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Growth potential of the benthic microalgal community inhabiting the Shin-
kawa—Kasugagawa estuary in the Seto Inland Sea, Japan
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Abstract The annual growth potential of the benthic microalgal community inhabiting tidal
flat sediments in Shinkawa-Kasugagawa estuary in the Seto Inland Sea, Japan was investigated.
The growth activity of the community increased with increasing temperature. The growth rates
at 6-23°C (autumn-—early summer) were 0.3-3.0 divisions d !, which were similar to those of
pelagic phytoplankton species. Much higher growth rates up to ca.5 divisions d ! were observed
in summer at around 30°C. The growth rate of a unialgal culture strain of Nitzschia sp., dominated
in the hot season was high (close to 4 divisions d !) at around 30°C. Growth activity was low
during low tide when the tidal flat was exposed and high when the flat was submerged. Our
results indicate that the benthic microalgal community inhabiting the subtropical tidal flat has an
extremely high growth potential in summer, and sustains the majority of higher trophic organ-
isms as a major primary producer of the tidal flat ecosystem.
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W3, L Lans, FREAMMEREEAEHSIES
SETTLEMARETH 5 C & (Williams 1964, Mi-
zuno 1992), BBE T ICE W T b E I & 2 H5Ei
#l &1 12 < W (Colijn & Buurt 1975, Admiraal & Pe-
letier 1980, Pinckney & Zingmark 1991) 75 &, T8
BRICEIN LR EE L TVWA I EBHS LN -
TWw3, Fh, FREABHEROEE®KIISDVWTHSE
KOHEDRH Y, BBURIKEETR SN 2 —IRAERER
B, fuwlZzhih bRKELBEISBIEZIN TV S (Co-
lijn & de Jonge 1984, Mclntier et al. 1996, Montani et
al. 2003). —RAEERELXRES 2 L 3 TEEERE
B4 352 TEODTHEETH 30, MHEENLET
BITEREAMB LB OEEREREG55 2
T—oO OB E 5, Bl O R IC > W»
TRIhETRELOHENLINTE L BRI,
Eppley 1977). L2 L1ahs 5, JEASHHIEREE O HE
oW TIRARIRZ LW T, ThETOHRIZ
LR FEARTH - o128, T D% L D5 20°CHIHE D H#L
FIEEDEVWEETTHEE N bDTH S, FVHZ
g, 30CH AV IF30CEBA % & O HEBRFETIC
BT, EAMMALE O RSN 5 L 22t &
AEBRVORBEIRTH 5,

AR T}, FEBOEXREREZEET 5 LT, H#
WO FRICAERT 2 EAMMREEIEOSRAEE
W, FREBELCEOBREOMELET vy v VEFLT
WEONHOMIcT ZHITHE « EBRET- 1

Vsl &

1. RFHA

FNESFATRBAMCALE 9 2 H1)1] « F B 0T
12 Stn. B A& L (Fig. 1), 2003 48 H#» 5 2004 4F
12 A <R Tk c @il 217 - 72, BT 5~
100KDF52F v 2 F2a—7 (HE3cm) 2HVTE
[EHEREY) (0~5 mm) 2L, K <HEHLALRICESR
BTO05~1g OHEfEY A 90% 7+ b v THitHL, 7o
07 4 )va(Chla) BEORIEICHLL., 53 47C,
BT Iic C 24 Rl i, motEic K O fIE L
(Lorenzen 1967), Parsons et al. (1984a) ic & » Chla /&
EABEH L, RBEET7 VI - VEEHERVWCEEE
TZ2RAEST S ETHEAL TRBRRESHPTFHLTL
BEEICIT> TWVWA oY, KiEB X 4T Stn. B
Lo WIRITEEET CTD (YSI, Model 30) ic& b
HITE L 72,
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Fig. 1. Sampling site with Stn. B.

2. BURBEIC K IRGEEMMREFHOEEERFD
AE
Stn.BicBW\WT, A 1[E, HHOFEHIC 2 mm &

* TORBHERY 2RI L 7o, HEREMER I = i

blg-tctk, BEBIC300um HEVWOFS v 7 b v iy

FEHOWTAREON FBLUHEEZIOKRE, 586

ARk OFEAChl a BEMN027~12ug L ' &1 5 &

IR L B 2 ER L 2. AilEdkic i3, Stn.

B» 5 bt WK 5B TR L Whatman GF/F T

ABLibOAEEHLE. ThoBERE% 50 mL A

RUORABREIC30mL FoifitcL, TX3[RBFD

TFEEXBROEE « IS 510, &FIIKFE

B2 b (34°16.589N, 134°07.482E) D B A ic % &
L, BREZ@BLA vFa~x—b L1 B, BEREGE

20~80 RERIL 7. ThOoDERX» SRBREAEH
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EREIC 2~3 KOO L, Chl a BEORIFEICHL
f. 3106, HEREI%2 Whatman GF/F TAf L,
90% 7 & b v THIHE, & —F —8OEKEST (Turner
Design, 10-AU Fluorometer) % F\» T Chl a /&R % il
5E L 72 (Holm-Hansen et al. 1965). 18 & #7- Chla &R
DORERFAAL & 0 WERERIERZVERR L, Z OXEdEic &
W BIEEEE A LI T O SEH L/

HETEEE (divisions d 1) = {loga(Cts/Ct)} /(ta—t1)

CITCHBLUCL B, EREBE»OHBLULHE
#ICBITS Chla BETH 5. EBRKTHICIIHBREAN
DOELRICOVWT HIAMEIE T THEERT- 7. TBER
HE KR IZ D W IFEERIAR 28 L TRIE 21TV, TREE
oL TREBHARERE EEOKE: 2003 £ 8
H~20044 12 A) itk v BlS e 2 KEHE M]
m %) & HERE & » EBRIR G o B PR 7R (uM
photonsm 2s 1) ZBH L 1.

3. [EHXEAEHEIE Nitzschia sp. B DIETER B
BEICKY 28HELE

BURSE TS O W/ EREEE 13, RBHERYIIcE
FEL e S F I UHMIEENRET 2&HTTRlES L
TWBH, &ITKSIEEMEREEHED S5l 2003 4F
8 H 0 EE /Kb TH 5 L T\ Nitzschia sp. NEN
BEBERIBVLTOHEMOMEEEEZRT O, $LEE
XL ED &S BHEINE RRT OIS I 2 HEY
TUTOEERBREIT-> 7. 20034 8 Hi< Stn. BD%E
J&e/» © Nitzschia sp. %578 L, REEKZIER L 72. 50
mL A4 U OREE < 30 mL @ ESM B2t (Okaichi et
al. 1983) 2N L, Nitzschia sp. DILEK = —ERE
fEt%, 10, 15, 20, 25, 30, 35°C ¥k U 40°C, 330 uM
photonsm 2 s~ ! (14:10LD) OL&H T CREATT-
fo. BEEFEGTCceHARLERBL 2%, BHY -
F—HOEREEHICL D 7 oo 7 4 VHDEE A EERIE L
fo. /Bontkcs vo 7 4 VEDEE KX D EREER 2 (ERK
L, ZTOMEIEEIcB T 2 EEE 2L TOoR» o8
H L7z,

T E (divisions d 1= {loga(Fts/Ft)} /(t2—t1)

CITFH BLUFt 13, EBRBIGEH L BL Ut HIC
BJd7007 4 VEHETH 5.

ERENICER LICTEERGFE L UBKEHICET B
e

HEREYI B\ 1E4E S B Nitzschia sp. D&M, FH
B L HAKBEDORYETTEDL I ICRIB 200G MITT
ZHMTUTOENEEABREEML 2. 450°CTHRE
V&g E L e HREREHERY (Stn. BITTRID %
EEOR UORBRE (75cmE) I 05cmEEL S &
SE AW, S5 ESMEMAHBYERmE TMA
te. T oRTHEOTEAERLAATFHKEL, &5
1T Ak A2 FHBRE L E TR L e EBRX A HAX &
L. ThbH%65°CT | RFRIMEE L 7ok, FiREEL C
\) 7z Nitzschia sp. D¥E&ik % 0.1 mL#R&E L, 25C,
130 uM photonsm 2 s ! (14:10 LD) D&HF T, &
KRKizowTid 9 HE, FHXic>W TR 19 BiEEE
BiT- 1o, BBEERXE SHBREFRZ 20 K4 ofF
AL, BEBEMBERZLEFNOERX 2 SEHHIEC
1 AFSHoH L, ABREAND Chla SHEEEZRIE L 7.
THbb, FHXIZ 0% 7€+ v Z2E#E 10mL A
DIt L, ®AXBHEEY OB /K% Whatman GF/F
THHEL, A7 1+ vy —2RCORREICEL 1%,
90% 7+ kv%& 10mLMA . Tho%4°C, BEGET
1T T 24 B EE, & — F —HOEEEEF £ B W T Chl
a S5BEE%AHE L - (Holm-Hansen et al. 1965).

4. HHOTERICE T I RIEREHRY O Chl o B

EDEE

BBEREIC L 01O N BEREERE 13, #EKAERINL
fo, WOREASZETFTTRIESNTEY, EFEND
THhE mm TKE RO T 2 ERBEHEREY T (Ichimi et
al.in press) & FHFHLEL>TVWAE, £ T, THlE
T8 2 EIBERHERYICE O CEABEER A E 0
BEOMEART O, HOMICT 3 HHTUTOEER
ZfT-1z. 200448 H24 H, 20057 A 22 HB &L
'8 A 19 HoF#ilsic, Stn. B EZIcBWTERBERS
DChla BEOCEHZE=%— Lk KBHHLEL,
Stn. B EEAFH L E#ZICHER: (25 cm X 25 cm) %
HEL, BALPSLTSZXF v 2 Fa—7 (OF 17 mm)
RV CRBHERY = 5 ARIL 7. HEYREB R T
B0 EHEICEE 2 mm £ TESEL, #EPHIC 90%
7t b v THiItH&, Chla BEORIEICHL:. 51
RE L Wi AERsEAKT 2EAT (T 5 3~4
MIB®%) CHEAFERAD O RBHEREY % 5 ATRE
L, @EkEOHETHERYIEE% 90% 7+ b v THIH L,
Chla BEORIEICH L. Thbid4°C, BERETIKT
24 W%, 4% (Lorenzen 1967) ic & HRIE L,
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Parsonset al. (1984a) ic& v Chla BEAEH L. &
B, FBRB L s RBEGHRETH Y, BAKGTICBT 3
RBEBIUOAETROBIE UL TIT- 1.
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Fig. 2. Seasonal variation of mud temperature at
Stn. B in diurnal low tide. Water temperatures were
measured at the nearest shore from Stn. B.
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Fig. 3. Seasonal variation of salinity at the nearest
shore from Stn. B in diurnal low tide.
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Fig. 4. Seasonal variation of Chl a contents in the
surface sediments at Stn. B.
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1 it 5CA2TRI2RERE sy, FETHA»S 8 A
M T 33 CRMBZ 5 BENEYD 51/ (Fig. 2). HEH R
BUAIKART A28 U TI131E 10~30 psu DI TEE L, ME
M HRKITH T TEVWESBED S A HEICH - 1
(Fig. 3). ZEHREY D Chla BER, 1| AUK, BE
DERLLEBICZOBES ERTAERICH, B
&K (6 H:150pug g 'dw) &1 - B IBEORDICE
Ufc (Fig.4). 753, 2004 45 Aicid—W#)75 Chla 8
FEDRDHBED S tchs, &I T OO TEHEREY)
Fic3RBEGEEO 7 A B RBER L TB Y, #EH
Rick v EEMMEEROBESIIHI SN EEZON
3.

2. BUBRBENDRED - RS EAMMESROR
WARFVY v b
Fig. 5 Ic RITBERKIC B 1 2 RBREN O EIKES
JUOEEEE TR (G KRE 2003 4£8 A~2004
F12 B) 29, EEREFEOKE R, HETESRORES
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Fig. 5. Temperature and irradiance during the
outdoor incubation on the roof of Faculty of
Agriculture, Kagawa University.
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Fig. 6. Monthly changes in growth rates of natural
benthic microalgal communities measured by the
outdoor incubation method.
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L UK (Fig. 2) L RIFFEKTH - 7. 1, EEREO
SEEERETREA (12 A~1 A) BLUvwmWiE G A
~6 H) 12 700~1,200 uM photons m 25! &{K<, &HF
W ECH~4H) BXUEH (7T A~8 A) 1©=1,500 uM
photonsm ?s ! &£ Eh - 7.

A AR R KRR O BT (BIREE 0 FR & & b
L 7z (Figs. 5, 6). 2004 % 1 A 5 6 A i THEGE®E
13 0.3 divisions d ! #» 5 3.0 divisions d ! % TN
L, 7THBXU9 Bici3f5 divisions d ' W5 &b
OTEWIEEEESED Sk, £/, 2003 FE0D 8 A
12 b [EIRE OIETEEE D Sz, KL RHELS b
BEOKTE & &ICHEhEEE IR L.

EERAR TR HETE - B L TV 7 BB IC > W TR
MEREIEE U ok R, @/KERIC I Nitzschia @% (2 U
&L BRI EH 0T WIEAEEN H T 2 [
Hote, ThuTx L, EKERBICIBEERICHV R
ERERE~BE & % Hantzschia B2 F & L&
o wEEEESE- L2, FAERS X OKHOR
BEHAICIZ C N SIEAEEBED 13 H 1T Cyclotella 15 & D /N
MLBEEESS—MRET 258 bR D oN 1.

8. Nitzschia sp. ISk OB

10°CH 5 40°C DIREESAE T T Nitzschia sp. 2558 L
TEER, 40°CTREEMSED SNiEh>tcbDD, 10~
35C DLV IREEHIFH CHEEMLAJETH - 12 (Fig. 7). &
7z, 10~20°CIic ¥+ % HE5EEEE (2 0.4~2.5 divisions
d ' Th-7h, 30CTIEIE 4 divisions d ' EWVWHIE
WHICHWEEEESED 5N, 35CICBVTH 3 divi-
sions d ' FRE O WIEIEEE 2B L TV /.

ERZH/ER L - THB L OEKEHETTIT- 12
Nitzschia sp. D¥EEFER % Fig. 8 1/8d . HEREY Licis
IKDBEET KX TR, AEBREND Chl a EFEHM IR
LML, BEERR% 4 HEICRAME (K5 ug test
tube D) BT, TO®REBRLAICHED L, FHXTIE
Chl a EHEBEOELHIEIIMBD ShicboD, 7TH
Hiz 1.5 ug test tube ' iTE L %13 2 h Ll Lo
AHoNEML T, TS DFERD SR o EEENELA

BT B HENEEE R, THXT0.77 divisions d !, &
KX T 2.0 divisions d ! TH - .

4. BEHHOTERICETZRIERBIEFRD Chl a RED
ZEf
#1# Chl a 4, B XU 3~4 BREA% D Chl a 8
fE% Table 1ic/nd. RBEESEHE S b 30°CHIRD
miRTCHdL, BRSO FELRFRS 1,767~
1,953 M photonsm 2 s ' WS HLWHBETICH - 12
P, RBHEREYIHO Chla BERIZEAEELL TV
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Fig. 7. Growth rates of Nitzschia sp. culture strain at

various temperatures under 330 uM photonsm 2 s !

(14:10 LD).
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Fig. 8. Growth process of Nitzschia sp. culture strain
under with and without overlying seawater (OSW).
The incubation was carried out at 25°C under 130 uM
photonsm ?s ! (14:10 LD).

Table 1. Variation of Chl @ concentrations during low tide at around Stn. B.

Chla (zg g 'dw)

Date Bottom material Temperatu‘re Experimental period
at surface sediment Initial conc. Final conc.
04/8/24 sand 32.9°C 3 hrs 17.5*1.6 17.8%1.0
mud 30.5+:2.7 30.2£3.0
05/7/22 sand/mud 29.9°C 3 hrs 24.7%+28 27.91t3.6
05/8/19 sand 31.1°¢ 4 hrs 16.7£2.0 16214




Table 2.
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Growth rates of estuarine benthic diatoms in culture and field conditions.

Growth rate

Culture condition

RS (divisions d 1) Temperature & Irradiance Reibae
Achnanthes brevipes 0.6-1.1 18°C uM photons m 2s ! Mizuno (1992)
Amphiprora alata 0.8-1.3 20°C 16,000-23,000 lux Williams (1964)
A. paludosa 2.8 25°C 85 M photons m ?s ! Admiraal (1977a)
A. paludosa 2.8 22-29°C Culture in the field Admiraal & Peletier (1980)
Bacillaria paradoxa 1.0 20°C 16,000-23,000 lux Williams (1964)
Fragilaria fasciculata 1.4-1.6 18°C 180 #M photons m 2s ! Mizuno (1992)
Gyrosigma fasciola 0.9-1.2 20°C 16,000-23,000 lux Williams (1964)
G. spencerii 0.7-0.8 20°C 16,000-23,000 lux Williams (1964)
G. spencerii 0.8 22-29°C Culture in the field Admiraal & Peletier (1980)
Navicula arenaria 1.25 <20°C 85uM photons m 2s ! Admiraal (1977b)
N. arenaria 0.9 22-29°C Culture in the field Admiraal & Peletier (1980)
N. cryptocephala 1.1-1.3 18°C 180 uM photons m 2s ! Mizuno (1992)
N. elegans 0.1-0.4 18°C 180 uM photons m ?s ! Mizuno (1992)
N. salinarum 22 22-29°C Culture in the field Admiraal & Peletier (1980)
Navicula sp. 1.7-1.9 20°C 16,000-23,000 lux Williams (1964)
Navicula sp. 2.0-2.5 20°C 16,000-23,000 lux Williams (1964)
Navicula sp. 24 21°C 55 uM photons m ?s ! Montani et al. (2003)
Nizschia closterium 2.0-3.2 20°C 16,000-23,000 lux Williams (1964)
N. dissipate 2.5 25°C 85 uM photons m 2s ! Admiraal (1977a)
N. laevis 2.6-2.8 20°C 16,000-23,000 lux Williams (1964)
N. obtusa 1.4-1.5 20°C 16,000-23,000 lux Williams (1964)
N. sigma 0.6-1.1 20°C 16,000-23,000 lux Williams (1964)
N. sigma 0.56 25°C 85 1M photons m %s ! Admiraal (1977a)
N. thermaloides 1.4-1.5 20°C 16,000-23,000 lux Williams (1964)
Pleurosigma angulatum 0.4-0.6 20°C 16,000-23,000 lux Williams (1964)
P. elongatum 0.1-0.4 18°C 180 #«M photons m 2s ! Mizuno (1992)

Rhopalodia musculus 0.6
Surirella ovata 1.6-2.0

20°C 16,000-23,000 lux
18°C 180 #M photons m ?s !

Williams (1964)
Mizuno (1992)

W, bFEPIEMT it EE -1

% 3

ERAMMEE & ICTRELCEROMMBEERIIOWV
T, B0 s B0 EICIROMAEICLDIZEALED
MEXFELNATVS, LBROTB L VS BREREDL
5, EAHEEOMBEREEIZZ DL A 20CHI%ORE
HoRAlEINTED, BBEL 1 0.1~3 divisions d ' &2
EDWIEEEHE SN T3 (Table 2). Zh o EAHE
BOIEE 3, NIRRT 2 EEER L 13EH
¥ETH v (Eppley 1977), 20°CHIZORESRM T T3
WV & EAEE b RIROMIEEEEZE LTV 3 &
bhb.

BOBIEE T £ 0 AIE U 7o THEEA SR o 5l
WAL, 2003 4F 12 A OFER (HhiEE4) 2BRE, 6C~
23°CDEHTITH W T 0.83~3.0 divisions d ! DOHiPHIZ
& - 1z (Figs. 5, 6). T o OHEGEHEE I3BEOREME L
K—HLTWw3. LhHLuhss, 256~30CE2BZ 35
FKIBHAIC 13K 5 divisions d ! & WD X TE W IEGE

HEEZRALTOVL £, akKBEHCELL .
Nitzschia sp. O HEEEEREH VW TZ OREITHT 5
HIEINEEZRIEL 7o & 2 A, BUBRBETEONKS
divisions d ' icidRiEB Mmoot bOD, 13X 4 divi-
sions d ! O¥EEENE SN (Fig. 7). WEFNOfEDS
HEHOMMEEE S L CdBECBEAERES N
LDOBVELLEWVETH S, FI - FBIFEOTEHS
MBS 2R N EEB O FERKERIEZ, RS %:
By EBBL R 7C~28Co&FHIcH v, 30°CITES %
DIFTENTH S, BEHICHEREH THBEL /o Skele-
tonema costatum 3B £ U Chaetoceros didymum 1Z5 W\
TEHEOWIT- L EEHREOAELRR T3, mER
20~25 CICIRARIEIEHEE 2B LTE0, 30°CTZ DM
TR RE LB L (R, £RR). Lichi-TC
NOIRERE, H£ET 3R REERICEIR L
HEEEAF L TVWA EEZ ONS. TERICERT 3
ELHIL, REEIESE 3R, BE,SEEREEFTED
HTLEVWEERECBEIN S, SRECBEEs D
BT WIEERE 3, TEICERT 2 ERAEMMEER
COEIBHBICOLICHERLTVWE I EERTHOT
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brHH. T, ERPHDICBI2EESIUONETR
(Fig. 5) & JECAE P M A8 B oD Y4 i BE (Fig. 6) & DBAf%
2H2E, SRELZHTICH-122004FE2 154 8
IS W IETETEE SRS SN d, A MR O HEhE
BREELY) GEECEKELTVWEEEZOND. AEER
DFERD S bSO K ST, EAMMBEES 1,000
uM photonsm 2s ' 22 3 & 5 HHEEEE It
THiF LA LHEEINHIZZ 720 T & (Colijn & Buurt
1975, Admiraal & Peletier 1980, Pinckney & Zing-
mark 1991) b EHIcC DL S HEL L B WIETEEE %
BHE2HEHTH A S, F B/ I MR O E5E %
FHETZ L —BHcHSh TV EA FlRE,
Neale 1987), Peletier et al. (1996) i3 Fi&IcHkEEd 3 &
FXFIUMEEREEZAL, ZOMEICEZ 2HRMEOE
BARNISER, BEALONEHERIIZ ORELZ
BWIEERWE L, AHEORUBISEICEWVTH
MESIRBET ICEEBEI O TOWEY, ToLHI
ZUTCBLTEbDTHVWIEEEESEO NI LD
T8 D EAMAREEE S AR I LBVt 2 RF> C &
ERTSDTHS, ApB Lk Hic, EAMMEEOH
FEEEE A SR SBESKHTCREL Al Tic
BREAERBI S0, EAEMMEBRBEOREEINRET
»EZEITNE, thomsictER T 3 EAMMEEELS
e mBERXHET CRIREISEMEEEEZE LTV 5 A5
HiE+nELS5N 3.
EEREMNIHER L 22T« EKEBICB T 5 Nitz-
schia sp. SIEEEOWIEAR IC BV T, HAX TIE#EPH
ISIEEDSERD L e DTkt L, THX TIIEGEERE S/
EhokHIARCKRAREERELSEVEOE FHE L 2
(Fig.8). COEMHE L TRLUTORFEENEZ SN 5.
FHIX Tid Nitzschia sp. DHERET % 5 ZERIHHEAKX &
HEEL TEL /NS WV, Stn. B TH L h - RBHEREY O
BRE, TbbEREND 1% BEE (Parsons et al.
1984b) 3% 1.7 mm & R 5N TH Y (Ichimi et al.
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B L (Fig. 7), 7, ANFAETE CHEESE L EAR
A D% < 13 200 uM photons m 2s ' FRETZ DI
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