Development of mass culture and concentration technique
of benthie diatoms for seeding prodution of abalone
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SUMMARY

This study was carried out to develop the production of useful benthic diatoms for
abalone (Haliotis discus hannai) larvae and spat.

In Korea, the seeds of abalone are mainly produced in south west-coast surrounding
Wando and Jindo area. Thus, the first purpose of this research was focused to reveal the
reason for this phenomenon. We choiced four sampling areas: Uljin (east coast), Busan
(south-east coast), Wando (south-west coast) and Buan (west coast) and cultured benthic
diatom seasonally using plastic plate with continuous flow of natural sea water at four
areas. We compared the differences among four areas in terms of benthic diatom bloom
such as water quality (C, %, pH, nutrient) of sea water, species composition, size, pigment
and biomass of diatom. In this experiment, we have found that the biomass of benthic
diatoms, particularly, small diatoms less than 10 gm which were useful for first feeding of
abalone larvae in spring season, was the highest at Wando area. We suggest that the
bloom of the small benthic diatoms at this area, which is related to low water temperature,
are the basic reason for high production of abalone seed in this area.

To develop the dietary value of benthic diatom for seeding production of abalone, many
diatom species more than 110 strains were isolated from Korean coastal water including
Wando area. First of all, we selected the diatoms showing high growth and adhesion and
tested their dietary value on larvae and spat of abalone. On the other hand, we supposed
that feeding habit on benthic diatoms of the benthic copepod Tigriopus japonicus would
similar to that of abalone larvae. Therefore, we examined the reproduction rate of T.
japonicus using different diatom species, and then, the dietary values of 12 species of
diatom showing high reproductive rate of the copepod were also tested on abalone larvae.
In this research, Caloneis schroederi was the best in the rate of settlement, metamorphosis,
growth and survival of the larvae, and Rhaphoneis sp. was the best in growth and
survival (%) of the spat.

The optimum environmental factors, such as T, % and light, and mass culture
technique, such as substratum and media for these diatoms were investigated. On the other
hand, harvesting method of cultured diatom and storage method on temperature, period, cell
density and addition of glycerol were also tested.

Finally, we produced concentrated diatoms in pilot scale and inoculated them to 3 m’



tanks of commercial abalone hatchery. The abalone larvae were cultured for 19 weeks and
compared to the control group (without artificial inoculation of cultured diatom) in terms of
growth and survival (%).

Abalone spats produced by the method of this research were 1.3 times higher in shell
length and total weight and 3.2 times higher in total biomass than those produced by

current method without artificial inoculation of cultured diatom.
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Appendix 1. Occurrence of benthic microalgae by area and season.
Appendix 2. Occurrence of organism from plastic plate and bottom and surface water in

the culture tank of abalone larvae and spats.
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Table 1. Sampling of benthic microalgae from four areas

Season Area Setting date Sampling date
Spring
Uljin Feb. 21 Mar. 7, 21, Apr. 4, 18
Buan Feb. 28 Mar. 14, 28, Apr. 11, 25
Wando Feb. 27 Mar. 13, 27, Apr. 10, 24
Busan Feb. 30 Mar. 16, 30, Apr. 13, 27
Summer
Uljin July 6 July 20, Aug. 3, 17, 31
Buan July 3 July 17, 31, Aug. 14, 28
Wando July 2 July 16, 30, Aug. 13, 27
Busan July 1 July 15, 29, Aug. 12, 26
Autumn
Uljin Oct. 16 Oct. 30, Nov. 13, 27, Dec. 11
Buan Oct. 19 Nov. 2, 16, 30, Dec. 13
Wando Oct. 18 Nov. 1, 15, 29, Dec. 12
Busan Oct. 13 Oct. 27, Nov. 10, 24, Dec. 7
Winter
Uljin Dec. 21 Jan. 4, 18, Feb. 1, 15
Buan Dec. 19 Jan. 1, 15, 29, Feb. 12
Wando Dec. 18 Jan. 2, 16, 30, Feb. 13
Busan Dec. 15 Dec. 29, Jan. 12, 26, Feb. 9
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(@)

(internal standard) 50 puL= Z7}Fatth. 2000 rpmel A 1087 94 E23 s A5 1 mL

2 3o 300 ulY 3xF =HF9 & H4E E 100 ulY loopel FYdte] A&}

T
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1oF 2 AHg7]7)
58 obAEN &0, a3 HHS AW FRE

e
B9 918 HPLCY €1 system 123l solvent gradient™= Lee and Parke] WS gk

rlr
-
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=
O
of
zld
filo
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Dad
ofo
ol
ol
2
o
A
=

=3
Calibration

Chromatogram®] peakel] ™3t 4 E =49 retention timed} $h=y3l] Yr| A 2723
(Korea Marine Microalgae Culture Center : KMCC)Z 58 E 4o vAZFEZEH A& F
=M~ 9] retention time¥ Wuste AASAT. EFMAE  chlorephyll-a, chlorophyll-b,
Lutein, beta—-carotene (Sigma Co.) ¥} chlorophyll-c, fucoxanthin, zeaxantin,
19’ -hexanoyloxyfucoxanthin, prasinoxanthin, alloxanthin, peridinin, violaxanthin,

19’ -butanoyloxyfucoxanthin, diadinoxanthin (VKI, Denmark)g ©]&3}91 1., internal standard
+ canthaxanthinS ©] €3} t}. Phaeophytin a© chlorophyll-a9] 29 1 M HCIS 7}
o] 2FsAl 71 3 diethyletherZA] 3

=
o] &3ttt 18l 7} class®E A EZHA

)
N
L
™
N
ko
o
dt
oX,
=
P~
rlr
o>
5
a.
D
=
wn
o)
5
®
o~
)
Lo
T
=

= AN 750 moll A SASA EEAN AR FREs Park et al’e Tl o8 7
e AT

b F3 R FGEEA
ofr =4t B A AR A

FFEAS A8 Z+ Ado] 85 Hr 25 vl plateol £ d AR JARVE 5T}
of FE3 F EAA 71A] deep freezerolA -80CE W& RHFsATl ofv=ite] M2

of

Ninhydrin®}& o]-&38te] Attt Aol 2248 gas chromato graphyS ©]-&38t3 il A

o] 2% 2 AHAE Folch#?S o] 839t}

Sh

B3 GrEFE el 23 A9 19 BE5M AW samplezHE 2259
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2] MO agar A g, dilution A @ T capillary pipette ®HE o] &gt 2 7 ERF

A2 2 A7 T BYEdAY Be FAUStA sl AzF2goA on] nag
A HAFEFE UFow VMR 10 4m oldhe] AFTFE 38F, 20 m Wl FHTE M

<, 30-40 me] W FE 31F, 60 molde] St x TR FEste I HETS
A8 [A 155 (Cocconeis californica), % (Caloneis schroder), ™ (Amphora delicatissima), 5 )
(Pleurosigma sp)Jatith. 28 259 AEd dEFTS THSE T dHE nuj&dn4d st
oA wEetL, AFy} FeldA T L] FAE S AEesit

OFEE AdY F9 Fd4 FARES 95 7] ¢8e) RAPD-PCR (random amplified poly

morphic DNA polymerase chain reaction)& 2 A] 3}

7}. Genomic DNA 2]

Genomic DNA FE&& CTAB FEW <& ol &st3ith F 5 g Al5E5 dAdZdste] vAx
Fib #8383, 1xCTAB (cetyltrimethyl ammonium bromide) buffer [1%(w/v) CTAB, 50
mM Tris-HCI (pH 8.0), 10 mM EDTA (pH 8.0), 0.7 NaCl, 1% polyvinylpyrolidine (PVP)]&
500 pL #7Fste] 67CoAA 2A17F A2 3 & chloroform-phenol (1:1) &S F3F HolA
11,000 gollA  3&3t 2l slstdth. 3l Aol v
chloroform-phenol (1:1) &9 FF 2o AT E HbEsta, e do] FHa|d w7+ 2
S WHE 3 dESAT FYEizl g Aol 100 % ethanols 28] o] 11,000 gl Al 10+
7 A skl F % genomic DNARHS 3|73, 70% ethanol& 500 pl. o] 11,000 gol

AzARY. ¢4

(o
M
AC
o
o
off
12
r d
o

>
il
N,
ol
o

A 28 YA Este] 3 E genomic DN
DNAo9| TE buffer [0.1 M Tris-HCIl (pH 8.0), 1 mM EDTA (pH 8.0)] 30 uLE Yo 37Coql
A 1587 =2 & 4ToA B9t

] A% genomic

. RAPD-PCR

Primers< 10 nucleotides® A% BioneerAle] primer OPA-9, 10, 11, 12, 177}#]
RAPD-PCRE& AAIg 23, OPA-17°] AR @A o] HoluA 2 23 RAPD-PCR]
primerZ AF-&3F3th OPA-17 @7IA o] 5'-GACCGCTTGT-3'2]H, GC content= 60% ©]
ot A7) dF A EF BA% markerZ+ ladder marker (100 bp)2F A- Hind I digestion
markerg AF-&3} 3T,

PCRE 93 wkgde dNTP (25 mM) 05 pl, 10x PCR buffer 2 ul, primer (20pmol) 1
uL, genomic DNA (10 ng) 1 uL, Tag DNA polymerase (2.5 unit) 1 nLE #H7}sta S/FFE
Abgete]l HEF wkgddol 20 pL¥Al AxstAo PCR W8 Perkim Elmer 2400°1 4
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denaturation= 94C, 30%, annealing= 35C, 30 %, extension= 72C, 1 # 20 %9 A=
343] A F 72T TR FHFS}AY. PCRTFH Ab=S 1% agarose gel ‘g4 100
volt, 30 & 7] 9&3Aa EtBrollA 1583 |As & FHFd 583 EAste] UV

transilluminator= ¥ 235} 3 t}.

7F Z271e] fAE =AES 913te] RAPD-PCR Az Ao veld PCR A ES 77 slvt
o] band® ZtF3dte] zZhzhe]l 99X o] AAE bande 5o wEk 13 002 F A3 data
matrix2 4359t o5 datax= A4 ABAHES Lol 7] 98] Nei and Li9] 27S o) &

ShATth FARE Al WA A2 ofel 2

F=2n,/(n,+n,)

(n, & X2HEH AAE bandd] F, 5, F
Ao B E band®] )

o F3re] mlae] lelA Fgkol 1.00] ZMAIAH Fd A9 FAMEE =i, Fgkel 1.00¢

A%, F Fol BAFL tehanh,

yESE BAE band® F, 5, X, Y FolA 2

flo

gl Fr 2 {2 oAl mAlZRF ZFd FEEe] HlwA i HdE] Holm ggh

Ao R FHEE WAERF 2FE 5/ 252 FEstY 7 Az

st tH(Table 2). Sh=rafj Fuj Al =7l 72 T& & wrof 50

mLe] /2 A%l 20 C, 2000 lux 9] ZZsFolA 2577k WS 3 F, 2HY APL I ¢

zo HEE skt
E_':l1

= H %
7t Fo 27

e 9 Fx= 4 L 99 ok2E Fxo 10 Lo f28A4E A F,
FA71A2A 19x16 cmo] =y 58S Abgstth 2o & FAVIE S (1,583

cr) ¥ WFER(451 o) 28] (3,040 enf) o B FEET F



375 (%) = {(mno) / no}x100, FZE(%) = {ad/(ad + non-ad)} x 100

ne AE AEFe) ng BFFme) ad FAT WAZFHme) non-ad FASA @ w4
25 % (mg)
Table 2. List of microalgae for the attachment experiment
Length
Group species Area
(meantsd)
Achnanthes sp. East coast 26.6+£3.9
Amphiprora gigantea var. sulcata South coast 21.8t1.5
A Amphora lineata South coast 42.0£6.7
(Amphora and  Amphora veneta var. coffeaeformis South coast 18.8+3.0
Amphora-like Amphora delicatissima Indonesia 175+2.3
species) Amphora delicatissima South coast 25.3+£2.7
Amphora sp. West coast 23.3£3.3
Amphora sp. West coast 12.5+1.0
Navicula annexa South coast 23.3+2.2
Navicula cancellata West coast 38.6£1.7
B Navicula elegans South coast 13.7£1.2
(Navicula and Navicula incerta UTEX2046 19.3£1.9
Navicula-like Navicula viridis West coast 21.1+1.8
species) Nauz:cula sp. East coast 15.8+4.2
Navicula sp. West coast 15.1+1.2
Navicula sp. South coast 10.8+1.2
Nitzschia dissipata US.A SERI 26.3+1.1
Nitzschia sp. South coast 23.9+1.0
Cylindrotheca closterium South coast 33.6£4.0
c Caloneis schroder West coast 21.0+2.6
. Cocconeis califonica West coast 23.819.1
(Other diatoms) .
Pleurosigma angulatum West coast 56.0£8.6
Rhaphoneis sp. South coast 5.0£0.0
Trachyneis aspera South coast 25.5+3.3
Phaeodactylum tricornutum Japan 16.8+1.8
D Tetraselmis hazennii UTEX171 14.8+3.8
(ChI h ) Chloromonas sp. South coast 12.8+2.6
orophyceac Dunaliella tertiolecta West coast 12.9+2.4
Phormidium luridum South coast 2.8+0.2
E Lynghia taylorii South coast 4.8+0.7
(Cyanophyceae) Oscillatoria splendida South coast 3.2x04
Trichodesmium erythraeum South coast 9.4+1.0
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4. Tigriopus japonicuse WSO =2 s+ & Fx579 Holg s 74

o dreM s Be T TEFZE AE Al vA= HolE&S FAFS o UA

Ll
=
o
lo
b
1o
2
=
BN
el
Ll
b

AR B2 7l 4431 generation timeo] #S Q7ZFF T, japonicus

Fo VAERE 47502 Yol Wol 588 45T o aAR: B4 anFA

o
al poololl A 100 me] F=AAFFAELLZ APt Hol2 AFEH PAZF{FZFT A, B, C,

DIEE 277t &, F, o, S AT

T, S5, HRER, FURZFAA 12F& AEsto] ALEsAtHTable 3). o9} o] 7t
I oA T japonocus®] Hola&& AS & HF 12F 9 vARFE At T japonicu

s Holg &5 AxAATH
T. japonicus® WM2]2 3 mL culture cell chambero| 4] Ho]7} g% 2 mL |59 3+ n}
glo] ¥&3t 7S Y vfd H3}3F nauplius S v A5t A AlGstar, Holel =

Z
e 2 mLA 3pstr ARSI T 2R 22T, @2 %= sk, X+ 5000 lux, A%

-l>
o

x4 skt Ad3d71k2 A, B, C, D, EadwolA 254, FagolA 14Y, HE 429 12F 1
w2297 A mAlzRE 33 whE At

Table 3. Benthic diatoms of each groups for the hatching experiment of Tigriopus

japonicus

Size group Species

Cocconeis californicd’
Navicula sp.*
Amphora delicatissima
Navicula Sp.b
Nitzschia flustulum
Navicula sp.©
A Amphora veneta
(Small) Cocconeis californica”
Amphora sp.”
Navicula sp.
Amphora sp.b
Navicula sp.
Navicula sp.'
Amphora sp.©
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Table 3. (continued)

Size group Species

Caloneis schroder
Navicula sp.*
B Navicula sp.”
avicu .
(Middle) P

Navicula sp.©
Navicula Sp.d

Navicula cancellata
Nitzschia closterium
C Navicula sp.
(Large) Phaeodactylum tricornutum
Cylindrotheca closterium
Nitzschia sp.

D Cylindrotheca closterium

Pleurosigma sp.
(Super large) Cylindrotheca sp.

Nitzschia sp.
Amphora sp.
Rhaphoneis sp.
Tetraselmis suecica
E Phaeodactylum tricornutum
Platymonas subcordiformis
(Other 1) Chloromonas sp.
Cocconeis californica
Chlorella ellipsoidea
Navicula sp.
Oscillatoria splendida
Trichodesmium erythraeum
Spirulina platensis
Scrippsiella trochoidea
Amphidinium sp.

Prorocentrium minimum
F Chattonella sp.
(Other II) Isochrysis galbana

Pavlova lutheri
Stidhococcus bacillaris
Dunariella tertiolecta

Gloeocystis gigas
Nannochloris oculata

=
A]t;sj 1
WATEFY PAEG JFE BANA 24 TE PP B 953 WA F(Tabl
e d), AM fAS BAE WHE, AEE L 244L 2AGAT A4 95 MAERE
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T2 F2E(%) = ( 2 AAS / =71 WAF ) x 100
T2 HEE(%) = ( HE AAS / =7 AASF ) x 100
Z7] AEE = (ol AMAS / =71 7IAS ) x 100

F71 AEE = (Aokde AMAS / ¥E AT ) x 100

AT AFE = (AIFEA A4/ 271 4% ) x 100

Table 4. Size and inocula density of microalgae for the abalone larvae culture

Species Size (ym) Initial inocula density (cells/mn’)
Rhaphoneis sp. 8.8+1.7 6.9x10"
Phaeodactylum tricornutum 16.8+1.8 12.9x10*
Navicula sp. 10.8+1.2 7.2x10"
Nitzschia sp. 23.94£1.0 6.5x10"
Amphora sp. 23.25+3.3 6.0x10"
Cylindrotheca closterium 33.61+4.0 4.9x10*
Tetraselmis hazennii 14.8+3.8 6.2x10"
Chloromanas sp. 12.8£2.6 5.8x10"
Oscillatoria splendida 3.2£04 *

%110 % of fully grown density
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Length (ym)
26.6£3.9
15.8+4.2
23.3+3.3
23.8+9.1
15.1%1.2
13.7£1.2
18.8+£3.0
10.8+1.2
24.0£1.0
33.6+4.0
21.0£25

Area
East coast
East coast
West coast
West coast
West coast
West coast
South coast
South coast
South coast
South coast
South coast

Species

Table 5. List of benthic diatom for the experiment of Haliotis discus hannai larvae

Amphora veneta var. coffeaeformis

Achnanthes sp.
Navicula sp.

Amphora sp.

Cocconeis californica
Navicula sp.

Navicula elegans
Navicula sp.

Nitzschia sp.
Cylidrotheca closterium
Caloneis schroder

e
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e

O

alo] ¢oFe WS #AAE == incubatorell A HH <k
oo, e 20T saleh Ad AR, petri dishel WFANE AAG L, 2 &0

GF/Cz o33 sfs At F44s 32 S40HS 29 19 sdssith

ot

2} 2~¥ petri dish (85x1.3 mm)ell 7€ ZF 8¢
b5 el

Table 6. List of the benthic diatom for the experiment of Haliotis discus hannai larvae

Species Area Length (gm)
Amphora sp. West coast 23.25+3.25
Cocconeis californica West coast 23.819.1
Nitzschia sp. South coast 23.94+1.00
Caloneis schroder South coast 21.0£2.5

A9 4

T. japonicus® Holas& Ao Axz AAH 1259 vAMZFE Yo Z(Table 7), FA

5 aAe FE, dHE, 27494 AEeS AT

Table 7. Selected microalgae from each group for the hatching experiment of Tigriopus

japonicus

Group Species

Cocconeis californica®
small
Navicula sp.*

Navicula sp.”
middle , ,
Navicula sp.©

Phaeodactylum tricornutum®
large )
Navicula cancellata

Tetraselmis suecica
Cocconeis califomicab
Nitzschia sp.
Rhaponeis sp.
Amphora sp.

etc

Phaeodactylum tricornutum”

HF AAE 12T vAlEF= FA8Y FHE 2 Holas A4S Sl 724 10 mLe

6-well tissue culture chamberol] A B F3sFA T FAE FA-L 20049 59 sfHFALO 2 HE



Bppe 54 F 88 A% A veliger 4 g3

B&3t chamberel +4& 27 A okl wiAe] s slo7l faiA o

=)
)
N
Ju
i
j=s)

Table 8. Four species of benthic diatom for the experiment of Haliotis discus hannai

larvae
Species Length ( m)
Control (non-fed)
Caloneis schroederi 21.0+2.5
Raphoneis sp. 88£1.7
Cocconeis californica (large type) 23.819.1
Cocconeis californica (small tyep) 4.0+£0.6

mixed microalgae

[e] [€) -1
ST, 4% ERTE 4 APEL 2L ML Hold P MPARL, dETE B Fx

N
-
as
©
£

gk Asick wige 20T, 1000 luxel A ATk F2 FxzE 9 FE chamber

1712 & glol7] el 2~33 AAF ¥, 10 mLel GF/C
lRalFE A FAL 30+10MAGAA/ mL)® Bk 1697k AP7zbEd £
18C #F71= 8 (L)16 (D)E atgith o] ¢m® Fol ofsj5E 3h#ol 5 mLy
fsbivh. AP 5uE A

=
zZE A F A AR AIZE 506, 12, 2447kl slar, A 1A e W oew

439,

o,
r o
i
rlo
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. A AE/F I Tigriopus japonicus®] 744 A

6

B G AEFAAY S Weleke o ® ddE = FAA 4% T japonicus
£ 5% 9 B2t 27/ (Caloneis Scheroideri, Amphora sp, Navicula sp., Cocconeis californica,
Rhaphoneis sp.)E 4014 v &3t petri disholl 212} 0, 10, 20, 5098]A ¥, dEFAS 100
nel 2 A F8ste] dAEFAe] T2l T japonicus7t @& VA=A A

o Aol AFEE T japonicus®t FdEe] A R owAlzFel iR, AEFAARS U

S A% 49 solA e P A getar,
6. & FxF UF WY A
b owael me B fxel AEad

el g3 Ao Aol FEPA HE AAF 5E(Table 9)o] Fxel ha Lxwo)

Table 9. List of benthic diatom for the experiment on the effect of temperature and

salinity
Species Length ( gm)
Caloneis schroederi 21.0£2.5
Raphoneis sp. 8.8x1.7
Navicula sp. 15.1+1.1
Cocconeis californica (large type) 23.819.1
Cocconeis californica (small tyep) 4.0+0.6
A9 1

L 23,25, 27T, At 24, 26, 28, 30% = Tstal f2u A& AR&3ste] 29k A lt).

HEFS 3 ml=E 3%, A3 7|1 HE: F 69 &<k At &7+ 6-well cell
Exlr e

chamberZS AF&3F 1, vl low temperature incubatorol A Z% 3000 luxol A A<z 3)

o AAstHTt ZF Lxe A7 F7hEE g E X2 vl cell chamber 1 holeol| A %

o

3t 5, 10 mL centrifuge tubeoll ¥ i AR E st YR F 9 A
°

90%¢] oAM= 10 mLE FoAFATH 2443 WZR A 5, -80TC %A
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49 2

¢ A 1o AL 23ToA] Aol U353 Raphoneis sp. Navicula sp. Caloneis
schrederis o= 2% 16, 18, 20, 22ColA A& ASAHs A E3, aL2olA Aol
$35 3t C. californica (large type), C. californica (small type), C. schroederi= =% 24, 26,
28Coz &t s SAsAT A2 0% = A, 2 9 wigxd, 4354 52 9

A9 13 FdsHA AAskd

flo

(2) 259 xxof & FAqrxo A Al

9 AF 1, 20| 2%} Ao wE Aol AW Navicula sp.T AY3 71F 4FS

25 18, 26 CoA ZX=E 1000, 3000, 5000, 7000 lux®= F+&3Fe] AE 30%, /28] A4 2
i A8 S 59 th vl 87]+= 6-well cell chamberE AF831% a1, ¥l%S low temperature
incubatorol A A&z sl AASAT. AFHS 3 mLZ 3193, HEF F 645 A =

42 ool Agst FAsA WA

g 13 543 oA =%EF 500, 1000, 2000, 2500, 3000 lux= TFiEste] %% 2%

. B2k 71 de mE A gz Fay xA)
2 gtz 2 7)de] mE FARES ot y] 98] 9 AolA HdES FAe 7H
Aol AY 2F(C californica (large type), Rhaphoneis sp.)< Ao & &o] 471%] 714

e BAES ZANEATE 714E 27 net, brush, plastic sheet, plastic mesh® AF-&3}S)

4

L,

714 A2 845405 arth A2 € WA o] 93 arql el /294 80 mL, HFF

< 20 mLZ sty feldel zhzhe] F3 7de ¥a 9 23s g Ad AE §

5,10, 15¢ = 5¢Y FAS R 169 Fot 7} 71l g FAHS AT 71 22 F

Zoatx, e ] B A FFekA] g As w2 ZE5718ke], 10 mL centrifuge

tubedl ¥i HAEEE vk Al F, 9 AT A= #PaL, 90%9] obAE 10 mLE
o

Wz are] A &3te], chlorophyll-ag& &7 3ste] ZAFSFA . Hl
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%2 low temperature incubatorol]l 4] 1000 lux A& ZFH3 oA AASITY. 2%+ 20C, 9%

o
off
o
32
v

& 30k o2 sh3lar, A2 3ukE AASiY 3 qfxe FHES UE Ae o

AA WA B2E(%) = {(ad+(ad-surface))/(ad+(ad-surface)+(non-ad))}x100
25 (%) = {ad/(ad+(ad-surface)+(non-ad)}x100

ad : F2 7]dol| Fabgl B qrxo] M4 ad-surface @ HWA FE

7144

1z

rob

=TI ES

&, non-ad : F-FshA] &2 F-F grEo A A

$ Fz2 7)Ao Ao 7 AR Y netE ARSI, C schroederi 9+ Raphoneis
sp. 25 WHew, F3 WA WE FH 2 FRAES TAEAT AR E net s
WAL oF 025 mE, netE 570, 770, 10702 &te] WA o] ztz ok 12 1.7, 25 m7l &=
39 Th 12 L round bottled] £/2 vl 8 L, &S 2 L= 34 ¥ volumeo] 10 L7} = Al 3}
ATk o7)el Z+zbe] nets WolFal, dlojFHS ool AES ALE3le] of 8 L/E AR oo
otttk Zhzhe] o Afeolo] 7+AL netE 57 ¥ A2 5 cem o, 7/, 10719 A5

25 cm ATk Wl 10¥ ¥, netoll F-2SHA, netelo] WA F&$ A F2S}A|
B s mE Fdste] FAGAT. FA% & e daddste] 474 S5 F @S

=&k vk RS 30%, AW wlY &= 10Ce® &9, 2= 1000 lux® 38}

O

of A&z stol] AAeaith A3 = 3RS AAlESIH

o 9A qtze] E£3 G A 7 44 8 He] 24 A4

O

o] 2E HPNA AL HEA FAFE 4TS Yo EF NG F9o F0E

A g HolE ZASIA Y. AL /2 miAE AFESle] 6-well tissue cell chamberE Al-&3F%)

L

i, % 10 mLel 3FF> T A71E 712 ® & cell chamber®] $H¥ F-2 WA S 7|FE

)

o8 sto] PFFES A tHTable 10). ¥WiYF 2%+ 2 THE A4 &% WHd o £
2 AARATL Fol7t & Fdstel 2= TS 10, 15, 20, 25C2 THEFH] 2Fakgla,

A& 30%, ==+ 1000 lux, &= 3Foll A low temperature incubatorol]l A 103t vl &3}
t}.
7} 49 cell countings 3 725 2539 AF7E AESe] &

l

=

of
ofN
i

o
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Table 10. Settlement area and inocula volume of benthic microalgae for the experiment on

the competition and succession in mixed culture

) Length Settlment area
Species 5 Inocula volume (ulL)
(fm) (ym”)

Caloneis schorederi 21.0£25 22 564
Rhaphoneis sp. 8.8+1.7 235 54
Cocconeis califronica (Large type) 23.819.1 10 1262
Cocconeis californica (Small type) 4.0+0.6 105 118
Tetracelmis suecica 7.9%+15 48 48

Ay 2

A& Ao YHolgs AIS EUR aAHoJYW KA} FF 2F(C schorederi,
Rhaphoneis sp.)¥, 952 1&(Tetracelmis suecica)S Aoz 3o ¢ 28 15L3 WHo

2 T AAS AT EAAE 94 91 A9 19 sd o r Al

vh CO, BF oot B Akl mE RH xR 4P
49 1

ol Ae] 23772 4
g A Coel FFHE olo] ¥

of whel Aol Aol7} ojw @A

39, FFAE 22 hr/days)

of\
fllo
=
X
lo
fru
ol

of WFateth MFE 2 WA ASSARL, EEE 1000 lux, AL 0%, FEFS 1L #
gl Zat~3 g7]9 600 mLe ¥o & F volumel ® 1, HEHS F volume?d 20~30%

AEAT COE T34 T35 pHe WIE Lolry] & pHE =439, CO T+
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go Aol B Fx 2%, HEEF 1FS QAR de] CO TH ool mE 73
ZAEAT COel 27 e AT o7 i, §7]E

ks

(
)

2l

rlr
1o,
lo
i)

2 L 8l Zegt2=3d F volumeo] 12 L7F I %= o, 1 9 Wy 2 57

THE HEE o8 FATERY AAA wMiAE MEetr] fstel, C. schroederi &
o HYg8 H g9 oyster powderE o] &3kl ZAMSATE® 712 wiA(315(30%) 1 Lol
B30l R 0.0417 g, 8485 0.0344 g, &4 200 mg, CuSO4 0.0588 mge A7), 71+ wjx] +
NasSiO3 (50mg), 7]1E wj %] (950 ml) + oyster powder extract (50 mf), 7]+ ®j#] (900 mL) +
oyster powder extract (100 mL), 7]¥ ®j=] + 42 H]E(200 mg) 2 7] 8] + 4 B
2400 mg)= FES wiXE o]l&ste] S HluSYH T oyster powder extracti= oyster
powder 100 g SFF 200 mLol ¥ 73TCoA 2A]7F 308 £ 23 & F59S GF/C
filter® o] 3} 3lo] o] &3ttt wWl%LS 6 hole tissue cell chamber (% 10 mL), 20C, 1,000
lux <4 =rstelA 1447 3gkEo g AFsilon, 442 md 10 mLe &S 7135

chlorophyll-a& el A ¢} 22 o= A3t}

Ab 2 H O] mE A FAE

1, 293 A= Flo] HF AAHY 3F(C schroederi, Rhaphoneis sp., T. suecica)S
Bow dto] aES AAT Aot AAsA 2 APl wE FFE AIE st

42 Ae o] AFEE net dtube] WA S o 025 m 3L, net F O 2 o] WA 2

m7b HE2 &, 19 L AbZzd /2 wA 170, HEUEE C schroederi 10.6x10" cells/
mL, Rhaphoneis sp. 7.84x10" cells/ mL, T. suecica 7.8x10" cells/ mLe] H A stgit}. oo &
e dojaES ARRSI L A AA 7Y & RARFIEEaETA, qusR Bi) BERES
ZAFe A Neto} 4=
AstFom, F2stA] e As FHE Tt e
H F& wjFAel A 1000 lux

3, 4Pe 3w WA s

re
b
BN
ol
ol
-3
>,
(2
>,
_O‘L
S
GO
rfo
=g
rlr
Do
(@)
a3
alcs
M
rlo
o
w
B
lo
fr
ol
2

LY

rlo

BA Gxe] RAES B 4L o g3tk

AA H25(%) = {(net-ad+ad-surface)/(net-ad+(ad-surface)+(floating)) } 100
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&

= F2E(%) = {net-ad/(net-ad+(ad-surface)+(floating) } x100
W R A5(9%) = {ad-surface/(net-ad+(ad-surface)+(floating)}x100
(net-ad : netoll {23 A ZFo A XS ad-surface : HWHol| FE3E w2 F A ESF

floating : ¥-53F A ZF AEF)
7R A AR ¥ % AgAE A
o &

A ZFY FF7ES MES7] fste 3% (Caloneis schroederi, Rhaphoneis — sp.,
S 2AEAH A
Z(AF 305 emx29.3 em)ell 791 24 cm, /2814,

1,000 lux, 33% = E7IMFstd 3t 2 Ao mAzF 29 odoE TEA7IAL T e

Tetraselmis suecica)s W42 3t dojga $o A FAE A7}
PN
T

o kR o7 20T widAoA 20 L 93

>

(o

OAIZEo. & 3te] o] & 3 6, 9, 12, 2447 Ao R F4S ®E 10, 20 an®E ro] Z7Ho
ZAAM WFle ABE FNOE 3 mA 3

At A T 24213 & vpg7bA] ¢bd

(o
J
ol
_O‘L
s
ot
=)
o

of

Foll 51 hemacytometer =
nA 2R FgEs T8

dakel WYsaE 3WBOR Fol siphono AAMRE wFele AW g C

ol
il
o)
1,
32
v
K
el
(e
rlr

—

schroederi®} Rhaphoneis sp.x= 500 mL=E, Tetraselmis sp.v= 29 LE $=3dct 5=3 7
zhe] mAl et Aezl Mgl o] mAzFE 7 JAAR A St A hemacytometerE

olgetel AL PN FHFL TAAL VIARFY FAF L FHES S AL ol

o

F xS FEE AESol v AL

TEE(%) = (g8 AxF/F AES)x100

U 5 v AzFe AA7s s
HE MAHE M zF 3F AFALE 2%, 7| 9 glycerol 7t f5o ©E AFES

SA@sdth 2 T 2R E =1 92 F AR E Urol(Table 11) &%+ 4, 0, -20, -807C,
8, 125, 10% glycerol=2 3&to] 7t} F37F AFF2 Yro] 3 mLAy 3ukE
Agstact AGEAA vERFE A2dA A slEAA ZF dbE e (/2812 12 mLE

7hg & zb At 3 mLA SubE 1547 wij<k A sttt 871 12-well cell chamberE

i

AF8-3FF A, vl S low temperature incubatorel]l A % 1000 luxeoll A A&z alo] A AN

o AAEAHL 3,6, 9, 12, 1542 Yo 83k 5 10 mL centrifuge tubeol] ¥ A&
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T 9 AFdE HE F 90%9 ofAlE 10 mLE ¥ 24A1%F WAHEE F, 80T A= Y
5

o A% & spectrophotometerE AF-83e] chlorophyll-ag& A3t A3

Table 11. Inocula density of microalgae for storage

(unit: mg/m’)

Species High density Low density
Caloneis schroederi 163.6+15.4 84.1+12.5
Rhaphoneis sp. 87.0+13.3 41.9+6.9
Tetraselmis sp. 66.8£10.6 28445

7~

AR MARR APES B A 24

n A %55 3% (C. schroederi, Rhaphoneis sp., T. suecica)S AC = vjokA] o] RG34

(2233 HERa R4z o] £ F 4T 2, 4, 85 BB F ARF A4S
ZAHsHe

Ad x5 10 L A S 32 156 anxA 2 165 emx77 0.05 em) 9&& €l /2
WA 8 Lol HEWEE Table 129 2ol stk oo FFL olo]2E2 Agaan AF A
479 5 osgel £ mAzFG MAFE HHd PHA AL Loy FANAL, FHE
Ae B F QAT FANA FASAT MES MFAelA 1000 lux A% EH 3o

e
%
A AAEAT SRE 20T, 9EE 33% o2 i, APe 3vkE AT

Table 12. Re-inocula density of microalgae

(unit: x10'cells/ mL)

Attached type Caloneis schroederi Rhaphoneis sp. Tetraselmis suecica
Net attached 0.8 3.6 1.6
Well surface attached 0.5 2.4 1.1
Floating 0.3 1.3 0.6
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Table 13. Inocula density of microalge for the abalone larvae culture

(unit: x10* cells/ mL)

4 week 7 week 9week 11 week

Initial

Species

38 40 42

30

! 56

Caloneis schroederti

60 62 59

2 93 40

Rhaphoneis sp.

36

37

25 37

48

3

Tetraselmis suecica

4+19+10 4+19+10 3+14+7 o+24+11

o5+24+11

mixed (1+2+3)

9. EAA

3o one-way

s ol

& Al 71 ]

SPSS (Version 11)
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3} o]

ANOVA test (Duncan’s test)® 21 A
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2 Ay FFS BAh S Ee= o] 013 mg/LeZ HA S H-eto] 234 mg/LE FH L
He Bom AsHoes &3¢ 014 mg/LE HARS, ¢=7F 191 mg/LE Hil gs HS
ok &3] g AAZIE FE 7Hg W chlorophyll-a] ¥E5 Hom HHe w7t 7t
A =kt Foto] A B3 7129 chloropyll-a 5=7F =91 AL Ad 2o HAgS

o] AT B2 H3h vEE B3 ASHe| 9 =2 chloropyll-ad]

Stk UErWth Ao A B3 o] EH 9] chloropyll-a $FaFo] kil A&H o] o] A

Table 14. Coastal water quality of four areas

S A Temp. Salinity pH N P Chlorophyll-a
eason rea
(C) (%) (mg/L) (mg/L) (ug/L)
Spring
Uljin 16.6 34.02 8.11 0.032 0.008 0.66
Buan 139 31.43 7.92 0.204 0.000 2.27
Wando 154 33.88 8.21 0.078 0.018 1.47
Busan 14.6 33.50 7.7 0.265 0.011 2.69
Summer
Uljin 25.0 33.33 8.22 0.032 0.014 0.19
Buan 275 31.03 8.22 0.236 0.002 1.75
Wando 22.5 33.85 8.10 0.024 0.016 1.60
Busan 20.5 32.29 778 0.210 0.021 6.44
Autumn
Uljin 18.6 33.21 7.97 0.143 0.009 0.13
Buan 149 31.88 8.13 0.242 0.020 2.34
Wando 14.6 33.36 7.98 0.131 0.011 1.52
Busan 19.8 33.48 8.13 0.134 0.035 0.78
Winter
Uljin 11.1 33.14 8.16 0.040 0.010 0.14
Buan 35 31.60 8.17 0.328 0.023 1.31
Wando 7.8 33.92 8.15 0.240 0.028 191
Busan 12.0 33.99 8.10 0.259 0.028 0.17
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FAFEFE T 1912 o5 v 25 5obi 133} 37
& 191Fow FAHYgeH EHFa+ ¥HEE Pennales”’t 63 264 173%, Centrales”} 73 9%
18F 2 & o]Folfth ZF Ao W& Fo #7E AHEW &3 A9 25 5ol 93 26%
rF ol o™ Navicula, Amphora, Achnanthes3:°] $-d3tgth Febx|d e & 25 3o}& 73

245 10659 F2x5 44 & 5 Ad e Navicula, Amphora, Licmophora%:°] 5733l

I, AERAFE 25 gol& 73} 23% 85%F Navicula, Fragilaria, Amphora%°] $-3 3t 3
kel A9-= 25 4otk 129 314 105F o2 tE A9gHtt gt B/ FIAFE2FE B

F Ad=d A4S Navicula, AmphoraZ:0]th AAE s 329 =

w5

42 Appendix

A A FeA A4, wFE FATERY 4 EW 53 1 £31AY9g F
FA ol 30F, 45 22F, 67 21, 85 32T OoE F 63F9 HE2F =do Iy 1T 4
2 27 Navicula viridula, N. radiosa, Flagilia construens, 45 N. radiosa, N.
viridula, 6 N. radiosa, N. grevillei var. monor, N. viridula, 85 N. radiosa var. tenella,
Stephanopyxis nipponica th. F-etx| o] Bd RAGJZFE= F 59F o2 254 31F, 45
23%, 65 30F, 85 23F° =do] UM AT A4 254 ¢ Grammatophora angulosa,
N. tumida, 47 N. spicula, Nitzschia sp., 65 N. radiosa, N. transitrans f. delicatula var.
derasa, 8+ N. capitata, Gyrosigma fasciola var. arcuataitF. SE=A o] HAFxFo] =3
< F 64F0 2 25 43F ] Edo] JUI 47, 67, 8F 77 26F, 19F, 2459 FAAt
279 2498 299 a8 8352 254 Nitzschia petitiana, Flagilia psedonana, 4
N. mollis, F. cylindrus, 65 F. capucaina, Achnanthes haukiana, 8+ F. islandica, F.
coylindrusth. FAEA o] RAGFER{FE F 8TT2= 2574 40F, 45 36%, 67 36%, 8+ 19
Fo] &Zdo] U 1% FHEL 24 N. radiosa var. tenella, N. cincta, Licmophora

paradoxa, 45 N. scutiformis, L. californica, F. capucina, 67 N. rotaeana, N. pygmaea, 3T

Thalassiosira subtilis, Thalassiosira spp.AtF. &2 4X] G HaAGFzF =dL FAHH
o] g7FO T AU Won HoxALe 59Fo7 AU AL AIFS Bt 7 9 $HE
S ME g8 AgS Holuw o I F Navicula®t Flagilia®2 $HE=7F & Holdt}
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weil
o\

() 28 PRTFER

o 54 ZAA A T4, &

i

R T

TO R 2FMl 26F, 47 25%, 65 23F, 8F 23F9 E=do] UM FHEFE 7 2FA Y
N. incerta, N. rotaeana, N. gracilis, 45 N. gracilis, N. rotaeana, N. cryptocephala, 6
Amphora holsatica, Achnanthes haukiana, Melosira mummuloides, 85 Amphora sp., Ac.
haukiana, N. incerta@ . F-tA el 53 FAGERFE= F 61502 2574 32F, 47 32F, 6
T 28%, 87 22%9 Edo] U1 T $HEL 254 Licmophora tenuis, N. cinta 47 N.
spicula, L. tenuis 65 N. spicula, Am. costata 85 Am. coffeaformis, N. cryptocephala$3 t}.
dEA e Ba GxEe ZAL & (0EOw 27Ad] 309 ZHo| YA 4%, 6%, 8%
Zyzy 29%, 30%, 29%9 HAGFERF 23S EHAv. ada 35S 254 F. capucaina,
N. viridula 45 F. cylindrus, F. oceanica 6+ F. cylindrus, Navicula spp. 8+ F. cylindrus,
F. oceanicaRtt. F-AHA e B2/ 274 30F, 49 25%, 67 36%, 8F 1902 F
6552 FExFe Edo] JUn T FHIFTLS 2749 N. gracilis, Navicula sp., 45
Diploneis sp., 6+ N. rotaeana, Navicula spp., 85 Th. subtilis, Th. spp.Gth. &2 4299
M BAGFEFO FHL Fax o] g5For AY Fow &AL 41Fow AY HS

Ae e 4 A9 $AFe A% e 4L wolw Ygth

(ch 7+ed FAFER 28T

el AAGelA %

o

_IEI'-_
of 19%, 47 23F, 67 26, 87 1202 F 4559 #xw/9 =do] I 1 F $HETS
2772 Ac. brevipes, Ac. hauckiana, 45 Ac. brevipes, 65 N. incerta, N. parvar, 85 Ac.
brevipes, Ac. hauckiana, Mastigolia elliptica@th. F-tA] 9] Bd B AJFZF= F blTo=
270l 23F, 47 24F, 67 18%F, 8F 18F9Y =¥ YA FHEFES A7 2749 N.
parvar, N. mollis, 47 N. cinta, N. mollis, 65 N. corymbosa, N. parvar, 87 N. mollis, N.
parvar, N. scutiformis@th. SE=A o] BAFZF UL £ 45F 02 2540 179 =
dol AN 45, 65, 8F 27 20F, 22F, 22T HFERrERY EdS B 18 A
=2 24 Am. ovalis, Cocconeis scutellum, Nitzschia lorenzia, 4+ Am. ovalis, Am. spp.,
N. scutiformis Grunow, 6 Ac. delicatula, Am. ovalis, N. incerta, N. scutiformis, 87 Am.
coffeaformis, Am. ovalisth. FAMA e Fapx{F= F 40FL= 2574 13F, 45 175, 6
T 21%, 8F 21F9 =deol UMYy 2T AT 274 Am. coffeaformis, N. gracilis, N.
parvar, 4 Am. ovalis, Am. coffeaformis, 65 N. incerta, Am. coffeaformis, N. gracilis, 85

N. corymbosa, Am. coffeaformis, N. parvar@th. 52 44 A F2qtxzFe 2d2 <
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Aol 51Foz A Bow BAAGL 0Fo=2 Ad He AFgS BRAY. 7 A9 4
Fo N2 g8 AegS Hola Qo I F Navicula®t Amphora %9 H =71 & Hold

el

() Aed FAtx

=i

Mo

]

A&d gAHelA 54,

of

=
T

[‘

B
T 4602 274 19F, 47 23F, 67 26F, 8F 12F9 =do] A 1

Ac. brevipes, Ac. hauckiana, 45 Ac. brevipes, 65 N. incerta, N. parvar, 8T Ac.
hauckiana, Ac. brevipes, M. ellipticafth. F-AA o] Bd RIAF2/E F 33F22 254
ol 13%F, 45 17F, 67+ 156%F, 8F 159 =do] UL $H4TE 77 25749 Am. exigua,
Am. ovalis, Ni. fasciculata, 45 N. incerta, Ni. fasciculata, N. gracilis, 6 Ni. fasciculata,
N. gracilis, N. incerta, 85 N. incerta, Ni. pevillardi, N. gracilis®it}. =X 9] F2p4-%
7o Fd2 T 39T 274 19F9] Edol AN 45, 67, 8F 27 16, 175, 17F
o] HaqtxFe S XYY agln 8F:LS 254 Ac. brevipes, F. capucina, Am.
coffeaformis, 45 N. incerta, N. corymbosa, Ac. brevipes, Gomphonema laceolatum, 65 G.
laceolatum, Ac. brevipes, Ni. sigma, 8F G. laceolatum, Ni. pevillardi, Ac. brevipesith. H-
A Qo] BARGFERFE 254 16F, 45 22E, 67 21F, 8F 20T o2 F 48F S 1E2FY
=do] AL 2T FHEFL 274 N. cincta, N. parvar 4F Diploneis schmiditii, N.
capitata, N. radiosa, N. mollis, 85 Ni. frucstlum©|1t}t. 74 4

Ahab EXIA Qo] 242y 48, 46F SR mko FohA A

gracilis, N. mollis 6
SEEREIEE ¢
BEoE A e AFE BRI 4 Ao $HEFS AR & AFE Holal dow 1

% Achnanthes, Navicula, Nitzschia %92 $3d%=7F & Ho|th

B3 ZAxge] HA¥ plated] ¥ZtxF EAHFS Table 159 2o} 2549 EAFxH
] 06%10° cells/mZ 7} vrokrh 2719]
7x10° cells/mi= Atz W]S2ebA e EAES BYn S 24x10° cells/mi G T

o
0

2o Holo] 83x10° cells/mre2 7F4 =gka Hab

=

4
Eil

_

5 2 %

o] woldi E3d AL 12x10° cells/mi® 7FE Stk 6FA0] 2FFL LA o
=]

B

368.6x10° cells/miz 7} =9rom ok 89.8x10° cells/mt, €% 25.1x10° cells/n,

A

A

—
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5.9x10° cells/mt &=0]Qth 85419 ASolm &7, Fob 9w Xilo] zhzh 2558x10° cells/n,

7) 8
157.8x10° cells/mr, 44.3x10° cells/mi, 1.1x10° cells/m'Z 45, 6579 2S99 7o #AsS HIr)

oB2d Ay I RAFEFY Z2HLL 2 4FdE £7lo] 6. 8FdE 457 =2 =7
Zo wBorl 7F Agx gz AfRw 25 = 23] 392.x10° cells/mi, ¥ 69.9x10°
cells/mi, &% 1.6x10° cells/mi, FAF 0.1x10° cells/m i 4FA o= 27, Fob 4w F kx|

o] 717} 512.4x10° cells/mri, 69.9x10° cells/mi, 2.8x10° cells/mr, 0.7x10° cells/mie] & HFLS 1.
o] 2F Ao EAFIY 2 AT RYrh 659 AFYES BHH A= do] 2066%10° cells/mr =
M = TS BT Fob, 237, Fab Folddth 8FAE SE7F 460.8%10° cells/mi =

N e 28%S BYT 271 101.7x10° cells/mi, -9t 985x10° cells/mi, -2t 1.1x10°

Table 15. Variation of standing crop of benthic diatoms on plate

(unit : 10° cells/mr)

Kk
Season  Area 5 1 Weeks 5 3 Sum
Spring
Uljin 0.7 471.1 368.6 255.8 1096.2
Buan 8.3 92.2 89.8 157.8 348.1
Wando 2.4 7.8 25.1 44.3 79.6
Busan 0.6 1.2 5.9 1.1 8.8
Summer
Uljin 392.5 512.4 52.0 101.7 1058.6
Buan 18.7 70.0 66.7 98.5 253.9
Wando 1.6 2.8 206.6 460.8 671.8
Busan 0.1 0.7 5.9 1.1 7.8
Autumn
Uljin 76.3 200.4 5104 96.0 883.1
Buan 20.4 271.3 161.3 152.5 605.5
Wando 6.7 249.3 410.7 261.1 927.8
Busan 0.5 15.0 34.6 110.7 160.8
Winter
Uljin 6.9 210.2 401.9 528.0 1147.0
Buan 9.6 114.4 167.2 163.4 454.6
Wando 12.4 127.1 199.5 149.6 488.6
Busan 6.7 16.6 184.4 55.7 263.4
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Hed AW BRAFEF 2PFL 2FdE Aol 76.3x10° cells/mz FF e
ZEFS BYa b g Bl £olqlth 45 = Feto] 271.3x10° cells/m 2 7V ES &
FFe B 9% &3 AFLe 7hzh 2493x10° cells/mf, 200.0x10° cells/mi $i F-AHS
150x10° cells/mte.2 714 v AL Bt 659 ZdFS By 30| 510.4x10°
cells/mf= 7H4 =9ka $%7b 410.7x10° cells/mr, §-9Fo] 161.3x10° cells/mr, F-AFo] 34.6x10°
cells/mre] =0t} 8Fol= Sxrt 261.1x10° cells/mi® 713 =9ka KQF b 23lo] 717}
152.5x10° cells/m, 110.7x10” cells/mr, 96.0x10° cells/mfe] Z & =S Wit}

AEd AFAR T2 FAdFS 2740 = 27t M =01 4755 He X9 &
Fko] o AL Wt 2FoE SrA o] 124x10° cells/mf, F-SF 9 &
6.9x10” cells/mt, F-4F 6.7x107 cells/mie] ZHAHS BYI 4F0= &3, Y Feb Hak o
7 ZFFo] =gt 6FdE XA G0l 401.9x10° cells/m® E@ o] 7pF =gtow 9
BLAF Bobo]l zbzt 199.5x10° cells/mr, 184.4x10° cells/mi, 167.2x10° cells/mite] & 2o W ATH

=

8Fd = AR o] 5280x10° cells/mro] 7Fd =9kl Kb 9% B o

A7 Bk FAS FE SOl $AHFTES AVEE FESY O EXE AEHEE
W 3L tH(Table 16).

FHY AS A7 0~10 me] AL GE7F 1177%=2 71 =2 #X 8 B XA
2.34%°] X E Hgo} Hoty Rako]l A= gk 11~20 me] A7]9] A &xWI F
b, Fabol Zhzh 11.31%, 15.22%, 20.09% A3 =9 A¢-= ek 21~30 me A A FellA
M Be BEXE Yeds A7) 992 Fald A 6038% 2 /Mg B BEE HYoen X
Rot ek 7h7y 44.37%, 43.70%, 4542%% Tt 31~40 mel A$ &3, §et @=rp 77
6.34%, 14.13%, 14.48% AL FAk2 1 W9E Hol= 3 Fo] fldth 41~50 m
Aol A 35.00%, koA 19.90%, $EolA 1827%, HAtold 11.30%= &7lo] e BIZ

Atk 50 mm ol HiE $HFE &7, Fob, g%, FAF 747F 058%, 7.05%, 10.04%, 8.23%
et

AEHE BHI 2ol 0~10 me $HFLS 237 SxoMt Bm 72+7 7.80%, 6.41%
Atk &I} Fokel Ag- A7) MLAFT 11~20 me] MM 7 B EXE Beow 77

52.40%, 55.48% % 11 o} FAb2 24.42%, 27.77% . 21~30 me] A7+ 4=} F Aol

juto)

1o
o
o
rir
o

p
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Table 16. Composition (%) of dominant bentic microalgae by size in spring and summer

Size Spring Summer

(fm) Uljin Buan Wando Busan Uljin Buan Wando Busan
0_10 2.34 0.00 11.77 0.00 7.80 0.00 6.41 0.00
11_20 11.37 15.22 0.00 20.09 52.40 55.48 24.42 21.T7
21_30 44.37 43.70 45.42 60.38 26.11 497 43.23 70.00
31_40 6.34 14.13 14.48 0.00 891 6.12 21.16 2.22
4150 35.00 19.90 18.27 11.30 478 2.68 3.84 0.00

50_ 0.58 7.05 10.04 8.23 0.00 30.75 0.94 0.00

7h Wl ®axshE WHE 77 4323, 70.00%E AASA L 23 26.11%, F-F 497% =
AL AUt 31~40 me FS $E7F 21.16% 2 ATl AL =gon ymA &xl Fol
Bare 7b7b 891%, 6.12%, 2.22%%th 41~50 me] WA= &, Fob dwrt 77
4.78%, 2.68%, 3.84%¢] WS 1w bo] 9= fldth A2717F 50 mel gl §-
oboll A 30.75% = Ekow F-obxm} Rake ZdASA edokal S 0.94% = ofF wroktl
MeHdy ALH] AV EEE 3 gk 7S AY A9 11~20 me) W7 AX
oA 7h4 e BE¥XE g 38 11~30 mm, Fo+S 11~40 mm, == 0~20 pm, F-Ah
S 11~30 me WA thREe $HFo] BEeAT 0~10 mE F=T 71%9 BELE
FL G2 AddAE JEIYA S Zoth 11~20 m= $E9F Fako] zhz 87.96%, 79.33%
MBS BEILS Bon £ 37.98%, Hoke 30.73% %tk 21~30 me] WSl AH =
S70o] 33.04% = AY B REXE Ron Feh 9% FAake 7h7F 27.25%, 0.67%, 17.36%
£ etk 31~40 me] 4% Foro] 3233%= HJx I = Zhzb 16.95%,
366% oM FAke] A= o W
11.14%2] 28-S 29 YA AGos Bx7F gldeh 50 mol Foll = &
o] 0.89%, 9.79%, 3.32% om o] A4 o] WA EFo] gldth
AL $HF 27 20& ALY A AGoNAM 11~30 me] BAE 714

BRS At SRS 11~50 m7bA] A2 H)=3 B22 B9t 0~10 me HYoAa =
=]

2
kl
X

>,

rir
—
QO
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—
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o
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kel
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e
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&
Ul
S
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oL
u(e]
=
o)
rlr
o
=
rU
o

)
1z
r
1z
-

rlr
o
2l
o\
o
=

] 11~20 mo] A5+ Fro] 4639% = 7MY B

To® 747y 37.09%, 36.33%, 23.01%°] +EXE EAt 21~30

Aol e FAknh kerb 7h7) 47.46%, 39.76% % WS XS UERoen £33
b 26.42%, 22.26% %t 31~40 mel A= &3] 26.73% 5 A8kl FAE Feh

7t 13.32%, 559%, 3.10% <=oldth. 41~50 pmv= S%13 Febnko]l Zhzb 23.19%9 2

AP ] Ao A= FdsHA okth 50 mm o] WA= et d=rb 77

d
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o] 2.90%, =xl°] 0.66%= Yokt

23.22%, 20.05% om Ak 0
& w FEAM TheEe Ag- 0~10 im WS 2 A8 %A Tl

x% xﬂ o7 u]

A3 o5 HgA EdE BAY FHAE 21~30 m WY FE B2 FXE Yex
oAFHol= =3 Fob2 11~20 m 27] ®MHe 3Tl k=9 F4k2 21~30 m =
71¢] - Fo] Btk g Zhe A= gk FAke]l A 538 11~20 im 2719 $3HF
t}

TE AL YR, X9 B 11~30 m7h, FFe] B+ 11~40 m7t 7+ 3

4o
=
2,
>
i)
bl
ot
M
ke
i
o
ki
s
32
id)
Y
ru-[o
i)
o,
Y,

49 el = 11~50 m Z7] HY A 2t

, b2 11~20 m7F B2 WSS JEhlla el k2 11~30 m 2719

.

o

Table 17. Composition (%) of dominant bentic microalgae by size in autumn and winter

Size Autumn Winter

(pem) Uljin Buan Wando Busan Uljin Buan Wando Busan
0_10 0.00 0.00 7.71 0.00 0.00 0.00 0.00 0.00
11_20 3798 30.73 87.96 79.33 23.01 46.39 37.09 36.33
21_30 33.04 27.25 0.67 17.36 26.42 22.26 39.76 47.46
31_40 16.95 32.22 3.66 0.00 26.73 5.59 3.10 13.32
41_50 11.14 0.00 0.00 0.00 23.19 2.53 0.00 0.00

50_ 0.89 9.79 0.00 3.32 0.66 23.22 20.05 2.90

AR7IES 243 $HAFES AVEE T
Table 182} 2t}

=8 A w2 AFHA 0~10 m 2719 AL FHFTEC] Ao Tt AS
Aol = 1 3o gidth BHAE 12~30 met 14~50 i Z7]19] A FTEC] v EESA

BB EelE 11~20 m 2719 $AFO] 50 % o4& AAGAY. A& A $AFe] 2
o]

]

2
M
kel
it
>
12
i
f
o)
El
o
iR
_Y;'
rlr

Foto] x4 F A7 BE¥XE By WA 0~10 me] AL BESA] &k F=2 11~30
o] AEo] YHFe BExE AA st ATt FHA = 21~30 mm A7]e] FHo] 437%= vt

Rom of FHoll= 11~20 7t 55.48%, 50 pm o] Aol 30.75% % thE 2HAskal AATH
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VAo = 11~40 m Abole]l AEo] 2725~3222%¢ ¥ LS BHgon ASHE 11~20
m7} 46.39% 2 Ad @ F¥X &S Yepith

Sxe] AeE e A9y 2y BEYEH S E7A 0~10 me] #Fe A7) $HFE9

Z3 don By oFHoE 21~30 me] Aol 77t 4542%, 43.23%9 HHE&S B4
o, ZH&HEE 11~20 m7F 87.96% = WFES, AL HoE 11~30 m7t 37.09~39.76% =
Hoj o5 AV|7} 7 A $AFES FxUF AY B Aoz YEyT

FAbe Forxodap o] A A-EFS 0~10 ym 719 $HFTol LA Lodkrh BH
oA 21~30 ym 27| $HFo] Z+zb 60.38%, 70.00%, 7FSHE 11~20 me] Ao
79.33% %2 EES A A ASHolE 11~-20 m, 21~30 mo $HFE 47

a
36.33%, 47.46%°] &< HERAH

Table 18. Composition (%) of dominant bentic microalgae by size during experiment

Size Uljin Buan

(ym) Spring Summer Autumn Winter @ Spring Summer Autumn Winter
0_10 2.34 7.80 0.00 0.00 0.00 0.00 0.00 0.00
11_20 11.37 52.40 37.98 23.01 15.22 55.48 30.73 46.39
21_30 44.37 26.11 33.04 26.42 43.70 4.97 27.25 22.26

31_40 6.34 8.91 16.95 26.73 14.13 6.12 32.22 5.59
41_50 35.00 4.78 11.14 23.19 19.90 2.68 0.00 2.53
50_ 0.58 0.00 0.89 0.66 7.05 30.75 9.79 23.22
Size Wando Busan
(pem) Spring Summer Autumn Winter | Spring Summer Autumn Winter
0_10 11.77 6.41 7.71 0.00 0.00 0.00 0.00 0.00

11_20 0.00 24.42 87.96 37.09 20.09 2077 79.33 36.33
21_30 4542 43.23 0.67 39.76 60.38 70.00 17.36 47.46

3140 14.48 21.16 3.66 3.10 0.00 2.22 0.00 13.32
41_50 18.27 3.84 0.00 0.00 11.30 0.00 0.00 0.00
50_ 10.04 0.94 0.00 20.05 8.23 0.00 3.32 2.90

L

=]
SRS

(1) 2 A, A A M vl
=3, el o= BAE A7) A A Aol whE AA Mkl WEE ekl

(Table 19).
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o] Z}z} 908.21, 1546.02, 141354 pg/er® AAAYG T AY 2 HAaZFS Bt 2313 7
A A 25 5E 674 HA ST Aadte e Eon SEAHL 254 =
Fet7E Aaste] vl 65 ANH SUbeke Ade Edv ool B 2FFEH 6774 ==
A F7hstvrt 657 5-H w438 ke A¥S Bt
AEH AFE 279 47+ XA 72 1067.92, 129252 pg/cn® 7+ =9kil 65
o 8Foll= 7k 724zt 726.25, 118210 pg/erf® A =& MAFES BAdv 2319 45 45
ANA S7bete 2 6574 Al S7tske A B o FAke] Fee A%

Q1 F7hE, Hobe] A 23 AN PhE FFS myrh

B>
o
£

7hed e Mawe 2F A Hgko] 62539 pg/ar® AU EI 4FRE 677K &7l 7
7} 1270.68, 1619.35 pg/cis, 8%0]= ThA] Boko] 134893 pg/aro = A =gl S e
o] AS 6FATA Z7belTt FFaeE ATS W Roe 4FAA Zrbebtt 7kaste] t
A 8FA Tt e AT, B

A&Adel Ag 2FA= Fako] 14263 pg/enl 2 AL =ow 2F A= SR oA 1456.63
pg/cr, 657 9 8F & TRA] Babol| A Z+zb 218455, 229353 pg/cr &8 7Hd o A AaFES U
BT X7 9= A9 65ARA Frretdr 8FA Badte AFS nYm Bk
Qb 8F /A ALAR] S BT

Table. 19. Total pigment of each area during experimental period

(unit : pg/cr)

Spring Summer
Area oW AW 6W 8W oW AW 6W 8W
Uljin 22923 90821 154602 141354 106792 129252 33686  1054.3
Buan 7.87 2231 511 43345 14999 102302 67888  626.29
Wando 91212 63944 52294 99138 15927 36805 72625 11821
Busan  3.29 4397 25331 383 1.78 2.41 616  289.11
Area Autumn Winter
oW AW 6W SW oW AW 6W 8W

Uljin 195.41 127068 1619.35 1233.84  31.52 1456.63  2049.59  1526.27
Buan 625.39 1188.13 63853  1348.93 24.63 309.64 760.82  1452.06
Wando 54.92 39051 137822  661.77 59.31 4244 790.18  570.39
Busan 13.57 152.03 517 672.98 142,63 110413 218455  2293.53

W: week
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3l 91 tH(Table 20, 21).

S

HAE v

A7k F&9 Wy 205~275CT= 1 Zpo] 7}

L e B e e |

o

A el whet 146~198T

ree

7t 7o) u}

-

T

[e) oﬂ

=

otk A

2} 3.5~12.0C ¢

=
=

of wa} HzeEe] ol

il

11.1
3.5
7.8

12.0

11.1
3.5
7.8

12.0

18.6
149
14.6
19.8
18.6
149
14.6
19.8

21.5
22.5
20.5
25.0
21.5
22.5
20.5

25.0
Temperature (C)

Temperature (C)

139
154
14.6
16.6
139
154
14.6

Spring Summer Autumn Winter
16.6

Spring Summer Autumn Winter

1266.00
636.79
461.07
1431.21
1452.06
790.82
2293.53
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1079.82
950.25
621.36
338.9
1619.35  2049.59
1348.93
1378.22
672.98

937.9
619.54
74.86
289.11

608.91
Pigments (ug/cm')

Pigments (ug/cn)

1292.52
1023.02

Spring Summer Autumn Winter
1182.10

1024.25
128.68
766.47
76.1
Spring Summer Autumn Winter
433.45
991.38
253.31

3} 7hg
1546.02

=

=

Area
Uljin
Buan
Wando
Area
Uljin
Buan
Wando
Busan

Table. 20. Average pigment amount and temperature of each area during experimental
Busan

Table. 21. Maximum pigment amount and temperature of each area during experimental

LERH o o

period
period



A9 HuE Ry WA AY 7Eet e B
< Fe UEHUWAE fucoxanthin®] Fo] thiid 50%oldS AA|ste] F MAE B o
20%°13S At T WARE B AMAgS B3 diadinoxanthin

7} B-carotene?] Aol Z+ZF Al Aol U] WHAlE @Wkti(chlorophyll a2l #3jAkE<l
phytin ax= #9]). o]& % uj chlorophyll @, ¢, fucoxanthin, diadinoxanthin, B-caroteneS
Mg sk diatoms7h AA AAl T BAFe] RS AA e FRTORE YEEon o
2ol blue green algae (zeaxanthin), dinoflagellates (peridxanthin), cryptophytes (alloxanthin),
Z12] 31 chrysophytes (fucoxanthin+violaxanthin)’} AFF o2 &A1, A AddE=E d=
Aol g Aol Hls] EdTo TRV TS & F AN, 7 Ao AS Sold H
@& Holz gFokth(Table 22).
B AL AASES 53 2SS X9Hdor v R diatomsE A st =X 9
X1 blue green algae, dinoflagellates, cryptophytes, chrysophytes® 7} B2 ZdS& HS
W A= dinoflagellates, cryptophytes?}, -¢tx<o= blue green algae,
cryptophytes, chrysophytes’} &@d3stom FAEA| o = diatoms®] &) &0l HolA] &k
ot BEgA = 9= A peridkanthin, zeaxanthin, §-<FeollA4] alloxanthin, zeaxanthin®] %Fo]
thEA ool ns) =kt

od=Hol= &1, 9% B5F diatoms, dinoflagellates, cryptophytes, chrysophytes”}, <k}
Fakel A9 diatoms, dinoflagellates, cryptophytes®] Zdo] AU HAA G A blue green
algaed] &AL At peridkanthin®] 29 9%} H AL violaxanthing <%, alloxanthin<
Feto] 747y = MAYS B

71eHdel AS ARGl A  diatoms, blue gren algae, dinoflagellates, cryptophytes,
chrysophytes®] Zde] QAoem & XY H3] FAbdA peridxanthin, &3l A]
violaxanthin, zeaxanthin, -<Foll 4] alloxanthin®] %Fo] F=tt}.

A&Hdo = oA diatoms, blue gren algae, dinoflagellates, cryptophytes, chrysophytes
o] Z3&o] o &A= diatoms, cryptophytes, chrysophytes?}, ¢t} JAalo] A=
diatoms, dinoflagellates, chrysophytes’} &d& 3ttt MAERZ = g2 X Gof vl F4k

4] peridxanthin, ¢%=°] 4 violaxanthin, = %o 4] alloxanthin, €=l A] zeaxanthin®] o] =

.
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Table. 22. Composition (%) of pigment in each season and area (except chlorophyll-a)

CHL C ZEA

+

CHL PHYTIN

(C1+C2) PERID FUCO VIOLA DIADINO ALLO DIATO T B B-CARO
Spring
Uljin 26,67 067 4710 0.00 654 042 0.00 000 159 1454 2.46
Buan 2382 0.00 5883 0.11 994 033 000 003 0.05 511 1.79
Wando 2579 0.85 4541 0.03 807 031 033 003 264 1470 1.84
Busan 2057 000 5236 0.00 882 000 000 000 367 1212 2.46
Summer
Uljin 2401  0.02 4503 048 832 001 043 000 484 1415 2.73
Buan 2295 063 5330 0.00 943 041 022 000 231 7.52 3.24
Wando 3773  1.00 4048 0.04 953 022 087 000 126  6.25 2.63
Busan 1742 094 57.04 0.00 923 010 0.00 000 239 1059 2.29
Autumn
Uljin 2394  0.05 5401 056 788 006 047 056 261 5.88 3.98
Buan 21.86  0.02 5955 0.04 7.11 053 012 003 1.81 6.49 2.45
Wando 2438  0.07 5845 0.20 6.60 018 0.00 026 263 @ 4.47 2.75
Busan 2790 046 5163 0.02 862 014 046 002 292 520 2.63
Winter
Uljin 25.08 0.00 5370 0.15 794 012 089 000 3.08 54l 3.63
Buan 2335 0.06 5653 0.06 767 000 016 000 323 585 3.08
Wando 2229 014 5698 027 795 001 048 001 233 639 3.16
Busan 2436 043 5821 0.06 830  0.00 050 000 150 @ 3.66 2.98
. RATEF JIRA
(1) F-Zt 27 ofr] =ikt A
b BA RAGFEF obvl =it B4
A $AAY RAFEFY Fohulwmate] G A7k W 822~2033%F o
APALF AY 2 FFL Geda 454 F obumite] Fo] AY Eaheh Fobx el ¥

AT 2T obrlidt A Axt 259 Fopulwmit P& 395% 7HY Wk
T 794% 8% A% 810%= AY wob ARz Aol we Frhete
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of
_(‘X_',
ot

< 3.056~558%°] HHE HAUT A7IER BW 8F7F 558% % 7Y =okal 2
61% 4F 3.05%, 65 4.39% % 4F° AT A S7Fshe S Bt e Y9

N

AT ofuleak B4 A 2% Folulmab R 563%E 7hE Wi 4% 650%,
67 7829 8% 0] AS T8I%E 6774 FASTI BASE AFL wAT FAAdY B
B2 279 Foluibe] ke Al7|o] whEl Z+7; 10.45%, 9.37%, 10.25%, 10.47% = 2

oF FAadta e 72 Wsd dEe M= A dE Bt (Table. 26).

Table 23. Total amino acids of diatom on plate from four areas in spring

(unit: % in sample)

2W AW 6W SW

Uljin

Total 8.22 20.33 16.78 17.03

EAA 3.59 9.96 7.94 8.41

NEAA 4.63 10.37 8.84 8.62

EAA/NEAA 0.78 0.96 0.90 0.98
Buan

Total 3.95 6.84 7.04 8.10

EAA 1.86 3.35 3.48 3.86

NEAA 2.09 3.49 3.56 4.24

EAA/NEAA 0.89 0.96 0.98 0.91
Wando

Total 4.19 1.95 2.62 4.66

EAA 1.83 0.88 1.24 2.23

NEAA 2.36 1.07 1.38 243

EAA/NEAA 0.76 0.82 0.90 0.92
Busan

Total 497 6.20 10.36 2.62

EAA 2.43 2.96 5.23 1.24

NEAA 2.54 3.24 5.13 1.38

EAA/NEAA 0.96 091 1.02 0.90
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Table 24. Total amino acids of diatom on plate from four areas in summer

(unit: % in sample)

2W AW 6W SW

Uljin

Total 16.73 15.23 12.33 12.04

EAA 8.06 7.19 6.13 5.8

NEAA 8.67 8.04 6.2 6.24

EAA/NEAA 0.93 0.89 0.99 0.93
Buan

Total 7.33 8.59 12.10 12.54

EAA 3.53 4.25 5.72 6.05

NEAA 3.80 4.34 6.38 6.49

EAA/NEAA 0.93 0.98 0.90 0.93
Wando

Total 8.94 8.07 14.94 10.59

EAA 4.35 4.11 7.83 5.34

NEAA 4.59 3.96 711 5.25

EAA/NEAA 0.95 1.38 1.10 1.02
Busan

Total 4.74 4.29 4.29 7.89

EAA 2.12 1.94 1.94 3.73

NEAA 2.62 2.35 2.35 4.16

EAA/NEAA 0.81 0.83 0.83 0.90
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Table 25. Total amino acids of diatom on plate from four areas in autumn

(unit: % in sample)

2W AW 6W SW

Uljin

Total 16.23 13.58 13.41 13.29

EAA 7.31 6.47 6.65 6.56

NEAA 8.92 711 6.76 6.73

EAA/NEAA 0.82 0.91 0.98 0.97
Buan

Total 9.00 9.27 9.37 6.76

EAA 447 4.58 475 3.23

NEAA 4.53 4.69 4.62 3.53

EAA/NEAA 0.99 0.98 1.03 0.91
Wando

Total 6.17 8.93 8.20 7.83

EAA 3.03 4.49 4.01 4.01

NEAA 3.14 4.44 4.19 3.82

EAA/NEAA 0.96 1.01 0.96 1.05
Busan

Total 11.49 13.31 12.82 12.59

EAA 5.28 6.53 6.43 6.24

NEAA 6.21 6.78 6.39 6.35

EAA/NEAA 0.85 0.96 1.01 0.98
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Table 26. Total amino acids of diatom on plate from four areas in winter

(unit: % in sample)

2W AW 6W SW

Uljin

Total 15.51 10.88 13.08 17.33

EAA 7.67 5.45 6.7 9

NEAA 7.84 5.43 6.38 8.33

EAA/NEAA 0.98 1.00 1.05 0.08
Buan

Total 4.61 3.05 4.39 5.58

EAA 2.11 1.43 2.18 2.75

NEAA 2.5 1.62 2.21 2.83

EAA/NEAA 0.84 0.88 0.99 0.97
Wando

Total 5.63 6.50 7.82 7.87

EAA 2.75 3.16 4.01 3.96

NEAA 2.88 3.34 3.81 3.91

EAA/NEAA 0.95 0.95 1.05 1.01
Busan

Total 10.45 9.37 10.25 10.47

EAA 4.68 4.6 5.1 5.36

NEAA 5.77 AT7 5.15 5.11

EAA/NEAA 0.81 0.96 0.99 1.05

I 9%l o ™ palmitic acid®} palmitoleic acid®] ko] A A A HHAl ek
DHA®l HE=2 glAtH(Table 27). &x1A9 FFqrxFe AW4at2 n-3 HUFA (high
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HUFA?¢! EPA<} DHAS #HZo] 9ith.

SAAA FaAFzFe] AW n-3 HUFAQ 49 474 1968%=2 o] Ad =%da
27 1627%, 85 14.44%, 67 267%° oItk A&H FdA FATZEFO 49 n
HUFAE 859 650 2+7t 27.97%, 1766% =2 & FHS B1, 259 453 e F3FS
Uelith 9ex e BRAFZF n-3 HUFAS e 250 17.18%9 3 Holal 4F,
Foll 15.70%, 11.86% %2 A3 th7t 850l 15.65% = tAl F7tets 43S Bk FakA|

T At #FEe n-3 HUFAS 4% A&d 43849 T Ad 52 #& 2o

X
L

N}

, 4, 6, 8F7F ZH7}F 23.96%, 25.79%, 8.27%, 23.05% = 45 w7} 7 = 3kth(Table 30).

Table 27. Total n3-HUFA content of diatom on plate in spring

(unit : % fatty acid)

2W AW 6W SW
Uljin
Total 4.28 10.93 16.85 7.75
EPA 4.28 10.93 14.76 7.75
DHA - - - -
Others - 2.09
Buan
Total 20.85 9.12 59.53 6.32
EPA 20.85 7.82 5.53 6.32
DHA - - - -
Others 1.30
Wando
Total 0 0 12.22 0
EPA - - 10.97 -
DHA - - - -
Others - - 1.25 -
Busan
Total 5.72 0 4.22 9.81
EPA - - - -
DHA - - - -
Others 5.72 0 4.22 9.81
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Table 28. Total n3-HUFA content of diatom on plate in summer

(unit : % fatty acid)

2W AW 6W SW

Uljin

Total 21.73 28.25 12.47 3.79

EPA 26.35 26.01 8.86 2.23

DHA - - - -

Others 1.38 2.24 3.61 1.56
Buan

Total 17.68 8.28 6.73 6.04

EPA 13.38 4.13 5.00 4.73

DHA - - - -

Others 4.30 4.15 1.73 1.31
Wando

Total 18.88 6.55 5.73 8.69

EPA 16.20 5.63 4.22 6.32

DHA - - - -

Others 2.68 0.92 1.51 2.37
Busan

Total 4.80 6.46 18.45 17.61

EPA 3.42 5.19 4.16 12.01

DHA - - - -

Others 1.38 1.27 14.29 5.60
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Table 29. Total n3-HUFA content of diatom on plate in autumn

(unit : % fatty acid)

2W AW 6W SW

Uljin

Total 4.15 27.46 9.88 21.04

EPA 4.15 4.39 9.88 19.26

DHA - 2.11 - 1.27

Others - 0.96 - 0.51
Buan

Total 15.37 13.16 12.66 18.15

EPA 12.89 11.47 11.40 16.57

DHA 2.05 1.25 0.92 1.07

Others 0.43 0.44 0.34 0.51
Wando

Total 21.67 16.53 18.00 20.55

EPA 19.26 15.72 16.52 19.91

DHA 1.08 0.81 1.48 0.64

Others 1.33 - - -
Busan

Total 8.20 19.65 17.99 16.53

EPA 16.51 18.15 15.97 15.03

DHA 1.18 1.17 1.60 1.25

Others 0.51 0.33 0.42 0.25
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Table. 30. n-3 HUFA in fatty acids of diatom that grown on plastic plate in winter
(unit : % fatty acids)

2W AW 6W 8W

Uljin

Total 16.27 19.58 2.67 14.44

EPA 12.64 14.41 2.09 9.47

DHA 3.63 5.17 0.58 4.97

Others - - - -
Buan

Total 8.66 5.11 17.66 27.97

EPA 5.61 4.19 15.77 25.59

DHA 3.05 0.92 1.89 1.51

Others - - - 0.87
Wando

Total 17.18 15.7 11.86 15.65

EPA 14.81 13.18 10.61 13.80

DHA 2.37 1.82 0.80 1.55

Others - 0.70 0.45 0.30
Busan

Total 23.96 25.79 8.27 23.05

EPA 19.21 23.71 7.69 20.96

DHA 4775 2.08 0.58 2.09

Others - - - -
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Table 31. Small benthic diatoms group (Cocconeis and Coconeis-like spp.)

Species Size ( gm)
Amphora veneta 25%15
Amphora veneta 8.8+3.0

Navicula sp. 6.1+£0.7
Amphora delicatissima 5.0£3.1
Navicula sp. 8.2+1.1
Amphora veneta 6.5+2.2
Navicula sp. 7629
Amphora sp. 7.3£0.8
Amphora sp. 6.8+1.3
Navicula sp. 5.8+1.7
Unid. Bacillariophyceae 5.0+£04
Unid. Bacillariophyceae 50£15
Amphora sp. 75£1.2
Navicula sp. 5.2+0.6
Navicula sp. 9.0£15
Cocconeis californica 3.8+0.3
Unid. Bacillariophyceae 2.5%0.6
Thalassiosira sp. 9.5+0.8
Navicula sp. 8.7+2.5
Unid. Bacillariophyceae 6.3+0.5
Navicula sp. 9.8+0.8
Amphora sp. 3.8+1.1
Amphora sp. 6.3£1.0
Navicula sp. 6.3+£0.6
Navicula sp. 6.3+0.8
Amphora sp. 2.5%0.7
Navicula sp. 5.4+0.6
Amphora coffeaeformis var. acustiuscula. 3.8+0.8
Navicula sp. 8.4+0.7
Amphora veneta 7.8+0.8
Navicula sp. 7.3+5.8
Nitzschia flustulum 7.2%0.9
Navicula sp. 9.9+0.8
Navicula sp. 7505
Amphora sp. 10.0+0.6
Unid. Bacillariophyceae 9.0+£25
Navicula sp. 6.1£2.0
Amphora sp. 5015
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Table 32. Middle benthic diatoms group (Caloneis and Caloneis-like spp.)

Species Size ( m)
Navicula sp. 17.0£2.5
Navicula sp. 18.6+3.1

Caloneis schreoderi 21.0£2.5
Navicula sp. 16.3+1.2
Navicula sp. 19.0+1.3
Navicula sp. 15.8%4.2
Navicula sp. 26.1+1.3
Navicula sp. 15.1+1.3
Navicula sp. 15.1£1.1

Unid. Bacillariophyceae 15.0£4.2
Navicula sp. 16.4+1.3
Navicula sp. 18.6£2.7
Navicula sp. 21.2+3.3
Navicula sp. 20.8+3.7
Navicula sp. 24.1+1.3
Achnanthes sp. 23.8%£5.0
Navicula sp. 169124
Navicula sp. 20.0£2.1
Navicula sp. 17.7£5.7
Navicula sp. 18.8+3.0
Achnanthes sp. 23.26.1
Navicula sp. 15.5+1.8
Navicula sp. 13.6+1.3
Navicula sp. 15.1£0.8
Navicula sp. 21.4+49
Navicula sp. 10.1£1.6
Navicula sp. 275+14
Unid. Bacillariophyceae 22525
Nitzschia sp. 20.0+£3.1
Navicula sp. 17.2£2.4
Amphora sp. 21.3+2.3
Achnanthes sp. 22.0£3.9
Achnanthes sp. 23.2£6.1
Navicula sp. 15.1+2.4
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Table 33. Large benthic diatoms group group (Amphora and Amphora-like spp.)

Species Size ( ym)
Navicula cancellata 38.6+1.7
Phaeodactylum tricornutum 275+5.6
Nitzschia closterium 271.3+2.0
Nitzschia hybrida 29.4+£2.0
Navicula sp. 39.2+4.0
Navicula sp. 29.2£1.9
Navicula sp. 46.7+1.2
Achnanthes brevipes 25.7149
Amphora lineata 27.3£35
Amphora delicatissima 29.0+£3.5
Nitzschia sudpacifica 28.3t3.6
Navicula sp. 275+47
Navicula sp. 34.6+0.6
Amphiprora gigantea var. sulcata 32.5+4.8
Navicula sp. 29.1£6.8
Amphiprora gigantea var. sulcata 325+1.2
Lithodesmium undulatum 29.7£1.7
Unid. Bacillariophyceae 475%1.5
Navicula sp. 31.1+7.7
Navicula sp. 2715+14
Cylindrotheca closterium 33.6+4.0
Navicula sp. 33.4+2.3
Biddulphia sp. 25.4+3.8
Navicula sp. 31.7£6.6
Pleurosigma angulatum 475+5.6
Amphora sp. 29.315.8
Navicula sp. 29.0£3.0
Navicula sp. 38.9+3.8
Nitzschia sp. 36.0£7.7
Navicula sp. 278114
Navicula sp. 46.5+10.6
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Table 34. Super large benthic diatoms(Pleurosigma sp. and Pleurosigma-like spp.)

Species Size ( pm)
Cylindrotheca closterium 88.4%£4.3
Pleurosigma angulatum 60.2+10.7
Pleurosigma angulatum 58.5+54
Pleurosigma angulatum 63.3£8.7

Pleurosigma sp. 64.2+6.0
Navicula sp. 61.1£5.7
Cylindrotheca sp. 221478

2,000
1,600
1,200
1,000

(bp)

Fig. 2. PCR amplification of genomic DNA from small benthic diatoms group (Cocconeis

and Coconeis-like spp).

lane 1: morecular weight marker, lane 4: KMCC B-66, lane 5. KMCC B-67, lane 6: KMCC B-76, lane 7. KMCC
B-77 Jlane 9: KMCC B-116, lane 10: KMCC B-107, lane 12: KMCC B-123, lane 13: KMCC B-151, lane 14: KMCC
B-161, lane 15 KMCC B-201, lane 21: KMCC B-319
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2,000
1,600
1,200
1,000

(bp)

Fig. 2. continue.

lane 1: morecular weight marker, lane 6: KMCC B-415, lane 7: KMCC B-482, lane 10: KMCC B-527, lane 11: KMCC
B-534, lane 16: KMCC B-584, lane 18: KMCC B-587, lane 19: KMCC B-590, lane 20: KMCC B-591, lane 21: KMCC
B-597

Fig. 3. PCR amplification of genomic DNA from middle benthic diatoms group (Caloneis
schroederi and Caloneis-like spp.).

lane 1: morecular weight marker, lane 2: KMCC B-2, lane 3, KMCC B-38, lane 4 KMCC B-39, lane 6: KMCC B-82,
lane 7@ KMCC B-83, lane 9: KMCC B-105, lane 12: KMCC B-264, lane 14: KMCC B-347, lane 15 KMCC C-394, lane
16: KMCC C-516, lane 17 KMCC C-528; lane 18: morecular weight marker, lane 19: KMCC B-532, lane 20, KMCC
B-553, lane 21 KMCC B-581
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Fig. 3. continue.

lane 1: morecular weight marker, lane 2: KMCC B-268, lane 6 KMCC B-46, lane 8 KMCC B-245, lane 11: KMCC

B-292, lane 12: KMCC B-393,

2,000

Fig. 4. PCR amplification of genomic DNA from large benthic diatoms group (Amphora

delicatissima and Amphora-like spp.).

lane 1: morecular weight marker, lane 2: KMCC B-4, lane 3: KMCC B-13, lane 4: KMCC B-45, lane 11: KMCC

B-194, lane 12: KMCC B-200
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Fig. 4. continue.

lane 1: morecular weight marker, lane 4: KMCC B-293, lane 10: KMCC B-411, lane 19 KMCC B-586

2,000
1,600
1,200
1,000

(bp)

Fig. 5. PCR amplification of genomic DNA from super—large benthic diatoms group

(Pleurosigma and Pleurosigma-like spp.).

lane 1: morecular weight marker, lane2: KMCC B-84, lane 6: KMCC B-511, lane 8 KMCC B-522
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Table 37. F values among large benthic diatoms group (Amphora and Amphora-like spp.)

based on band sharing analysis

B-4 B-13 B-45 B-194 B-200 B-293 B-411 B-586

B-4 -

B-13 0.40 -

B-45 0.40 0.33 -

B-194 0.00 0.00 0.00 -
B-200 0.50 0.40 0.40 0.67 -
B-293 0.00 0.00 0.00 0.00 0.00 -
B-411 0.00 0.00 0.40 0.00 0.00 0.00 -
B-586 0.00 0.00 0.00 0.00 0.00 0.67 0.00 -

Table 38. F values among super—large benthic diatoms group (Pleurosigma and

Pleurosigma-like spp.) based on band sharing analysis

B-84 B-511 B-522
B-84 -
B-511 0.00 -
B-522 0.00 0.00 -
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1 3S Achnanthes sp.7t 150.3% =2 HA & WEMN AL, Amphora sp.i= Am. veneta var.
coffeaeformiss AL 15 o thE FTEF HuEAS W FIHoR =2 s YUEA
tH(P<0.05, Table 39). F-2&E A= Amphora sp.olA 97% %2 HI1#gS YHENHEA U8 TE5

I vlaste] fFeoldow =2 s YER AN (P<0.05), Achnanthes sp.i= 13.9%°] H-2H&&
YEl ™ Amphora sp.& AL T2 5 HUsES W FogHdez e e YEhd

tHP<0.05, Table 39). B Il A= Navicula sp.7} 1,826%2] AFES Ho|HA & A+
=% HustRs W fFoAHoeR 2 AHAES HILEP.05), FREAAE Navicula
cancellata?} 42.7%% YEFNWAA N. incerta, N. viridis, Navicula sp."'¢+ Navicula sp.”l ]
d FoHor e FhS B (P<0.05), Navicula sp.© HF2F&AE Hnd =& s o
EFiltH(Table 40). 15 C ol Ai= Cylindrotheca closterium®] 373EANA 2302% % 1+ W
of & F=o HEiA Fader w2 ge YERAAL(P<0.05), F&ENX = Rhaphoneis
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sp.7F 802% & FH 1 3kS Ho] Pleurosigma angulatumS A L3 thE TS0 vlar] 9% o
2 F2 3 UEHATHP<0.05, Table 41). H2FE d2=2 ¢ D 159 AdolA verd
A= Dunaliella tertiolecta?t 373 &AM+ Hiagks YEFNAARHGEI3.4%), F2ES 17%
2 HA S Yet il Tetraselmis hazennii, Chloromonas sp.9F B 1l3tR S W Fo % o= oF
< #& YEHATHP<0.05, Table 42). Hx27E Wdez & E 259 2d43, HFES
Phormidium luridum, Lynghia taylorii, Oscillatoria splendida, Trichodesmium erythraeum®)
A AFFNA FY93 e zpo]E Holx i (P<0.05), FAHEANAME Lynghia taylorii®t O.
splendida?t 7}7} 83.2%, 89.7% = 1wule] thE A3 ol Hls] Fodo= =2 Fs LER
A THP<0.05, Table 43).

B2 AEFS AHEH A IOFd A= Amphora sp.7F 483 mgl 2 I We trE Ad
TE3 Bluste] FolHow =2 FE UBEA M, Achnanthes sp.t 22 mgl® HA TS
el A fo)dom Uokth(P<0.05 Fig. 6). B 1% WM+ Navicula sp.7} 1,254 mgl =

FoHo R w2 HANES H(P<0.05), Navicula cancellata?} 152 mge] FH A 3to =2

|

L

o 2 Ukt (P<0.05, Fig. 7). C1&9l A= Cylindrotheca closterium©] 558 mgl & & ik
S HolwA 2F WY tE A7 HwEds o, FoFor o RIAPETs welon
(P<0.05), Y2 = Rhaphoneis sp., Nitzschia sp., Phaeodactylum tricornutum®] Z}+7Z¢ 311
ng, 315 mg, 334 mgo 2 £ FAYEFS UHUHATG(Fig. 8). 527E dEdez & D 1w
o] RAMELS AR Chloromonas sp.8t Tetraselmis hazennii?t ZYZ} 377 mg®} 186 mg
ow % HilAe %2 @S AU (Fig. 9. 9275 ez FAA=TFS Lot E
259 A=, Oscillatoria splendida?b 774 mgl2 15 W th& A9 vlustds o,
oA o 2 FE WEHHATHP<0.05, Fig. 10).

Table 39. Adhesive and growth rate of microalgae in group A (Amphora and Amphora-like

species).
Species Growth rate Adhesive rate

Achnanthes sp. 150.27 13.86 ©
Amphiprora gigantea var. sulcata 362.78 9 44.35 ¢
Amphora lineata 430.39 30.99
Amphora veneta var. coffeaeformis 592.89 4222 ¢
Amphora delicatissima'” 254.44 © 65.98 P
Amphora delicatissima 239.70 39.22
Amphora sp."” 49751 P 97.01 *
Amphora sp.” 64197 2 24.42 %
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Table 40. Adhesive and growth rate of microalgae in group B (Navicula and Navicula-like

species).
Species Growth rate Adhesive rate
Navicula cancellata 359.14 © 42.70 P
Navicula incerta 597.11 % 70.79 *
Navicula elegans 843.08 ° 56.91
Navicula viridis 606.08 ¢ 7097 *
Navicula annexa 487.04 % 63.49 *
Navicula sp." 838.08 " 7221 *
Navicula sp.” 1826.37 * 68.64 *

Table 41. Adhesive and growth rate of microalgae in group C (other diatoms).

Species Growth rate Adhesive rate
Trachyneis aspera 359.55 ¢ 40.38 ¢
Nitzschia dissipata 161.32 °© 66.92 ¢

Rhaphoneis sp. 389.33 ¢ R0.22 #
Cocconeis califonica 217.33 © 69.02 b
Caloneis schroederi 261.80 * 71.65 ™

Pleurosigma angulatum 256.69 % 76.89 @
Cylindrotheca closterium 2301.86 # 2434 f
Nitzschia sp. 1057.20 29.80 ¢
Phaeodactylum tricornutum 901.10 ¢ 36.92

Table 42. Adhesive and growth rate of microalgae in group D (Chlorophyceae).

Species Growth rate Adhesive rate
Tetraselmis hazennii 274.87 ° 68.69 ?
Chloromonas sp. 593.36 2 16.96 P
Dunaliella tertiolecta 432.27 * 8725 %
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Table 43. Adhesive and growth rate of microalgae in group E (Cyanophyceae).

Species Growth rate Adhesive rate
Phormidium luridum 137756 * 10.64
Lynghia taylorii 675.64 2 83.18 #
Oscillatoria splendida 862.64 * 89.67
Trichodesmium erythraeum 995.71 @ 573 P
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Species

1: Achnanthes sp.. 2: Amphiprora gigantea var. sulcata, 3. Amphora lineata, 4. Amphora

veneta var. coffeaeformis, 5. Amphora delicatissima, 6. Amphora delicatissima, 7:
Amphora sp., 8. Amphora sp.

Fig. 6 Total attached biomass of cultured microalgae in group A.

Different letters on the histogram were significantly different (p<0.05).
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1: Navicula cancellata, 2: Navicula incerta, 3: Navicula elegans, 4: Navicula viridis,
5 Navicula annexa, 6. Navicula sp.(l), 7. Navicula Sp.<2)

Fig. 7. Total attached biomass of cultured microalgae in group B.

Different letters on the histogram were significantly different (p<0.05).
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Species

1: Trachyneis aspera, 2. Nitzschia dissipata, 3: Rhaphoneis sp., 4. Cocconeis
califonica, 5. Caloneis schroederi, 6. Pleurosigma angulatum, 7. Cylindrotheca
closterium, 8. Nitzschia sp., 9: Phaeodactylum tricornutum

Fig. 8. Total attached biomass of cultured microalgae in group C.

Different letters on the histogram were significantly different (p<0.05).
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1: Tetraselmis hazennii, 2: Dunaliella tertiolecta, 3: Chloromonas sp.

Fig. 9. Total attached biomass of cultured microalgae in group D.

Different letters on the histogram were significantly different (p<0.05).
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Fig. 10. Total attached biomass of cultured microalgae in group E.

Different letters on the histogram were significantly different (p<0.05).
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S F2gtzd et T, japonicus® W2
45, 46, 47, 48, 499} 2t} Cocconeis and Cocconeis-like spp. LwolA = Cocconeis
californica®”} 214.330 2 7} =943, Amphora sp.fol A 45.670 = 7} vkl Caloneis and
Caloneiss-like spp. L&A= Navicula sp*7}V 255670 2 7+ =9kd Wb Navicula sp. 7}
20671 2 7} okt H Amphota and Amphoras-like spp. L9l A Phaeodactylum
tricornutum 228% 7}V =k, Nitzschia sp.ol A 9.671 = 713 wkt}. Pleurosigma and
Pleurosigma-like spp. ZLwolX+ Cylindrotheca sp.7} 1206702 74 =gd wbdA
Pleurosigma sp.7} 236772 7} skt 1 ] Other group (I)dl A& Nitzschia sp.7} 241
n 2 7b4 =93l Oscillatoria splendidal 4] 783372 714 vk}, Other group (I)ol A&
Nannochloris oculata’?} 606772 7} =W WA Scripsiella trochoidea’t 11.6701 % 713
okt

ool ZF W T japonicus®l F-3A4F ANE EdEste] HF A 12F9 vAz/E
Ho|Z st X @38 T japonicus® i nauplius #3852 A28 A3 Navicula sp’7}
200n] 7} w=gtow 1 tfSo®  Amphora sp. 288337, P. tricornutum® 251%], P.
tricornutum® 237.337) #=o192.w, C. californica®| Al 55.330] & 7} 2kt (Table 50).

b

Table 44. Number of nauplii hatched out from a gravid female of Tigriopus japonicus fed
on small benthic diatoms group (Cocconeis and Cocconeis-like species)

(unit: no. of nauplii)

Microalgae 1 2 3 Sum Mean+SD
Cocconeis californica® 196 221 226 643 214.33£16.07°
Navicula sp.” 214 155 257 626 208.67+51.21*"
Navicula sp.” 185 197 197 579 193.00+6.93"
Navicula sp.© 180 171 195 546 182.00+12.12%>
Navicula sp.* 162 189 137 488 162.67+26.01°"
Navicula sp.© 140 172 129 441 147.00+£22.34™
Amphora sp.” 177 50 185 412 137.33+75.74°%
Cocconeis californica’ 125 162 114 401 133.67+25.15°%
Navicula sp.! 84 135 167 386 128 67+41.86°
Nitzschia frusfrulum 191 87 103 381 127.00+56.00°%
Amphora sp. 111 83 107 301 100.33+15.14%"
Amphora delicatissima 94 1) 67 236 78.67+13.87%
Amphora veneta 41 63 44 148 49.33+11.93
Amphora sp. 32 72 33 137 4567+22.81"
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Table 45. Number of nauplii hatched out from a gravid female of Tigriopus japonicus fed
on middle benthic diatoms group (Caloneis and Caloneis-like species)

(unit: no. of nauplii)

Microalgae 1 2 3 Sum Mean+SD
Navicula sp. 249 254 264 767 255.67+7.64°
Navicula sp.” 234 90 36 360 120.00+102.35"
Navicula sp.© 93 81 54 228 76.00+19.97
Caloneis schroder 37 31 29 97 32.33+4.16"
Navicula sp.* 27 37 25 89 29.67+6.43"

Table 46. Number of nauplii hatched out from a gravid female of Tigriopus japonicus

fed on each microalgae in large group (Amphora and Amphora-like species)

Species 1 2 3 Sum Mean=SD
Phaeodactylum tricornutum 189 238 257 634 228.00+35.09"
Navicula cancellata 222 238 219 679 226.33+10.21°
Navicula sp. 193 228 199 620 206.67+18.72°
Cylindrotheca closterium 192 165 126 483 161.00+33.18"
Phaeodactylum tricornutum 117 113 94 324 108.00+12.29°

Nitzschia sp. 10 10 9 29 9.67+0.58°

Table 47. Number of nauplii hatched out from a gravid female of Tigriopus japonicus

fed on each microalgae in super large group (Pleurosigma and Pleurosigma-like

species)
Species 1 2 3 Sum Mean+=SD
Cylindrotheca sp. 138 106 118 362 120.67+16.17"
Cylindrotheca closterium 88 84 100 272 90.67+8.33"
Pleurosigma sp. 22 21 28 71 23.67+3.79°
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Table 48. Number of nauplii hatched out from a gravid female of Tigriopus japonicus fed

on each microalgae in other group- I

Microalgae 1 2 3 Sum Mean+SD
Nitzschia sp. 252 222 249 723 241.00+16.52"
Rhaphoneis sp. 242 206 223 671 223.67+18.01°
Amphora sp. 194 222 249 665 221.67+27.50"
Phaeodactylum tricornutum 270 194 154 618 206.00+58.92"
Tetraselmis suecica 169 222 225 616 205.33+31.50°"
Chloromonas sp. 183 170 99 452 150.67+45.21>
Cocconeis californica 157 110 171 438 146.00+31.95™¢
Platymonas subcordiformis 130 142 125 397 132.33+8.74
Navicula sp. 180 44 155 379 126.33+72.39™
Chlorella ellipsoidea 145 96 127 368 122.67+24.79™
Oscillatoria splendida 30 73 82 235 78.33+4.73%

Table 49. Number of nauplii hatched out from a gravid female of Tigriopus japonicus

fed on each microalgae in other group—1II

Microalgae 1 2 3 Sum Mean+SD
Nannochloris oculata 68 53 61 182 60.67+7.51°
Spirulina platensis 84 53 37 174 58.00+23.90™"
Gloeocystis gigas 68 22 33 173 57.67+31.79%
Dunariella tertiolecta 38 51 81 170 56.67+22.05"
Trichodesmium erythraeum 65 62 25 152 50.67+22.28%
Isochrysis galbana 50 57 37 144 48.00+10.15"
Pavlova lutheri 24 64 28 116 38.67+22.03"
Amphidinium sp. 38 25 34 97 32.33+6.66"
Prorocentrium minimum 19 45 32 96 32.00+13.00°"
Stidhococcus bacillaris 16 42 22 80 26.67+13.61™
Chattonella sp. 17 15 17 49 16.33+1.15
Scrippsiella trochoidea 12 13 10 35 11.67+1.53¢
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Table 50. Number of nauplii hatched out from a gravid female of Tigriopus japonicus fed

on each microalgal species selected from previous experiment

Species 1 2 3 Sum Mean+=SD

Navicula sp.” 320 291 286 897 299.00+18.36°
Amphora sp. 265 309 291 865 988.33+22.12°
Phaeodactylum tricornutum® 247 272 234 753 251.00+19.31
Phaeodactylum tricornutum® 252 229 231 712 237.33£12.74™
Nitzschia sp. 234 248 226 708 236.00£11.14™
Navicula cancellata 218 205 240 663 221.00£17.69™
Cocconeis californica’ 238 216 163 617 205.67+38.55°
Rhaponeis sp. 215 195 203 613 204.33+10.07°
Navicula sp.* 166 169 183 518 172.67+9.07
Tetraselmis suecica 134 126 174 434 144.67+25.72%
Navicula sp* 118 122 134 374 124.67+8.33°
Cocconeis californica 40 66 60 166 55.33+13.61"
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Table 52. Metamorphosis (%) of abalone larvae fed on different microalgae

(unit : %)

Days after fertilization

Microalgae

6.5 85
Control 77 ¢ 94 %
Rhaphoneis sp. 387 ° 574 °
Phaeodactylum tricornutum 4.8 6.9
Navicula sp. 88 « 12.8 ®
Nitzschia sp. 6.0 77
Amphora sp. 89 ¢ 138 ¢
Cylindrotheca closterium 05 ° 151
Tetraselmis hanzenii 148 ° 22.3 ¢
Chloromanas sp. 4,0 % 6.2
Oscillatoria splendida 168 " 29.1 "

Lo, H

A4S BW, Rhaphoneis sp.& & w3t A FolA H2 2144 807 m= 7MY =2 AFS

H 9 31(P<0.05, Table 55), Y74 % 25 m= 7Hg =k th(Table 56).
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Table 56. Daily growth increment in shell length of abalone larvae fed on different

microalgae
(unit @ m)
Microalgae Déﬂy growth Microalgae Da.1ﬂy growth
mcrement mcrement

Control 109 Amphora sp. 18.6
Rhaphoneis sp. 25.3 Cylindrotheca closterium 4.8
Phaeodactylum tricornutum 85 Tetraselmis subcordiformis 18.6
Navicula sp. 176 Chloromanas sp. 124
Nitzschia sp. 19.1 Oscillatoria splendida 18.3

Table 57. Dietary values of Haliotis discus hannai fed on different benthic diatoms

Final survival

Shell length Total weight

Meat weight

Microalgae (%) () (g) (g)
Caloneis schroder 37.14+4.04*  9.14+0.43™ 0.0806+0.0121* 0.0269+0.0049™
Navicula elegans 6.43+1.01"  860+0.62° 0.0671+0.0195° 0.0267+0.0088"

Navicula sp. 20.00£4.04"  9.18+0.48™  0.0805+0.0100" 0.0299:+0.0056"

Navicula sp. 31.43£10.10°  9.07+0.69™ 0.0769+0.0163" 0.0279+0.0068"

Navicula sp. 12.86£2.02"  8.98+0.83" 0.0777+0.0187* 0.0306+0.0114"

Amphora veneta var. 23574707 9.00£0.68" 0.0775£0.0155% 0.03170.0081
coffeaeformis

Nitzschia sp. 35.00+1.01°  8.74+0.71° 0.07200.0183™ 0.0273+0.0075™

Amphora sp. 27.14+4.04  9.22+0.40* 0.0877+0.0127*  0.0352+0.0043"
Cocconeis californica 2857+14.14"  9.33+0.26"  0.0877+0.0111* 0.0323+0.0043"

Cylindrotheca closterium 10.71£1.01°  8.76+0.66° 0.0732+0.0191°" 0.0287+0.0104"
Achnanthes sp. 17.86+5.05"  9.27+0.44* 0.0847+0.0107" 0.0344+0.0052°
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Table 58. Nutrition analysis of benthic diatom

(unit : %)
Proximate Fatt 1
a aci
Microalgae chemical composition v Total
o ] amino acid
Crude lipid Crude protein EPA  DHA
Caloneis schroder 11.21 16.75 6.351  0.228 29.190
Navicula elegans 8.43 21.87 8.282 - 29.449
Navicula sp. 2.51 24.16 - 1.400 5.640
Navicula sp. 6.52 19.08 9.223 0172 18.596
Navicula sp. 5.11 21.82 10991 0.451 22.692
Amphora veneta var. coffeaeformis 6.46 23.77 15738  0.115 22.587
Nitzschia sp. 36.68 31.21 10.328  0.260 36.748
Amphora sp. 7.61 31.02 4078 0.624 37.680
Cocconeis californica 2.49 25.72 15.775  0.446 33.082
Cylindrotheca closterium 592 21.65 0.010 0.212 28.364
Achnanthes sp. 2.06 24.20 12785  0.284 24573
Table 59. Nutrition analysis of abalone meat
Proximate
Microalgae chemical composition (%)
Crude lipid Crude protein
Caloneis schroder 3.83+0.33 53.0+0.33
Navicula elegans 14.4+0.29 -
Amphora veneta 472£0.15 -
Navicula sp. 16.9+£0.24 63.7+0.62
Navicula sp. 4.16+0.80 62.8+0.00
Nitzschia sp. 4.23£0.97 -
Amphora sp. 17.3£0.77 66.6£0.69
Cocconeis californica 10.4+0.43 66.3+0.63
Navicula sp. 14.1+£0.34 -
Cylindrotheca closterium 21.4+0.58 -
Achnanthes sp. 5.73£0.67 -

A& A F2E, AMgE, vHE, Ao A HF S8 Table 60, 61, 62, 63, 64

o 2ok fFAY BAEA 85 15243 C cdifornica®l X 473% % 71 =& W, C
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Table 60. Percentage of settlement of abalone larvae fed on different diatoms

Hours after fertilization

Microalgae
62 63 80 104 128 152
Caloneis schroder 12£2.9°  17.6456° 358+81" 69.8+105° 78.0+6.9° 23.8+10.6°
Nitzschia sp. 26.4+8.0" 42.0+105" 582+13.3" 95.3+55" 83.1£15.0° 24.0+18.6°
Amphora sp. 10.9+4.0b 30.0+45° 489+6.0" 80.2+7.1" 829+39" 31.1+14.2"

Cocconeis californica 12.042.9°  32.7+6.2* 56.7+115% 87.1+84% 93.8+4.8" 47.3+4.2%

Table 61. Survival (%) of abalone larvae from veliger stage to attachment before

metamorphosis, which were fed on different diatoms

Days after fertilization

Microalgae
3.5 4.5 55 6.5 75 85

Caloneis schroder 1.8£2.3 7.86.5 14.4+6.6 7611 78.7+11.3 85.3+8.7°
Nitzschia sp. 0.9+£0.9 47+£3.7 15.6+11.7 68.4+23.1 77.6+253 90.4+18.9"
Amphora sp. 2.7+£2.2 6+2.7 14.4£5.2 62.4+9.5 66.4t95  78.2+5.1%

Cocconeis californica 1.1+1.1 4+2.3 12.7£1.9 55.1+6.5 59.3+85  63.6+8.1"
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Table 62. Percentage of metamorphosis of abalone larvae fed on different diatoms

Days after fertilization

Microalgae
6.5 75 85
Caloneis schroder 39.1+10.9° 51.5+8.1™ 72.249.7
Nitzschia sp. 47.0420.5™ 59.3+27.1 81.25+41.8%
Amphora sp. 61.94+9.6" 81.2+3.3" 90.7+8.3°
Cocconeis californica 60.2+6.7 92.9+4.9" 98.5+2.0"

Table 63. Mean daily growth increment of abalone larvae fed on different diatoms

(unit:  gm, N=50)

Microalgae um/day
Caloneis schroder 16.9°
Nitzschia sp. 13.9”
Amphora sp. 21.0°
Cocconeis californica 25.4"

Table 64. survival (%) of abalone larvae fed on different diatoms

Days after fertilization

Microalgae
85 95 105 115 125 145 175 235

Caloneis schroder — 189+9.7° 182+10.9™ 12.0+6.3 9.3+74° 6.9+80° 27+6.0° 0.7+1.5" 0.0+0.0°
Nitzschia sp. 14.04176°  80+4.0° 53+4.0° 51+3.6° 33+3.8 1.1+25" 1.1+25° 0.0£0.0°
Amphora sp. 25.3+84° 22.2+6.7° 20.9+7.3" 16.4+105° 14.4+10.8" 64+57° 4.9+6.9° 4.9+6.9°

Cocconeis californica 42.9+11.3" 40.9+13.7" 40.7+13.7* 40.2+13.7" 38.9+15.5" 33.6+18.8" 29.8+20.8" 7.8+15.1°
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g, 325 m= FojHow A vehd v el A 131 m= P WA YErsth 2 9
A FRAA AES NAZE = ATl AAE2 oF 10~30 mAkolo] 43 AHEE

S XA (Table 69).

Table 69. Daily growth increment in shell length of Haliotis discus nannai larvae fed on

different microalgae for 16 days from veliger larvae

N | No. of abalone larvae Daily growth increment
icroaigac (inds.) (ym/day)
Cocconeis californica’ 25 33.7£1.8"
Rhaponeis sp. 25 32.5+1.3"
Cocconeis californica® 18 25.4+4.5"
Navicula sp.” 25 25.2+3.1™
Tetraselmis suecica 15 23.7+2.3"4
Navicula sp.* 13 23.241.4
Amphora sp. 25 23.2+5.0™¢
Navicula cancellata 19 22.9+5.8™
Nitzschia sp. 25 22.9+35"4
Phaeodactylum tricornutum”® 6 20.8+1.5™
Navicula sp.© 2 18.3+3.8°
Phaeodactylum tricornutum® 8 16.6+2.5%
non—fed 2 13.1+4.2%
A3 5

A FAES HubH o R C clifornica (large type)®t Raphoneis sp.olA ooz
=gt £ T 184X 7 wo] B2AES B C cdlifornica (large type)2t Raphoneis sp.oll A
76.9%, 75.4% % %<& FFEL Bl WA C californica (small type)t A& 5 353 2
AT oA = 364%, 33.7%= W& FFES Bt 18i Holg FuehA &S dERToAE
7 v 11.0%4] F-2E S B (Table 70).

A8 AEES B A ToA HEpRAZE Bol7] AlZgE A7 78 5 1604 1ke]
4 F 136413 HlBiA AEEC] Az AT 4 F
Raphoneis sp.8 AEE&L 747 67.7%, 695%=2 v2 Ao H8] =4 delya, C
shroederi’d @714 623%= vl =A Yebgth WA, C cadlifornica (small type)d &+
26.8%, Nz 7.0%= SA YEFSTHTable 71).

Ao HElg 9A =AH T 10494, C californica(large type)oll A 49.5%, Raphoneis sp.
o A 455% % TS HolE FF3sk Ad o) vl =A Ve, C californica (small type)S
T AITAAE 161%%2 SA UeEth 45S 3 AT G 284%= vjaE gk

flo

o

18421 3Y C. californica (large type)<}t
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HE &S B tH(Table 72).

Aol HE o]F o MESES AHHWA C alifornica (large type)ol A 69.0% % & L3k
BolW  Raphoneis sp.olA 61.0%, C. shroederiol A 58.0%, 4& &3 55.6% % H| 1L Z =7
el 2o ¥al, C californica (small type) 2 &+ 36.1%% %, 275 14.0% = HE| o]
5ol AEEo] v AxsAHTable 73).

T HAAVIN T A AFES d9E Ay FEHES A=, W

=
o
-3
>,
i
rlo
)
rlo

'bi

B A9 C schroederiol Xl 7} <£9k3l, Raphoneis sp.olA] 9A] Hlu4 =2 AFAES HAT
(Fig 12). 549 A7+ AAE AA C californica (large type)ol A 33.7 m/day, Raphoneis
sp.ollAl 325 m/day®R =S AHES HolWA, & AFEF9 FoFHQl FHolE HIA
(P<0.05). ®H4, C californica (small type)®} 4% 37+ 229 m/day, 21.8 m/day= 2
AEES B, dx27 e 134 m/day= 7 A3k eH(Table 74).

oj¢} o] o] ¥ HAF AE FAI AW HIAAE FFHeE B w AEFAAIL A
glo] 7iHolAER H3siva Ay = HF 652 HolWER C alifornica (large, smal
1), Rhaponeis sp., Navicula sp., C. scheroideri, T. suecicaS® A3t} ol £H9o Ex3}
AW AHEPA +DHA)S C. californica (large)oll A o}n| =28 C. schroderol X 744 =7 e
W tH(Table 75).

&S dolrdrt FdE FAe FAELS veliger FA7IAA A8

AlZbgE 30 6AgEo] A ZRE = FA7| el gk wkgo] vEhbA FREES A &gl

| F-2Eo] Folx o} 48A17ko] Ay HA3] FAast

7] Alzsto] 96AIZMAZE HWH TS Aeld A AP FelA 5% mivte AEES EAY

(Table 76).

A5 FAe WEle A ATl AP AR F 4do] A w7t A = o] Fo A A 49

o 6Y o]Fo= ETF9 T japonicus 107 &3t A FoAult o] FojX 3 vy A3
TolM= 64 ol el HA/MAZE Abgete] BEES 7 57 IATH(Fig. 13).
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Table 74. Mean daily growth increment of Haliotis discus hannai larvae fed on different

diatoms
(unit @ gm, N=25)

Micoralgae (m/day
non-fed 13.4+3.8
Caloneis schroederi 29.0+1.8"
Rhaphoneis sp. 32.5+1.3%
Cocconeis californica (large type) 33.7+1.8"
Cocconeis californica (small type) 22.9+1.4°
mixed microalgae 21.8+1.6°

Table 75. Nutritional analysis of benthic diatom

Fatty acid (%) Total

Microalgae amino acid
EPA DHA (%)
Caloneis schroder 6.4 0.2 29.2
Cocconeis californica(large) 22.8 1.9 20.1
Cocconeis californica(small) 8.0 - 154
Navicula sp. 7.1 1.7 20.9
Rhaponeis sp 125 0.8 15.9
Tetraselmis suecica 3.9 0.1 14.8

Table 76. Percentage of settlement of abalone larvae with different densities of Tigriopus

japonicus
No. of T. Hours from veliger stage
Japonicus/petridish 6 12 24 A8 79 9%
0 141+4.9" 189462 342469  466+11.4°  375+9.3" 289+12.9"
10 10.8+35" 13.3+102” 365£13.1%"°  322+29"  10.0+12.8" 4.2+2.3"
20 154+39" 1844031  2264.3"  286+44™  18+1.8  06+1.0°
50 83+1.8"  17.3+7.6" 288+104"  14.1+98" 3332 -
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Fig. 13. Percentage of larval metamorphosis of Haliotis discus nannai on

different densities of 7igriopus japonicus.
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tH(Table 77).
Aol AFS AuEd 494 thERTolA 3328 m7tA AFstHEA ttE BRE A
oA o7 =o AAS el At (Table 78). T3 12 A3t A A FoA A

%
7 A9 97 ARE dRTAA 24 mT e e dedoy te A9
L oA A7 GATHP<005). ol el Anz AB{Ae AN T japonicus’t & @
F9 A4, AT thast Fuglol ANFAY RHAA AW GIFS 2T F Yrkw

Ik tH(Table 78).

Table 77. Early survival (%) of abalone larvae with different densities of Tigriopus

japonicus before veliger stage

No. of T. Ellapsed times (hr)
Jjaponicus/petri
dish 6 12 24 48 72 9%
0 99.6+0.6°  99.6+0.6°  96.0+5.2° 88.5+4.7 74.0+2.6"  50.4+10.3"
10 099.3+1.3% 95.5+2.0% 87.5+9.0% 62.8+1.8 19.0+19.3 8.4+6.8
20 100.0£0.0*  97.4+2.6"  923+1.9*  59.7+5.0™ 9.2+1.6" 3.9+1.9"
50 100.0£0.0°  97.3+2.7*  79.9+16.6"  402+17.7°  10.4+95°  0.0%0.0°
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Table 78. Shell length and daily growth increment of Haliotis discus nannai larvae with

different densities of Tigriopus japonicus from veliger stage during four days experiment

No. of T. Shell length Daily growth increment
) ) o No. of abalone larvae
Japonicus/petridish (zm) (£m)
0 18 332.8+12.8 22.4+3.22
10 8 273.1+19.6 7.5+4.9°
20 6 275.249.1° 8.04+2.3"
50 20 266.6%3.1° 5.94+0.8"

(1) =9 98, 5o e L7z 43¢ 23
231
2 tx2E e R 5% FAr xR 2R mE AEe AR 23 (Fig. 14) 23Tl A

= Raphoneis sp., Caloneis schroederi, Navicula sp.ol* £& %S HQl wbw 27T A=
C. californica (large type), C. californica (small type), C. schroederio|* =& AIE H AT}

Aol wmE FAR oz AFE diFE A4 T Y X wet Z9-HAth
Raphoneis sp.i= 23CY W= A 30% A A&l FEstar, 26ColH di 24% A 4%
o] Yzt F YT ol AS ta v ARoA Aol Edth C alifornica
(large type)®} C californica (small type):= @i-ol w2 Ao xol7} FElsl#] & drH(Fig.
15). webA 23T olske] 16, 18, 20, 22°Cell A Aol A3hek 3F2] sFf/ek 23T o] <] 24,
26, 28C ol A aLo A3t 359 F2F/FE 30%NA ohA] wikst A3= Fig. 16, 1739 2t}
C. schroederix= 26, 23ColA AFo] dzgom HoAHe o)z ATt C  californica
(large type)©= 26C7HA] Wl 257t =555 Aol F33FAT 26TCo| o s Aol
F243] 7FAastdek. 1o wkel Raphoneis sp.t 23C7HA] vl w7t H=&42 A Ao] 95 d)
AQar, 1 o]Ae] oAM= Aol HESAY. C californica (small type)s 2 == 23
Tol wE Ao Aozt FElebA] &okar, flo] 3Fol Mla Aol duiFow EEFEiiTh
w2t C schroederi, C. californica (large type)= Aoz oA o] L5 el

Raphoneis sp.i= 23Col g0l = HA33E Aoz L=
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Fig. 14. Specific growth rate (SGR) of benthic diatom with different temperatures.

- 106 -



24%

100 r

26 %o

100

28%o

060

SGR

040

020

000

30%

120 1
1.00
080
060

SGR

0.40

020

0.00

D Caloneis schroederi |:| Raphoneis sp. |:| Cocconeis californica (largae type) |:| Navicula sp. |:| Cocconeis californica (small type)

Fig. 15. Specific growth rate (SGR) of benthic diatom with different salinities.
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Fig. 16. Specific growth rate (SGR) of benthic diatom in low temperatures ranging
from 16C to 22C at 30%.
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Fig. 17. Specific growth rate (SGR) of benthic diatom in high temperatures
ranging from 24°C to 28°C at 30%.

AE 2

A 1A 7P 324 C oschroders W3 o R @iy ko] wE IS A ARG
A= Table 7938 2t} C. schroder®] & wE A2, 19TCAA 28% A 714 =2 A
FE HAa, 22Tl A= 24, 26% A4 =2 A4S Bk 25TCAA = 24, 26%NA =& A
e Bt aga =R 30, 2% w2 s Bt X0 W& C schroder]
A 24% o= 22TolA =& S, 26% N e 25TollA =2 A4S, 28% A+ 25T
o A/l =& S BAT 30% AL 32% A= viRZtA = 25T A C schroder?} =&
A4S BYTh
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18, 269 &% =7l =5 1,000, 3,000, 5,000 % 7,000 luxz T3t FAb
(Fig. 18)3F & tA] %5 500004 3,000 lux7A] 673+ 2 A3k $(Fig. 19) %ol u}
E s ARt 4% 2% 1,000 luxolA 7H =2 A4ES BEATh HlaE] A 2ol A
5.3k Raphoneis sp.2] 7% 18T+ 1,000 luxolA Aol 7F4 =9ka, 227}
ool wal Ago] @utatAl Al o, 26T a2oAE 2,500, 3,000 luxZEohy
ute} A o]l F243] 7FASHA T Hlad oM A Ao] =L O californica (large type)
%

AN
$ 18Tl += 22 & A9 AolE Holx| &kar, 26 ColA = 2,500, 3,000 lux

Low temperature (18T)

070 \l:noomux E13000lux 0015000lux E 7000lux
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o 030 a

- c
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010 r c
C
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Caloneis schroederi Rhaphoneis sp. C. californica(large type) C. californica(small type)
benthic diatom
High temperature(26<T)
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D o040 ° ab

b b
020
000 : : :
Caloneis schroederi Rhaphoneis sp. C. californica (large type) C. californica (small type)

benthic diatom

Fig. 18. Specific growth rate (SGR) with different illumination intensities ranging from 1000

lux to 7000lux, of benthic diatom in low and high temperature at 30%o.
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Fig. 19. Specific growth rate (SGR)of benthic diatom with different illumination intensities

ranging from 500 lux to 3000 lux in low and high temperature at 30%.

L & gtz A V|-l mE F3E AR

Caloneis schroederi®] 7143 FZ&2 wjE 713 594 netoll Al 34.7%= 7+ =& F=
ES HAa, 1094 352%, 1594 29.3%= thh "Wojx 7] stAAY, & g o H]s)A]
Aoz =& BRES Bt brushv w1 1594, 305% = nete} Zo] =2 F &S
Bt o] whal, plastic sheet, plastic meshi= Wl 15€ 7] 17.4%, 16.1% = ¥l 5, 109 A
o 71¢] WstE Holx oW e HAES HATHTable 80).

Raphoneis sp.o] 7|2 H 25 AA] 6 584, 304% =2 b2 A g Fo] Hluste] 713
=2 FAES 293, 1084 94 331%=2 =2 FFES 2l 1813 brushe] 45, i
4 54 A = plastic sheet®} plastic meshe} o] v H2aAES Holtprl g 108 A= 26.4%

2 HuF =& BRES Byrl 1o vba] plastic mesh$t plastic sheet® w7 7+ <F K2}
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E W37t A9 Holx] gkt (Table 81). HAA| WA BAEL C schroederi®t Raphoneis
sp.olAl BT 7AW B2E HA 2 ZolE HolX] ATt net®} brusholl A tE A

To vlEl A =2 FEFES HAt(Table 82, 83).

Table 80. Adhesion (%) of Caloneis schroederi with different prostrates

Culture days Net Brush Plastic sheet Plastic mesh
5 34.7+2.9° 24.7+6.9 18.6+1.4" 15.3+2.2°
10 35.243.8" 30.4+4.0° 19.4+2.4° 19.4+35"
15 29.346.1° 30.5+1.7° 174+1.9 16.1+2.2"

Table 81. Adhesion (%) of Raphoneis sp. with different prostrate

Culture days Net Brush Plastic sheet Plastic mesh
5 30.4+5.0° 19.0+3.4° 16.7£2.2" 16.9+3.2"
10 33.1%5.3" 26.4+4.7° 18.7+2.1° 17.8+0.4°
15 255427 26.7+3.2° 17.2+1.8" 17.1+1.7°

Table 82. Total adhesion (%) of Caloneis schroederi with different prostrates at total

area.
Culture days Net Brush Plastic sheet Plastic mesh
5 90.6+4.0" 86.1+7.9° 88.1+3.2" 87.8+1.2°
10 93.5+0.7° 91.9+2.1%" 90.0+2.8% 83.3+3.7"
15 90.9+0.5 92.3+0.5° 89.4+0.8° 87.1+1.1¢
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Table 83. Total adhesion (%) of Raphoneis sp. with different prostrates at total area

Culture days Net Brush Plastic sheet Plastic mesh
5 87.8+0.2° 88.7+5.0° 84.6+7.4% 85.0+£4.9%
10 92.1£2.0° 89.4+1.5° 85.1+6.1° 87.3£2.5°
15 89.6+0.5" 90.1+0.7° 87.0+2.9™ 86.4+1.4°

oh 23 s)de) wAe] nhE RA fxe RAE 24

22 717l WA wpE BRAES FAS AY Caloneis schroederiol <] netE 571 4

flo

A7) 43.46% = netE 770, 107] ¥ AP ERY FolHor =& FFES HArh E3

netE 771 2& Ad o HAFo| 3909%E netE 107 9 AT 3594%9 HU} =&
B2AES HAY. Raphoneis sp.llA % vl 7MAE netE 5/E ¥ 277 5727% = tHE
Aol HlE ¥ FFES R tH(Table 84).

FTHA WA KRS A A3 9A] C schroederi®t Raphoneis sp.olA 2% netZ

57 B2 AdFolA 2 FHES B, netE T ¥ HAIATUF 100E ©& AP

F

Hla| A fFejdor w2 FHES EAtHTable 85).

Table 84. Adhesion (%) of benthic diatom with different net densities

No. of net Caloneis schroederi Raphoneis sp.
5 43.46+3.04% 57.27+0.24°
7 39.09+4.25" 49.83+2.13"
10 35.94+1.69" 39.12+0.28°

Table 85. Adhesion (%) of benthic diatom with different total areas

No. of net Caloneis schroederi Raphoneis sp.
80.13+2.96* 84.83+2.76%
70.96+3.71%" 72.03+2.34

10 62.20+3.32" 62.80+1.34°
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AVeE A A A ZolzF vA] @kskth 10T E HAE A8 Cocconeis californica
of Mi¥ 5¥4A 7HA= 50%01%E FASHA A skdar, wE 7I1gkel AuUWA Caloneis
schroederi= W]&°] ¥ 5UA|, vl 50U A, 26.2%, 48.8% % F7FsFHA 1 H|&o] EolA
t}. 28U, Rhaphoneis sp., ¢ C. californicas =1 H]&9o] vjF7|7F 5 10%°]3tE A &40 =2

X
=

A& FAY F2AA3 87 Tigriopus japonicus®] Hola&o] =Skd F2 47
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lo
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rlo
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&
ot
ofN
t

A BPHEA v A v v &S AR, HE vEE AR Utk 15 20CHA] 10Tl A
o} FAFEE AFS e, 25T E C schroederi® Bl&o] v 3U A 309%= =}
AstHEA o2 2% FIF dEg w24 $¥s¥a, 2 e g8 2% Y FASEA

Ad 2
A& Ao Holg g AYPS EUE aRHo|dd FA f22F, 5327 155 e
2O AR W Ho] AP Ad Ay 2% 10, 15, 20, 25T A R5F Tetraselmis suecica’}

o

w2 A 8393, C schroederi= W&9 W3S Ao Holx omA wg vt A%
Rhaphoneis sp.®| 75+ 1 Hl&o] viF7|3e] whe} AR vtolAl= As o
Zrsk = QI tH(Fig. 21). &, 2% 10CoA T, suecica?t Wi 194, 14.4%2] H] gl A vjk
294 479%<C 2 2u) o|Ate] H|&E Z7letgar, wiek 3UA, 74.2%, vk 69 A 81.8%, Wi
1070l = 92.0%= ¢ =& HE&S AAsAT 2Hy 9 A7 1A wieF 7]t whet
MG ARG T suecicas TFSFsHA WA A9
UAATH = 2= 10TCoA g 194, 49%E #A|s
an, wek 5d A, vk 1094, 22 81%, 1.6%E AAstHA 1 vl &o] AA F7IEHAE E3)
I "olxE AL B = At Rhaphoneis sp.8] A-$¢E &% F7F 10T A wjek 22

334%= HaA =L HES AASHIE vl 59, v 1094 18.3%, 6.4% = kst Al FHA
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Fig. 20. Variation of the settlement (%) of four-mixed microalgae species with different

temperatures.
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. COy &5 oo wa 23 1z
Aol FAI F2d 779 Tigriopus japonicus® 374l E&A oW F24 wAlx
F 3T "de® st COp o ¥ Ao met A 2olE AR AF) ufd 224

COE &Fa3% 23 35 2F A4 Aol7t FelstA JeElUA = & Ut Caloneis schroederi®]
S

o Az

s

g A3 6Y FoF COE T3 A9 F38A &S A oA Ao FoHQd Aol
S Ho|A &Sk, Rhaphoneis sp.8l A5 Al C schroederi®t rA+st AyE HATH HEAE

A= WY 5AAA COyaa ool wel Adatels HolA &
7F 8wl 644, FF Aol A chlorophyll-a2l $t#o] F3F Ag o] Hls] FoHo=z =
& AdE YEhAtH(Table 86).

w3t wEl pHel ¥sle COda i F3w AdFolAs
olal FH F FAHT pH > 6~7AF0l9] S YER A TH(Table 87).

Tetraselmis suecica®

87~9.32] HIE H

Table 86. Growth (chlorophyll-a) of the microalgae with or without CO. supply for twenty
two hours per day

(unit: mg/m’)

Caloneis schroederi Rhaphoneis sp. Tetraselmis suecica

Culture
day

Supply Non-supply Supply Non-supply Supply Non-supply
0 98.9+2.5° 98.9+2.5" 15.8+2.1° 15.8+1.4" 20.8+1.5" 20.8+0.8"
1 100.8+12.5"  102.7+2.9" 18.2+9.6" 16.3+2.4 49.9+3.5 40.8+2.5"
2 231.74#25.4"  231.7+12.3" 37.7+20.6" 33.2+3.6" 49.8+4.5 48.2+1.6
3 329.7+5.9"  296.3+35.6" 64.75.6° 41.9+8.6° 63.2+11.2°  58.0£3.4"
4 336.0+21.4" 333.0+22.6" 65.1+4.6"  74.9+142%  187.7+186" 141.5+7.2°
5 320.3£20.5" 311.7+14.3" 83.3+10.3"  85.7+10.2° 250.0+15.4"  162.9+13.6"
6 312.7£156% 313.7+186"  132.7+256" 126.7+24.6"  305.0+205" 136.3:22.5"
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Table 87. Variation of pH during the culture period of the microalgae with or without CO»

supply
Caloneis schroederi Rhaphoneis sp. Tetraselmis suecica
Q;l:;re Supply Non Supply Non Supply Non
Before  After SUPPIY  Before  After SUPPIY  Before = After  SUpply
0 8.78 8.85 8.77 8.73 9.16 - 9.12
1 8.89 6.24 8.90 8.92 6.07 8.77 9.08 6.93 8.93
2 8.91 6.36 8.87 8.73 6.12 8.88 8.62 6.48 9.03
3 9.21 6.18 8.95 8.87 6.19 9.04 8.85 6.59 8.92
4 9.36 6.21 8.89 8.98 6.21 8.96 8.82 6.49 9.16
5 9.34 6.59 8.92 9.06 7.05 9.05 8.97 6.54 9.08
6 9.13 6.32 9.05 8.95 6.54 8.99 9.03 6.58 9.12

2 tERE e st fste] 98 BRE ol&d AAA wiAE AEetr] fldt
sHE vRe A4 & S AES HIbste] viYsidd /2 MiAE = star 7R
A= a4 1Ll TP-E W E[E3H 5(0.0417g), L2498 F(0.0344g)19F NaNO; (200 mg),
CuSO;s (0.0588 mg)E F7bste] Azt 1 o]9lo] wiAl= 7] ZujAdd Mz bvE 149
g "7t AN EE NagSiOs (50mg), 7FAFEHI R (200 mg)E #H7FskAY & oyster
powder extract 50 mLE 7] 2w #] 950 mLol| X 7}ste] Al x3} 3

U7 vk F 9] chlorophyll-a®l #k2 Table 883 7t} thx2] f/28]X| A A4S 714+
votom AU R oyster powder extract® FFe AAF7t MY =& AHS HAY 1
2 NaSiOsE #7bek Ad 7= 1AHd HsE 3A7Fs ddFRves fFodos =gou
oyster powder extractE #7Fst A FHTOE Foldo=z v 3hS BTt

o] A AdE EURE EuA M2 0E tads UE sE2 FUEee] 1443t H
&t A3t Table 899k 2t v 24 A 7A= 2 s Aol W& F31g 47 ztol& vER
A ekgront wik 7LAE-H 7] Eu] %] (950 mL)+oyster powder extract (50 mL)<} 7] E-uj A
(900 mL)+oyster powder extract (100m¢/900m¢)2] A| A&+l A v A =2 chlorophyll-a2]
Stk vebQdTh viek 1494 oyster powder extractE A 7FgE AE oA thA e A

A marh

N
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Table 88. Growth of Caloneis schroederi cultured with /2 media and fertilizer media added

with different silicate elements

(unit: mg/m’)

Culture Media

days 1 2 3 4
0 22757 227571 227571 227571
1 293.03 304.507 302.927 323.890
2 481.50 448.495 615.938 541.377
3 532.38 527.558 581.375 646.863
4 573.37 575.142 593.808 690.370
5 576.49 821.515 613.028 622.188
6 598.44 850.447 632.628 662.195
7 548.31 806.732 966.045 673.067
8 470.83 740.513 875.550 575.562

SGR 0.1311¢ 0.2128° 0.2430° 0.1673°

1: £/2 media, 2: Fertilizer (950 mL)+Na:SiO;3 (50mg), 3: Fertilizer (950 mL)+Oyster powder extract (50 mL), 4: Fertilizer+Silicate

fertilizer (200 mg),
# Fertilizer : compound, 0.1176 mg/L +urea, 0.1637 mg/L+NaNOs, 200 mg/L+CuSOq, 0.0588 mg/L

Table 89. Growth of Caloneis schroederi cultured with different fertilizer media and

concentration of silicate

(unit: mg/m’)

Culture Media

days 1 2 3 4 5 6
0 125.46 125.46 125.46 125.46 125.46 125.46
1 216.46 219.37 225.79 245.21 259.20 246.01
2 387.02 416.34 413.89 44452 455.25 419.09
3 451.74 418.90 412.10 459.72 510.59 451.09
4 641.53 711.09 689.33 619.77 673.98 630.07
5 1149.16 952.56 1013.79 1128.63 119757 801.85
6 1465.69 1154.52 1376.97 1396.39 1381.04 867.55
7 1731.57 1283.69 1433.13 1487.10 1380.48 761.08
8 1527.30 1138.53 1120.29 1384.13 1192.00 596.37
9 1779.54 1210.45 1711.50 1693.25 1170.30 836.95
10 1838.74 1246.43 1698.09 1712.67 1194.15 784.45
11 1872.78 1438.40 1804.83 1509.37 1419.56 914.89
12 1877.30 1531.46 1803.08 1625.52 1585.05 925.95
13 1851.23 1383.67 1725.63 1845.53 1358.21 853.34
14 1817.88 1346.19 1836.77 1838.54 1296.21 802.45

SGR 0.2755 * 0.2445° 0.2766 * 0.2767 * 0.2406 ° 0.1912 ©

1: Fertilizer (compound, 0.1176 mg/L-+urea, 0.1637 mg/L+NaNOs, 200 mg/L+CuSO,, 0.0588 mg/L).
2: 1+NazSiOs (50 mg), 3: 1(950 mL)+oyster powder extract (50 mL/950 mL), 4: 1(900 mL)+oyster powder extract (100 mL).
5t 1+Silicate fertilizer (200 mg), 6: 1+silicate fertilizer (400 mg).
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Ab. w A o] FRAE 9 8 V)

Caloneis schroederi®] ¥-#714¥ BALE 2BAHFIA 28 o] 5266x10" cells/
mLE 7P B, 57 20.34x10" cells/ mLE 7Fg Hglth a2 FolA = Husg
°] 60.24x10" cells/ mL& #4120} @okrh F AE5o] glojd 184t nagdg T 1
So1AH9l 2= ¢l Raphoneis sp.ol A= 1B F oA T1ER 2Ho] 48.28%10" cells/ mLZ

b wgrom wmRZo] 879x10" cells/ mLE 7HE Atk v IZEAITE W Lo

-

28.84x10" cells/ mLE F4HTH E91 F AXSFE 22T vIEAETHT Fo5 o
2 Woth WA Tetraselmis suecicad| A= 1B oA B87F 73.0%10" cells/ mLE 7}
Wora, WHEae 10.04x10" cells/ mLZ 71g Atk wek w|aBAFE da] 2§
109.3x10" cells/ mLo. 2 wW@RAn goron FAZF glojA F249 2= 1t o
w 2EAY e 7 Bkl C schroederi®t  Raphoneis sp.o] 1EH2ES 7+
45.79%, 68.20%% WEbGEa, W ILEAG o)A 8w RAEe 77} 53.78%, 58.37%® e
th. T suecical A= TEARTS Hasddd oA 7P wdkd BR7F A7 72750
88.89% A tH(Table 90).

g asddast nagdd Tl FRE Aestal aed e F2E 3% F 5

N

_

AU

X

O,

2 gl BAES Alusird, A oA F O FERs 3 BFEo] G schroederi
87.54x10" cells/ mL, 82.13%, Raphoneis sp. 57.07x10" cells/ mL, 81.46%, T. suecica
27.25x10" cells/ mL, 27.18% % el H|ZEAAFAME C schroederi 60.24x10" cells/
ml., 53.78%, Raphoneis sp. 28.84x10" cells/ ml, 58.37%, T. suecica 13.63x10" cells/ mL,
1111% = Yev 255 9 AF oA 3T ZF F9H 22 =74 Ve tH(Table 91).

7. MAEFe w5 R A AT

A B s B i s

SHEE #ZEA Gga FA 20 molAE 1247 TREE Fo] #HEZA Loyt whA
Tetraselmis suecica®l A+ %2, 10 cm, 20 cm B5F 37392 93 2 THE 247 7H5¢h

Fol BEEA o AZto]l A s AdEE EAHTable 92).



rot

o]@Al el UM F APl 5 MARFE 427 53

T 38982 Table
92¢} &l AAo] & Aoyt C schroederi, Raphoneis sp.&= & ¥l 175 L = Z+7F 500
mLA 383 v T suecicas= Fo] EZ5E dolgle] 29 L 8383t} C. schroederi:=

95.3%, Raphoneis sp.© 99.0%7} &% WA T. suecica= 65.1% %% I tH(Table 93).

Table 92. Sinking density of microalgae according to water depth and hour after

non-aeration

(x10" cells/ mL)

Depth  Hours after

(em)  non-aeration Caloneis schroederi Rhaphoneis sp. Tetraselmis suecica
0 18.3+7.6 0.0£0.0 159.0+63.2
3 5.0£8.7 0.0£0.0 123.7+53.6
6 2.312.1 0.0+0.0 107.3+39.5
’ 9 1.7+2.1 0.0+0.0 89.7£19.8
12 1.0+1.7 0.0+0.0 60.3+22.8
24 0.0£0.0 0.0+0.0 45.7+14.0
0 48.3+15.3 7.3£75 185.7+16.8
3 17.3+21.2 1.3+1.5 172.3+20.3
6 10.7£9.7 0.3+0.6 143.7+21.0
1 9 4.0+3.5 0.0£0.0 106.7+7.6
12 1.7+1.5 0.0+0.0 72.3+24.4
24 0.3+0.6 0.0+0.0 62.0£21.0
0 60.3£13.7 8.3£7.6 279.7£57.7
3 21.3+28.4 2.3+2.1 264.0+£61.0
6 22.3120.4 0.7£1.2 226.7+69.2
20 9 21.7£10.6 0.3+0.6 212.3+81.2
12 3.7£2.5 0.0+£0.0 151.3+30.7
24 2.310.6 0.0+£0.0 103.7+24.9
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Table 93. Harvesting data of cultured microalgae at twenty four hours after non-aeration

(x10" cells/ mL)

) Harvested ) ) ) Harvesting
Species . Filtered biomass Total biomass
biomass (%)
Caloneis schroederi 1,966.0£256.0 96.3£80.3 2,062.3+236.9 95.3£4.1
Rhaphoneis sp. 1,442.5+£393.1 17.0+17.0 1,459.5£410.1 99.0+£0.9
Tetraselmis suecica 2,154.7+213.1 1,163.1£194.4 3,317.8+397.9 65.1£1.9

uos=5E mAzFe ATe e
WAl 3Fe] AFEE, &%, glycerol H7F 5ol wek 2, 4, 8, 125 A F AA

o] 15z Wi + A4S chlorohyll-a SF&Fo2 A A3ts Ay R g}

O
ON
ofN
rol

(1) Caloneis schroederi
LU= A%

glycerol H7FollA= 4TolA 253 AFsdd AF57F 1955 mg/m= 7HE 2 &

HAom -20C9 -80TCAA Z+2t 12, 85 AFeAY A7 5 06 my/m A e
Bl 7 SESkTE Glycerol M 7FAl A = 4Tl A 2573 AFstad 2847 159 F 199.7
mg/m o2 =2 ks HQl W -80TAAA 8%, 125 AAFsdd AAF7F BF 0.8 mg/m' =
A yEbyttr g 257 ARSI AE Aol AdE 80T AlA glycerol H7FR.th B}
T Aol AR =A vewtew ymA 2RoM= Fol el At fllar AT
o] 47 Y AT E 2% FE Fo Al AVF HolA gokth AF7IZE 85, 125l A
0C R glycerol H7FHtt B H 79 Aol =4 Yetwoy YA roA = {94
Ql A7 HolA ekkth(Table 94, p<0.05).

<

|

=

R s

Glycerol H7} ol A= 4T, glycerol M H7FFol = 0CAA 2577 AFAdFIHA 2
Z}7F 106.2 mg/m’, 1477 mg/m' 2 =2 FhS Kl WA glycerol H7beF HHIFF EF -8
0CaA 125 AFs A7 22 0.0 mg/m’, 0.3 mg/m'= A ekt 38 257 A 43
Ao = 4, 0, 80Tl A 25 glycerol H7FFHEt} B H7FTe] AFEo] Foldoz =7

etttk 45, 85, 125 A F 1693 wl¥d A elMe= 22 80, 0, 4TolA glycerol

Y
N
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Abrach vEsbTe] AgEe feHoRr wA vehton Yo LRy s o]}
A A (Table 95, p<0.05).

(2) Raphoneis sp.
aH L A%

[e]
A A

Glycerol H7Fel A= 4T, glycerol M E7F-ollM = 0TColA 253 AFstad
3k 5 159 wjFst Ad U 247 542 mg/m’, 711 mg/m e E & kS ®ol ¥ glycerol ¥
b, Bl E 7 25 20T 9 -80TCAlA 125:3F Agsk A3 57} chlorophyll-a2] 3F&Fo] e}
A grol 7 vkt sk 277 AFStd W™ Ad ol A= 0, -80T7F  glycerol FH7F X}
H 7 o] gl oo A4 vetwt o AA7|ite] 4599 Ad oAM= 0, -20TC,
A7 8F AE = 4, 0, -20C, AF717 125 A F+= 4ColA] glycerol H7FFHT} H]
A7l gl frodoR =/ e THTable 96, p<0.05).

o\

i

AN E A%

Glycerol # 7kl A 4T, glycerol BIZ7FT-olA 0CollA 253 A%stdd Add7F 2424
40.0 mg/m’, 63.3 mgy/mMO®E T2 7S Hol WA glycerol H 7Pt B H P BT -207TC ol A
1255, -80CollA 4, 8, 127 A3 A7} chlorophyll-a®] &&o] YElUA] gkol 7haF ukg
th gh 2 A Y AT e 0T, 473 A A= 4T 0T, 857 A

AstAE A FE= 4TCoAA 5 glycerol A7FFRT v -7 AFE] Fodoz =

e o 1 9o A FAAE AF7IAE, 258 glycerol H7HFoF BAIglo]l A E ol
T4 A= HolA gkt (Table 97, p<0.05).

(3) Tetraselmis suecica
1A% A%

Glycerol #H7Fel A& 0T, glycerol Bl H7FFAl A= 4T A 253 AAstad 237

227y 1757 mg/m’, 195.0 mg/m o2 =2 S 2 WA glycerol A 7F, v H 7+ 2% 80T
oA 125 Axe AFF7F 47 02 mg/m', 1.1 mg/m' 2 7} vrokth @A 253 A A A
ATl E 2= glycerol F7b9F HIHZMe] AAAEC FoAd AF e 453
At dd AP FA = 20, -80C, A7IF 8F, 127 AT+ 4, 0T A glycerol H7++
Hoh v 7b e AAEe] FYH o2 E=A YEtEtH(Table 98, p<0.05).
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AL = A%

Glycerol A7}, glycerol B H 7} E5F 4TCoA 257 AA3Add Aol Z+zF 125.0
mg/m’, 133.3 mg/meE H& FS Bl ¥hH glycerol H7FeF B HZFF EF -20TC, -80TC el
A 12773 A7Fs A @7 chlorophyll-a®l d&Fo] yERUA] ol 74 wkktt. gk 2537 A
Zatdd ATl A= 80T, 457 AAFstA Y A= -20C, 873 AAsdd Ad =
4, 0, -80TColA EF glycerol F7F7EY HIH7FY A Eo] Fo4o=2 =A v oy
9ol Aol E AFVIHE, =5 glycerol 7T #AIGlol Aol frel Al A
= HolA &kt (Table 99, p<0.05).

el A%E FHH B, AFUE

s
S =

3
o] AFAFS AR fFASHA dEst 3% BF A 22 A 4TAdAM 7P =%
opF ol wel WA yEbwth =3 By 2o #@AIgle]l ATkl Hojds
782 9HAl e e glycerol HIH7F7F bl HlEte] 2%, A7z AdaEglol 15

A WY F oEe e ngou B /Y APTFE AYHA fHA A= welx 2l

o\

, , 713F 2 glycerol #7F5ol wWE v A%

N
X

rfo

it

N

W

Ju R

)

AV

o AR v ARF ABES B A 24
Wl MER Sae 3% MAZRE 4CAA 2 4, 8% Bp ¥ ARED
2

I}+= Table 1003} 2t} C. schroederi® 7% %o H2AId £ AHF

=
10.4x10" cells/ mLZ ®@ 3o} Fguch woprh ¥He) 22y 28 AdEs 239

A HEpdel, RRUY F2 APET APTAIAE TRRAES APEE 4PT B

Raphoneis sp.olA+ &8 FFPY TS AHFTI AP FolA 2, 4, 8F EF HHFEZE
o] 7}7} 20.0x10* cells/ mL, 17.5%10* cells/ mL, 12.7* cells/ mLZ @R o)} R 4rnr; w

i W] RAYE FS APEF AFTNAE ABT AN, RAAE 2L APEG A

o\

Aol 2, 47 = FHF o] =ka 8Fd= FfolAd ° =dvk. WA Tetraselmis
suecical = 2E&2F-2ZF, HARZAE FR3S AFTT B AP TFoA 2, 4 85 A 7|

of A4 FfEelM 7HE =0k
A AR 71e 550 & AEF %SGR A ATl 257 7P =%k 4, 8571 A

T5 golx = AFdFS HATHTable 101).
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Table 101. Specific growth rate (SGR) of re-inoculated microalgae which were stored at

4°C according storage period

Storage ) ]
) Caloneis ) Tetraselmis
period Attached type ) Raphoneis sp. .

(Weeks) Schroederl suecica

Net 0.71+0.17° 0.52+0.06" 0.41+0.04°

2 Well surface 0.77+0.05" 0.60+0.01? 0.48+0.04"

Floating 0.92+0.13° 0.59+0.07° 0.67+0.07°

Net 0.68+0.21" 0.50+0.08" 0.37+0.09"

4 Well surface 0.56+0.03" 0.51+0.01° 0.45+0.04™

Floating 0.89+0.16 0.55+0.03* 0.65+0.08"

Net 0.62+0.15" 0.32+0.11° 0.33+0.09"

] Well surface 0.50+0.01" 0.50+0.01? 0.41+0.08"

Floating 0.82+0.06 0.50+0.03? 0.59+0.07*

AEFTHAANS 93 dFATES fste] 1, 2dA AdS S35t d&Ho HoldE=2 A3st
tta A 3%F(C. schroederi, Rhaphoneis sp., T. suecica)S t#Eajst & A A&
RS T o] AAFES AERSAA e om HEs] dEgH oAz F

A Aol HolAER o] & H U
8. 714 old & AA3ZE 93l pilot FEY HEZYH AL

AR H4 R A9 AE LAY

o2 AiE 3T mAzFeE ez AEFTHANJAL & fgitbel A o
°

ol

r (

A Ag N F 5

lo
oL
fle]
rr
—
[@))
—
!
[\
=
o0
O

13574 7V =1

Cc=
BE Fxol AFsh7] dQl 549 19¢o] 7H vkt vl = e & Abol7h BolA sk

Ho

Qe AP 7 B F2W 2 st 9ot f4L A% 49 59 199

BN

LI_"L
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£ A9t 2880~29.850%02 ®H= dizgol Bl oF 3% A= v AFS B o=
HolE HFT 59 10 o] FHEH 199 Abolo] Aol o3 JFmToz Adi(Table
103).

pH:= 154120 59 1990 9.25~9639 oz t&E A7ty =2 FFS HEh
Rovy AES AMSeld 2FAFHE 84~89 Alol2 AF7|bEt £x

% A tHTable 104).

O
o
Lo

e

2L

)4

Se,
e
By
4
tlo

T
T

g,
—
Q

=8
D

—_
o
o
[S—
o
S
Ho
o
Lo
4

i
nqm
flo
o
e
[\
S
e
S

N

=2,

= BT E3 EE A3TolAM dxgEg BRES =4 vEwew 4F:A71A C
schroederiol A A%ste] 7vd w2 FRAES BAY 1, 254= C schroederiol X 747}
81.47%, 75.071%= 7} =/ YeElgon b2 AFFEdNME FAd 2A7F Holx gFgkrt
(p<0.05). 3, 45 %= C schroederiol A ZFzF 60.67%, 46.00%= 714 =4 YEykon
Rhaponeis sp.7} & WA Z o} 36.73%, 3553% % el Wi Uz A FEoA= 79

A Z7F HolA] & kth(p<0.05).

Table 105. Attached number of Haliotis discus hannai larvae on a plate during first four

weeks

Weeks (Date)

Culture tank
1 (5/25) 2 (6/1) 3 (6/9) 4 (6/15)

Caloneis schroederi  203.67+178.05"  187.67+76.00°  151.67+834.88" 115.00£76.95°
Rhaphoneis sp. 114.83+44.22" 109.00+20.34" 91.84+22.06™ 88.84+38.76""
Tetraselmis suecica  136.67+43.85 71.50+25.71° 57.25+15.23" 36.78+12.48"
Mixed 125.67+48.01° 11350+23.15" 75.67+30.13" 57.22+27.67

Control 91.00+30.84" 82.84+17.06" 70.84+24.27° 37.89+16.89"
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Table 106. Attached percentage of Haliotis discus hannai larvae on a plate during first four

weeks
Culture tank Weeks (Date) 2 (6/1) 3 (6/9) 4 (6/15)
Caloneis schroederi 1 (5/25) 2 (6/1) 3 (6/9) 4 (6/15)
Rhaphoneis sp. 45.94+17.69" 43.60+22.56™ 36.73+24.20™ 35.53+27.58"
Tetraselmis suecica  54.67+15.73° 28.60+9.62" 22.90+7.77° 14.71+6.87°
Mixed 50.27+17.34° 45.40+28.30™ 30.27+16.95° 22.89+14.50°
Control 36.40+13.11° 33.13+10.45® 28.33+12.86" 15.16+8.10"
69 239 wAT AHAAEG oF 60nhEH FAAN F 8Y 4UAA ] A AELL
Table 1073 2t} F3S ik T 1F#Q 654 A A3 oA 8752~9759 %o W=
e o] A1 27F AL (p<0.05) 7FAI= C. schroederiZt 87.40%= 7+ w=gkom 854
B UFAZRAE dzroA dA= =t 1 F AL d Agd7e 4Esc] A&Hew

Zasda ik 43S 33U 14FA o= Rhaponeis sp.”t 31.75% %2 AE&o] 7HE =4

Hi

FA9 A4S AuEd, A4S FRo dxste RA FRE wolg Wy AFste] A
249 A4S Blen Rhaponeis sp.o] HAdT= 2P FEAZA 683 m7A s
e ZE ATl vE folHer w2 A4S vekd v, EE ool M= 535 m7HA

AArslo] feolx o g 7 vkt (p<0.05, Table 108). & A A ol M %= Rhaponeis sp.”} 44.88
Tetraselmis suecica’} 14.30 g & 7} A ¢ th(Table 109).

a

al
ik S-S 8 55 F 724 Ay Uy AL XIE BT 83 A3E Aued
(Table 110), Rhaponeis sp.2] A& oA zt#o] 1294 m= 7F4 FH 2 HZ=77F 9.84 mm= 7}
2 2HA yEbgom AR 2l 9l = Rhaponeis sp., C. schroederi’} 4,600 g, 2,800 g 2

2 ol vgou] tnx AgdFelAE fo8 A7 9 rHp<0.05).
gH 7 ARl AW 74 ARTE ARPIAAR, BB, FRABY BF dvkes

Appendix 29} 2t}
o]gH o] ANAFLoE AHE HF AW HAERTF 35 siHFAA o] tiFo R
MpAA ARERANS 98 dgAPe FAeUA NAxEF NRE, A% vF 2

HIS7E2
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Table 109. Growth of Haliotis discus hannai on 24 Aug., 2005

Total
. o Total number Shell length Total weight
Culture tank biomass ] Inds./Plate
(o) (inds.) (mm) (g)
g

Caloneis schroederi  27.48+7.85"  627.3+17.7° 13.94+8.88"™ 5.79+1.91™ 0.043+0.015™

Rhaphoneis sp. 44.88+23.47"  9225+371.2° 20.50+9.44" 6.83+2.34"  0.050+0.018"
Tetraselmis suecica  14.30+154°  296.6+42.4° 659529 6.31+2.10™ 0.046+0.015™
Mixed 2360+11.65" 674.65+493.6™ 14.99+8.84" 5.35+1.80°  0.039+0.014°

Control 32.47+091"°  806.9+30.4™ 17.93+8.33" 561+1.89™ 0.041+0.013"

Table 110. Final harvest of Haliotis discus hannai spat on 29 Sept., 2005

Total
. Total number Shell length Total weight
Culture tank biomass ) Inds./Plate
(@) (inds.) (mm) (g)
g

Caloneis schroederi 2,800+1,272" 13,344+5935" 19.77+8.79"  11.69+3.05" 0.21+0.16"
Rhaphoneis sp.  4,600£1,697° 17,201+6,235" 25.48+9.24*  12.94+3.87° 0.27+0.23%

Tetraselmis suecica 1,200#283"  6,461+1,437> 957+2.13"  11.55+2.80" 0.18+0.12"

Mixed 1,450+354"  10,267+2,441° 15214362  10.58+2.53° 0.14+0.09°
Control 1,450+71" 14275+849°  21.15+1.26™  9.84+2.32° 0.10£0.07°

A 713k Et 7 x AAE plated] FEAFERF -2 Appendix 2-13 2T},

A AR7IZE St AR AERFA HE AR 15745 24 idrzd Jd9dew HEs
AW HolWE(C schroederi , Raphoneis sp., T. suecica) 2o ©& & 79 #A&wx &k
oy 2FARHE A= Ao YA s Bk dEFAe derddle] vt &
# % Licmophora sp.x= A A3 7|kl Ax st o BE wjdsZel dEFA4e F3
of AA GFS W ARS & oty AT

C. schroederi W %20 A ¢ Hl Az

=
2
9 onEl FEF 1F] EsARL 1 9
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AL Fxol @7 A< 59 1999 RAFEFHFE C schroederizt 22.4x10" cells/ari &
datglon e wAxFE EdsHA B ARASES AR A 1F9A8= C oschroederi
7} 9.7x10* cells/er @ 7+2238t3 Cylindrotheca closterium®) 2% 334t 254 8= 3
ol Edete AEFo] vFA ] AlFste] F 7Fo] EdsA oY UwA] TS5 HlEd
C. schroederi7} 3.1x10" cells/ci® S8t 35744 C schroederi7t $-% 2 02 1 EpREO
U 4F A= Navicula sp.7V 2.7x10" cells/ar® 43893 C schroederiZt 0.8x10" cells/cri &
T HARZ A4 =43

g 4FA HolAE AHEY AdFow 5FME Al C schroederi7b 2.0x10" cells/cr
2 FHASA vetwoy s aw Qo] g ¢iHom FAEY C schroederi7t B
gS B g7y 6, 774 = Navicula sp7F ¢34 072 F8s1 g 2APEE ¢
2= 7
7F 2.0x10" cells/cri® A&tk o] ¥ 959 1154 C schroederis AAZEs Fom 14
FAA C. schroederi7t tH& Ed ol Blsto] Hlud AR EFsts S BATH

o
i)

o

Ho
O

Oy
ol

FE B TFAE HolAES 23 AFFTAL 8F A= YA C. schroederi

Aol EdetAA HIFAS B 1 Qo % C closterium, Bacillaria sp., Amphora sp. =

s Bt A4¥S FEd 1974 T 1059 27
F7F @89 o 1 F C schroederi7t 3ol 0.01x10" cells/crt® v 27 A3 v
icmophora sp.7F 1.0x10" cells/ar® $-HA oz Yelyorn 1 T8 $£0o2 (. closterium

o] 0.7x10" cells/ent 2 QUL TEZFAEL 4 11, 12, 1359 z+zt 2% =359

g N
h

Raphoneis sp. Wl FG-Zo] A 2] vAZ=F
2w gl FE2F 1ol FdaAa 1 9 1
FAL Fxo W7 AFA 59 1999 FAFEZHFLLS Raphoneis sp.7} 1.5x10" cells/cnt @
393, ABASS A Fek X 1FAAE Raphoneis sp.7b 1.4x10° cells/ar® A FR T} 7FA
KL 1 ] C. closteriums E3E 4F 9] 2RV &% A 2FATEHE i =
ot AEFol dFa A7) AFstel F 7E0] A8 Raphoneis sp.7t 1.3x10" cells/
ar 338t M Bgm 1 e o2 Amphora sp.®¢ Navicula sp.= 27 05x10" cells/cr,
0.3x10" cells/ct =02 B kr},

3%, 45 A% Raphoneis sp.= A&aA #28he 43S B o} 3534 1.2x10" cells/cr

2 9xdHoz ZHaArE 4574 = Navicula sp.7t 2.7x10" cells/crf® A o2 eI

Raphoneis sp.= 1.1x10" cells/cr® ¥ WA= 2okt 18y 458 HolAE AHE JFo
2 5374 Al Raphoneis sp.7} 2.5x10" cells/ci® M Aoz el ot 4 A2 QlE}
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o] Raphoneis sp.7} @2 €23 B AT Raphoneis sp.© 7TFA7MA & =d5F25Fol 18]
Me $HACRE EFdstdoy AL EdFo] dasta dd FRAELE OS gdsiAs 4
FS BTt 7FEAE HolAES 22 AFEI} F 8FAE Al Raphoneis sp.7b 0.9x10°
cells/er = F3skAth. o] 5 959 1154 Raphoneis sp.& AMHET FAow 1457#47HA

Raphoneis sp.7} W& FdFo] wlsto] wwz fHste] st FEE HoAH A

B
o

Raphoneis sp. WlgFZol = d 23

N

|7l 2 A Raphoneis sp. €9l Navicula spp.”7} 719
St FHYGELS B 2 &% C. closterium, Bacillaria sp., Amphiprora sp.,
Amphora sp. 5°] T&etA Ed AT

AYge Fastd 19745 F 9% FaAFxF7F Fds9e 1 T C schroederi W%
5z9} wlRAIMA 2 Raphoneis sp.”t Z+to]  0.03x10" cells/cr®  w$-
Fragilaria sp.7} 2.2x10" cells/cr 2 $-4#5 o2 23ty FEZHAEL 4, 5 125 47
Bl e

T. suecica W}zl A o] mlAlx
) Eel [ 1Fe] EdeUr 1
suecicav™ MFE T Follvt A% FA}I oY 1 o] Foll= FdA F
259 #FH Q= o= T suecica’t H5E5 -
of Hlete] o] dA 5] vk Wil FoF AgHErt AEFAS T3
1990l= T suecica’t 25x10" cells/ai® $Hatg o, HAEASS A &3
suecica’t 05x10" cells/eir® A FRG 7F28k¢la 1 9 Navicula sp.7} 2% 383t

2FAFEHe g Edste AETol wdglAT] AFste] F 7Fo] EdsoH
Navicula sp.7} 0.9x10* cells/ent &83Fe] 7b4 Beka 1 o822 T suecica’t 05x10* cells/
ar® Wtk 3FAE T. suecicaw AL HAadte] 4FA= @A @Al Navicula sp.7t

26x10" cells/ecn® 7}4 B ZdIS B 4534 AHE d&goz 5F4A= T. suecica’}

0.3x10* cells/crr®] A =S Bt a2y, 8402 =83 Navicula sp.o 2.3x10" cells/
ardll = WA A Ea ayrvl FRALZE st B €8S BHo 6 TTAVA EdFL

¢

©
SN T FRAEO] g AE FEFs Btk vE HoldE wdTxet kAR 75
e T suecica® AREsHAI 8FAE Al T suecica’t 0.2x10" cells/crt® ThE Fof H] &}
of AT o] F T suecica.® 30l gl 979 1154 AFF3N FA2H 10579k 12
Foll 7tz 0.1x10" cells/en, 0.2x10" cells/en®] Z@HFE Bola 11, 13, 14F A= Edo] #2
A gk

T. suecica M FFxAAE= A A7 5 Al A 713l 2A Navicula sp.7} E33H3A

:
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% Bacillaria

)
N
N
B
e
ol
ol
M
-
An)
r
3
S
Q
=
Q
wn
k=
ke
1o
=2

i 578 FEMAE $AGES Ho
sp., Fragilaria sp. 5°| 83+ AFS Bt A¥S T5381H 1974+ F 959 F-27
closterium® Licmophora sp.”}

Z57F 98t e 1 F T suecica.ll =92 g
& AEL 4 10, 1150 ZH2)

OQi

C.
7+7F 0.9x10° cells/arr o2 @A o7 ZAs Y. dH FEZ

o= C schroederi, Raphoneis sp., T. suecica’t ZY7Z} 4.0x10" cells/cr, 1.0x10* cells/cr,
0.7x10" cells/er® M8t om, AEAGS A"e 2 1FIAE A 5 2% 247 11x10°
cells/cr, 0.9x10* cells/cr, 0.4x10* cells/en® A FRT}F 7238t 1 9 Navicula sp.7} 2%
st

2FANFEHE e Edste AE g7l A At F 8Fo] EdAoH
Raphoneis sp.7t 0.8x10" cells/er Z&83te] 744 B¢ 1 SO 2C schroederi$t T

suecica’t Zt7ZF 0.7x10* cells/cr, 0.3x10* cells/er w22 ©okth 3FA%E C  schroederi®t

o\
o

Raphoneis sp.7} 2+7F 0.6x10" cells/cr, 0.5x10" cells/cnt 2.2 A9 o T suecica= %
2 =33t 454 C schroederi, Raphoneis sp., T. suecica 3% %5 9243 7439
C. schroederi, Raphoneis sp.© 2% =d3% ¥ T suecica= =H3IA ¥k Navicula sp.
7} 0.7x10" cells/en 2 $-% 4 o2 ZF&slAr)

a3 &3 HolME AFEOR 554= C schroederi®y Raphoneis sp.”} ZH7+ 0.2x10°

cells/cr, 0.3x10" cells/crr =02 ThE Z&Zo| Hste] x84 o2 Vehgow T suecica’t
A FdstAn. FRALE QS gt FHAoRE RASHH Hig HolAE 3Fo] BT

=
Be g B 65:AE Navicula sp.?b 05x10" cells/ar® $AX oz Zdst9on A%
SdFol #AAsty R FAAEE oS vdsiAs ddFe B
TR AHEOR 8FAE YA C schroederi®t Raphoneis sp.”} ZF2+ 0.3x10" cells/cr
c o] T 3F9 HolAdEFo] Hojxivta AdE= 9Fo 1154 Hold=s AF

o}

=3 Fgom o] & UFANA C schroederi ¢+ Raphoneis sp.”} TFE &3 Zo| Bv]3sto] H
o
e

(¢}

Edste S 2ok
Zod= A A7l AA C schroederi®t Raphoneis sp. 29l Navicula
spp.”t & FdEHA $AHALFTES BRI I Qo= (. closterium, Fragilaria sp.,

Amphiprora sp., Amphora sp 5°| t%3stA =& 3}
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AFE Fsetd 1974 & 1059 #7277 st e 1 5 C schroederi®t
Raphoneis sp., T. suecica®l Z8-C $%93 Licmophora sp.7} 1.6x10" cells/cnr® 4« o2
Zdstgon 1 e £0% Fragilaria sp.7b 0.7x10" cells/cr 0]t SEZHIAEL 4 6,
107 7217 &% Zdetded e Adaxe fudAs EdeA %W Tigriopus

=
japonicus7} AF A A A UYERY S0t dAato] ®YT).

=

2FANEHE A= A0 YA E A3 Bt AEFAES Fxd ¥7] 45 5¢ 19
oo = Navicula sp.7} 0.3x10" cells/er® $-H3atgd ot the HoAE wgszos Eujxs
Fol k. AEALES A3 A 1FUAE Amohora sp.7F 0.9x10" cells/cit 9]l Achnanthes
sp., Cylindrotheca closterium,, Navicula sp. 7} 2% Z3& 3t}

2FAFEH = g Fddte A=Fol v A ] AAste]l & 9FY TR 159
MARZF7 283929 Navicula sp.7b 2.6x10° cells/enf £83te] 7} 2y 1 th&oz
N. incerta.?t Bacillaria sp.7} Zr7ZF 1.1x10" cells/ar, 0.4x10* cells/cri 2.2 Wt} 3575 <
Al Navicula sp.7} 2.4x10" cells/eir Z&8ato] 714 B 1 ttgox C closterium.©)
7} 9F o2 vrFetA vEr o 3FA

0.3x10% cells/cii® o] Zd3}AL) 454 = F 7425
A 139 Navicula sp.o] & o] A3 ZAasqa
&

2% Z4dst9 Y Bacillaria sp.
of el FrskAh 5FAE 1059 ¥ArEFs Fds9ow Navicula sp.7h 1.1x10°
cells/en@ 7} ®ol] Edstd o v 22 Navicula cancellata®t Navicula incerta.7} 27}
0.9x10* cells/crr, 0.6x10* cells/ci® ThE ZdAF] Hdte] $HH oz Yeyton vux 7%
< 2% Edas ik
FEALE ddste] e FERSAYE HolgEo

Fragilaria sp.7F 08x10" cells/ar® $-AdAA o= =839
05x10" cells/cr & th2 ZdF| Hlsto] 44 oz eyt
t}. 73R = Navicula sp.7b 0.3x10" cells/ar @ 713 ®o] &334 o FHAE= 33 9% 9

BAgzE 2% 0.1x107 cells/cr ©]8te] TS BTl

] 8%o

N
[Px

stRem  657A=

o] & 145F#7}A] Navicula spp.. Bacillaris sp. Cocconeis sp.& A|elstH =33 ZE F

A 0.1x10* cells/ert ©late] ZFHFS RYW @ RFAAE A AF7|7] A
A

(‘E

Navicula spp.”} A =33} SHFAS By 1 Qo% Amphiprora sp., Amphora
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sk
filo
ofN
Al
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N
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rir
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o1
ofN
1o,
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2
=
BN
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~
i
me}

st e 1 % Licmophora sp.”7}t
1.9x10" cells/ci2 @A oz Zdsgom 1 e 4902 Bacillaria sp.7} 0.4x10" cells/cr
OIRGTEZHIAES AEFAHEST A, 2, 3, 4, 5, 1159 44 A% #ZEHo & A5Ex

of vls @2 7|l 24 ZdHstAH

Ag 71EQE 7 o] whtgoA e AEe Ed &S Appendix 2-2¢9F U

7)
B fA HolH o] Ho gz gl dQlo] Hvta & Tigriopus japonicus<

R
BE APezdA 4FARE 2@ Aol A Y7k A dEwon Tz 4FAYE 8F
AZAE 1 mLg 1ohe] o ge] @& neth 7 o] F Ivhy olskx ghdtt AFE nY

o 1457 Raphoneis sp.¢t HolAlE T3S E AYstd mLd 17t ol &3S
RAY. 28y Ag7|tser RE APz AR Az g @ Holx o
ko v 2 T japonicus©l ol&) AEFAL HELo] A J&FS WUt s Ay A gkt

St o] Wulgo A iR e A E 9

d AR AEFA HF A 1F7A= Z gz Ao HEsAH Yol A=(C

HHN'
09;
ki
j‘:i
el
ox
i
k)
o
=
oy
N
-~
D)
u

SIS AR

schroederi , Raphoneis sp., T. suecica) 9o th& Z& 79 A& X ¢kokrt 12} 2574
FHe AEY Ao YA AdFes HIA AEfFA el gebedjlo] HAvta &#zl
Licmophora spi= A A3 7| 7ko] Ax W3 oy BRE wjSFZoA dEFAHe o =
A F g &2 oy AT

C. schroederi ¥ %% ButgolA AHE vAx7 =ddFS 4o
F 195 235 % g =
stk AEFAS of @7 d F<0 5¥ 19¥° FEAGFEFHFES C  schroederiZt

_/I:
168.0x10" cells/mL Zdstgiom o2 A xFE 2854 Eodrh ABASS A2 7 15
o

il

(

]

o
2

il

i

=

o,
=
=i
o
)
i
e
P,l',
32
=
4
fo
|y
BN
il
o
offt

A= C schroederi?} 52.0x10" cells/mL& 7+A3}3al Licmophora sp.9 23 FZ2F7F &
=35kt

2FANREHE st AEFol udsArl AFERey umA FEol "t C
schroederi7} 42.1x10" cells/mLZ <$A34th. 3, 45742 C  schroederi7} Z+ZF 19.7x10"
cells/mL, 125x10" cells/mL& $HH o2 Zdsgom 454 HolAE AFF] JdFo=z 5
FAE C schroederi7t 11.2x10" cells/mLz $Hat7A Uelwou Fx3disz st C

schroederi7} o] AAEA ST 2 7[EAEFTHY 43S & 5 IS
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6, 75 # = Navicula sp.¢t Diploneis sp.7} 7+7F 19.0x10" cells/mL, 3.8x10" cells/mLZ 7]
A= 0% gdsiAes 43S Btk 7749 HolAES AT F 8FA= oAl C
schroederi7t 11.0x10" cells/mL® <$-Hatgern 939 11FAE AHF
schroederi’7} $-33dte= AE¢ES BHAY. 145AM 7R C schroederi?7t T2 & Fol H|5}o] H]
WA -t Fdte S Hol: TH C schroederi Mol E A A7z A
A C schroederi #1°l Navicula spp.”} A°l & 71ztell AA EdetdA FHFES BAh
7 el % C. closterium, Bacillaria sp., Amphora sp. Pleurosigma sp. &°| thes}
dA Alste A Btk
d 19FA4E F 1159 ¥&594xF7 2ds9e 1 5 C schroederi”}
O.3><104 cells/mLZ w$ A &3 W Bacillaria sp.”} 3.3x10" cells/mLZ $Ax o=z 1}
Eyror 1 v 02 Licmophora sp.”t 2.2x10" cells/ml &334t T, japonicuse =3
o Agam FESFAEL 47 9, 12, 1350 =380

Raphoneis sp. Wl T A 9 nAxF EdFS AyEH d AA7Ed F 165 215
W) A Fol 59 1999 RAFE2F LS Raphoneis sp.7b 5835%10° cells/mL &d83t9on t}

2 nAzRFE 2854 &k FEASS AR A 1FAR = Raphoneis sp.7b 41.5x10°

cells/mLE ZA3star C. closterium, Pleurosigma sp.9f 287 Z77F 2% 335}
2TFAIFH = Ed8te AEFol gl A 7] Al&std on Al FEo Hste] Raphoneis
sp.7t 27.5%10" cells/mL& $#3t9 3 357+4 Raphoneis sp.7} 24.0x10" cells/mL=Z $-H 2 o

2 =389t a8y 4FA = Raphoneis sp.7b 1.7x10" cells/mL® F23 Zx
Navicula sp.7} 89x10" cells/mLE A X o2 3140} Ho|AE A HE gaoz 575
= o}A] Raphoneis sp.7F 195x10" cells/mL® $AsA YEYm FZHLZ sl
Raphoneis sp.7}F %ol AAFHALANE & 7 EFHY -89 6, 74+ N
incerta.?} Navicula sp.7} Z}7} 14.2x10" cells/mL, 6.7x10* cells/mLZ 7Bt EE ¢ < o3|

=)
=

e ATFS BYa 7534 AFES T 8F A Al Raphoneis sp.7b 165x10" cells/mL= -
Askgek 959 1154 Wel A8 APES F8l A Raphoneis sp7t $H3e 43¢ 1
R 145A7M A Raphoneis sp.7t th& @ Fol Blsto] vz $-Fsto] s Fde B
At

A C schroedri W =0l A 2t mk27HA 2 Raphoneis sp. Wi %

o ZA Raphoneis sp. &9l Navicula spp.”7} 719 A 7|7k Ax =

FEANE A AG71
AstEA $HEYES B

G 2 Qo= C. closterium, Bacillaria sp., Amphora sp. Pleurosigma sp. 5°| ths}t
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ZdsHA A AES Btk A¥e FREY 19574E F 659 FHGxRFI 85
9o 1 F Raphoneis sp.e 834 &t vrA Navicula sp.7b 3.3x10" cells/mL# $-3
Moz YJelgrow 1 v £92 Bacillaria sp.”t 1.5x10" cells/ml &34 Uz 2
2% EHSAT T japonicus® =dS AYstd =& AES 5579 7 o ¥ A9 A
ARA7IZrel AAH =-sksl

T. suecica W g0l e AR Ed&dS ¥R A AF7Ed T 165 18F =

S =z Wyl A Fol 59 1999 RAFZFES T suecica’t 73.0x10" cells/mLZ -7 4
o=z EZdstdon g vAzRFE Sd3A ZAdt AFHASS AFS A 1FdA=

ko) g BRgx 6%0) o 2dstg oy T suecica’t 16.7x10" cells/mLZ $-H 3+
&

2F A= U A FE nlate]l T suecica’t 154x10" cells/mLE 4389 oy 354 &
Navicula sp.7} 74.0x10" cells/mLz $A3s9th 4534 = T suecica’t 05x10" cells/mLZ &
A3 7+238}3l Navicula sp.7b 18.0x10" cells/mLE $d Aoz Z3st9on Hol RS AH
3 5 5F Al E T suecica’t 0.7x10" cells/mL A== wto] 8= fLaigct o] F 2,3
A7ko] AR AP FAE 2 FS 8 FdFol Hlste] A XA AL HolBE AF
T F dATE 244 A 5 uA FEAFH e T suecica?t ©HE FERAFERFEE A 0

Aokl AHE F o] AR AeEe g % gRubgely Hued e vheh FRe A7

TxHE F T suecicaw 6, T7A7MA Zd3sHA ¥kl 7|efA Eo] b= 7
g wath 754 AHEFT F 8FAE A T suecica’t 0.3x10" cells/mLe] &8 &S B¢
U edd oz 83 Navicula sp.2] 7.3x10" cells/mLol= W= %5490, T suecica.®
dol gAY 9579k 1154 Hel WS AT FAow 10579 125 47 0.3x10°
cells/mL, 0.7x10" cells/mLe] ZdZS Holx 11, 13, 4FAE &30 #AHA Xdth T
suecica. ST E A A&7 F A A 717kl AA Navicula sp.7} $HAoRE &

sl 1 9ol % Cylindrotheca closterium, Pleurosigma sp., Licmophora 5©] THFsHA

AHS TR 1974 F 9T F277F 2d8d e 1 5 T suecicad] 32 ¢l
Ao Navicula elegans$t Bacillaria sp.7} Zt7Zy 17.2x10* cells/mL, 3.7x10* cells/ml & o &
Aoz ZdAIL YHA T2 A% ST T japonicus® &3S ALt s&5F

__Or
FA=2 1, 4,5 7,9, 105 =3kt

HHN'
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EIE DI EST

S Fxd Y7 A F 59 19¥9¢l= C schroederi, Raphoneis sp., T. suecica’t Zt7;

s

56.1x10" cells/mL, 239x10" cells/mL, 185x10" cells/mL® $-#Hstqom, ABAES A2
A 1FAE A F 2% 7H7 465%10" cells/mL, 4.2x10° cells/mL, 15.0x10" cells/mL2 &
Hu Zaskdth

2F A= F 5% A8 e C schroederi7t 24.0x10" cells/mL& ¢Hstglen 1 o}
92 Bacillaria sp.7} 20.7x10" cells/mLe] &3 ZFS R Raphoneis sp.=  4.0x10°
cells/mL @321 T suecicar 3.7x10" cells/mLZ 2% ZF It 354 HolPE=
HiFE 3T o] HastHAM AEFo] vl A 7] A&kl C schroederi®t Raphoneis
sp., T. suecica?} Z}7} 10.7x10" cells/mL, 2.5x10* cells/mL, 2.0x10" cells/mLe] && &S 1wl
W Achnanthes sp.”t 20.7<10" cells/mLE2 &8 Zo] 7}4 =k}

48 += C schroederi, Raphoneis sp., T. suecica 3% EF 243 A3l C
schroederi, Raphoneis sp., T. suecica’= 2% ZdA3 WA Navicula sp.”} 154x10" cells/mL
2 3der Zdodv dFH Hold=E AHFTY FFeE 5FA= C schroederi®t
Raphoneis sp.7} Zt7Zb 15.2x10" cells/mL, 13.0x10" cells/ml. +2o2 Th2 &3 EFo| nsle] $
Aoz e om T suecica’t 2% =3 a9t

FRY2E Q] $HAOR FARAY WY P B 3Fo] BF BE VAL HIS

ok
v

N% 65FAE= C schroederi’t 35x10" cells/ar® $AA oz 28319 om Navicula sp.7}
1.84x10" cells/mL®2 F AR wo] FdstAth 754 A% FdFo] Fadta 2T B
gdax = dEges B AFETS & 8FA = YAl C schroederi, Raphoneis sp., T.
suecica’t 247} 4.2x10" cells/mL, 1.4x10" cells/mL, 1.0x10" cells/mL& %% 3a}%it}.

o] F 3% HolgEgel HojArhi HUHE 979 1IFA Wl AR S APEN Fo

W o] & 14FA 7R C schroederi ¢+ Raphoneis sp.7} TE &8 £ v]ste] vz $-43}
o Ed3tY T suecicas HF Ua T &% SdIU7 o] & FdeA] E& TS B
ol 3 EguSeRdAE A AF7| ol AA C schroederi®t  Raphoneis sp. €]l

Navicula sp.7b 7181 A A7zl 2A @i A e s BAL 2 9=

Bacillaria sp., Fragilaria sp., Amphora sp., Pleurosigma sp 5 °] th&stA &3 38kt
AdsE FaY 1974 F 8FY AEol Edstdlew 1 F C schroederi®t
[e]

Raphoneis sp., T. suecica®l 8- $193 Licmophora sp.7} 1.3x10" cells/mL2 $A Aoz

Zd3slgon 1 oS £9o2 Fragilaria sp.7} 1.0x10" cells/mL ottt T japonicus®) %3
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g Aoee BREFAEL 1, 4,5 7, 9, 107 ZANAT. BREFAEL 4-6F, 9, 10,
12, 13, 145 A0 217} 2% @3k
Hol 4B 919140

05
FAMY MAZE FAFS AWEE, A AP/BES F 185 22F L v )
o

rr

=3
EFA HE A% 1FAAE e el AEmIroAs AR B2 Fo] A &
7

FEFE A7 4, 534 2 wH 2FATEE JBe 2ol B

BEHAE Szl ¥l A F9 59 19990 Navicula sp.7b 52x10" cells/mL® $-7 3}
Rou o2 HolAE mdFFols EuXE doldh. MEASS AFE A 1FIAE N
cancellata’t  4.3x10" cells/mLZ $Asgom 1 Lo  Pleurosigma sp.7b 4.3x10°
cells/mL. @3ttt 2FAFH = Fgo] Edstes =50 thdsiA7] A&t F 1059
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