEDZDICHELRYE (%
B, BHR, RE) 2, Kifd o AR ZEC TRINL
TV 5, EERA~OWEMIE, EAERMICBRING
FEE) K ORIEE R IC X Y HIIR S 40 (Hurd 2000), Y0EER
JE & REIC Y EE % %2 1F 5 (Nishihara & Ackerman 2006),
NS DESEE, EARMMNEOWREIMT 22 & T
WD, BEENOYWEMEHEEEMT %2 (Nishihara &
Ackerman 2006), % D78, EEAERED AT —LIZEWT,
TIE D N3 AR TIESE O A B SRR E % (i T %
(Wheeler 1980, Hurd et al. 1996, Larned & Atkinson 1997,
Nishihara & Ackerman 2006, 2007),

FRRIIEDETREIC X o THRA BIBIRE B L, #HED
VWEZEST 27 ne R LEBEICHEKL TS (Hurd &
Stevens 1997, Nishihara & Terada 2010a), % < D i 1%
FWMEZA L, WRKOWIUMEIHEE I 15 2 LT, i
DIGRDBEMEI NS X 9122t T2 (Anderson & Charters
1982, Carrington 1990, Gaylord et al. 1994, Boller 2006) ,
COMRBEOIRZEN L, o Nl (IR ojiE
T SE, WEHHEDOHA® (Anderson & Charters

1982, Boller 2006), HC#%kx (Hay 1981) %#5|E# I 92
EREHIE T3, LEdoT, ZOMAIREDIRE(L
X, ORISR B e LA R D B,

R DTERZAC AR BRIIGE 1 KU T8, By hhnns
Y7L —MROME, Bahng BIREMICED
FEREPELZDPTOETIEERZ Z L TFHIEING, #iz
X, 7V — MROIEREZH T % Macrocystis integrifolia
Bory (Hurd ef al. 1996) %> Macrocystis pyrifera (Linnaeus)
C. Agardh (Wheeler 1980) —Ti&, 6B B 5 4 2
WG PV & s L, a5, WRRIC, KBTS
Wi#¥ @ Vallisneria americana \%, MR W¥2E2H L,
Z DA HHEE X E O BN & LIRS %5 (Nishihara &
Ackerman 2006), I ORARIRDSEMIZRRE T, THIRZAL
IC X BN S K, AR S N2 5ERE DR S 5
WE G RO EAHIRERTH 2% 2 5405 (Hurd 2000),
—J5, Stewart & Carpenter (2003) %, #HEDOE FonlL
7R % H L 7= > 7 ¥ N X Dictyopteris undulata Holmes
& Zonaria farlowii Setchell & N. L. Gardner DA HGH
B3, EILE TS B TIREDIM &3P T B 2 LR L
7z, Stewart & Carpenter (2003) &, FE#E NICBZEIN



2 HES

TREDTGRZEAD, JeE BRI L I JERTH % L
ZLTw3, LrL, ZokEBREMIC X 2 EBNIGE
OB 2 W 1%, A PHEE (Stewart & Carpenter
2003) LA ER#EE (Ho & Carpenter 2017) 122V Tifi
CZboiclonTws, HicZns oifgild, &SEifd s
2 AEBIGE DA ETIRELOBMDOAIZE EE-TE
D, TWIREOHEPEHSEICED X ) ITHEL UET
DREE L TWaZe o,

AT, WBEOIRELH VG B & SRR IGH
EICH Z 2RI T 270, BEOERLEZNFNOE
Eed» & 53 U 7 B T OHk DEE%Z F5> b 7 € 7 Sargassum
micracanthum (Kiitzing) Endlicher GfiJIl 1977) % H\»C
EEEEfT-o7, MrEIIE, BB 2 EEMEED 1
DTHY, WKL) DRVERETCERT 5 2 LR
HINTws (REFS 1990), D7, BB T Tk
DU & BTERZEACDBEDS R\ 2 ESHERIZ L 5,

Nishihara & Ackerman (2006) %, KEEY DAL
B & KRB O BRI X b, A BOEEE 2R 2 Fil
(Ug) &, JCABGERENED LR ® 2 ERHE (Uy) 2%
5 E0HRFIERIEL 7, 2 2 TAGETIE, MrEIEH
W, TERDEE S 47 & FEE X 0T 2 DR DO FiH

IR B ABIRE 2 T 5 2 LT, (1) WEoMmcfk
) TARZEAC DS R, ISP, SR RN % 1)
Wl 22, (2) WRFE Uy 3EETI02HSICTE 2
ExHNE LT,

MR ETE
R

JUGEURHC I, 2018 45 12 F 2 FIC R R A 2t
Bl (33.021114°N, 129.761624°E) THRNL 7+ 7 €7 %
oo, L7 7€ 27103, Biktko vy 7icAh, #§5

Sampling tube

SL Y

Dissolved oxygen

sensor ~
\\

Propeller | &

Scawccd

‘Water ﬂh
<«

|<—Test section *>|
Transparent pipe

\_ _J

Fig. 1. Schematic of the experimental setup.
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Fig. 2. The image on (A) the top is the free seaweed, while
the image on (B) the bottom shows the fixed seaweed. In the
free seaweed, the seaweed deformation was determined by the
change in angle (6) indicated by the black lines.

(LI-193SA, LI-COR, Inc.) ZH\>C, [ DB I
iR i 7z L 7RBECHIRE L 72, i 6 55 (0.018, 0.084,
0.127,0.150, 0.252,0.381 m s™) & L7z, [HAKHE A O
WK, VRS (RO ORE 4 ) 2 & icscfil 72,
MR, WESMERIC B U 22 X222 R 70,
FERIX T & TR U2 B DR L L 72,

TR DTARE (L O il

R DTEIRZA L, WSO O fi B2 D 28 2 v T
FEA U 7, SEBRRE T RRIC, MERGEREIR ORI D SUFR DT
EZx#D, image] /N— 3 >~ 1.51 (Schneider et al. 2012)
RO ME (radians) 28 L7 (Fig. 2).
o fmEDZE{LE (A Radians) (%, H#EO ms'icE T
QS EEOREICE T BME 2HWTEHL
72 (Eqn. 1),

ARadians = 6; — 6 (Eqn. 1)

BEBRREERS SUORBREEEDAE

ISHAIR TS 134 2 21T 1 4 RIbR C 2 BRRTHIE L 72,
FRBTICIE, SEBRBHRRE 2 E i & LT 30 435 & BT 80
or#8, BT 100 0% F TOREBRERE T — 8 2 fliH
L7 (B : n =50, K5 : n = 70), KREEREE, Bdo
TG & LI BRI S K OV 30 s, 1, 2, 3, 4 IR
BACHIE U7z, BT, 1 IRMEBD S 4 RHEB O 4 H%
R L 7o, SRR ONE I 2Ky~ 7vix, 1
WAKEZEE L %2 F 2 —7 %A1, ¥V v THREIL TERL
L7, Bonciiiky v 7045 yum DAY 7L v

0.8 1

© ©
N o
1 1

ARadians (6;-6;)
o
N

00 01 02 03 04 05
Water velocity (m's™')

Fig. 3. The change in angle (ARadians) with respect to approaching
flow velocities. The model lines indicate the expected value of the
model. The shaded regions indicate the 95% Bayesian confidence
interval of the model.
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Fig. 4. The response of the gross photosynthesis rate to upstream
flow velocity on each (A) control section, (B) fix section and (C)
free section. The linear lines indicate the expected value of the
Bayesian generalized linear model. The shaded regions indicate
the 95% Bayesian confidence interval of the model.
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Fig. 5. The response of the respiration rate to upstream flow
velocity on each (A) control section, (B) fix section and (C)
free section. The linear lines indicate the expected value of the
Bayesian generalized linear model. The shaded regions indicate
the 95% Bayesian confidence interval of the model.
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Fig. 6. The response of the NO; uptake rate to upstream flow
velocity on each (A) control section, (B) fix section and (C)
free section. The linear lines indicate the expected value of the
Bayesian generalized linear model. The shaded regions indicate
the 95% Bayesian confidence interval of the model.

Table 1. The expected value and 95% Bayesian
confidence interval of parameters (6,, 0,, 9,, 6;) in
the model (Eqn. 2), which were estimated by the
Bayesian method.

Parameter Mean 2.5% 97.5%
Intercept (6,) -0.059 -0.18 0079
Asymptote (6,) 0.773 0.568 0961
Scale (6,) 14.869 8347 22439
Midpoint (6,) 0219 0.177 0.255

WA BEE DM =13, Free XX D b Fix KD 55396.73%
(Odds: 29.581) DIERTHE\WEZR L7 (Table 3), W
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L CHELZER SN, Fix XCl3BmEm%zn~L, Free
X cidigAEmZ R L7 (Fig. 5, Table 2), Jdicxd 2 B0
MR DM E 1L, Free X XD b Fix XD 2Y99.43% (Odds:
174.439) OMEFRTE\EZZR L7 (Table 3),
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Fig. 7. The response of the PO,” rate to upstream flow velocity on
each (A) control section, (B) fix section and (C) free section. The
linear lines indicate the expected value of the Bayesian generalized
linear model. The shaded regions indicate the 95% Bayesian
confidence interval of the model.

Table 2. The expected value and 95% Bayesian confidence interval (BCI)
of slope and intercept in the Bayesian generalized linear model (Eqn. 4) on
each the treatment sections, for gross photosynthesis (GP) and respiration
(RP).

Treatment  Slope 95%BCI Intercept 95%BCI
GP  Control 0036 -3421to03.683 0018 -0.745 to 0.706
Fix 2402 -1263to 5937 3366 2657 to 4.106
Free 2214 -5698 to 1.349 8.617 7889 to 9.356
RP  Control 0206  -1.525t01.031 -0022 0279 t0 0234
Fix 1414 0.171 to 2.667 1242 0.991 to 1.506
Free -1.106 -2339t00.18 1488 122 to 1.747

Note: Units of Slope are g min" g, (m s), units of Intercept are g min™ g,

min' g, (2.657-4.106, 95%BCI), Free [X T8.617 ug
min' g (7.889-9.356, 95%BCI) % 7t L # (Table 2).
TH T A3 2 BEIPEGH B D ¥ i, Control X -0.022 ug
min! g'y (-0.279-0.234, 95%BCI), Fix X T 1242 ug
min” gy, (0.991-1.506, 95%BCI), Free [X T 1488 ug
min” g, (1.220-1.747,95%BCI) #% /x L 7 (Table 2),
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Table 3. Pair-wise comparisons of the slopes between the
treatment sections for gross photosynthesis (GP) and respiration
(RP), which were conducted by comparing these posterior

distributions.
Pair-wise comparison Probability [%] Odds
GP Control - Fix >0 16.03 0.191
Control - Free >0 82.18 4612
Fix - Free >0 96.73 29581
RP  Control - Fix >0 336 0035
Control - Free >0 8531 5.807
Fix - Free >0 9943 174439

& I ERERI A~ OV B G MM L, O ABGREE,
IR B T O NOy IR EE S L 72 LM I s, —
7, Free XTIE, JEOEIMIZHE, MAUSHREIITIEI 1L
TR DB S K 2 % X S IR EL L 72, 2 D720,
Free [XIZE 1) 2CABOERRE, KFWFEE K& O NO, WRIHE
BEORAMER X, RO IRZEMIcL DI ERI SN L
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HEZBELI LT, BEABEE L Free XD b5 < 7%
D, DR ZT 7\ BEIRR L X IG 2 0&  H3 e 2o 72
JEERRLTWwS,

Stewart & Carpenter (2003) &, D5k L 72 TR
ZROL 7Y ANRE Z. farlowii % FTC, OB %
T B HOGEBORE DIGE & JR T, FEOBIE, APFFED
Free X & [HikIC, > 7Y XL Z farlowii DGR % B
&, fEABOREE % J#4> ¢ 72, Stewart & Carpenter (2003)
LB DA 1F, WEMER LOGROEAIT XD T
SR INA LML TEY, KUEOHRIZ, #6 DK
AR Lz, B, Stewart & Carpenter (2003) (%, #ii
JeEBIRE X, JeR2D 2w (136 umol m™ s7) 13
BRE72 27 0RO EEZITIZL L, HRBL VI (670
pumol m” s™) IFFEDBIN & IS L2 EME L, &



Table 4. The expected value and 95% Bayesian confidence interval (BCI) of
slope and intercept in the Bayesian generalized linear model (Eqn. 4) on each the

treatment sections, for NO, and PO43'.

t 7 E T DAL BUE T TEIREA L D E 7

Table 5. Pair-wise comparisons of the slopes between the
treatment sections for NO; and PO,”, which were conducted
by comparing these posterior distributions.

Treatment  Slope 95%BCI Intercept 95%BCI Pair-wise comparison Probability [%] Odds
NO,;  Control 0071 -0.507 to 0.648 0.05 -0.068 to 0.174 NO; Control - Fix>0 2118 0.269
Fix 0.39 -0215 t0 0.967 0.289 0.163 to 0404 Control - Free >0 86.25 6273
Free -0372 -0.956 to 0.215 0.388 0.267 to 0.505 Fix - Free > 0 9647 27329
PO,  Control 0.002 -0.042 t0 0.048 0.001 -0.009 to 0.01 PO, Control - Fix >0 1473 0.173
Fix 0.036 -0.012 to 0.082 0042 0032 to 0.051 Control - Free >0 4721 0.894
Free 0.004 -0.044 to 0.049 005 0.041 to 0.06 Fix - Free >0 83.04 4896

Note: Units of Slope are mol h™ g, (m s™), units of Intercept are mol h™ g™y,

Y7 7 R OWFED A LD 206 1L, K220 —
28°C d & %, 300 — 400 ymol photons m? s L i &N T
% (Terada et al. 2016, 2018), Z D7-&, A5 CTHEE
L 7264514 (100 gmol photons m™ s™") T, Yl s Z 1,
TIEDHEI/NS  le o T WL H[EEMEDID 5,

PO, WIGH FE 1%, PR Bt L, Fix X 1389 e
M %R L7225, Free XClEZ{LIE H S 0d, Control X &
DA po T, 0L, HEEOTPRZIC X 2 W BtE
DMHID, PO WIGEEDEBIH G L o7 2 £ %R
LT 5, MEAOWETG R, WEIRE LRI X >
THIFE S 4, MOV EWIGEE X, WESHRINERD
YIEWINGE ) 2 B 2 % Lff19 5 (Hurd 2000), %2 D79,
YIEIRE D E <, WERINGE I LT+ ic W E o G
SNTVLBI, WMENCK 2T NI R EEZ NS,
Nishihara & Ackerman (2006) %, V. americana % F\»C,
AR IR EDSE 1T B I2HE >, YA RGBSRl ¢
DMEIMEL BB BB L, TNH6DT EDDS, FFE
7 O PO, WINEE ISR L C PO, MEASE <, #REDOAR
ZAIC & ZIRE O MFI DO HEL/NZ { o TR H
5,

MR X > CTHBELRTBIRE RS, TR L iFsEo R TR
JE % BT 2 7 DI OB S L IZEEH D DR
I #& Lt [Surface area/Volume (SA/V) ratio] S\ 6 11 C
Z 7= (Rees 2003, Stewart & Carpenter 2003, de los Santos
et al. 2009), #H#ED SA/V i, 74V A 74 AR ED
U= MRERIIRDOFTHE L, FvF 7 7EHPary 7HLEED
BRI E L, EEIC L L l#E A L w3 T <
7 BHEMD3H 5 (Rees 2003, Stewart & Carpenter 2003, de
los Santos et al. 2009), (%, ¥HEERMNZEL CWEH%E
WINT %72, SA/V LD & I Y B RINOEEE, 4R
B, A BEESEEMT 5 2 EsnTw5 (Rees 2003,
Stewart & Carpenter 2003, de los Santos et al. 2009), —
7T, SA/VHPMEOE, BMEOYRNLmESHmL, 8
BOME) L 2 mEOWEZ Y ¢ 2 RENH 5 (HHL
2011), ZEBRIZ, SA/V HMMERWA v ¥T Z8IE, BiEDm
EEE L, HIRMREDIE L WEE T BT 5 2 &3l
EN T3 (Nishihara & Terada 2010b), ¥iZ, #FEDTE

WRZAIZ, FiZ#ENT 572 (Carrington 1990, Gaylord
et al. 1994, Boller 2006), & D EBKEM: % HA X &, Eik
MBI T COERICHLE L Cwi EEZL6ND, i TAN
TRERD S, AV FU D X ) REBICOIE L IR %E F
OFETIE, FHOWMIC X 2RO R EIRINIGE %
MHEIL TR AR EN, DO ERS, HEOEH
REERARIC, SA/V TREND L) hEROMEL T TR
<, MHEOGRPZRMESEE L Twi EEFEZ6NS,

AR 51X, N EZITBT 2 RICABURE, BT
WO EE, 28 (NOy', PO,™) WINGHEE A A1 9 2 Jik (U,,),
KD Lo 23 (Uy) ZHEET 22 LTS o
72 FEBROBEPHERIRFEOMED &, EETH P 7
(ool W, RROERTHL EEZ NS, —/T,
TMEDEFN N TE T —FDIES6DED, FHIL TPk
WCREDPSTZLIIFBEBTRERNTHE, T—FDIELDOE
ZRELT2HERIMBUCTAET 228, MO LIS E A~
DWHDOFEL, Y&, WHIRE PO T2 LIRDE NI L -
TET 2 EEZ6ND, 201D, 5%IEFIVEDT—
§REMT 5 LI, KREPYWEHIRE L v st D%
& DHEEHZFHRTHL Z EBRDEN D,

INE THEOWIRE NI & 2B OB TH - 7~
D3, ARWFEIE, HROTARZEAFRICE ORI, TR,
NOy WINUHEZ MG 2 2 L 2L 2, Lo L, A%
DFERIF—HMOWIGTHR I 1, BGERETALN IR
i T ClE, FROBRIBER I N 2237 HTH 5, IRE)
TFTIE, HROBSOEME LD, WEBTTY 2EnT
WBHIRREIE, WiINICHET B EEZ NS, S5BIX, —H
A OWNE 721 T2 <, IRERE T ICE T 2 OTR & AR
WIBEDOBIROMET 2LHBH 5759,

B

AL T U 72 FEEIE 1, BRUEE LR R AR B AT
WRBEAWEBIRZ L D FME S TIHE E L, LI DEHHL |
FET., T, RIBERYIREFREZE M ER, MHFEER
i, Aoz, iR, MiE2HEE L,
DEDEHHEL LT,
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