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Live foods for larval culture

of Haliotis discus honnai

Su Keun Ko

Department of Fisheries Biology, Graduate School
Pukyong National University,
Busan 608-737, Korea

ABSTRACT

In this study, there were two major experiments for the development of
abalone hatcheries. The first experiment was the characteristics of
microalgae that were examined by investigating adhesive rate from
substratum and growth rate. This experiment had been divided into five
groups according to genus and size of microalgae used in the study. Both
growth and adhesion were different from each species. And nine
microalgae were selected out regard as their growth and adhesive rate in
each group. And then, the second experiment was done. The selected
microalgae were used as settlement substrata and live foods for veliger

larvae of Haliotis discus hannai. The attachment, metamorphosis, early



growth and survival of post-larvae fed on each microalgal species were
examined in the laboratory. Rhaphoneis sp. proceeded significantly higher
attachment at 24hrs and 96hrs from veliger stage. Rhaphoneis sp. also made
good result of metamorphsis rate. Cylindrotheca closterium was the lowest
metamorphic responser at four and six days. Oscillatoria splendida induced
the highest survival rate before metamorphosis, but finally, Rhaphoneis sp.
induced significantly higher survival rate and made metamorphosis larvae
grew well all of experimental period. Excepting diatom strains, Platymonas
subcordiformis and Oscillatoria splendida were considered expectable food
sources. We suggest that commercial hatchery plates inoculated with
Rhaphoneis sp. will effect in high and consistent settlement and rapid

growth of post-larvae.
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e glohu AT @ HAEAZ TR e HEFHY g 73
FEEY FIAE Ydodle 8¢lo Hup(Pawlik, 1992; Keough and Raimondi,
1995). =3t BAFZ{FER o]Fojz w4 HE {fAo RIysjAZ o] {57
ol FATERE AIFHoR WY HHE AEFH 2] 1Fr 4=
g2 o] §Hojxla UrhHahn, 1989). &=t HBo] AFFRuIFFAME
Fde RARFAE A L KA e Ee HAuiid

AR fe] 73 2 He § & fAMES ZTEA4 QojM Ao
2 7k & FAHeE AFE 1 R vh(Hahn, 1989; Kawamura et al, 1998b).
AEo FA& 23 5 e 58 7144 =Hd, 7142 o|Fda tite
A Hu HeE 3P 3ch(Morse, 1985; Searcy-Bernal, 1999; Roberts and

He

Lapworth, 2001). %3}, We7} o502 AAE vz RY4F2es Ho|z A
371 A2 ehSeki and Kanno, 1981; Kawamura and Takami, 1995). 8}]
?hoo] el A gl AERAL HolHdH e, Ha F2Fe Ao W
Ao g e AAEAE AR Eay gSsing velnE: JA4e Jehd

4 Qlth E, B3 FERFE 99E 48 AT Aol fA49 Re 2880l

AEETH 8<%1(Searcy-Bernal, 1992, 1996
(Kawamura and Kikuchi, 1992).
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HHe) wo YEZA ol EHTL BuHE Ao Y= vz2R
o fig B 4FS AP AWM FEAGUAZFLYKMCCOIN B
e 4% FEF 159 GH2F, 259 %2F, 439 YR Ropw
o} 298¢ stk MAZFEL 15U A¥L Qo 74 158 w4z

7o ARE Table 1] Ve

i

12 43 44 2 =4

g s Fol M E2F 2 (KMCC)oll A Hofute 71 2.2 500 mL AbztE
oA 300 mLe} /2 ¥jA)(Guillard and Ryther, 1962)e] 20T, 2000 lux o
2t M 25t WS o F, @AY A4EL 94T 5z HE2L Yok

2 Fol Hay 4y
i, 300 10 LY /2 WiAE AL &, vlHRF B A28 53189 cn
< 164 cm)e] ZHwe AR

FEHe T PAVEL F2HU1583 a)Y vlehd51 af) S1da
(3040 cr) o2 FEHH F FARV]de] WAL 5074 erslth

2 ol HEF vHEF o) U5 E haemocytometer2 M EE Al Zated
31 GF/CEHE 242 Mxe] 3zFde ol8de] 24a4rt. HE £ n)
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AZEFE 23T, 2000 Tux, 95539 AHE 2570 Zoudsign. vE Ay
TE 29E o g AA s

13 938 2 AExA

Ry

Mk vlAzfE RAY A9 237 9o AL 2 F, RIS 4

FE REHS RS ogd FANAN 27te] HEE ATPEs

GF/C BHE =& & RRE2 ZASUL, FAd 448 243
A

E Holzl TE AMEE

2

£
8 o

o

AZZ|NAM 60T, 2475t ARAIZ F, 2R 9
TEHe AAAEES ol&HAM FAHSYY vAxRF RAge [RA(%) =
{ad/(ad + non-ad)} x 100, (ad: R 2tgt w)H£F %(mg), non-ad: B E31x] ke u
HzReHmg), AEEL [4FE(%) = {(nno) / ng} x 100, (n: HF ATk
(ng), no: FFF(mg)l FHAYELL [RAWEL(ng) = HFNZFB(me) x

vag(%)e) T2 S4star



Table 1. List of each group of microalgae for the adhesive and

growth rate experiment

Group K]I:IAEC Species Length (ym)
B-564 Achnanthes sp. 26.6+3.85
B-106 Amphiprora gigantea var. sulcata 42
B-186 Amphora lineatn 21.75+¢1.50
A B-102 Amphora veneta var. coffeacformis 18.75+3.00
B-195 Amphora delicatissima 1754225
B-113 Amphora delicatissima 25.25
B-304 Amphora sp. 23254325
B-313 ) Amphora sp. 12.5+1.00
B-4 Navicula annexa 23.3+2.2
B1 Navicula cancellata 38.6£1.7
B-48 Navicula elegans 13.741.2
B B-5 Navicula incerta 193+1.9
B-81 Navicula viridis 21.1+1.8
B-394 Navicula sp. 15.8+4.2
_B122 o Navicula sp. _ 10.8+1.2
B-8 Nitzschin dissipata 26.25+1.06
B-129 Nitzschia sp. 23.94+1.00
B-411 Cylindrotheca closterium 33.61+3.98
B-39 Caloneis schroederi 20.96
C B-326 Cocconeis califonica 2375
B-384 Pleurosigma angulatum 56.00+8.55
B-41 Rhaphoneis sp. 5.00+0
B-410 Trachynets aspera 25.50+3.30
B4 Phagodactylum_tricornutum ) 16.8
P-1 Tetraselmis hazennii 20
D C-43 Chloromonas sp. 12.8
- G9 ) _ Dunaliella tertiolecta o o129
CY-1 Phormudium Turidum
B CY-4 Lynghia taylorii
CY-8 Oscillatoria splendida
CY-16 Trichodesmium erythraeun

KMCC: Korea Marine Miéroalgae Culture Center



=S
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2 g Holxg A4IE HAsiA vkl A 20T, 2000 lux, 24 L A& zws
A 10 mL, /2 WA 2 6-well tissue culture chamberoi} 10Uzt wjoksld
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of FAAAL W, 1KY FHE AAZ SR, A FAo] 22
g f7te] flolMa FTzel 4ol A WHF Az Sasch

e W A 7le SR8 AZte] 58 F, dert HAYS 2E #
&2 2B AR zAbsArh AL o 2

48 B2ZE%) = ( & Al / 271 AT ) x 100
A HEE(%) = ( WEl A / Z27] AR ) x 100

23. Q&R Y

A AEe Y Azstd Fe ANE FA AARYL, FL AAE
102 59 o $49% glo] TAFAUAL, 4o AL #BY 5 Yb
AARon 4Ege WAsty] A3t T Uro] PSRNk F4e) Qe
214g ol Ao AZste ZPsATh Azl Aae das 2o,

Z7] BEE(R) = (AodT AAS / 271 AAS ) x 100
F7] AEE(%) = (Aol e AAS / HEl AASF ) x 100
U7 AFE%) = ( HFFEA F / 27 243 ) x 100

2. 4. Wol s MEZ TA
T+ A ARE W, 27 vHRFY MESFe =HER A o] &3}

of 400ee] wi&2 wEste] HApHe] AALE FaeR 109 FEIY A5
GAHH ()G M EZ4E FHAEte] Al aksrg T
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3. TAEH

Ee AR9 FAA#+E Computer Program Statistix 3.1 (Analytical
Software, St. Paul MN. USA)Z REAHEA(ANOVA test)S HA8te HAH9
AP (LSD @ least significant difference).#, $A49 A#AL Duncan

multiple range test& ©]-88}o] H#7he] §24(P<0.05)S AA3gch



Table 2. The size and inocula density of microalgae for larval culture

of Haliotis discus hannai

KMCC

No, Species [nocula density (cells/mm)
B-41 Rhaphoneis sp. B 6.9x10*
B-44 Phaeodactylum tricornutum 12.9x10*
B-122 Navicula sp. 7.2x10*
B-129 Nitzschia sp. 6.5x10"
B-304 Amphora sp. 6.0x10*
B-411 Cylindrotheca closterium 4.9x10*
P1 Tetraselmis hazennii 6.2x10*
C43 Chloromanas sp. 5.8x10*
CY-8 Oscillatoria splendida *

*: 10% of fully grown density.



m. a2 3

1oEARGe PAE 2 AFE 24

o

1Ed9 RAES ARES FAS 49, A 2804 AREL Amphora
sp. (B-313)°] 642% & Hi1gl-&, Achmanthes sp.7} 1503% =2 HA S JehiY
1, Amphora sp. (B-313)2 Amphora veneta var. coffeseformisE A £)3 12 1) o
e TEF vndde b fFdHer & #S JERATHP<0.05 Table
3). F&-EolM= Amphora sp. (B-304)olM 97% & HugS vehf@A g2 =
=¥ vty foHog & gE el oo (P<0.05), Achmanthes sp.=
139%<] #2358 vebl v Amphora sp. (B-313)8 98 U =3 ums}
FE& W FAFHew Fe ghg el UtHP<0.05, Table 3). B 1&o]ME
Navicula sp. (B-122)7} 1826% 9] AA &S HolwWaA & Ad 753 v wsy
= W fFHes w2 AAEES HA(P<005), HAFNAME  Navicula
cancellata7t 42.7% 5 P NEA Naviculs incerta, Navicula viridis, Navicula sp.
(B-394)9} Navicula sp. (B-122)o]l ®la} felHog e e WY1 (P<0.05),
Navicula sp. (B-122)& HAgo| N vl & 2+ JehdcHTable 4). 2

= CollXs= Cylindrotheca closteriumo] A 2A-FA] 2302% 2 18] & =

AlafA frejde g £ ghg Jehllm(P<0.05), RAg A s Rhaphoneis
sp.7t 802% 2 HI1ZE W Pleyrosigma angulatum& A 93 TJE 250 13|
A owredes w2 #e UERHAT(P<0.05, Table 5. 52§2 Ao 23
D g2 Ao vebd Axs Dunaliella tertiolecta7t 4 A 8NAME A gk
& YERRAATH593.4%), EFES 17%E HAZS JERD  Tetraselmis
hazennii, Chloromonas sp.9F Yastl-g w Fozog o 2o ehydcd
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(P<0.05, Table 6). F=FE diAtogs E 18 Asl A, ygzoe

Phormidium  Iuridum, Lynghia  taylorii, Oscillatoria  splendida 2 Trichodesmium

erythracum®} 3 AP 7oA fo Al ZolE HolA] PO n(P<0.05), B2}

ANM= Lynghia taylorii®}  Oscillatorin splendidaz} 7}2} 832%, 897%% 21814¢
2 A7) vs fofAez e g UEhl U P<0.05, Table 7).

FAF YEFS AHEY, A 15 Amphora sp. (B-304)7) 483 g
o8 a5 Y& HEFEY vl 9 F9dez o s veugle
™ (P<0.05), Achnanthes sp.= 22 mgl & HAZHS YeEhy® A FoHo g g
tHP<0.05, Fig. 1). B 1EWol = Navicula sp. (B-122)7} 1254 mg© 2 5] 7]
0% w2 BAMELFS B YT (P<0.05), Navicula cancellata= 152 mge #HA Ik
o2 FoHor wch(P<0.05). C ZL1E9AME Cylindrotheca closteriumo] 558
mg .8 HIgs HolwA aFHe ohE AP et vudge o, oo
2 w2 FRAESFE HYou(P<0.05), o2 Rhaphoneis sp., Nitzschia
sp., Phaeodactylum tricornutumo] z}z} 311 mg, 315 mg, 334 mgo. 2 =& 23
A2 FE el rhFig. 3).

HEF HRZEFE WACE ¥ D Ige] HAYEBL AHuY,
Chloromonas sp.$} Tetraselmis hazenniiz} z}z} 377 mg3} 186 mgl. 2 IEF 9
Me 58 S Jehl 2lokFig. 4).

HERE WAoR FAMEYS Yol E aF9 AR, Oscllatoria
splendidazt 774 mge 2 LEW ohe Aok vusAdS W, foges Ho

& eEhR 2l cHP<0.05, Fig. 5).



Table 3. The adhesive and growth rate of microalgae in group A

KMCC Growth rate Adhesive

 No. Species (%) rate (%)
B-564 Achnanthes sp. 150.27 13.86 ©
B-106 Amphiprora gigantea var. sulcata 362.78 *° 4435 °
B-186 Amphora lineata 43039 < 3099 «
B-102 Amphora veneta var. coffeaeformis 592.89 * 4222 ¢
B-195 Amphora delicatissima 25444 % 6598 °
B-113 Amphora delicatissima 239.70 ¢ 3922
B-304 Amphora sp. 49751 9701 °

B-313 Amphora sp. 64197 ° 244D

Data in columns followed by different superscripts were significantly different

(P<0.05).

_12.._



Table 4. The adhesive and growth rate of microalgae in group B

KMCC
No.

Species

B4

B-81

B-394

B-122

Navicula cancellata

Navicula incerta

Navicula elegans

Nauvicula viridis

Navicula annexa

Navicula sp.

Navicula sp.

Growth rate Adhesive
(%) rate (%) B

359.14 * 4270 °
597.11 < 70.79
84308 ° 5691
606.08 = 7097
48704 * 6349
838.08 ™ 7221 °
182637 ° 6864 °

Data in columns followed by different superscripts were significantly different

(P<0.05).



Table 5. The adhesive and growth rate of microalgae in group C

KMCC | Speci " Growth rate Adhesive¥
ecles

~ No. P ) rate (%)
B-410 Trachyneis aspera 35955 ¢ 4038 ¢
B-8 Nitzschia dissipata 16132 ° 66.92
B-41 Rhaphoneis sp. 389.33 ¢ 80.22 *
B-326 Cocconeis califorrica 21733 ¢ 69.02 *
B-39 Caloneis schroder 26180 “ 7165 ™
B-384 Pleurosigma angulatum 256.69 76.89 *
B-411 Cylindrotheca closterium 2301.86 ° 2434 f
B-129 Nitzschia sp. 105720 2980
B-44 Phaeodactylum  tricornutum 901.10 © 36.92 %

Data in columns followed by different superscripts were significantly different

(P<0.05).

714,



Table 6. The adhesive and growth rate of microalgae in group D

KMCC i Growth rate  Adhesive
Species
No. (%) rate (%)
P-1 Tetraselmis hazennii 27487 * 68.69 *
9 Dunaliella tertiolecta 593.36 ° 1696 °
C-43 Chloromonas sp. 43227 * 87.25 *

Data in columns followed by different superscripts were significantly different
{P<0.05).

Table 7. The adhesive and growth rate of microalgae in group E

CKMcC

| ‘Growth rate  Adhesive
Species
No. (%) rate (%)
CY-1 Phormidium luridum 1377.56 * 10.64 °
Cy4 Lynghia taylorii 675.64 ° 83.18 °
CY-8 Oscillatoria splendida 862.64 89.67 °
CY-16 Trichodesmium erythracum 995.71 * 573 °

Data in columns followed by different superscripts were significantly different
{P<0.05).
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2 FAE FA9 PR, Ad L volig 24}
Lofae) A g e g

FAE fA FAEL veligerfrA 7ol HPE Agg F, 14]7k0] A
GERE FA BEsAd did vkge] Jehuia Ragss Asg
(Table 8). ZWt& o2 24AIbo]l Ak wf Y aAES A HFPFAN A e

e Bt shANE tf2 Tl M E 964
¥ RAgo| Friste 3PS RAH(Table 8).
A7) 42 HolAlge] RFEa B
o, 25 A¥FAAN dzFEo BHEL A JElsew, Phaeodactylum
tricomutumS A 23 e APPY QE2TE FoAHY 2o]E B (P<0.05,
Table 8), 7+ 8ol %= Rhaphoneis sp.#} Nitzschia sp.7} Z}z} 98.3%9} 91.2%%
ES FHES Hol g AT FYHeE e A%E Yo
(P<0.05), =1 olell= Tetraselmis hazenniizt 79.6% 2 =7 E}ITHTable 8).
Oscillatoria splendida® F-#71A2 A8 d¥FodAe & 4379 vas)

B o, 124308 63.2%9 FEAES Ho 8ju A wE Al fAo] Fakg
Aoz wegitiTable §).

e
.
N
-~
£
)
T
#
md
o
g
o
o
fo
1

L

96A1Ztol Ak F FAe HBAEES wiwsl B, Rhaphoneis sp.o} T.
hazenniizb Z}z} 65.3%9} 68.6% 2 ¥& S JEhin O AYFEH vms}
g o Fodog w2 @S HERM(P<0.05), ¥A P tricornutum e} JH
AMe d27E L@gg o2 BE A7 HT fFodoz e 318 ey
SATHP<0.05, Table 8). Nifzschin sp.9] AT+ 24X A= 912% 2 24
ER EAIRE, 2 2 323 Fgaste] %A bA Al RASS 496% =
Foje e A%E el siti(Table 8).

,21f



FAE A dHE APAF £ 4Y0] A i 52 1YL w
ATt
Chloromanas sp.x= 259 M HSHAE FHo g Fe WHE& & e}
W oL (P<0.05), 6¥o] AdFd e C closteriume UZFRU} Folzow e
HE| 82 HQUHP<0.05, Fig. 6).

Rhaphoneis sp.©] 3@~ 4494 Qeg 387%2 1< Jehdy g
Aol ns) fFdHog F2 AL Ro|w(P<0.05 Fig. 6), 6] A
Follx Hel &2 Frtete] FA49 e & 574% 2 foFoer 5o e
ER ATHP<0.05, Fig. 6). Fole] O. splendidac) 291%, T. hazenniiz} 22.3%%
< HEY &5 e Aok Fig. 6).

497 ¢} 6dA =5 Rhaphoneis sp.& F3 AE 771 trE Ao vl
#2802 %A UebgtHP<0.05 Fig. 6).

HAA % 49y AP+ Amphora sp., Cylindrotheca  closterium}

e

,22,



"UoneZIN9) Idye smoy g 103 umoid seare] 1a81eA JO UOPR[MOOUT I9}JE SINOL] «
(50°0>d) 1uareptp Apuesyrults aiom syduosiadns juaiaip £q pamol[o] suwnod wr ejeq
sq L9 4 €99 q 869 > 069 e C'C9 a CLL  pq 6€ vptpualds v11070111950) 8-AD
p 9FE , CO0F p 94, €48, L'8E ; 0F 5 90 ds spuviuosopd €D
e 989 q 879 > 189 q 964 98F g TGT g TP Huuszuy S1udjasudla | 1-d
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2.2 w7 APE Ao AEL D AHA

e HEE2 HH A3 T2 o] 2AE e, HY A AE
S ME 24A17t3} 48A17F0] Ak F C costeriume] AW FoA FelHo g
wo S RPn(P<0.05), BAIZAANE P tricomutume] AHT} A Ko
Fog ve g e AtkP<0.05, Fig. 6).

0. splendida®] AP FAA 96A 73] HEZL 8LI%E HTPL Holw, P.
tricornutume} C. closteriumE 5% A oA 24z} 288%9F 272% 2+ 4
o8 g2 AEEES YERHTHP<0.05 Table 9). =3+ Chloromanas sp., P
tricornutum3}t C. closterium-2& 96AI7te] At F, MELE P2 v IS
o, FejHer W ghs& JERHATHP<0.05, Fig. 6).

HE 3 89 MESS BW, 159 3 Rhaphoneis sp.& 233 AW T
A 67.0%2 Hng vEEA oE A8F oA Aols B
(P<0.05, Fig. 7). ®e)7} Mg =, P. tricornutume} C. closteriumol A= z+z} 4
U3 2¥o] A5ks o A A7 AbdeHohFig 7). K&, 1590] A F, A
PPelg WESS 4B Rhaphoneis sp., T. hazenniig} O. splendida®] A8
g A9zt g ZE Aol gzrEg f93es v gs el
tHP<0.05, Fig. 7).

Hel g el A dHEE, We) AT RE] HolE Hy] AlAEle] A
FAHA e Ao, Hort gdHR] ¥ dETFAME 4] He A
S #AE 4 QSchFig. 8). P. tricornutumL- 344 m7h =), 18]35 C. closterium
2 304 bRl S T A WA Abdet s ohEig. 8).

Bz

T Ad AL 807 m7bA ARSI e e

N_,

Rhaphotieis sp.Q]
AR gl fFeoldem & 4A4E el Aok (P<0.05). 3§ Navicula sp.,
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Nitzschia sp., Amphora sp., T. hazennii®} O. splendida®] AT Alololis 723
o] zto]E& Holz %O WA (P>0.05) Rhaphoneis sp.2] A& o) olo] o A
2 Yely AHFig. 8). = Chloromanas sp.2] dd++ HF 7ol 536 mS Y
ERASIA R, 2T o F2H o8 Apol& Hol|x] ¥tth(P>0.05, Fig. 8).

7 Ao A ARE BY, Holg kA ¥tz 109 m,
Raphoneis sp.9) A877} 553 me Anghe Gehhgon], 1 9 APFA
7hAl AEF A7 e AEF NAIE LS 10~20 mAtel o] A7k 44E 2R
tHFig. 9).
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V. 2z

S B(Haliotis discus hannai)®] 41 %A &, 20T A ok 962]7Fo] =
v FEE 5 Qe 8L /D 2AVAR 0T AFsith BEasy
= 7 fAES B8 % FAFFER Zof £WolAN FIAZL shdA
271 AR Akt Al HolA= A E WHE-ale] D8 #rhSeki and
Kan-no, 1981). o}l A9 K-Alo] FHA 570 AP 71AL 37 9§ Ao
gt & & slom, A FAW FAsIE w 4 AR
9692 &4 ¥t 2 F {4 wWE £52 F3ZS FAstdA W
sted Aol@E g Alxtelud EAHA AMAZE fHojErh B HFEANA 2
1Tol A 56217HE e WA AR veliger?] Aoz HAPS HAAF AL, Ay
Al 1AIE F7E 961 00] F wihx] Balal fAMSe wEEEA ATt
Aol whe FAEe] 2polE Bk iR AP FeA 244 7HH] e
FES Hojtrt viAl 234 Faste AEE BHgon|, %A R
MA M BE7F DetatEa] EAXQ] AMAER Soztth B AFAA 9%
A|Zb# Rhaphoneis sp.9} Tetraselmis hazenniio] A& f-Ae] R2go] Folxo
2 ¥OoHP<0.05), 2 HEdAE o] F Fo] vHEHFE olFolz HEEH
$asEe Qg wee.

B2 Y FHFEE MY BRI dbgs GABA  (gamma-
aminobutyric acid) (Morse et al, 1979; Akashige et al, 1981), choline

g FusieA

(Hirata and Hadfield, 1986; Todd et al., 1991), #}3%3} ZHE (Yool et al., 1986;
Pechenik and Heyman 1987; Pechenik and Gee, 1993)3} zZ+& 3}st&Ed o},
&9 ojne A Eulx= EA(Crisp and Meadows, 1962; Seki and Kan-no,



1981; Burke, 1984; Pawlik, 1986; Bonar et al., 1990; Pearce and Scheibling,
1990; Slattery, 1992; Zimmerfaust and Tamburri, 1994), 125 9 dlg2lot 2
748 "HKirchman et al., 1982, Maki et al, 1989; Fitt et al, 1990
Zimmerfaust and Tamburri, 1994), 18]37, =jo|(Steneck, 1982; Morse and
Morse, 1984; Todd, 1985; Hadfield and Pennington, 1990; Pearce and
Scheibling, 1991)¢] elaf4) W3€tin HugolAn Yok ¥ APo|HE ¥
47143 Ao 27 Holz o]8d 4 UE FERFY WA GE %9 v
ZHE FAVAZ dolRdeH, X2/ Tetraselmis hazennii7b w259} v}

%% A% fA) RASL Bl YoldEEn M8 Jd ez 47w

T FAB(H. discus hannai) (Seki and Kan-no, 1981)3 H.
rufescens (Slattery, 1992)]] ojr HEA3 Hejs A3PA7Icty B Aot
2 oA AR FAE {FAULS Rhaphoneis sp.ol A e Fa-g3 Wy

& YERRIY Bk oplz), 2 Ao ME #Z2FE AYE vx2HF S,
Oscillatoria splendida®}l 2-& FolAx 30%el] 7}7t3 WEHES JUelgozy
Rhaphoneis sp.& A 213 & FZFEHT} F42 Mg qlojd £ &

g tehlgo.
Roberts and Nicholson (1997)# Kawamura and Kikuchi (1992)+&
HES

Cocconeis scutellumo| H. virginea®} H. discus hannai o) & 3
X A71, Navicula ramosissimay= H. discus hannai 149 =2 2352 §%

i

At Hastoe B AN H discus hannai §AS FZE)

Rhaphoneis sp.&t H=527FS Tetraselmis hazenniiodl Al & FAES Wt

JHE ofr] AYAM A2 e THe] B F4) & RHEL uolru
e vz BW EAWPelgn ¥ 4 Ak 2dn 7 AzRe)
a7l moF @ RARe e RAE wd 9% fae w2 9 wele 7))



AL FE Ao g

Kawamura et al. (1998a)= ¥H|3 A Foe AL dFozHH o
dEAE FHvedn G0 a7 olfZ i HolFd g zjolg z7
kA X@oa Ak £F 2Ulde AgAFY wEe] v|dEly
T4 oo olgFHol Fdata) gdrhir Frh(Robert et al, 1999). T}& o
TAME FHE FAHS WeE F, 109 Fhe d¥e] F gugdolu g
400 m7tAE 2 gggol glolx AAacha sdchTakami et al, 2000).
2 d7edME fFAe 48 & W, Ruphoneis sp.& ALE G2 FEF 9
ol FAYE hEF AtolollM 27] Aol glo] & AolE FHelstx E3lg
oH IS FAe] E7le ohE tMERRRYG A2 B AYz Qe
GRS FE JFEE o)&dt U7 HECZ ARHET. O Rhaphoneis
sp.2t 22 "oldze We JFRH 7ol v =& A4S JEd
Ao Bol zY|d| o] &8 & e F& WolMBolFn ¥ = Utk @
2 AFA vAHERFE HolZ FEhA] & giRFoA A¥ F54] 500
mA =7 A QS g AL Al EAdte WA wheeloh 1 9
2 AEAR & {718 Fol v§ Jd4Ye® o EHAE FHsA ] §17)
w0l et Abs .

2
ir
r.).

of

H 3, 72FE 27 HolAEZ ol&3ye o Fx79
FEAL FHI QA 2ol we AYEol vehtm, f4S Z 800
ol o] 27]742] FLRCZH FE2F AMEY BAL A AR AR

o] $HlEE EHFA dUYYeR ol&dct= Husp 9drKKawamura and
Takami, 1995). ¥ A&@e] ZAujol A Phaeodactylum fricornutum, Cylindrotheca

’
e
o
o=
o
39

closterivm-2- 2+ 2} 344 m, 305 m7bA AASE A AA 7 A AnE B
Aedl, 1AL o] F uAEFV AEL %7 HoldEE AFstA] Qo=

2

tlo

slukal i), w3l Phaeodactylum tricornutum, Cylindrotheca closterium-&-
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F7) doldons FAAY Wt ohld, WY AN f4e Ban W
of el RARE Aoz HRAT(Fg 6)

HE e Ad F Hox 24 o] o] Aelw ojE Yolahs] A
Agtet . grkSeki and Kan-no, 1981; Norman-Boudreau et al., 1986;
Roberts et al., 1999). nheko] o]&7l5d vAlzFeld, 4L Wy F o8
el Holg H& 4 AtKMartinez-Ponce and Searcy-Bernal, 1998; Roberts
et al, 1999). 18] T} oozt g ol e AMEe] 248 x3
HGarland et al., 1985; Kawamura, 1996; Kitting and Morse, 1997). 18]
v ExnEojd ube] e Zul4 wlo}(Garland et al, 1985; Kitting and
Morse, 1997, Takami et al, 1997)Ht}= FZ2F S0l H2 W AL svin
§tth(Takami et al, 1997, Kawamura et al., 1998a; Roberts et al., 1999). HE)
$ol ojgl MBS FERY AT A7, Fe), LARE Se| 54 o Fof
(Kawamura et al., 1998b; Roberts et al, 1999) ol® [FXBEES F3 07 o
32 HE3tchar $o}h (Norman-Boudreau et al, 1986; Matthews and Cook,
1995, Daume et al, 1997, Kawamura et al., 1998a; Roberts et al,, 1999). wh
2hA Holo] AL de HFNMEE FRFF HolHolsH] BAFPS =
stz Qls) vEd 4 drh

EI FAEL de F, Yol G¥E o ZYE B 10 mol Aux) &
v:tH(Kawamura et al, 1998a). 2 Yol A8 v|AlxHF 71w Rhaphoneis
spE AT OE HAZRES RF 10 m o4 Rolth weA fao] H
o 2 F, A4 vHERE A Rhaphoneis sprro] Asatia pet
HolA 1, wekA Rhaphoneis sp.o] ZA$-oe e AT H=LL Jehygl
.

TEFTY AP dAde {57 73 de, $54 Foz 8714 ¥

2 vro] Awd 427 lar(Kawamura, 1994), 1 % #AE2] x7] wo| &

N
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2
o2 <A Yok B AplHE ol Fehe FEHFSO RAs|Fol W
FAHES YFES TASAYG FAES FE2F F HAY] 13%, Hugho)
ThE EPRAL, 2L e FRIFANAE 6%olM W0%HEY F 99 Aol
& Yehido ARE B, 7ERF Folrde Hago] 2302%, HAghol
150% 2 yetsten, 71 9] BRTSoMe 275%M 1378%2] HFE 9 o]
RN E A4¥E 5% FAE 9 ARAEY 2AAEE gog HEvo]
AE ML 712 A2 F4E 5 U Aoy, EFHAH vHzFo Aol

= el oM #4838 E ¢ de Wgtelegw
drH o g xR H& HZFoME ddo]l, YxRFAME vy

.

F 5
43 Fotel Z2FY G2FI B

T

o

of Frarin weA Ytk B A # 7 HAERA
o 27 Wl 4B el ke AL FAHYET, 53 daiel Ty
g stoe A% weA

st FHBR(H. discus hannai) F4e] 27 23214 2 Wy
2ol MBS Aol Jlol $Fe FRFL LI S, F2F I
o the BHTO AZH EW R4 Y% 2ol 4ER olg8 47 Avke
Ae BAFAG. 2@t oJRe ¥AR F, 27 FAE 446l Fad A
, Aol A% AR wel HAW Holgge) Awel By A7
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£ dyelMe ARFRAdY A4Y 48 98 Ty d¥esis
o A A dFe vAxFe RAEN 4BEL TAEY] 93 Aoduk
of AyellMe vIMEFE 5719 LE2R oM AFeyga, 2 18He
FAES AFES neste 9% v 2FE YA

aefa, - HA HAEE HdA" £8 ooz A E(Haliolis discus
hannai) #2449 F27143 Ho|YE2 M {448 Basly] 9t 484
oAM frAe FAE, vHE, Z/HFE L YEES LolE gt} Rhaphoneis
sp.- & AY Al F, 24830 960A A FEE lojA e AF g u)s)
FoHos & £EE JERATH(P<0.05). Rhaphoneis sp.r= W& HE}& o)
AAME £ ARE JehNA) Cylindrotheca closteriume 447 65 &
el Jht e WE S S Jepdth

Oscillatoria splendida’= §A) 2] We| 2 QE&o] YolrE 2o 2x= B
Mot Hel & HE £3 Aol Rhaphoneis sp.7b 9o
AEEE BT, e AE {9 A HE9713% 59 T A4S By
th TERE A e vMEFE AY AT, Tetraselmis hazenniish
Oscillatoria splendida 7} 72/} visd A52 vehgiglo).

w A& Eolol Rhaphoneis sp.7} A8 F Ao glola] FAale] Rzt
o HHE dode & 2RHoMER fduHD, o}%el wy I, Holg
Helstzt AR A7l w8 A%E vebd o ddH

b
i
rlo
o
o=
1o

<
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