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JE 4 (B EEENitzschia sp. DIBFEICX ¢ B EEE Y 1 XORE
FARMEL. - AR

JRBREF R e A M B R AR 7E8E, L B 117739-8528

B 5  HBHOTTAY - X' A CRENEEEENizschia sp. DYEREIIH§ 5 & IEE OH A
A DR R0 Nitzschia sp.OHIEIE T T A = X2 FIML 2GR L, K ORZED/N
EWH I A —X (CPHEE=0.115 mm) Tk OHBEEE0.39 day' 255N, RAINE2.2X
10° cells mI' A5 S M7z —JF, BOBRBEOKEVWH T AV — X (EHEA=1.244 mm) TILILB450H
IR B (0.23 day!), BT AE—=XFHRHH o 723 B O LHEGHEE (0.25 day?) & 13
LA EEITEED 5 72, RRFGETHER O N2 RIE, REO/NE VT T A Y — XDNitzschia sp. D52
HELTHLTWD W) ZEETTIERL, MEETOY A XD RAERMMEHOBIIIN T 55
ERBENTCHILE V) ZLEREL TV,

F—T—F I HTRAE-X, EEFAX, HE, KRR

&

IR, RS RROREIIB VT, KEABRADVPEELHE L RZLTWETHH ) L\ ) Bikd E
FNOo0Hhb, Thabh, KEEFEBRIEL, Whwa EEAKR] <&, EAMEORMEIEA B E
FERATV, BRREZMLT 52 LT, BUWREEZBILNICT 2, 2O EILD), KEOBBRENEZERL,
KAEBMOAEBEZTEEILT 5, 20X %, A GROHFILEE NIEEAETIZ25%, F#ETI365%
(FFRHEIC L AUdT78% 5 IR, RIER) HEETIE8E%IZ KA (IR, 2004),

RHEA IR ICAER T 2 EKAEMME L EINEEERETH ), AERNOFEREICET, 9@Eni (10
Ko, 2004), FRAEERE (LBRESRERS, 2003), THLIEDFhoTETNE, 22T, Ih
5OFEEFIH L72KE - IRERBEOUGEDT KA SN TS (L BIREERMET %, 2002, 20035  2004),
S XBI N > P ARIKE MO L L THEHETH S Z LRI SN TEBY (Cahoon, 1999; Takai et
al., 2002; Kang et al., 2003), 7z, HALEPNMERLLZERMVAGHIZ L D BEHEETHALHHEICL->TD
BRI THL V)R H S (i, 1989; Kamermans, 1994) o

INET, WRERMEICOWTIE, KR, 5, GHMEIS T 2N E S, KEHOMY ALL EIZD
WTHSE C ORGSR 2 STV DR LT, BAMMBEICOWTE, BB o fThhiTw
5500, WHHEHIZOWTOMRIZ v, KEMMEO L Lo 2 FEHEEE, MirS5BHT 54
W s (extracellular polymeric substances: EPS) THbkiZe EOFHEIIfF#E L THERE L TWwW5 (Edgar and
Pickett-Heaps, 1984), & 3EE O (A4 X) (KR, 5, G, REEFRER2 L LI, 14
HEOWIEII T ABRERTL LTEETH L EEXONDL, £2TC, AWIFETIEIHBEMTHLERET T A
Y= X% BT, (5 RNitzschia sp.DYETENEN O D A XDBENIZ L D HBEEZIT AN ED) 0 x
AR ERHME L7,

(]

20054 8 H31HZ#
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M ETIE

S C BB

FEERIIE, 20014F 7 AICIEHE (L BBRBOME) 1I2BWT, KEHIOMOIFES, SR - 758 L, 5F
FEVRT) L 72 AV UK H A 75 B Nitzschia sp.® 7 0 — U BR & BRI 2RV E L2002 Hw
7o (A2, 2004). SEBIH APIZHE LA oMY 1 13, K S54.3+£2.8,m (mean®S.D., n=20),
M#5.2+£0.4 m (meanxS.D., n=20) TH b, ERIZIZ, LEBEOBERMEAKEZ WV THE L 2-0/28 #
(Guillard and Ryther, 1962) %[ L7,

HEEBEOY 1 XX T S BHEICERER

AEEE (HEL3 mm, K100 mm, 77 A%) 3 RIINitzschia sp. DR ELE L L THEORL L H T A
=X (FWEkSes, 779 ALY —X, BZ01, 02, 04, 06, 1) #ZNZNHEEDOIEA S 5mmDIEA &
b LRI L7z FNFRONHEIRARF0.1, 0.2, 04, 0.6, 1.0 mmTH 575, EEROFIGRZE L
PHiZTable LIZ/R L7280 TH D, LT, WEFEO/RNSWHERLLIEIZ, £1EFNGB-1, GB-2, GB-3, GB-4,
GBSEIERZ L EL, HIAE—XZREMLEVEDEWNEX E LT, SNEGB-OEIEAZ L ET S, &
NS OREAE 281 % 3.5 mITOEL, FRENICK 2 BRI U 72 Nitzschia sp. % & Oy % # it
FHCLORS AL 72 D %0.5 ml$ D3AE L 72 BB O WML B 1$113£7 cells mI' (n=6) TH -
7o BERIEHIEERRE A NA T T Vs — (ZEEE, Y - XA T 4V F —, pore size<0.02xm) T
Ex L, YERD S OHLE 7S,

Table 1. Mean diameters and ranges of glass beads used in the present study.

Mean diameter (mm) Range (mm)
GB-0 (no glassbeads) - -
GB-1 0.115 0.105~0.125
GB-2 0.214 0.177~0.250
GB-3 0.425 0.350~0.500
GB-4 0.605 0.500~0.710
GB-5 1.244 0.991~1.397

FEBREAFIAEO WA M4 TH 5 KIR1ST, HH25PSU, JE5RES0 2 mol m? s (FBHIEST) & L7z
(A S, 2004) F7z, WIRFREEAIZ12 L:12 D (BIHIE6 1 00-18 1 00) & L7z ShbHa 1 —3 HB XM
10 : 00LZHEFR L, "B YEBERT (Turner designsth#, Model 10) % T, @B % % L 72, BRI
T DOFIHO 720 IRBEOZE BT 2 ERFRBYRERLI 2, Yy 7Va MO T LT, HBEE
BPWADTHIEEARELEEZ, TOXHI, EHBELZMET S EIZLY, Nitzschia sp.D/NA F < A
OFEL U MET UGS E T 2208 7 4 b ah%T 5 b 0T, RERL 1T Nitzschia
sp. 2R L, WEBEIIOMIL A B L T4 ZREBRR OB AEY, SbERcaEtmE L llE T 2
& & D ITHIRR AR L <, EEmE LR O MR E RS2 (Fig. 1o WEOMICIEE WV IEOHBLR S
N7zOT (1=0.994), NEHEEHOMELICOVTIE, HEHED Mz BED 5 2 LA HETH 5 & ¥
Wr L7z,
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Fig. 1. Relationship between 1n vivo chlorophyll a fluorescence and
cell density.

Fig. 1& 0, SHHRED S RO M Z RORICH T, WEBEEHOMIZO W TRAETREIZEY
SO % L L 72, FEBRIE 3 AR T (triplicate) TAT- 72D T, ZNODOFHMEE L 0, A O M
NI HEEHE A R 7 71278y P LRI O NS EMERS & Lz, L72D5> T, BHEXR & L7
BIE 9 ~21H B & SRERX I L ) S84 572 (Table 2)o

-1 In N
NN
22T,

At A EEEOHIE  (days)
No : s O Mgk (cells mlt)
Ne o s oMtk (cells ml?)
THbo

F 72, BRBRIX o WM g & BRE R NMEIC DO WT, TNEFNSEILEREEIT o7, LHBOAE
=R I Zone-way ANOVALZ & % Scheffe’s test CHEE L 720 0B, fENTY 7 M IZidStat View (SAS Institute Inc.)
v,

& S

HTAE—=ZDH A XD & 5 Nitzschia sp. DYEFE AR % Fig. 212, WIHFARE 22 &% Table 2I2F L ©
720 GB-1, GB-2, GB-3, GB-4Tl3, 0.36-0.39 day' T, &' T AE —=ADH A AHUNE L e BIE LB HGE§
b EVIIERPG O NIz, —F, HTAC=XEFEMLEh o725 X (GB-0) TidLHFH#E0.25+0.01
day CHFEDSTE D o 720 T2, HWT AL —AOKZEDTS KE D - 72GB-5T O HLIEFHHE 30.23+£0.03 day*
T, WX LD bNShotz, 7z, FHRERX O ELE 2OV T DL EILEME DM % Table 3all £
&7z, GB-1, GB-2, GB-3, GB-4i¥, ZNZFNGB-0B L I'GB-5& HHEAENH -7 (p<0.0001),
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Table 2. Specific growth rates estimated from the exponential growth phase and maximum fluorescence during the
experiments.

Specific growth rate (day™) Maxmum fluorescence (relative unit)
GB-0 (no glass beads) 0.25+0.01 (0-17 day) 2.5+0.68
GB-1 0.39£0.004 (7-19 day) 32£85
GB-2 0.37%0.003 (10-19 day) 14+1.2
GB-3 0.37%0.01 (3-17 day) 75+1.0
GB-4 0.36£0.01 (7-17 day) 6.7+0.71
GB-5 0.23%0.03 (0-21 day) 5.6+1.8

—0— GB-0 (no glass beads)
—m— GB-1
1 -—2-aB2
35 - —— GB-3
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Fig. 2. Growth curves of Nitzschia sp. grown with glass beads in different
sizes.

FFEERXAZ B TEFERMIB AP IS O NSO R K S, SEHSEERE T & N7z R & MR O % 7R
L7z (Table 2), bbb, HWLMERAMIZGB-1, GB-2, GB-3, GB-4TIFRZEI/NEIWITEIKE (,
GB-0 (2.540.68) %GB-5 (5.6%1.82) TII/h&E D572, KEDRK D /N EVGB-10D 8 E i Kl 1332.3+
85T, GB-0M13f%, GB-5MD5.8f5TH o7z F72, HBRX OHOGHMEERAMIZ DOV TDOL EHBHME DK
B% Table 3bl2 F & 72, GB-11ZGB-0, GB-2, GB-3, GB-4, GB-50 T XT L FHEENDH 72 (p<0.0001~
0.002), ¥7:, GB-2-GB-0DIZb HE AL D 72 (p=0.0105)
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Table 3. Probability by Scheffe's test of one-way ANOVA for (a) specific growth rate and (b) maximum
fluorescence, respectively. *, ™, * indicate significant differences at p<0.0001, p<0.001, p<0.05, respectively.

(a)

GB-0 GB-1 GB-2 GB-3 GB-4 GB-5
GB-0
GB-1 <0.0001"
GB-2 <0.0001" 0.5959
GB-3 <0.0001* 0.4055 0.9993
GB-4 <0.0001" 0.1911 0.9491 0.9943
GB-5 0.706 <0.0001" <0.0001 <0.0001" <0.0001*
(b)

GB-0 GB-1 GB-2 GB-3 GB-4 GB-5
GB-0
GB-1 <0.0001"
GB-2 0.0105 0.0002*
GB-3 0.4993 <0.0001 0.441
GB-4 0.6675 <0.0001" 0.3163 0.9999
GB-5 0.8713 <0.0001" 0.1853 0.9913 0.9993

% =

REBOWERLY, ABELEOH A X (RifE) (INitzschia sp.DEFERT-& L THO TEETH S & THR
e S M7ze FEICATRIH W2 I A — XD T b R O/NS WGB-1CTHGHEE, #BMERKME b 12
BWEMME O N, SELBMREOHER LY, 0. Imm (GB-1) 2SHIED /O OMBEIEEOY A XL LT
LML TWBEIEDIRENTz, FNEFNDH T A — ZNTHKAED A B LA, FEMRZEMTIZ@E VT
BN EDL, BAIREINS WL DODHPHEERE L TEL TWE D EEZER LD, HOUMERK
HIZNEZERT B0, INMFEL-72FHRE LT, ©— XDEEIVNES 2 51T EERESEINT 20
T, LVZLOMBIMELT, WIETE7-bDLEZO5NS, Fig. 1OEPER»HHE LN E HWT,
& INEDED - 72GB-1IC BT A IREMIEE KD L &, #2.2X10° cells mI* (=6.7X10° cells cm?) & 7
bo THUIATEZ UL 72MHE B 2 BB E (UAS, 2004) L0 b 2HL &<, 4RIEHE L2
AEEEH, KR, o, BMEEZ IS L 7L, KEENTRTH D 2 LRSI N,

¥/, HWTIACE=XZFEML TR WVGB-0IZB W T OO & 7-25, WM cBlgLe 2
5, MBELPECIHE L TR EHEG-o TWAEEHNEC, RBEONEEIHE LTy aiiitigzhiz s
G BN EDG ol — T, E—XHEDOR D KE WGBS THIEE KA o 7201%, ©— XDk
AR A IR TR EBE 272010, RBREONEE L FAARICAFEREE LTRREL 2o 72b DL ER
bib, T/, HHOH T A - X THRDMED/NSVE DIEARIHV72GB-1 (CF¥ER0.115 mm) T
D, TNID/NSVHFED D DIZOVTIIERTE TV, #EERETRALZEEDNS X5 I
WIER 2 SIS L TW A MBI Sz 2 e b, E5ICRED/NE VS OTHGB-1L RS2 1Ll
I BEEE L L CHEYITH LR H 5,

AR SIS 5 BT 2808 (extracellular polymeric substances: EPS) CTHEIZAIE L7720, Y
FERWELZD TS, EPSRINVI—AR TNV v EOBBOEHTHE I N TS, M2k o THEED
TR ZOEED R 5 LS TCwh (de Brouwer and Stal, 2002) » AFEDEPSH R & IZDOWTIE T
ERRLN TV WD, EPSORM & EEDEVIIMFEN DM ICHBEIIERLTNEd D EEZLN5,
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HRMEPERF IS, HHETAZLETHTIAC Ao AESE T2, HEMECTHELZL AR
FIZEATT I AL =R E L TWE I EEMHRLTWD, $/z, BEOWD O FHII2T T, 79 A
E—XIZFIESIIME L TS, BERIICR S EMBEELAS s DWW THEERL, FIRAE—=X05
HEET AEMDS R SN2, ZOMEMIEHT T AL - ZADRFEDOKEVD DITETRD > 720 KED ILBHIERWIR
T, HKOMEIRA % L0 X o TRENT O IRAMEEESBZ SN 22 (IS, 2005), 14
R OB L ORFIZE E RIS ciigid, R TRt EE ST 27200, HEEEER
5 TV 5 72O ITHRNEVEAR N 2 & D34 M O EEE RS SBE SN D,

AREERC M7z Nitzschia spAEiTH (1994, 1995) OfFEREOSHICLYTID S L, EEIMEILZIIT L
BTV, HEMERMICGESNE EEXLND, TOFV—TORMIL, IFELEET THERe R
BRI L TER T 205, WEINZIUTIERL vz, KEFYICEBEIAR TV, BAFWICE T
HENLEETH S I LId, EYESE W L7 EMENFLE ROV E T 20E, HHETH 5. BARINIZIE,
REEE A CRIRICHBERG AT & L b, EYEgiE il U222 5121, Jadkth 4 &A%
IR BET A LN EETHS ),

KIFFETIE, HT AE— XDORAEDE DS Nitzschia sp. DI G- 2 5 B A TR, FEEDENIZ L - THY
FEMRFE RN DR B ZEATRENTZ, DT UL, RED L) R AR AERIZ DO W TR B AR
FEBRERALHEICL, NEREOV A XZEET L ENEETHL I EEZER LTS, $72, BEY
BOLOICHBIEA T 2BETY, HEREOT A ZREETREEE LKLV PEER LD,
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Effects of grain size of substrate on the growth of a benthic
microalgae Nitzschia SD.

Masami Suzuki and Tamiji Yamamoto

Graduate School of Biosphere Sciences, Hiroshima University, Higashi-Hiroshima, 739-8528, Japan
Summary

Effects of grain size of substrate on the growth of a benthic microalgae Nitzschia sp. (diatoms)
were experimentally investigated with commercial glass beads. The growth of Nitzschia sp. was
enhanced with addition of glass beads, with the highest growth rate of 0.39 day" and the maximum
estimated yield of 2.2 X 10° cells ml* at the smallest glass beads (mean diameter=0.115 mm). On the
other hand, with the largest glass beads (mean diameter=1.244 mm), the growth rate was lowest
(0.23 day™), which was not significantly different from the blank experiment with no glass beads
(0.25 day™). The results in the present study indicate that not only the small glass beads are suitable
for the growth of Nitzschia sp. but also the size of substrate is an important environmental factor for
the growth of benthic microalgae.

Key words:benthic microalgae, diatom, glass beads, size of substrate



