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Abstract

Daemadeung, located in the estuary of the Nakdong River, is formed by sand dunes and possesses

well-developed intertidal flats. This study aimed to investigate the habitat of benthic microalgae, photosynthetic
pigments, and photosynthetic efficiency in the intertidal flats of Daemadeung from January to December 2011.
The inorganic nitrogen content in the sediment pore water was primarily composed of ammonium, while
nitrate + nitrite was dominant in the upper layer water. The concentration of chlorophyll a and fucoxanthin
in the sediment surface was significantly higher than the mean of all the sediment layer. The average Fv/Fm
of benthic microalgae during the entire survey period was 0.52+0.03, with the highest value (0.61%0.08)
observed in February. The rETRmax showed a seasonal trend, being high from spring to early autumn (April to
October) and low from winter to early spring (January to March, November, December), with the highest value
(153.05 +2.30 umol electrons m ™ s~') in July and the lowest (38.49 +5.17 umol electrons m™> s™') in January.
The average Fv/Fm of diurnal microalgae was 0.48 +0.03, with the highest value (0.61+0.08) observed at
noon. The rETR ax showed a highest peak at noon (54.24 % 11.35 umol electrons m ™ s™') and reached its lowest
point at 16:00 (26.17 +4.75 umol electrons m™> s™'). These findings suggest that the productivity of benthic
microalgae varies significantly depending on the survey time and sediment depth. Therefore, to quantify the
productivity of benthic microalgae using Diving-PAM, surveys should be conducted based on tidal conditions,
and simultaneous pigment analysis of sediment layers should also be performed.
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A W2 (127,921 km?*) 2] 2%9] W& WAL 2}A|5la Qle
o, A o) AA5ET Q)= A A u|H 25 (benthic microalgae:
BMA): A2tdo] Bladdlo) glojA] 71 438 9Te
g3l Tk (Murray et al., 2019; MOF, 2024). 3, A
AUl 7o it T2 AlF7HE W= ‘11401
T B9l sl AAlste BEEY A%l ¥FS vl
A A Eth(Choy et al., 2008; Lee et al., 2009). G574 3}
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o) 20 el AT Y AHUAEFE 2
3} chlorophylle] o8 BgHdo] ejsle] olAtsiebas 1
S AL WAL SRYPNHRAY 4T BT
I QIt}(Taylor, 1964; Mcintire and Wulff, 1969; Guarini
et al., 1998; Underwood and Kromkamp, 1999). T3}, #]
AulM 2R AA skt a4 Y 50%E A 5 QL
© ™ (Underwood and Kromkamp, 1999; Frankenbach et
al., 2020; Haro et al., 2022), A A|AZ S Z AAuHzF
off gk YAHYAE 27~234 g C m* yr ' O|th(Heip et al.,
1995; Macintyre et al., 1996; Underwood and Kromkamp,
1999; Kromkamp and Forester, 2006; Haro et al., 2022).
AXE N TN FEL =2 F23hol &8l chloro-
phyll aolAl HA=F o3t AR7}F SA| AHAE W=E3HA
R ofF 7Y AR} SRRtz A E o] dEfRo|=Re A
WaHA| vjEE o] Y ARG A ol 22 E o] FA 1A
BA 12 o]FstHaA 3etAQl o | 2] (ATPS NADPH)S
/dsh= B olth(Kim, 1996; Hong, 2001). 33H/d ¢} Bl
AR 12 2A3E o] 9l FEA (chloroplast)ol &Jsf
o 2857, F2A= AL 7] 9] B (photon) & 70
YA 2 uHE F SN2 MBI 4 9le Seol Ak
B T2 AL A (electron transport system)E §
o we aTstel Aol S FHAIE W Fukg

= [
I 9E 95| Y tA] AE Al AHE HEEe vt
91 ¢kg-o] lth(Hong, 2001; Chung et al., 2002).

Chlorophyllof| A WEse 332 344 27| Feksiit
ol ARFEA] Z3 9 oA 9] Y7} TR Yo e

SIS TIsHA oheter 4= Utk (Genty et al., 1989; Chung et
2 vz g, M, Bg 4 9)
Lodon By S4S Tl ool B ATAS
o] chlorophyll 334& 0|83 PAMS o] g3t glon, &
3] A A, A 2 ek At FollA oSt
Al 0]-8-= 1 Jt}t(Chung et al., 2002; Du and Chung, 2009;
Frankenbach et al., 2020). & 7oA = 0|25t PAME 9|
83 VAR B B4 ZAHTA ST 53] 2
AL A9 9] B4 sliol] ez o] AL, AARARRY 2
o Y EA™o] o] @A A Diving-PAM< o]-&
i
T Y AAuM 2R A7 YaEgds 33 EF
= W AAMuA 2R A&, SHFE Z
et al., 2009, 2012; Kim et al., 2019), §Z ©]-&3t A Aju|
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NzF B39l 23 (Yun et al., 2009), A 0A| 272 4
A B 9 I3AYAH (Yoo and Choi, 2005), 24 of 2Jgk
FREHEL AAuA27Y AFR(Ha er al., 2020) 5°]
o, Diving-PAM®] 25t 33y B4 A+ 5 dREES
ARA wjgFEAstIA o] F|HIL(Du and Chung, 2009),
Ao A L8 A 7= A9 ZolE 57} 9liTh
Aol M= T8 s GARBAERR] A XA 2R
CFF, 7S, BUEF 24 5), HPLCO| o3 AaiA
iving-PAMZ: ©]-83F HgAteE& 9 FAAAGE
S &7sto] Ao AAlstaL Sl AArAzRFo A4t
gsletarat shict.
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1. Ao MMOIMZER MAlEE ZAL

9574 ot dote2 HAE @& oF 1km A 8l
= ZELE Zo] 1.8km, HHl= o 130 mo| HAL2
0.24 km?©|t} (http://busan.grandculture.net). ZAFZ| Q1 o
uk5 89 (35°04'39"N, 128°54'53"E)2 3130 & ¥ A4
o, k2o whx 9 24 IFLZ 247 0.4 met 1.5 mo|th
(Choy et al., 2008). A= Y57 st tivks ZAdolAl A
=59 Holgo g FFEE AANuAZFY AAEHEE A
T3817] $iste] 20119 1958 1289704 47 FeF 2 €
7 FE HAE A=Y 13)E AR, s 2 A
2 3350 GPAT 2L 5to] Sl 2H Aoy
500 mL A2 ARESHRIL EAE2 PVC core (A& 2
mm, Z°] 60 mm)=Z AYFs}o] Etojoto]zo] Hytstlrt
(Fig. 1). FE 2ARA| HoA FE=A Q] LI-1400 data logger
9} 8 AlAQ] LI-193SA (LI-COR, Lincoln, NE, USA)Z
158 7HA o2 2% s Batsto] ARESHlt A3
714739 I 2] WSt AR (hitps://www.weather.go.kr/
w/obs-climate/land/past-obs/obs-by-day.do)& &85} 1,
Y=RAL HHES 52 dxsto] 24g & AHa Y4
o AAA7121 63 um W2 A4 AAste] AHT YHd=
FEsigc, HAE FH0 JYUR R4S G At
EHEE 5,000 rpmA 2087 G4 EEste] &% o
= 0.45um 9 AR} 2 oji}ste] BAE wj7bx] —20°C
A BEEIEA s 9 BAE 359 9gaT 4
& FEEY (NHy-N), FAHd +oF84Hd (N0 -N+NO,~
-N), Q4 (PO,-P)& Y¥E AH5E417] (Bran + Luebbe,
Quaatro, Germany)& ©]83}o] =43} th(Parsons et al.,
1984).
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Fig. 1. A map showing study area. Benthic microalgae were ob-
served in dotted area of upper Daemadeung, located in the estuary
of the Nakdong River.

2. HMO|M=Fo| MAEN

AAm A 27 A7t WE olFS FotR7] st
PVC core (A& 28 mm, Z°] 60 mm)E A& 3l EZS A
25 QFsAE, G54 o diuks AdolA 2 18Y
HAIEE 174712 wjA] (738]) EHES AHT & =]
ofo| o] Hytsto] APAHZ Rkt AP HolA EF
EL 0~20 mm7HAE= 2 mm 7HE, 20~40 mm7HA|E= 5 mm
2oz 14nz Aud ¥ 52 Axelo] B As
£ BASATE AATAERY) BEY Ah B $5to]
HPLC A]2~E] (Waters 2690, Waters Co, Massachusetts, USA)
© = chlorophyll (Chl) a, b, ¢, phacophytin a, chlorophyllide
a, EZA 29 carotenoid 123 (peridinin, 19-but-fucoxan-
thin, fucoxanthin, 19-hex-fucoxanthin, prasinoxanthin, viola-
xanthin, diadinoxanthin, diatoxanthin, alloxanthin, lutein, zea-
xanthin, -carotene)2 =743}t HPLCE ©]&3% M4
4 S o 2ok AR F 001 g9 A AIRE 10
mL culture tube] €1 100% acetone S mLS @o] YEXE
ZE4 canthaxanthing 50 uL 713t § 223 EHE 5
T A& AASHL, —20°C9] YekaolA 24A17F &35
oH(Wright et al., 1991; Jeffrey, 1997). & & 2,000 rpm2]|
Al 102 5 94 £25te] ASHS 0.45 um PTEE filter
Z oI5t o] F A& 1 mLe} 300 uLe] HPLC grade
waterS vialol ¥o] & &35t & HPLC 100 uL loop®l 3
Iste] HATIAT, ALEHE P78 system Lee ef

al. (2009)9] 273 T34t MAsEE HPLC A|AH

o ofsto] Mg BAT F AT HER A Lee
et al., 2009, 2012; Kim et al., 2012).

Pheophytin a+ chlorophyll a9 EAEZ NS
of gt grazing FEE Tofete HER FET glon,
fucoxanthine 7272 marker A40]11, chlorophyllide a
+ chlorophyll a9] Es4bEE MM 27 =35 1t
oFst= AL E x| Qlok gt dof| o3 JEA W &
2 0|2 (H"Mo] Z715H4H, pH7F WolA| L xanthophyll cycle
o] @A3ly P& R T E 3tth(Olaizola and Yamo-
moto, 1994; Kim et al., 2019). o] Z7}gtol| wka} tjof| & A]
3} A (de-epoxidation step)®ll &J3ll DD (diadinoxanthin)+=
DT (diatoxanthin)2 AZFcH DT+ 9 oYR| & B 5
Al HF-&-A] (Photosynthetic reaction center)2 AE3dh= &-&
o] W31, de-epoxidation ¥H-3-& F3 HEA W S4taE
AAZ. FE7E A4shd B4 DTOA DD= gk o] 3
Fe AEF 02 o] g3lt} 0|23k DD} DT 7| A4 gt
< & 24 3 AIZE Y= o]FHXITE @3] DT o] ¢
AF oz F7Fske AR, 2R 5 71 AT Fet A=A
737k do] TR, 4= A|7bof|l A o= A ol DTN o2}
DD9| A Al MagFo] EojUA Hi= Ao xanthophyll
acclimation®]™ A | 4L xanthophyll cycleo|2} gtk
(Meyer et al., 2000; Kim et al., 2019). @2kA DD+ DT9]|
gt DT 4tiH] (DT/ (DD +DT) gke] W3S AwjEH,
250 A AEE 4 = Utk (Demers et al., 1991;
Kim et al., 2019; Lee et al., 2009).

3. Diving-PAMO]| o]t Z3tM £

Aol A Diving-PAM (Heinz Walz, Germany)< ©]-8-3]

o] gk ot & o ¥AE (Fv/Fm: maximum quantum
yield), AT AR A EE (rETR: relative electron transport rate),
Y AAALE tETRmax: maximum relative electron trans-
port rate), 7]-&7] (a: light utilization coefficient) ¥ 3Z3}F
ZF (Ex: light saturation parameter)S Th23} Zo] AH&E31%
o}
957 sk tinks Aol AAlstar e AAuAzR
B 582 HA AFT dark cap slide (Fig. 2)5 o1&
tol B Eo) AAshe AXrNERE SA-SAIA HE
Ql FAFEE ot AR o] 4o AL

Y =(Fm —Fo)/ Fm=Fv/Fm

olm, Y= HjgAtr&, Foe ¢3S AH9 27] 3%, Fm
2 GASH Aol A 3} Fol| o7t Ao FFE ek,

T B o8 HAS AEolM FE BEke T FA I

I lo

Of
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Fig. 2. Measurement photosynthesis of benthic microalgae by Diving-
PAM and dark cap slide in the estuary of the Nakdong River.

o] Falsl wh-gof gt HhFAraS =& (Genty
et al., 1989; Chung et al., 2002; Choi and Kim, 2005). Fv+=
FmolA Fo& W gto = ¥iske 3329 oS Uit

B =9 FEal sto] Chl aollA A=E ol
e Axp7E ARG A ] 28 E o] FA 1ofA FA 12 °]
SolwA 33t o YAE et Tgolne B4
£ ETR (electron transport rate, AALAEE)E THH T}
(Kim, 1996; Hong, 2001). YukA 0 2 A Au|4 23] ETR
© 083} 22 4o o=ol4 itk (Ralph er al., 1998;
Schreiber, 2004).

ETR = quantum yield ([F'm — F]/F’'m) X PAR X 0.5
X ETR-factor

olwf, F'm& F4-&H 2 h¥FF4k (light-adapted maximum
fluorescence)0| ™, F= Fo]Zl Fo] A2 & (fluorescence
yield), PARE %, ETR-factore JEA ¥ S8 ¥
< gttt 0.5 3A oA 58 2& YehH o=
H chlorophyllel] 5% & JA 13 34 1 22
H&2 WHrolXitka 7Hysh7] wiolth AAu|AzRF2 4
EAIA F5E 23 AHH LR o] &3lgleng ofstofA
ETR thAl JHAAALEE (ETR)Z @ =R, A2t

gE2 &9 chlorophylld AAAGER FA|2 <l LA
582 9|u|gth(Genty et al., 1989; Choi and Kim, 2005;
Kim et al., 2016).

AAAGS At 3G (B Q| A4 Ex=1ETRma/0l
o], o]nff rETRmux AARAEEES AL, ot FE
A9 A FAeg HAE WiAFEA NZ7F YRGS

= T e THS U= gholw, Z3F o)A B3t

4-8%= 2de| 27] 717 greolth. ded ¥H-8-2 Diving-

roe o

o

PAMS Yl BA 7)5 Z2 0] o3 i TEA Fdo
2HE AR QA1E B (PAR, 0, 20, 78, 220, 420, 667,
950, 1200, 1450 pumol photons m™> s~ ") MY H 1, Y573}
T tiuks AdolA Z+ A7 334 S7gste] Btgka At
&k} 3, AA UM 27| B vESA] o 95t o]
203 4719 MR 1702 A4 (4 pmol electrons m >
s”'=1umol O, m™s™'; O/ETR = 1/4)7} SHE = o, Ab4
AJeFS Redfield ratio 117/170 (C/0, B)E Edte] etaz A
35te] UxpAgAEElS AAFSFSITH(Anderson and Sarmiento,
1994). E3F, 37 W ZARX| ] E A A A 2FL
Diving-PAM®| &J3t FFJES] FFS E4517] et 2
4 18Y 11AIREH 17A74A] 1AIZF THE 082 75 AA A
259 S At YapAE e IAE £459
=

4. SAHEA

AAEAZRRY AARY B9 B4 U HAE B34

o GFaneh BT AV AR Ak, HFISL,
AR E, b AL S, 7127, Eokgagel Hstol
FARYS Sk FAHOR SOF Aol normality 2

oH

Zoi7 A AR et

242 YA Aol
19.8:80.22 A4 AMA $lEFo]
umol photons m™> s™' (B 1,463 umol photons m™ s™")
259 ol 7P £k 7920 MY Rokth s
3.6~418.1 mm Month™' (84 123.5 mm Month™") £ 7
4T AFAS-E 31 B2 245 mm day ¢l A% AT
(Fig. 3).

] YFAF T UYEEY sEv 490 29.60£3.46
UME ZAZ|ZE F9F 7P AL (p<0.001), B4t +obd
A ET = 490 113.26+19.89 uMojlA] 89 TR &
5 2] 0] 9o 2.58) 7H23EFE. 01 (p<0.001), AAFFL 7
Lol 8¢ W] 2.02+0.25~2.29+0.25 uM HYE 59
o] H]3te] 28 &L & ZHo]dTh(p<0.001; Fig. 4). B Z&
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Fig. 3. Seasonal variations of irradiance and precipitation at the
study site from January to December 2011.
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Fig. 4. Seasonal changes in water column (A~C) and sediment

pore water (D~F) nutrient concentrations at the study site from
January to December 2011. Values represent means + SE (n =4~6).

T FTET F YEFEE 5= 390 7444+1.35
UME 7 =9e U (p<0.001) 8 Troll= 2.78) Wk,
ZAArd +obEAd FE7F 5900 38.26+8.90 uMof|l A 84
2477 2L B% 710|910 ™ (p<0.001), JAFEL 109
9.90+0.79 uMZ 7} =& w2 791} 838 2
T ZHo)AtH(p<0.001; Fig. 4).

T -as 37 gEbA AR o2 FEHE EA5
ok B3E9 FFoie dEE FEHE SA5HALL, @
o= A4td + oAt FEiE 2 EA5IeH, 4

Ta7Y 7L FEE A4, 1149 2 1297 o
53¢ 99)o] o2 717kl vl WATh NP vl &2 7
H@87.6: DO 7 =9rom 10€9@8.7: 1) D 12¥2.7:1)
o= Redfield ratio (16: 1)t} Wk 89 W(17.1: Doll=
Redfield ratio} o} &9Ith 3420 F7| A4 T 444
8Y 7R 2 F=Hom, N:P H[E&2 49(131.6: )
7 =9ko ], = Redfield ratioX® o} =%tt}.

it

2. ZALA|ZHOf| HE BMAZ| AiA X Ma S5

HPLCE ©o]&3to] 4%t HHEY AAuA=F M
+ chlorophylls 333} carotenoids 12F°] HEE o,
chlorophyll a2] E3}AH-=21 pheophytin a2} chlorphyllide a
7} A& 5t} Chlorophylls2+= chlorophyll a, b, c7t HZ&
T %3 carotenoids 2+ fucoxanthin, alloxanthin, zeaxanthin,
diadinoxanthin, diatoxanthin, 3-carotene 5 12%°| HZ&E
et

Chlorophyll a 5=+ X394 2,848+305~5,787
553ng g™ (B 4,603+680ng g') MR (p=0.205) &
=7h 7V B3 BAE Zlolo) wet AR oz 2hast
£ AFolen, A3 A FE& 682+77~1,209£385
ng g (B 977+198ng g7') MHZE M2 FollA £& 5
= Zko]dth(p=0.130; Fig. 5). Chlorophyll a =2 AJ7t
i B B AL FFONA 4em7HR] HARE & 5=
9] oF 31~42% AE7} EZoA 0.2cm AlO], 55~64% H=
7t 304 0.6 cm Atolofl 2R3 11A] AL Al9] 5
chlorophyll a 5%+ A7 AA| % chlorophyll ¢ 3%
o] 2/3 =0l ATk

tuks AdeA SHE B F AAPE T A
4] (grazing) F=& Tete 4= 1= pheophytin a9 F%
L BZ0|A] 331 £2~626+ 147 ng ¢ (B 470+321 ng
g ) MAUL(p=0.147), A5 A 5T& 225+14~388+
128ng g™ (B 321+£71ng g") HYE =2 Zoldttp=
0.350; Fig. 5). Fucoxanthin®] sX=+= EZoA 776+ 56~
1,679+482ng g~ (B4 1,199+202ng g™") HYAL(p=
0.122), A% 37 HEL 157+39~274+9%ng ¢ (B 207
t44ng g ) HYE AA BeAd FoA 52 Foldot
(p=0.151; Fig. 6). A E|HE& W chlorophyll a2} fuco-
xanthing 9] AHTA (R*=0.846)2 HolFa glomn,
chlorophyll a9l @3t fucoxanthin®] A2 <l H|&= 0.19~
0.33 (B 0.26) W AT

Chlorophyllide a+= chlorophyll a2 =3}o] 9J3t z}H 3
BAEZ A F2A 25+ 1~107+24ng g (B 69+ 12
ng g) WA (p<0.05), B2 A == 10+£1~22+6
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Fig. 5. Profile of chlorophyll a (Chl a) and pheophytin a (Pht a) concentrations during sampling period from 11:00 to 17:00 on 18th February,

2011. Values represent means + SE (n=3).

ng g (B 184ng g) WHARAG(p=0293). E3F 4
AZolA 124 2AF AI7F T8 AR AR RS9k,
E A Fol Tk (Fig. 6). AAuA2FY F4-59] A
EZ AM-E+= diadinoxanthin (DD)T} diatoxanthin (DT)2
2 d2 Al ¥ (DT/(DD+DT)Y = 42 0.17
(0.11~0.23)2A] F1ZF2 154] 0.230]913L, 12A4]9fl= 0.14
Aot A A oA 272] xanthophyll cycle®] /442 A|7to] Z+
TE BT} 15X S 7|82 Hastqint

&

=
3]

A

K

3. ZAIA|7] & AJZtol| 2 Diving-PAMO| 2|5t

Ty 5y

Y=7}t &4 djuts Ao A Diving-PAME o83}

BMAS] F3Hd w4 2 F 54 FolA A 3
T4 5L ulsl= (ETR 3 Fughe 799 153.70+
2.82 umol electrons m > s~ 'o] gl o™ HAZES 1Y) 36.23+
5.21 umol electrons m™> s™'0] ¢t} Diving-PAML.2 =A%
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Fig. 6. Profile of fucoxanthin (Fuco) and chlorophyllide a (Chlild @) concentrations during sampling period from 11:00 to 17:00 on 18th
February, 2011. Values represent means = SE (n=3).

rETRE T e
A F1E Bel Hid 1€o=

tH(Fig. 7). E3Y, rETRY EH o] g
Tk 950 umol photons m ™
=2 1,].% A olL—_tﬂ ZV7}F Lo

= RT

FHNCE L4 E =
84,99 % 109)02 %L—‘:H ATt =

]| 4]+ 950 umol photons m ™

667 umol photons m ™2 s”",
o= 1,200 umol photons m > s~ FE o) 4] H112] rfETRO|G)
AP A Hare] F
TReE v|zog 37 o
7]7}(1% 29, 11¢¥ ¥ 12%;1)
= 717549, 74, 01 € 84, =
=< 717+ rETROH/ﬂE

S gme] 59 028U
29 Yol A kL
T4

9d<

WA FYY 5
o] u"}b?}(Flg 7).

o‘i’l% < BA 19 F3ke} vhgo 3t Fv/Fm
<2 0.38£0.03~0.61+0.08 (4 0.52+0.03) HH= ¥4
Zol7k Akl #arghe 28l
(p=0.087; Fig. 8a). AAu|A277} &

27

. HAgEe 3ol ek
Gt Lol A E Bt

o olgste PAraol w24 S FHol BAH 2

2ol 714 ik
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Fig. 7. Variations of rETR (relative electron transport rate) of ben-
thic microalgae sampled at the study site from January to December
2011. Values represent means = SE (n=3).

AMu2F7E GRS 2S5 e 8 UEid=
a= HAIFOR 1,299 ALH= 0.12 =2 Wgkon,
2317k 1022 0.30£0.062 A|Qstar 19] A]7]ofE= 0.2
A% 2 H]£319cH(p<0.05; Fig. 8b).

AZAAY £29 A8 &2 rETRmx 3 1S 7
9] 153.05+2.30 pmol electrons m> s™', HAZH 1Y
9] 38.49+5.17 umol electrons m > s~ 'o] 1, AA| HHFzk
2 98.28+6.05 umol electrons m™> s~ 0] YTk A ARG
9 Hu]&2 rETRms BHE 27FS(@EolA 10€7H
AN I AZA 2E (1A 3E 9 11, 12¢)
Tl B2 AR Aol FR3FTHp <0.001; Fig. 8c,
Table 1).

A5 FIA WAl YAt o]2FQ kA WAF
© 2B E Redfield ratio 117/170 (C/O, B)E E3}o] LAY
A& AALsEGT) Abds WA RFL AapAgARE o Faghe 7
Uof| Z¥z} 137.75+2.07mg DW O, m > h™' & 94.80+1.42
mg DW C m™ h™'o|3l 2, A 199] 22} 36.50+3.87
mg DW O, m~>h™" & 25.12+2.66mg DW C m > h™'o]gle
o, A4 B g 27 88.45+544mgDW O, m > h™' &
60.88£3.75mg DW C m™> h™'0]$It}(Fig. 8c, Table 1).

ZARAZ 2 FE 442 20119 2¢ 18Y 1A%
g 17TA7HA] 1X7F 2HE o2 73] A AR o2t 2
ot AAEA| 27 A FAEE (Fv/Fm)L 0.43+0.04~
0.61+0.08 (B 0.48+0.03) MYE AZIPEZE 2pol7} 9l
A=l Hag2 12493, AL 1449t (p <0.05;
Table 2). AN 277} F43 Wo|UA| & vgo g J3t
o] o]RR = BEE BHEE HYIAFE0] S5
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Fig. 8. Maximum quantum yield (Fv/Fm), photosynthetic efficiency
(o), maximum relative electron transport rate (rETRmax) and benthic
microalgae gross production (BMA GP) of benthic microalgae using
Diving-PAM. Values represent means + SE (n=23).

Fdo] &gt 12417 7 =34t

Y RAALE (ETR)S) 2772 14419 53.8049.27
pmol electrons m ™ s~ '0] Qo HAZEE 1649 33.09+
5.90 umol electrons m > s~ 0] Q1TH(p =0.288). A ARHAZ
£9] gRE] A7Ff o)Al 950 umol photons m™2 s~ =
oA F1E Rl ¥hH 114] A} Alo& 667 umol photons
m? s FEA F 1) A ARHE O] YT (Table 2). 2]
JAAHLE tETRma) 2] Z1ZH2 124]0]] 54.24+£11.35
pmol electrons m ™ s~ o] Qo HAZEE 16419 26.17 +



HSY St MMOlM =Rl Fetd

un

m

A 69

Table 1. Maximum relative electron transport rate ('ETRmax), O2 evolution and production (P) of benthic microalgae.

Parameters Jan. Feb. Mar. Apr. May Jul.
FETRmax
(umol electrons m™ s 38.49+5.17 54.24+11.35 48.16+2.93  101.97+6.53 1332341348  153.05+2.30
(Hfg(e)""li:‘_‘z“;?l) 34.64+4.65 48.82+10.21 43.34+2.64 91.78+5.88 11991+12.14  137.75+2.07
2
(nf;g‘;;gotgl) 23.84+3.20 33.60+7.03 29.83+1.82 63.16£4.04 82.52+8.35 94.80+ 1.42
Parameters Aug. (early) Aug. (late) Sep. Oct. Nov. Dec.
FETRmax
(umol clectronem? sy 13440%090 1153281243 133642364 1275421131 73.93 +1.45 65.43+1.09
(H(l)gZ(e)\;OIi?_tzl%rll) 12096081  103.79+11.18 120274328  11478+10.18  66.53 %131 58.89+0.98
(nf;g‘;;gjg) 83.25+0.56 71.43+7.70 82.78£2.26 79.00+7.00 45.79+0.90 40.53+0.67

Values represent means + SE. Benthic microalgae were collected at the study site from January to December 2011 (n=3).

Table 2. Maximum quantum yield (Fv/Fm), maximum relative electron transport rate (rETRmax of benthic microalgae), photosynthetic effi-

ciency (o) and minimum saturating irradiance (Ex).

Time Fv/Fm TETR max -1 a Bk -l
(umol electrons m “s™ ) (umol photons m “s™)
11 0.47+0.01 44701 8.67 0.13+0.02 343165
12 0.61+0.08 54.24+11.35 0.13+0.02 4761193
13 0.50+0.02 52.31+4.54 0.16+0.01 322+18
14 0.43+0.04 52.14+9.25 0.14+0.02 380+9
15 0.45+0.02 45.96+4.85 0.15+0.01 30714
16 0.43+0.03 26.17+4.75 0.10£0.02 250+ 13
17 0.47+0.02 29.71+2.28 0.09+0.01 351+44

Values represent means + SE. Benthic microalgae were collected at the study site on 18th February, 2011 (n=3).

4.75 umol electrons m™ s7'0] 912, HA| B L 43.60+
6.53 pumol electrons m™> s~ '0]¢JTh(Table 2). | ARFAS
£ Z)A 15A7}A]= 44.70 + 8.67 umol electrons m™> ™' ©]
Aol om, 4x7t Ft HWAAPHALES Ht 51.16 pmol
electrons m 2 s ' o2 2 W3} glo] $AEATH(p<0.01;
Table 2).

71€7] ()= 1AIRE 15A7-R]= 2 gholgled, Ha

2 134](0.16), FAZEE 1741(0.09) %L, AA| Bgh2
0.139]3ith(p=0.113; Table 2). ARALS 95+ E3H(Ey)
2 A7l meEbaA GR Zpol= et Hughe 1249
476+ 193 umol photons m ™ s™'0]¢.om A ZHS 1649
250+ 13 umol photons m™ s '0|Q1aL, A B FHL 347+
51 umol photons m™* s™'0] T (p = 0.344; Table 2). F=F 2

Azt w2 A e 2Fe] HPARGALE (ETRmn)S F
O] AaA (p<0.01, R*=0.832)2 ¥ ojF1 ¢Iich

A1=Z9] B whEAlo) ojASe] AJ7tol| W Abds A
F} AzxpPArE o] Z ke 1249 ZHZ) 48.82+10.21 mg
DW O, m*h™",33.60+7.03mg DW C m >h™'0]Qa, A=Azt
2 16A]9] Z+2+ 23.55+4.28mg DW O, m > h™!, 16.21+2.95
mg DW C m™” h™'o|glom, M| B 32 27 39.24+
5.88mg DW O, m > h™', 27.01 +4.04mg DW C m > h™'0|¢]
T}H(Table 3). E3}, chlorophyll ¢ 2 YaHPAR 0 2 HE 2] A
)N Z252] A 9] A E7} = E3k4(assimilation number:
Pm)E F45tgch 12 11419 4.86mg Ch™' mg™' Chl
aQaL, AAZEE 1749 2.11mg Ch™' mg™' Chl a0, A
A B ZH2 3.02mg Ch™' ' mg™ Chl agTH(Table 3).
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Table 3. Chlorophyll a (Chl @), Oz evolution, production (P), assimilation number (Pm; P/Chl a of benthic microalgae).

2R - M0|5 - ghEel

oo

Time Chl a_2 (0)3 evolu_tziorll Produc_tion_ ] Pm L

(mg Chl a m “ DW) (mgOm "h ) (mgCm ~“h) (mgCmgChla h")
11 5.70+0.61 40.23+7.81 27.69+5.37 4.86
12 9.60+1.32 48.82+10.21 33.60+7.03 3.50
13 10.24+1.52 47.08+4.08 32.40+2.81 3.16
14 10.96+3.20 46.93+8.33 32.30+5.73 2.95
15 11.57+1.11 41.36+4.37 28.47+3.00 2.46
16 7.65+0.64 23.55+4.28 16.21£2.95 2.12
17 8.72+1.13 26.74£2.05 18.40+1.41 2.11

Values represent means + SE. Benthic microalgae were collected at the study site on 18th February, 2011 (n=3).

.

A EAE| AAsh= A uAzRF YiHEE 2=t
EAE M= Tl A FFE U= ﬂii dEA Uk
(Macintyre et al., 1996). 2d|3]H 2] A 1945

A O] A Au|A| 27 Fgol ot
t}(Montani et al., 2003).

AMu 2R HER T2 T/ 5= E2E

H3FS uj chlorophyll a, ¢2} fucoxanthin, diadinoxanthin,
B-carotene®] FLMAZ Q15 Q] E FQMAE TV}
A F2E A4 AUAER HREE st A
2 & Yy 1tk (Stauber and Jeffrey, 1988). Y57 3}
T A AAuA| 27O M= 24 HE A}
7]+ 8k chlorophyll el thHgt fucoxanthin®] A2 Q1 H
25(0.19~0.33)0] 947} 7AH (0.18~0.37), ZoFut Ad
(0.19~0.69), A BourgneufFt ZAH (0.30~0.45), 33}t
2] A4 (0.27~2.60), 74;(—]7/31?__14(0 70~0.84) =3} AR Fi2
o] QIAYF Ht 0.26°0= W& Fho] thFiE veht 24 &
A7 |Hoks F7HAQ1 A7) o|FojAof & Ao wH
EItH(Oh et al., 2004; Méléder et al., 2005; Yoo and Choi,
2005; Lee et al., 2009).

Chlorophyll a FEo| 4 B B3 OFAFE 24T 0~0.2
cmOl A 49% 2Q)7F AFE UL, FFTte] 0~0.5 cmol A
43~49% (ABHEA dFEY AHA AAmAZF=

B5HE 2o IFHOoZ Yelgth(Kang ef al., 2006; Lee et
al., 2009; Kim et al., 2019). dutxo 2 Yz EZHEQ A+
o 0.2 cmo A= chlorophyll®] 7]3lg42 22 F715HA]
uh, m@ ElAEo|AL chlorophylle] I2A Bz Eo] 9]
ou g AlEuE7tx] WdZkthJesus et al., 2006). ©]2 gt
Aoz FEol ottt Fgol YA EHE A= F3
A 0.2ecmZ ARE L 2 EFZo)A= 4 om ZolE A

22 5 ] dzoll HAEY EA FH= Bl IF
< v £ Qe Ao2 dEthJesus et al., 2009). EZH
ANZFE chlorophyll ¢ & 3= S A4 232 Z__,_l-_/,:
2 EHE 4239 chlorophyll ¢ $%7} 273t wha} A
AulA| 2Rl tigt FHEEY F7PF AME Aoz =4
g, AAuHRE7} AZo 2 dAZ] oL 7Aoo Q)
o} (Longphuirt et al., 2009). ZAHo| A A A u| =7 4=
AL AARA2FO et 4235 (migration) 9}
hydrodynamic forces 12|31 AJ-E1 e (bioturbation) 5]
)5t JgkS vh=t}(Cadée and Hegeman, 1974; Montani et
al., 2003; Méléder et al., 2005). TetA] B2 AZ G4 #]
AulA 279 2] Ex = AEwTH(bioturbation) X 428t
A9l K¢l (wave action)o]] &g FFE = Ao g Tuty]
o, 2S00 ot W2 AMuNzFRIF 2AF7]) OE
SIAQQI(ZRA, vl A dl 27)9] w21 B3 HIkE ¢
3 AXu| AT vlo] emjx Bl AARe] AJ7HE] W37} H
B A 1A (AR E ARolA 271 3 o)5E 5 9
20| #ZE Aok (Kromkamp et al., 1998; Consalvey et al.,
2004; Ha et al., 2020). Chlorophyll a2 &3jAHg0]1 # A
B o3t Ao] (grazing) AES Tolsle FE= 85}
L pheophytin o= A2 4 B 321+71ngg ' 02 &2
o] EelEo] AXAPE 23t Aol dojuba gle A2
2 HoR|m JFo A 124]9] A7t &M Eo] 2Jgt Aol
7 A7) Qofit Ao marEr)

7}2E] 0| EA|9] zeaxanthin, diadinoxanthin, diatoxan-
thin, violaxanthin, 3-carotene, antheraxanthin 4= ] A
| Z25%2] chlorophyll a2 A2 7%= 3}A]%t chlorophyll
a7} JASIEE Z& 53517 95ke] (Dring, 1983; Young
and Frank, 1996; Taiz and Zeiger, 1998) xanthophyll cycle
olgt= WNAS F3l A5 (photoacclimation)d FES
(photoprotection)E ¥t} (Olaizola and Yamomoto, 1994; Lee
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et al., 2009; Kim et al., 2019). FR S A AH|E E3)
& 5 e AXMUNZRFY FAS AZE EA0lA DT/
(DD+DT)9] EF HFL 0.172A4 225 2o 7}
Z RA R 299] R Bekou 1540 AR FE
T A Adie] 0232 Sk, BTy ShE 271
A 7kel 0.199} ¥]s=3FH T (Lee et al., 2009; Kim et al.,
2019). ZAF Aol A 2 Fo] LAFA EH 1547
o dynamicdt AEEAF A et Lo R AANuNZFE
Hoshe 5 AgHoR 2 F3ete] 2 S UEhY
< whgsta gleh AAuARFe F2AF| wat
S RSol| W HE 7|&o] AR 2R AXu|A|R
o] FR=AT FAA e 1 A Gl AAlsh= #A
oM 2R FEA ST o doprt ikl FFE H]A]
Al Ech(Kromkamp et al., 1998). A A nA| 272 49|
27} B 53 11419 B8 AAuA| 279 249 A
ol B3 B9k, ®S chlorophyll a =71 AR
F AA| 33 chlorophyll a =98] 2/3 £+F02 AUz
o] &5o] HATIEA] o2 Al AL R FEHrh
BA U gl diste] oAl 2¢€0 7P
st om, st FolA 12419 71 =Skt Du and Chung
(2009)°)| &J5tH G574 shtoll AAlshe AAuARFE &
gjsto] A AN SAE HHIAFEEL 0.62~0.630]312
o, & =2l 7FY =2 124] 0.613% FARE gEe 2 e
wiok Eh F3dol 7 St Akl 124 VHHEE E
o 7]& 85cm=BA ZAA|Foll= B39 Eo] A9 wiA|=
A|7]12 ZeETh Longphuirt e al. (2009)9)141= 2007 84
178~18Y 3% £ A AoA 247 M40 2 EHE
%% chlorophyll a 5= AEE 4319t dFE F30
A 5L 58 B o, E3] chlorophyll ¢ 5%=7} 300 mg
m” oo 2N AMuNZFI} 7P} B2 Aoz FEHE
A7t 15A~17A1GeE AXM o MzFR7E 30158 gt
3 7S 9 15~17419) ARt = 7HE = & o 7% 65~78
em@l Al7]olH, AAu|H 272 FH FHE Al =
AN Fadt 9102 AoHEh Diving-PAMOE 3
S A A 11X 9] A= AR E8E9 &#
3 2 EFHZ Atolofl AT 124]0014] 15A]71A] 259
Chl a 5=7F 4R |AE F JTF He A7) e
ate, A oH 2R HddEAdwS S5t A & dole
e EQE 7|0 7 R BEEA HAZRA +
A =11cm)9) 2417 408 A 12X = 2€E 1899 &
o 7]& 85cm 4T AlZholl AA|sk= Ao| vl sttt
A AZAALES] &2 ETRnnE 5L G429 A
s A UEkA] Erou, G AbA B3E 271
S @gNA 10877 = S7FHE AL AgolA 2E8(1Y

fo

A

L o oy

4 >

N

4

un

m

A 71

oA 3¢ & 114, 12¥)7HA] = Fastgiet. B A u|A|
2579 rETRmx= 9] 4¥8A oW, Diving-PAM 572
HAE 2300 AdHER 23 37 A 2 A APE
T2 AAuA|RFY 7ol Fol FFE T YUTh(Vieira e
al., 2013).

Al 59 FFHY wh3Alol YABIY o]ZEH O E 4 umol
electrons m > s~'= 1 umol O m ™ s~'7} WA} (O/ETR =
0.25), B34 9] FA4E-L Diving-PAM Ao 45 A
A1o) Aol olste] A Atk T F4H oiltsita
9 E42 Ao 4 Qlth(Emerson, 1958). AAw|ARF2
AP L 75 AR ZFY $=2)0)F, -5 33}
A B4 B AxEAIY TH0] U 4 Utk 2 =AY
ZF Bt I s divbs Aol 2AME GapgAE 9
72 25~95mg Cm > h™'e) HYE HH 61lmgCm>h'o]
e, 957 skt 2R AR A 9 2o A2 A
APAEL 74~222mg C m™ h™' 02 &4 Yehga, 33}
T A3te] AHL 42~113.0mg Cm 2 h™ (B 33.9mg C
mh™) o= WA Ueht A7) @ ZAR| S Zho] dxAPAH
2 o2 zolE Hol|i QliTh(Barranguet and Kromkamp,
2000; Yoo and Choi, 2005; Du and Chung, 2009). ¥& A&
Wall st =l Ao AAulRF] AP A
S} 7R R B3 o 5ol e =2 AEA FEFS UE
Wolom AAuA2Fo] FFAPS 229 P HMEsta
o} (Montani et al., 2003). ©]4+e] Zito] A Diving-PAM<
ARgto] @AFolA] 2R A MmN 2FY BAHEE Bgstst
7] A 240 w2 EQE 7E0RE RAPL o]Fo|A
of stH, FAlol| EHE ZH MARAE FEfojof & o
2 JoE 9

>
>
i
gﬂ,

ol
;9{1;1
o%.
=
B>
o

ol
5
o

il
o
2
S
i
32
£
i,
)
il
okt

Fucoxanthin ¥ =& E&&E #3°|, 1A €43 HAgtEct
AR Uk AA ZAP|ZE S5 AU T F oAt
89 g2 0.52+0.0301%2H, gk 2¥(0.61+
0.08)°]] ZHAch AHAAAGES BFE 7R 4Ll
A 1087HN) A w1 ALolA 2E(1EA 39 2 11
4 YR E F2 ALDH] AFE 2P, gk 7
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4, FAZL 199 bt AP AL U 27 H
FAS=2- 0] HHFghS 0.48+0.030192H, H1ZH0.61+
0.08) 2o HEE Ut ANHAAHLGES F 2o H1
#1670 HAZS Bk o] 24 AAu|A|RFo A4t
4L ZARZE 9 EHE Zlolo whet @Ag xfo|7F YERY
B2 Diving-PAME ARE3te] AAu|A| 27 iS4
FIs7] e EUE 7€ 2R RAP} o|Fo Ao} 5}
o, Al EAE S MAENE eEojop T Ao R
oE

MAFEE AAu (FdHsa a4 sidsitd ), Aol
g (FFAEFATE &%), Y (SN ed T4

Y A A7)

OfsfiZtz| & 7o) RE A olsfBA FE X7t
Ut

ATH B ATE FYLABGY FATRTFATAY

(R2024011)9] |7tH] Qo2 =95t
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