OO000000O 0O 0O O Cocconels scutellum
var.parvall [ [ [ [

0o goono
ISSN 03714217
oono gg,oo
gg,oo
og,oo
0on oooooog
0/0 460 40
oodon p. 509-516
oooo 199801 1201
gooooobooooboooboobooboboooooobooo 9A° :
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ U IKnow |e(]9b'

Secretariat



KEEHESE 46(4), 509-516 (1998)

7 7 ¥ OUFEERE B Cocconeis scutellum var. parva OB %

WAEE - FAFE - SREE
(19984E9 F 28 B - H)

Growth of Benthic Diatom Cocconeis scutellum var. parva,
A Suitable Food for Post-larval Abalone

Tomohiko KawamMura*!, Kazumaro OKAMURA™?, and Hideki TakamI™*!

Abstract: The marine benthic diatom, Cocconeis scutellum var. parva is one of the most suitable diets
for post-larval abalone. Growth of this diatom was examined at (1) various combinations of temperature
(10, 15, 20, 25°C) and irradiance (12, 46, 78 112, 135 uE/m?/s) at 33 PSU salinity, and (2) at various
salinities (18, 23, 28, 31, 33, 36, 40, 44 PSU) at 20°C with a 78 #E/m*s and 12:12 LD cycle. These
experiments used modified Jgrgensen’s medium and ran for 45-55 days. The initial valve length was
16.2+1.2 #m for the temperature and irradiance experiment, and 22.0%0.7 #m for the salinity
experiment. The diatom grew in all conditions. The mean daily growth rate at the exponential phase
ranged from 0. 26 to 0.55 (divisions/day). Growth rates were higher at higher temperatures at the same
irradiance >46 1E/m*s. There were no significant differences in growth rate among temperatures at
12 #E/m?/s. No significant differences were observed in growth rate among irradiances >46 #E/m?/s at
the same temperature. Growth rates were significantly lower at 12 #E/m®s than at higher irradiances
for temperatures >15°C. The optimal growth was observed at 28-40 PSU. The diatom formed a single-
layered colony, and stopped growing when it occupied the entire surface area of the culture plate. The
cell size appeared to decrease gradually from 34.4 to 9.7+0.5 #m in valve length during 130
generations (204 days). Sexual reproduction was observed at the 95th generation (13.4%1.2 xm),
during which the valve length restored to 33.8 #m.
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EERIZA 2 C. scutellum var. parva 12, TILX K
WA O 7 7 CRERKE» SEREL - 8L, 3
=AY AL ORERRINEKERIZEY IV B %
0.05 pg/l Mz 7238w (LT a—H v R VikEs)
HTHAEEL TV 2O TH b, BEKERIL, RE
BEDKIBIZE VIS CTH 072, KB L BEDEELH
N7ZERICHW M OERFBRORE S1X, EFiR
£16.2£1.2 um (FHELIBRERFZE), ERIEL0.5F
1.3pum TH o, T2, MO OFEZ T EERIZIE,
EHRE22.040.7 xm, EFIE15.61£0.6 umD L%
Wiz,

KB E HBDBE LT ERTIE, 10, 15, 208
L U25°CH 4 DDOKIBRERX ZREL, &4 DKIRIC
DWW T 12, 46, 78, 112, 135 uEmils (F L FNn#
1,000, 4,000, 7,000, 10,000, 12,000 Ix) @ 5 BkFE®
HEX % &7z, BEEKICIE, pH7.8~8.3, %433
PSUD I —H > A B E v, 72, ES
DEBLRFAREBTI, I—F A el (pH
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BIZHIE % B\viz,
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#L7- (Fig 1, 2), SMEHM O EBEEEE (#)
2, WFNOERBRXIZBWTLREAHOKEE LD
WA U, REBRRIZEIT A1 D10H 0Lk
FERRRE &, TRECETEER (GRMRRER A 2 HTIZ % o 7E R
LI, HEMIREZED90%% TRIA LA L Liz) OFHHE
SERPE B & OB AR ESEEREE & Table 1127 L7,

TR IETEIN (BT B AT REE 1T, 46 #E/m?/s LA
TOREXTIIML TEKEXIZESE , 10°CTidfth
OKRBX LY EZEICED > 72 (Tukey-Kramer HSD
test, p<0.05), LA L, 12uxE/m¥s Ti, KiEIZL 5
WHEBEOEEREZIRD S NLh o7z (Tukey-
Kramer HSD test, p<0.05), KiERIZRE % &, 15°CLL
FDOEERX TI1312 #E/m¥s TOFIRIFEEEE 13D S
BEXICERTEEIED o 7245, 46 uE/m¥s DL LTI
REBIZELDZEELRZEZIRD LN D o7z (Tukey-
Kramer HSD test, p<0.05), 10°CTid, GEIZ L B
BWHIEREORERZIIRDOLNT (Tukey-Kramer
HSD test, p<0.05), &THONEX T0.26~0.200 %
Bild o7 RRKOFYHMGERE L, 25°C, 78
pEm?/s XT?D0.55+0.02 (FHELIBERZE) TH
o7z (Table 1), 72, &FEBRXFORABEIEEREI,
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Fig. 1. Growth of Cocconeis scutellum var. parva at
different temperatures (10, 15, 20, 25°C) at 12, 46,
78, 112 and 135 p#E/m%s on a 12:12 LD cycle.
Salinity was 33 PSU. Data indicate means (n=7).

25°C, 78 pEm¥s XD 1 R TCHIEREHE2HEE 3 B
BORMICEEFEI N34 TH o7,

HADI0H FHOWEHE % F—KIEX THREFRI LET
HE, WTFNOKBRIZBWTH, 12 uE/mi/s X Tl
DOFBRN AR THTEEE I H (KD - 72 (Table 1,
Tukey-Kramer HSD test, p<0.05), ¥ 7z, 10°C&15°C
DEBRRX TIX, 46 uE/m¥/s TOEHEEEE b 78 #E/m¥/s
D EICHRTEEICED? o 72 (Tukey-Kramer HSD
test, p<0.05), F—FERXIZH T, 46 #Em/s Ll
EORERXRT, KEOEHWERXIICHERENFEFE
W&o 72 (Tukey-Kramer HSD test, p<0.05),

AR SEEFEORA—HEH 2B VR L&,
FEAERE SR LR e 7o, RERVE % 20He LT b JEMifa L’
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Fig. 2. Growth of Cocconeis scutellum var. parva at
different irradiances (12, 46, 78, 112, 135 xE/m?%s)
on a 12:12 LD cycle at 10, 15, 20 and 25°C. Salinity
was 33 PSU. Data indicate means (n=7).

5258 HELRE, 15°C&20°CD46 pE/m*s LA EDOXERX
TI335H B LAEIZFEMBE O &% Ligo 72 (Fig.
3o LAL, 10°CTIZERMK TR TRMBEAI B>
THEMT 5 Z L3 hh oz, FLMfeD LICAMBSE
Lo THMT HIRBIIFED LA, EHEO LIl
DEMBBIFELZ-> TR AZ Lo,
HIEICRIZTIEADRE & TOBRSXTHIELL
A, EMRFEORKEICZIERRICL - TEELRE
DED SN (Fig 4, p<0.001), £ EEIL45H
B2, 40 PSU TIX3.7X10° cells/cm?lz, 28~36 PSU
T133.1~3.2X10° cells/em?lZZE L7 FRISH LT,
18, 238 L 44 PSUTIL, 31IHE 2B X/-EI M
FRoEMAEEET L, 2HEEEORKMEIZL4~
1.9X10° cells/en?l2%8 £ - 72 (Fig. 4), 44 PSU Tig,
BIERIAE108 B ¥ TOMIEEE (1) PMLOERKX
WCHRTHEEIZE D - 72 (Table 2, Tukey-Kramer
HSD test, p<0.05), F 72, 18 PSU &£ 23 PSU iZHB W
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Table 1. The growth rate of Cocconeis scutellum var. parva. at different combinations of temperature and irradiance

at 33 PSU with a 12 : 12 LD cycle

Growth rate (divisions/day, mean +SD)

Temperature (°C) Irradiance ( #E/m?/s)

During the first 10 days At the exponential phase

Maximum value

10 12 0.47 £ 0.03 0.29 £ 0.01 1.08 = 0.21
46 0.73 £ 0.05 0.28 £ 0.03 1.06 = 0.11

78 0.85 + 0.03 0.29 £ 0.04 1.35 £ 0.42

112 0.88 £ 0.02 0.26 = 0.02 1.11 £0.14

135 0.86 = 0.05 0.26 £ 0.01 1.43 £ 0.44

15 12 0.59 = 0.09 0.35 = 0.01 1.28 + 0.27
46 0.92 = 0.03 0.42 £+ 0.00 1.57 £0.22

78 1.24 = 0.02 0.44 £ 0.03 1.97 + 0.20

112 1.13 + 0.06 0.42 £ 0.01 1.80 £ 0.19

135 1.09 = 0.04 0.42 £ 0.01 1.96 + 0.49

20 12 0.57 £ 0.07 0.27 £ 0.01 1.34 £ 0.33
46 1.20 + 0.05 0.42 £ 0.01 1.98 £ 0.26

78 1.48 £ 0.03 0.43 £ 0.00 2.16 £0.19

112 1.29 £ 0.08 0.42 £ 0.01 2.06 £ 0.32

135 1.42 = 0.06 0.42 £ 0.01 2.32 £ 0.42

25 12 0.72 £ 0.05 0.32 £0.05 1.08 = 0.21
46 1.44 & 0.01 0.49 £ 0.12 2.40 £ 0.39

78 1.45 £ 0.10 0.55 £ 0.02 3.19 £ 0.46

112 1.50 + 0.01 0.52 = 0.10 2.86 + 0.21

135 1.48 = 0.01 0.52 £ 0.07 3.19 £ 0.29

T, 25 B E COMBEREDNETAIE LW L%
Mols, EEBRRX S ORKKMEHEEREIL, 40 PSURX®
1RCHERBE4IBDBEE 7THBOBICEEEFRIN
1.45T&H - 7z,

EHBELEVNELRYE-o THETAHZETIAS L
P, M —Bo oo —%#FE L TWwi, 28~40
PSU T3S0 ERIIT—HE IS EE L 7275,
18, 238 X U4 PSU Tid, MfBIZ—HEH2BVRLT
FTIEIWEL o7,

AR E DS R AEIE DOV 231H B LR, £To
EEX TIMBAITHIR LD 7z (Fig 5). FEHREIEL,
23 PSU LI T D1EIES X £ 40 PSU LLE O EES X TS
HIRT BIEMATA SNz, 44 PSU T b FEMFL=R
EP 272,

HRESBICE S H D RO E/L 204H B Ok
fOEEFER T ICB L F 1301 AR L 72, MilaoX
& XG4 A L, 130 B ICIEEREKITE0.5
gm, 1E7.0+£03um& %7 (Fig. 6), L2 L, #
JOE L33 L A EELET, EoitTh22+1.1
pmTHolz, MEEERERIZOREZERBIR OGN
9, REZZHADbOFERITIEIIGR/A0 um, T
WZA127%/10 £ mD YT TESR VRO H 7z,

#95H#ACE (164HB) ICHEMAEIBE SN,
FEREETFIEE L T OP0OB KB FITE S
h, ZORNO 1ITFH 5 KBIOFEEMBAHEL

Table 2. The growth rate of Cocconeis scutellum var.
parva at different salinities at 20°C, with a 78 «E/
m¥s, 12 : 12 LD cycle

Growth rate (divisions/day, mean £ SD)

Salinity
(PSU) During the first At the. Maximum
exponential
10 days value
phase

18 0.89£0.06 0.27+0.08 0.94£0.33
23 1.02+0.04 0.2410.06 0.85+0.42
28 1.01%0.02 0.30£0.04 1.27£0.08
31 1.08£0.05 0.291+0.02 1.32£0.08
36 1.03£0.03 0.30£0.05 1.32£0.07
40 0.93£0.04 0.301£0.03 1.02£0.26
44 0.571£0.10 0.43£0.04 0.71+0.06

COKREMOERKII33.84m, BIF24.3umbo
720 HARMF M LR A TORENMBOFIGT A
i, EHRIZALL24m, 188.740.84m TH o7
LH2#RE (1840 B) DR b AT S B S
NA, REMROERIZIZES 2D 272,

Z K

HEHEAEME AREERICHW I C. scutellum var. parva ¥k
1, HEDFE LS, 3E L10~25°COFRETIIE L
THKEDRBWIZEERLHICHEE L2, L L, BE12
pEim¥s T, KR & 5 HEFEEREE OB 2 213380
LG0Tz, F—KET THETS &, 46 xE/m's
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Fig. 3. Survival rate of Cocconeis scutellum var. parva at
different combinations of temperature (10, 15, 20,
25°C) and irradiance (12, 46, 78, 112, 135 #E/m?s).
Salinity was 33 PSU. Means and standard deviations
(n=7) are presented.
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7275, 12 pE/m¥s K TI1I5°CLLED KB THOEX
FOEBIERIIRP 72, ZDLIHIZ, KEEXE
W2 & D HETEEE ISR LR b, IRBEEEIC BT
BERIEERE (1) 130.26~0.55DFEEHIC % - 77,
C DFEETERE ORRMEIE, AL FRRICEGLE
O EAR T T A MO EEMNSEEE ORI
TERBEE IR TEL, ZEBL NSV, AED
C. scutellum var. omata®®, C. sublittralis®® & (Z1312H
LNRIVTH 72,

Mclntire and Wulf®® 1%, ZPFEBRIC X 0 (FEEER
FICRIZTHOEELMET L, C. scutellum var. parva
PHOFHEIIDOAEEEL Lo/l 2 HMELT
Wh, BEICET LAEE EICBR SN A B EEEE
EHRIIBWTY, C. scutellum var. parva % & s
Cocconeis BDEERIIGEL TR HFHEOA L WE A
BELRTOVIEDPERINTWL22D | (FEIEE
BEOEBEELEELEE™, Cocones Bz &
FEEEROMNEFES D2 oM T, WEEEI
BV, REGBAEOKRICZABEDOTRBTLHRAIC
BN UL, BEBIEL L TRRIIIIESEL 2
BIENHERERINZ, REFLLVEEIIE LR
BHEPOELETLODLEZ HND2, KIFEORE
Bh5h, WET TEC. scutellum var. parva D IEHETE
B L  OFEEEBICHTEWZ L2%bh»
D, FNPEXTTESLICCWERND—2THDH
EWREN, LAL, 12xEm¥%s (H1,000x) CTD
WHEREIILT L OO ERE L FOE O MR
2 HRTE WD Tld vy, REIGEET CF

30 40 50 60

Fig. 4. Growth of Cocconeis scutellum var. parva at different salinities (18, 23, 28, 31, 36, 40, 44PSU)
at 20°C, 78 #E/m¥/s on a 12:12 LD cycle. Means and standard deviations (#=7) are presented.
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Fig. 5. Survival rate of Cocconess scutellum var. parva at different salinities (18, 23, 28, 31, 36, 40, 44 PSU)
at 20°C, 78 #E/m?s on a 12:12 LD cycle. Means and standard deviations (#="7) are presented.
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Fig. 6. The change in cell size of Cocconeis scutellum var. parva during 130 generations (204 days). Means
and standard deviations (n=30) are presented.

HLRTWVDIE, §5ET TCOMRBERE MO L [F FARIIES T L HEBERFEOERPOADL L, C.
BETHAHAZLIIMAT, FHFEAPEDLDTH LMK scutellum var. parva \ZEERE EHBT NS, L L,

B BA &S R\ 2™, JRERKETHEELICL =S E B IERE TIEC. scutellum var. parva % & T
(B, ZL OWEFYWIEESINIZ L W2 - ) Cocconeis J& DEEBEDELO 2> 5 EROFMOME F TK
Rl WHEEEDINAMLOMNERELFOREL) b1 CARLTWIZZEFHESNTE N, METHE

TEICER 2 e o0 EELLND, BIRBEIC & D ¥IEIE L 85 08B0 E 2 A WM
A L7 C. scutellum var. parva ¥kiZ, 28—~40 PSU bEZ N5,

DIEFIX TRIFICHETE L, $EIHICE LR s KR EHBOHELFTRERLIBEDSOEE LR

EWEHSBAILE > T Wb I EFbRo TEERET IR LB TORBEEE L LET 5 L,

Mizuno®”AS g BE A B EEBE & i O B IS0 T TEED7% ) R o T b, HHIEFEHICBIT 57
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WIEEE L, BiE T1320°C, 78 uE/m¥/s, 33 PSU T
0.43 (Table 1), f£3F Ti£20°C, 78 E/m¥s, 31 PSU
T0.29, 20°C, 78 uE/m?s, 36 PSU T0.30TH - 72
(Table 2), ZHid, 2 DDEERICHAWMBEOKE &
MEo Tz (ERFBROFEYERREIL, #hetn
162 m&22.0m) ZEIZXBIDEEZLLNS,
204HMIZ D MO ERE(L AT ERTIE,
HIFEOKE S DPAITE D 7 o THIEREE LN 5
EEAERD H Nz, B HEEEMEE O LB T,
RAIEGERE SRR L B OMBERERICH S Z LA
i SN TN B0,

BRI L72KIR, BE, BOo#ENTDS, Ml
PEEFEIRRONEBE—EIZADS o 7B, BEREHR
LChIEMfas L, EMBITEL > THEET S 2
CiE oz, LdoT, REOHBEEIINELYE
DRERBIZHESIND Z EHHEIZR -7,

WREZIt MENNEWEB,LEEICOI-DRES
7z C. scutellum var. parva DB O K %= 1%, EH
F11.5~34.0 um, 187.3~19.2 pmD#EF 2D - 723,
RFICH W RDOKRE S HIZIZFE CEEATELL
7oo 1301 B ICIZERFESH%9.74£0.1 umF TH/N L 72
A, BETE2EE L CEEAEEETVIRD RO X
XL, EBREL4F02umTH Y, BREBFOEHSE
HEDPESTVWEBEAITIE, TOREOKELIIRLE
EHEBZITWRESZOETLI DOLEZONS,
AFAETREBFOEESEEZHL T HIZIEEDS
e o 7288, C. scutellum var. omate TIIKEE B E
PEBFOERICEHSE L TWE I EFHFESRTY
613)0

TOESHE & L TOKAREIREER C. scutellum var.
parva * BIETEET 554, AW THRE L/ -#H
T, KiE25°C, JeE46 pEm¥s DL E, 1E45728~40
PSUTEHRDBLGAFE T THEIELNAL I LW
bholz, MBEIFSELZTHETAILIZRL, £E
— IR - 2B L CHIEIE LT 5729, MO
ERELTOILE, REEBEORAEzECTLE
Wb, FEIFFIMNENIHL, £BE»OEHIC
$EET 5 L Z OB LR PH S NERTLE
Vo FDI2, MOBERETIIERZHT O L /-5
BWIEESD 0 CEEE R FIME L U A EREFIAT
Ehv, BEONEEE*Z0T I TV EHNEORE
WETHIENET LV,

C. scutellum var. parva %, MEOBEEIZHE TS L
TIEHEDEER - BRICHELLNAEXETH S
AV, BEORIIAREARE T, FER 1 mmiZE
FTOMPHEBICEL o TRLT L L ERMEIIE 2
31638 g R B DS ER 8912 Cocconeds & BT &
B5E9%5DEFHRR08~1mm U Lo THS

T&H 5210, BHED C. scutellum var. parva H3+35E L7
EEIC77EHE BE1lanlb) 2440, #B%
FESES EEPEBEILE) JLTEE - LR
RRENCELTAIENTEY, T/, BELZE
BT AR W SN AHEROREREIX, 1mm T
OMBEHADOEE L2 EFHALIZENTW
%Y, B3 72 C. scutellum var. parva % 77 ¥ OEE
BELTHWS 20, BEICKDEELLD2H
WhHA, EREOOEE L L CF#ERboRES¥%
TR T 2 AENEHEEZ NS,

EROBHARRS BT, BELLHEEST
TYOEEKER CTHRELZR)RBELRECES
SEDLIENEETHS ) AWMAEOEELLAD L,
RIR, 59T CIEREOMIHILE DS, LHERREE
Zhlz) AR ST AIENTE, L
LTHRIET 2B LAFMEar Mk v, F
7B T T, MOBEOEEEMESZ LI LI TE
% Cocconeis % FEMBRYI\ZIZBEEE T, oFET O
FIVEELEENICEETIBRE la BEL LD T
T ERERSTIVICERD S B FEIR, PEOBE - £
RELHO, IR OB 2 RIET H1EN ) TR,
Cocconeis DELE T 5 IREZ RFBERET L0123
BxheEzonb,

L

TOCHBEEOERL L THFELRNEEE
Cocconeis scutellum var. parva O WEFE I R I2§ KB
(10, 15, 20, 25°C), &= (12, 46, 78, 112, 135 xE/m¥/s),
R UHE4S (18, 23, 28, 31, 36, 40, 44 PSU) D 2%
BRI,

FELZKBOSHEEMNICB VTR, BEXFF LEE,
46 vE/mYs LI EDORETHKRXIZ EER 2 ICHEE L
720 12 uE/ml/s T, KB X A H8TERE D E 7%
FBOOLNLR Do 72, FI—KRTTIE, 46 2E/m/s LL
LOXERTEIMEEREICEELEEIR O 2,
720 15°CLLEDOKIRRIZB W TIY, 12 #E/mY/s T
SIXZEN LDV EWRER L DV EEICEDI o/, SIS
DWW, 28~40 PSU O¥EH X T RIFIZHEFE L 7225,
44 PSU TIIHEEREFH EICE <, 18 PSU & 23
PSU CRMBEARRKBEILEL 2d o7, M E
oo THFET 5 Z Lid7 {, BEBONE—MEIZLD
BEENLEOWEIIET D, FEMRRRSEML 2,

EME344 um, 1823.1 4mD AR A S BME L /2 HE
BRI, MEOXE SIIFE4 AL, 204
HE (130#ALHE) ICI3FEREL7£0.5 um& % o 726
¥OsHLE (BHREI34+£1.2,xm) ICHMAREIEH
gah, KBoOFREME (FxE33.8um) HHHAL
7Zo



516

IR - A - m R

i

AHFZEIE, BHKEE OKRBBIMRIZE T4+ 32
EAEE, O—&RE LTiThN, ZZIZREL TRk
FERIEMOBRET B, T2, FRzERHWZ
W 7 RALX K EERFFE BT DA AR IR EE R 2 O O

I

HEAENERETRAER, BLUELEFOR

B % BE\: L7 Rodney D. Roberts EHIZEHT %,

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

X om

TR - FMEE (1992) © TV TITEHENEFEL
FERECRIT T EEREOZE. KEBE, 404), 403-409.
Kawamura, T., T. Saido, H. Takami, and Y. Yamashita
(1995): Dietary value of Benthic diatoms for the growth of
post larval abalone Haliotis discus hannai. J. Exp. Mar.
Biol. Ecol., 194, 189-199.

Takami, H., T. Kawamura, and Y. Yamashita (1997):
Survival and growth rates of post-larval abalone Haliotis
discus hannai fed conspecific trail mucus and/or benthic
diatom Cocconets scutellum var. parva. Aquaculture, 152,
129-138.

MAEE (1994) @ BEMAFEEOSE L £
YHr3e, 10(2), 7-25.

M #HE (1978) i T YHEEERNE R, WIESAM
OEPEL G (ARKEELSR), BEEHELEM, ®E,
pp. 57-67.

BA R HAFEM (1987) [ 70T U EREETRR
LOEEOFEE. KEHEIE, 35(2), 91-98.

Suzuki, H., T. Ioriya, T. Seki, and Y. Aruga (1987):
Changes of algal community on the plastic plates used for
rearing the abalone Haliotis discus hannai. Nippon Suisan
Gakkaishi, 53(12), 2163-2167.

Matthews, L. and P. A. Cook (1995): Diatom diet of abalone
post-larvae (Haliotis midae) and the effect of pre-grazing the
diatom overstorey. Mar. Freshwater Res., 46, 545-548.
Ebert, E. E. and J. L. Houk (1984): Elements and
innovations in the cultivation of red abalone Haliotis
rufescens. Aquaculture, 39, 375-392.

Hahn, K. O. (1989): Handbook of culture of abalone and
other marine gastropods. CRC Press, Florida, pp. 1-348.
Slattery, M. (1992): Larval settlement and juvenile survival
in the red abalone (Haliotis rufescens): an examination of

fT&E 4

inductive cues and substrate selection. Aquaculture, 102,
143-153.

B kA (1995) @ T CHEOSTEAE LBEEEOR
MC. TUVCEOBHARRMN (2 KA - KRFELEH
CARENE - AEE— - RRER), HABEEER
£, HE, pp.1-92.

Mizuno, M. and K. Okuda (1985): Seasonal change in the
distribution of cell size of Cocconeis scutellum var. ornata
(Bacillariophyceae) in relation to growth and sexual
reproduction. J. Phycol., 21, 547-553.

KEEE - HEER - EmAREEZ (1992) | FEEE Coc-
coneis sp. DIEFRIZ AT TIRIEHER ORE. KEWETE,

15)

16)

17)

18)

19)

20)

21

22)

23)

24)

25)

26

=

27)

28)

29)

30)

3D

32)

33

34)

40(2), 241-246.

A% — » HHEF - £IREE (1984) © EEEEEE
HER. IBANSSERE BHURIBAE ML E, 44-46.
Kawamura, T., R. D. Roberts, and H. Takami (1998): A
review of the feeding and growth of post larval abalone. J.
Shellfish. Res., 17(3) (in press).

Jorgensen, E. G. (1962). Antibiotic substances from cells
and solution of unicellular algae with special reference to
some chlorophyll derivatives. Physiol. Plant., 15, 530-545.
Eppley, R. W. (1977): The growth and culture of diatoms, in
“The Biology of Diatoms” (ed. By D. Werner), University of
California Press, California, pp. 24-64.

Castenholtz, R. W. (1964): The effect of day length and light
intensity on the growth of littral marine diatoms in culture.
Physiol. Plant., 17, 951-963.

KEBUE (1986) : DN EGR D NPIZHET HEEE
DEREICHET HARF. KRBITE, 34(2,3), 37-89.
KB - BIFEM - EBIES (1986) © B Cylin-
drotheca closterium (Ehrenberg) Reimann et Lewin D858
WCRIZTREREROEE. HKEE, 52(9), 1635-1640.
A (1994) @ EEMEREREOLTBEICE T
AHf3e. #MRmI, ERKE ®HE, 221p.

Mclntire, C. D. and B. L. Wulff (1969): A laboratory method
for the study of marine benthic diatoms. Limnol. Oceanogr.,
14, 667-678.

Hudon, C. and E. Bourget (1983): The effect of light on the
vertical structure of epibenthic diatom communities. Bot.
Mar., 26, 317-330.

Kawamura, T. and R. Hirano (1992): Seasonal changes in
benthic diatom communities colonizing glass slides in
Aburatsubo Bay, Japan. Diatom Res., 7(2), 227-239.
FREE (1995) @ TEEEREOTERME. ATEE,
27(10), 591-596.

Mizuno, M. (1992): Influence of salinity on the growth of
marine and estuarine benthic diatoms. Jpn. J. Phycol., 40,
33-37.

HE{EE (1984) @ BRE BT DT EBMMED 5H —
HE 12 Cocconeis J& & Synedra BIZD VT —. EIEHIH,
6, 59-64.

Williams, R. B. (1964): Division rates of salt marsh diatoms
in relation to salinity and cell size. Ecology, 45, 877-880.
Mizuno, M. (1991): Influence of cell volume on the growth
and size reduction of marine and estuarine diatoms. J.
Phycol., 27, 473-478.

WAAE - FEFLRER (1989) @ #MZE/IBIMFEE O &
TEBE. BALOKEERRER, 51, 41-73.

HFEE (1981 : KA L LTORBHEL ZOH
= OKELIAR, 24(1), 374L

Kawamura, T. and H. Takami (1995): Analysis of feeding
and growth rate of newly metamorphosed abalone Haliotis
discus hannai fed on four species of benthic diatom.
Fisheries Sci., 61(2), 357-358.

BREE - ARME - IUT # (199) : VT IEL
AT A A EEEOEBMEE. KEME, 44(2),
211-216.


http://www.tcpdf.org

