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Fig. 1. Locations of Nori cultivation grounds and sampling stations in the Shimonoseki and Onoda

coastal areas.
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Fig. 4. Annual variations of chlorinity and concentrations of silicate of seawater

in the cultivation ground of Shimonoseki coastal area.
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Annual variations of concentrations of nitrite nitrogen (NO,—N), nitrate nit-
rogen (NO3—N), ammonium nitrogen (NH;—

N), dissolved inorganic nitrogen

(DIN) and dissolved organic nitrogen(DON) of seawater in the cultivation

ground of Shimonoseki coastal area.
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Fig. 6. Annual variations of concentrations of dissolved inorganic phosphate (DIP) and dis-
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Bk, FRITAE AR U L O e & b A sp., Navicula spp. JUF Nitzschia spp. 5% { 3L % i)
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fable 1. Monthly changes of algal species attached to Nori nets in the cultivation ground of Shimo-
noseki coastal area.

Station St-1 St-3 St-5 St-8
Month ONDJFMONDIJFMONDIJFMONDI]JFM
Bacillariophyceae
Melosira nummuloides OO0 0000000000000 000000O0O0CO0
Skeletonema costatum O 00 [o2Ne} 0 0O o] o] o]
Coscinodiscus sp o} O
Rhizosolenia sp o} o}
Grammatophora oceanica o el
G. marina o]
Tabellaria sp. 00 00CC0O00O0 o0
Licmophora abbreviata OO0 0000000000000 0C00I000000
L. paradoxa C 000000000 0C0000000I0C0D00CO0
L. flabellata e} 9] [e2Ne) o} [e3Ne}
Synedra superba o} o O 00000
8. gracilis OO0 0000000000000 0OC0C000000CO0
Coceonels scutellum [e3Ne] o o}
Asterionella japonica O 00 o} o}
Achnanthes longides (3] O 00 COCC0DOCOLD0oO0 00000
Gyrosigma fasciola o0 e} o} 00
Navicula directa prox. O 000000000000 OO0OO00O0O000O0O0O0
N. distans prox. OO0 0COoCOo00I0O00CO00O0O00000 000000
Navicula spp. O 0000000000000 O0O00O0I00O0O0O0O0
Amphora sp. o
Bacillaria paradoza o0
Nitzschia closterium 00000000000 UCOOO00CVLOOOCOOO0OO0
N. longissima 000000000000 [eXNo 3R] 00000
Chlorophyceae
Ulothrix implexa [O3Re) o000
Enteromorpha sp. o 0000000 [oJRe)
Ulva pertusa o) [¢]
Urospora sp. O 00 [0)
Rhodophyceae
Bangia fusco-purpurea o ¢}
Polysiphonia sp. o C o [oNelNe CilO 00000
Cyanophyceae
Lyngbya sp OO0 0000000000000 0000O00OOO0OO0
Total numbers 16 1515 16 21 1412 12 14 17 18 16/11 12 12 14 14 16[13 14 15 17 18 14
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BNz,
12, HEFEORNBEE
DN WA B EBUEIE & 30
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TAMRBALE MR Ui, MR, ODEI om B720
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O 1SR S OMRBUITIRIT L 720 F ORI L M
DEGHUZIEA~H 2 C, FTRAbEIC> W TIidFig. 14,

AEHETT A OWTIE Fig 1IBIRLE, SRS YR
SRR & B B UEUAT, b2 VO Navicula spp.
TdHo 2o KT Licmophora spp., Nitzschia spp., M.

Table 2. Monthly cganges of algal species attached to Nori nets in
the cultivation ground of Onoda coastal area.

Station St-10 St-13
Month ONDJFMOND]J]FM
Bacillariophyceae
Melosira nummuloides O 000000000 O0Co
Skeletonema costatum O o [e3Ne] o}
Rhizosolenia sp. o)
Rhabdonema adriaticum [¢) 00
Grammatophora oceanica o] @)
G. marina o] o)
Tabellaria sp. 0 O0OO0O0
Licmophora abbreviata O 00000000000
L. paradoza 0000000000 O0 O
L. flabellata (o] ¢}
Synedra surperba [ele] o] [¢) o000
S. gracilis 0000000 O 0 0
Thalassivnema nitzschivides o)
Cocconeis scutellum O 0 e} O 0O
Asterionella japonica O
Asterionella sp. [¢] 0] [elNe}
Achnanthes longipes 00 CO00 000000
Navicula directa prox. OO0 000000000 o0
N. distans prox. O 00000000000
Navicula spp. O 0000000000 O0
Cymbella sp. O @)
Bacillaria paradoxa ]
Nitzschia closterium OO0V OCOCI0CO0ODC OO
N. longissima [oXNeRNe] [e}No]
Chlorophyceae
Ulothrix implexa O 0O [oXNelNe}
Enteromorpha sp. O 00O0O0O0 [e2NeRNe]
Ulva pertusa ]
Urospora sp. [o3NoNNe) [e}e)
Rhodophyceae
Bangia fusco-purpurea o]
Cyanophyceae
Lyngbya sp. OCO0OCO00 000000
Total numbers 14 14 12 17 15 1614 13 15 21 19 18
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Epiphytic and epilithic diatoms in the Nori cultivation grounds of Shimonoseki and Onoda
coastal areas. :

A, Licmophora flabellata; B, L. abbreviata; C, L. paradoxa; D, Synedra surperba; E, S.
gracilisy ¥, Achnanthes longipes; G, valve view of A. longipes: H, 1, Melosira nummuloides
i L Bacillaria paradoxa; K, L, Tabellaria sp.

(A, X120; C, X460; B, DL, X350)
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Fig. 13. Epiphytic and epilithic diatoms in the Nori cultivaton grounds of Shimonoseki and Onoda

coastal areas.
A, Nitzschia longissima; B, N. closterium; C, Cocconeis scutellum prox.; D, E, Navicula
directa prox.; F, Navicula sp.; G, Thalassionema nitzschioides. (A—G, X350).

Nawvicula spp.
Licmophora spp.
Nitzschia spp.
Melosira nummuloides |
Achnanthes longipes
Synedra spp.
Tabellaria sp.
Asterionella japonica
Skeletonema costatum
Grammatophora spp.
Rhizosolenia sp.
Gyrosigma fusciola
Cocconeis scutellum
Coscinadiscus sp.
Amphora sp.

Bacitlaria paradoxa

10° 10" 10

10°  10*

Cells / em

10 10

Fig. 14.  Average cell-number of diatoms attached to Nori nets at four sta-
tions observed once a month from October, 1982 to March, 1983 in
the Nori cultivation ground of Shimonoseki coastal area.
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Fig. 15. Average cell-number of diatoms attached to Nori nets at two sta-
tions observed once a month {rom October, 1982 to March, 1983 in
the Nori cultivation ground of Onoda coastal area.
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Fig. 16, Monthly change of cell-number of each predominant diatoms attached to
Nori nets in the cultivation ground of Shimonoseki coastal area.
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Fig. 17. Monthly change of cell-number of each predominant diatom attached to
Nori nets in the cultivation ground of Onoda coastal area.
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Table 3. Monthly changes of the species in diatoms attached to Nori fronds in the cultivation
ground of Shimonoseki coastal area.
Station St-1 St-3 St-5 St-8
Month ONDIJF ONDJFMONDJFMOND]JFM
Bacillariophyceae
Melosira nummuloides - - O O -
Tabellaria sp. - 0000 - 0 0000|000 - 000
Licmophora abbreviata - O 000 - 00 000ICOO0OQ0OO~0000O0
L. paradoxa - 0000 — 0000000000 O0|—-—0O0OO0O0O0
L. flabellata - o] o] - (e} -
Synedra surperba - o] ] o) ol— 00000
S. gracillis - 0 0 00 -~ 0000000000 O0l—00O0O0O0
Achnanthes longipes - - - 0
Navicula sp. - o] - —
Total numbers 4565 6 4 45 416 4 3 3 3 4 555 5 4
Table 4. Monthly changes of species in diatoms attached
to Nori fronds in the cultivation ground of
Onoda coastal area.
Station St. 10 St 13
Month ONDJFMONDJFM
Bacillariophyceae
Melosira nummuloides o] -
Tabellaria sp. - 000
Licmophora abbreviata 000000~ 00O0OO0OO0
L. paradoza O000CO|—~0000O0
L. flabellata o -
Synedra surperba o] [N s [o}e}
S. gracilis 000000 |-000O0O0
Achnanthes longipes %) -
Total numbers 4 435 34 3454 4
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Fig. 18, Monthly change of cell-number of each epiphytic diatom attached to
Nori fronds shorter than 5 cm in the cultivation ground of Shimonoseki

coastal area,
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Fig. 19. Monthly change of cell-number of cach epiphytic diatom attached to
Nori fronds shorter than 5 em in the cultivation ground of Onoda coastal

area,
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PEFA D & P UT CEDOBF LR BN H T Hh A5
Wy, SuI3iCb L CIREIC A L dr o 726 Synedra spp. @
HiE, S0, 13& b Rd o 7od, WER & KR
T o THD Uiz Tabellaria sp. 4%, L350
StI3T 1~ 3 A1 em® B0 0 Bl L2721 C,
HAEROBELEIRETH o 72,

Plbdrs, SHCHET 5400 A NRELE, TH
R UVNMFRHTIDEO WG & S IZEFF L Chb Il L %
Badtze HOHERDE Y Licmophora spp. &, O 1) W5
D S RN CRIIM L, BN R B Rl T b
S EWBEPII R o T F 72, Synedra spp., Tabellaria
sp. WAL L, TR0 BRTEIC DT
OGN TP T 280550 b iy, #
FATDWCR—EOB A R M b o 7o BEAIIBIT
ABHEOKER T LD E, Liomophora spp (& TFHOR
HELED o, Synedra spp. ST NIKOBEOWE
BT, Tabellaria sp. (& NROBEOFFELTEHh >
JAN

222, WIEOEEHER

WA T B EER O A PR ALz 2w T, 19814E10
B ~19824E 3 A (LUFHI4IE & Rg9), 19824E104 ~1983
E3H (R ICPEL, £oli T £ Eh Fig. 20
E 2L L7z, THWIRE S B ARk, FH LMl
oS, 3, 8THL, HHMIBO SLs Thhd o7
Licmephora spp. (SN » 4 ML, 4¢me
RTEIE IR 012 H ISR E R Y, BIEEIIE
U2 703 1 AL b £ e ot 20
WPRG RIS Ui,

Synedra spp, \ERERED D % {, FOARRES —5E
OBEDH OGN goTe UL, EESICBIT A A
TabE, MIKOEBOM St.8TEH L, FIHREL
T+ DI DL CTH o 2o Tabellaria sp. \GTHERE &
SRR DR {, 20 BNREIZ I EOMIAES S
Nilpdrolohs, WiE & Rh 0 Zofhi, WlKORE
DI St 1, 3 TE M7,

e

ABFHTTBRIC B A S EEO A JIEALE, Fig 21
iR L & IS, Licmophora spp. D539 Lt O St13
TR & S SR L Thilio 1 Bz s £ <
B, FOBREHD Uiz, AR O SLI0THRTE
RO A, BEEICERo 1 BIikbS
Mo

Synedra spp. DAFEAE, WEE & b SLEERY O S0
MSIBE N Eholoh, 2EHELI L, —EDAY
A NP (R LEY AN

Tabellaria sp. |3 UL St180) & Tl AL
BENIINTC, FOAPFEEMBTEhd i,

P Rh e, TR ROV e ORAlH 123
500 BRI AT DO A R b, MR &
BRI U Tdh o7z SHIGKEBBETHEAS LI, D
Y BRI B A TS O KR BEEN L AP T/
LRETLEELLND, 7, WREEORERED
BRI 5 &, HEBRREOHTNE oo, &
DEABIMAFE L T o7 T0dbh, Liemophora spp.
OFERE, FRARA SR L ORI £ <R Y,
MG R R Lz E 72, Synedra spp. & Tabellaria
sp XA ERAD 4 L, FORANRENRIZOVW T L —ED
D B o7z, 0, FHEMIIBU BHEEOBFE
B, R LSO Sul, 3, 8 RUSL3M AT A Y
DSL5, WEYWEhote 72, HEHEEDL Liemophora
spp. PWHEEIECdh o 7ods, TOMOEHE L LT Synedra
spp. DT NK OB DM E LT, Tabellaria sp. 7501
KOBEHDFGE B TEH WIS - 72,

IOLHE, O FEECHETHEREEEL Lic
mophora spp. Td - 7245, MO HEEHY T b e
BEBHLET B VI RET DD b WA ERED
Chordaria flagelliformis {2 Licmophora sppza), WA
> Zostera marina V2 Cocconeis spp.zﬂ*m »E AL, £
NWAENDEEIE Licmophora type, Cocconeis type LIFETH
Tvih, ZHIITEZE, © 0y 3KIE Licmophora type (2
AbEHEZLND,

V., BBREHLEEEROREE

BCHUMLTBY, 0o kot
Z DB D VTR B &R L,
0 MBI AT S B BES ORI T IS4 o Tl & Ry

Navicula spp., Licmophora spp. } U Nitzschia spp. &
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B A2 W

Synedra spp. {2 KPS 7z, D FEHRIZS

Liemophora spp. |

$72, WHDROBE AR SR A i

2R M. nummuloides, A. longipes Jo. O
e B B
I, BRI RS %
AT I M.

spp.

A 7’:0

L EDH{ERNEL L, !
R e o M B2 1 Navicula spp., Nitzschia spp., Lic-
mophora spp. LUK Tabellaria sp. T EWEIIZH » 1o

IO, KRR

LY TR HAT R

S & o TR O M H R

nummuloides, A. longipes, Licmophora spp. X U Synedra BT B DT, )}‘fi"ﬂ:’.ﬁmﬁ BRI ERE TR M LCwn
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Fig. 20. Monthly change of cell-number of each epiphytic diatom attached to
Nori fronds longer than 10 cm in the cultivation ground of Simonoseki

coastal area.
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SRR L, PR, OKRL pH, SRR
EOWENIDWTHT » 220 FEBRIZIE, 19794 3 71~ 198248
3 AT T o o b ARG TR L 72 L. abbreviata,

Licmophora spp.
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Fig. 21.

Monthly change of cell-number of each epiphytic diatom attached to

Nori fronds longer than 10 cm in the cultivation ground of Onoda coastal

area.
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100m/#H7: 0 2 miNA D) CHFELTRBUCM L7220
BRIEEE18 mm, &5 & 150 mm O % ¥R 1210 mi D3
BT AN, ZOWIZ Licmophora ® 2 Hi & A. longipes
AI0MUBE/mi, S, gracitis D32088N0/mi, M. nummuloides
HI00MIKL/ms, N, directa prox. 233088/ mi 12 B & S
ZENENBML T, —EMMERI SR e L, 5
HIOFEEUZIE Table 6 1277 L7z ASP,,™ %
Wz, withob PESSE B U, B e
THEML, TR STP B & VT - 72, Sk
WL, RIEOERRIZ DV TR IRIE TOMRBIATER Y
WY A EC v, BE, pH, S¥E, Silifc o

Table 5. Composition of Provasoli’s ES enrichment.

Distilled water 100 m{
NaNO; 350 mg
Naz-glycerophosphate 50 mg
Fe-EDTA 2.5 mg
P Il metals™ 25 m!
Vitamin By 10 ug
Najy Si0;-9H0 500 mg
TRIS . 500 mg
pH 7.8

# One m/ of P Il metals contains: ethylenediamine tet-
raacetic acid, 1 mg; Fe (as CI), 0.01 mg; B (as HaBO;3), 0.2
mg; Mn (as Cb), 0.04 mg; Zn (as CI), 0005 mg; Co {as
Cl}, 0.001 mg.

Table 6. Composition of ASPy; of artificial medium.

Distilled water 100 m/
NaCl 28¢g
MgS0, 7H,0 07 g
MgCl; 6H0 04 g
KCl 0.07 g
Ca (as Cl) 40 mg
NaNO;j 10 mg
K3PO;4 1mg
Nay-glycerophosphate 1 mg
NﬂzSiOg‘gﬂgO 15 mg
Vitamin Bz 0.02 pg
Biotin 0.1 o
Thiamine HCl 10 g
P I metals™! i I m?
S 2 metals*? 1mi
TRIS 100 mg
pH 78—8.0

#*1 See wble 5

%2 One m/of S 2 metals contains: Br (as Na), 1.0 mg; Sr
(as ClI), 0.2 mg: Rb (as CI), 0.02 mg: Li (as C1), 0.02 mg; |
(as Cl), 0.001 mg; Mo {as Na), 0.05 mg; Va (as Cl), 00001
mg

FIC G R X ORI R A R 52589 5 10 1
&Lt MREOFME, BEREHIZ5970. 5N 0 NaOH
£0.2mi AT CHEEL, 2405 BIRR L TR 210
TR, KIS, RRBIZE] mm O F T AEE150~
200fH AALTHEFE L, SRBRASPIRE I35 2 BRI % 11U 5 4
R S, SRS — RO EINY, BT o
Fsck R L7,

1,8 4

REOFERE, 5 ~30°C OIS C T 6 RERE
BT, BEZ4,500~5,000 Ix  OREEGEEAT), 1 R12
B REEI T o 720 HEETR O &R O MRE Fig 22
R L7,

L. abbreviata HDEFIEBRED FAIoNTESIc LY,
5°C C20H, 10°C TI5H, 15°CC11H, 20°C CI0H,
25°C TR HMTENREFNERMIELZ, UL, K
FE230°C Tl 2 ~ 3 HIRICOEIE L Zse SETWWNIE L 221
DAL, 5°C TH7, 0008/ m{, ¥ DUDREK T
129, 000~ 10, 000/ m! Td » 72,

L. paradoxa (% EF L L H1230°C Tk 2 ~ 3 H
WAL 72 5 ~26°C OKMERCl, 5°C T23HDLL,
10°C C17H, 15°C CI12H, 20°C CI0H, 25°C Tl 9
HMCERMILE L, 2oofifets, 5°C TH2,
000#I M /ms, 10~25 °C TIL#98, 000HIHL/m! Tdh - 72,
L. abbreviata &L 5 &, AL 5 °C COMRIARIN
[N TR A

S. gracilis DYHIERE O LA - TS L Y, 5
°CT20H L E, 10°CCI17H, 15°CT11H, 20°C CYH,
25°CT8H, 30°CClr7HMTERMIZELL, 20
B oMbatiE, 5°C T4, 000MIAE/ml, 10~30°C T
18, 000~ 20, 000/ m{ Td o 720 AHOMHIL, Eiko
2HEVHRETHRETH o720

M. nummuloides (& 5 °C COMIIAHRS TIEL, 20HE
LTI B3, 0008/ m izt B dr oz, 10°C
LA e B L MM ASES8IZ 2 Y, 10°C TI7H, 15°CC
11H, 20°C CI0H, 25°CT9H, 30°CTit9 HMCE
FIGE L SRER CoEMM oML, 10~25
°C "C18, 000~ 20, 0004/ ml, 30 °C Tl T EAh
% < 4915, 000/ m{ THh o 726

A longipes (JRELTOBTEAE L <&, 5, 10
CTHR2HULEBLCOBBIE Lol 20
L iREEX CIE15°C CI18H, 20°C CI13H, 25°C C11H,
30°C Tk 9 BHIMTERIMNE L, #OMoMilaguis
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Licmophora abbreviata Licmophora paradoxa

Cells / ml

LI AL

T T

Culture in days

Fig. 22. Growth curves of six species of epiphytic and epilithic diatoms at diffe-
rent temperatures, 5°C (&), 10°C (H), 15°C (@), 20°C (O), 25°C ({}) and
30°C (&), respectively.



62

17, 00048/ m 1 'C“ét‘) EAl
BFohETin
M ARENRE D,

N. directa prox.
W
AR o
TI5H,

2o 72 5 Ao
R C OB AT L
FIIEE TOERMIET 5 ETORKES5C
10°CCI12H, 15°C CI1H, 20°C i3 9 Hil %
WL, OO EIEH28, 000Mil/ml Td - 72 25
Tl b & 8 HMCERIN A - 727, %(/JIHNH[HH %
;t%’-na, 000#INE/m T, 5 ~20°C COEHMO T ITgo5
Thofe 30°CIIBDE S SITMMAITL, 1SHMR
LTS M B R400808 /m 12§ e o 720

Bbhh, B 6 HHOREDOREIYS MY,
UL > TH DS R e b 2 E 2l Tibb,
10°C OIR TIEN. directa prox. DRI S 1<, L
abbreviata b WEH R D o 720 KT, BIENH R AL
DN T L paradoxa, S. gracilis, M. nummloides 0 Bi5i 5%
ISR, 30°C OB TIE A longipes H5E b B 72
INOHHhG, TR RUV/NFETTINGEO 0 1) FA 0 4
B dd, AKEE T I bk o TR A e ATE NN & Rt Lic-
mophora spp., Navicula spp., 4 #{1 % ffi‘ 'é“ M. num-
MNKS

muloides, A. longipes, Synedra spp. |

2. B 4
!’f&mi k15, 20 °C D
d NIV s =5 TR, S S OMEEER L
BIEIZL5TO~20,0001x OMZ9MIER %A, 12

FEIE) O & BRI CAT o 720 S ERBEO IR & IR O PR
% Fig. 23127k L7z,

L. abbreviata (315 °C [X T8, 000 Ix BL 1 Ci & IG5
A% N, 20,000 Ix FCIEER MR CH - 72, 20
C K CIE5,000 Ix DL TR A R L A& b, 20,000 Ix
FTIRIZFECh - 72,
°C BT &R LT, 8,000 1x
BLECRROBAMA 25, 20,000 1x 3 CIEHEEHLT
&7z, 20°C [XTILE, 000~15, 000 Ix T b B 2%
o doht, 20,000 Ix 124 A & BRI ASE TR T L,

S. gracilis & M. nummuloides b1 2% L F U L5
FASH &, 15°C KT8, 000~20,000 1x, 20°C [X-Cid
5,000~20, 000 Ix TR DGR %R L7,

A, longipes 13 LR % ERil o By NIHATR & 14
BEIE T OMRE AT L A2e 15 °C X T8, 000~ 10, 000
Ix, 20°C K TS, 000~ 10, 000 Ix "CReAK OB %575 L,
ML & 615, 000 Ix DL b4z 7 B & R ASR B 10
L7

FIXC, BHlIZ300 W o

L. paradoxa {315

i

N. directa prox. 1315 °C X -CIE5, 000~20, 000 1x , 20°C
[X T3, 000~20, 000 Ix Tk b SHITEAS A2 o 72 KEGT
BINECO S B LT, B & b RGBT
FEORRIANZ T B W R S,

Pl L5z, SHBEOMAN T8 2 Mg, RIER

T B BB R SNz, O0 Tl M\mﬁ% e

W SO TECIED B2 5 LB bbb, O
BT P OBIEDS 4 H x BLhd s oT, g
AL BHGEEL EFE U hnwe #2605,

3. EBxa

B#E ORI, WK, 70~80°C Tl L7k

BUBRORE T, B2, 0~22.0 % ORBIPIZ 9 ~10
WEEX 2R, 15, 20°C OBIFIKC, FEo%RE F L

St C1i - f:o BEHED
IR L7,

L. abbreviata RRIEIZ & 313, 0~18. 0 % THUAE
BT, FDH H15,0~16.5 % TN S 2 o 77

L. paradoxa VIR &) U &9 B MiiAsAh o, WiiE
&S HHAI2. 0~18.0 % TR CHME L, 45(214.5~16,

0 %o TR A o 20

S gracilis (RHIEIX & 414, 0~ 18. 0 %o T 58 7 105l
TR L, 151214.0~16,0% Tl B oz Z OfAME
Liemophora 21 &MWL Tuvi/z, .

M. nuwmmuloides (3 R0 3% &0 48V IS TR A
ETHY, 15°CEKTHIL0~16.0%, 20°C TI29.0~16.
0 %o Tl it K 024 8.0 % L DIRMIRAE o 720
WeR§ZoR L0, MREE E $11.0~14.5% Cdh - 720

LIRS 30 e S N %1 €
ERXEH12.5~18.0 % TOWRBA S -7,
N. directa prox. S WEIEX & 4 15,0 % ML Cif 8120
RL. 22.0 % F CLEEE CMRHE £ L7,

Db s, GEEOMBIL N directa prox. %I 3
WIS Wi R R18.0 %) & D kv
WHHTHY, CRFCHRES N B
x\'IIIZS(‘/HLI‘ g Thalassiosira” T &I DT O & 1
DR E B Ll SO
radoxa, S. gracilis, M. nummuloides T U A, longipes D55
ity WA U‘l)‘l W N TE Y, N directa prox. (&
BHEROEIIE I & 5 THH0C, W, S
e Ty >(I: Ta&LL0ERbRL, O M E
ORI D G % A B &, ATCHEO MR Oy kg
TUE M. nummuloides, A. longipes 7o &% <, 411z

DY & R B OB % Fig. 24
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AT fLIE
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4. pH
pH DHEEIL,
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9. 01210 pHIX ’&ﬁ.ofﬁo foo BEIEIX15, 20°C @ik

JERCHT VG, At RRE, BEROEREF LI
FEEBR O & pHOR % Fig. 25 1R L7,

L. abbreviata 115 °C [ZCI pH 7. 5L LTl A5
T, pH 9. 0F CILEIFF D +R L. 20°CR Tt
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p 1 | m Yot formeme 0 / 1 i 7 —;' 1
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Light intensity (X 10* Ix)

Propagation of six species of epiphytic and epilithic diatoms under diffe-

rent hght intensity after 10-day cultivation.

Solid lines indicate propaga-

tion in the case of cultivation at 15°C, and broken lines at 20°C.
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pH 7. 0L L CHIIR A% < %2 0, pH 7. 5~9. 0A%F ¢

&y o AN

L. paradora 1315, 20°CIX & $E L & 5 % BRI A3
Ao, pHT7.8~8 5Tk GBI S h ol WH LN
g b &, REEOT AT A pH Ak < 4 BB

iR L7,
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15

10

H

S. gracilis WIIRIEIX & b pH 7. 5~8, 0°C £ < Higl L,
C OREMALCIERITR AT L 7,

M. nummuloides \(XPIEER & & pH 7. SLLE Tl 5
A%, pHO.0F TILEFE B4R L 722,

A dongipes FINFETOWAH LI RREY, 1K pH
K CORMAERC, MR & &l pH 146.5~8.0C
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ey, |
™~ ) \& 10 [~ " Navicula directa prox.
] B, i 1 0 @ 1 { {

5 10 15 20

Chlorinity (%o)
Propagation of six species of epiphytic and epilithic diatoms at various

chlorinity after 10-day cultivation. Solid lines indicate propagation in
the case of cultivation at 15°C, and broken lines at 20°C.
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EC R AN

N. directa prox. WHRIER & & pH 6, 0K TOIHIT A
DEPIRT LADOKRT, TOM0 pH B THEBAER
rmm LRI DI %Rk Lz,

Bllkds, SEEORMIMICFEL pH iz k- TR
PRI - kb‘z;n, LA ST o e O N HHHGO pH
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1258, 0~8. 3D M & Z B L TV 247, R Hin12~ 1
A TR0 WA S A AERIR0E pH 4%8.3~8.5% C L
AFDHELHH LMEENTOEY 2O LI kBTl
SE DR S S gracilis R A, longipes ORI A3 % 2 i)

fzhsdboliibib,

Licmophora paradoxa
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Fig. 25,
diatoms after 10-day cultivation.
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Effect of pH on the propagation of six species of epiphytic and epilithic

Solid lines indicate in the case of cul-

tivation at 15°C, and broken lines at 20°C.
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5. SIS
FAEHOFIRE, ALK ASP H b F RN
B 1 MR RO R R L, RS OMEE K

ORGSR Lz, BB, KENSORIE R U
VR pH OFIRE A LRI Ch o 1o KIEFE O
L RO MR T Fig. 26 127 L7,

L. abbreviata 1320 °C R TOHRAIS CR LD 2R R

Ao 725, BHREIK & b MBI LCH D, ASP,
75 NaNOs, KyPOu Pl metals @ 1 2% R/ b 0T

WG AT T o 2o HHIZ, NaNOy, P metals TR <
ELFE AL % o 20—, Nas-glycerophosphate,
¥y R IROT OB O T I DTN TH -
A

L. paradoza \$WiH EF L L9 RBFRERL, 15, 20°C
R& & NaNOy, Pl metals # < &3 EA :‘:‘ii‘?ﬁﬁ'ﬁ"f.

Licmophora abbreviata

ASPy

ASP[;), “"NL\NO;;

ASPy —K3PO,

ASPyy — Nag-glycerophosphate
ASP1; —NaySiO;+9H,0

ASP); ~Thiamine HCL
ASPjp ~Vitamin By,

ASP;; —Biotin

ASPy, ~Pll metals

ASP;,; ~S2 metals

KsPOy IRV 72 b DT HIHAT L7z, £72, NagSiOs,
Nag“glycerophosphate % bR L BTN oY S oA,

Yy rHeRBELTE ASPL EEIZFE UBIIR 2R L
f:o

S. gracilis H MIHIER & & NaNO;, NaySiOy,
als & B BRI & N, $542 NaNOy, Pl metals
R EIBEACHM L oz, 72, U8 3 VHITR
W BRI IR T L e o 7245, KyPOy, Nag-glyeero-
phosphate ZIR < EHFTL Lk o7z,

M. nummuloides (FWRIEK & & NaNOs, Nay-glycero-
phosphate, NaySiO;, Pl metals % 1 ¢ & 8H AP 2
(b, 412 NaNOs, NapSiOs Pl metals & BV 7: &
OTERABEIIET Lz $7, KPO, IR &1
AT RPN S s, E 8 3 oIz LAY
Bipoiie

Pl met-

/]\

Licmophora paradoxa Synedra gracilis

ASPy

ASP]Z —NHNO;;

ASPH “K:gp(),s

ASP,, —Naz-glycerophosphate
ASP{Z "‘NzlgSiOg'gHgo a,
ASPyz —Thiamine HCL
ASPIQ - Vitamin Bl;,;

ASP,, —Biotin
ASPy; ~Pll metals |
ASPy; ~S2 metals )
i i i i T T | L4
0 10 20 01 2 3 4 5
Cells / mIf{x 103

Fig. 26.

Propagation of epiphytic and epilithic diatoms in ASP,; media from which a
certain nutrient was omitted previously.

Propagation was attained after 10-

day cultivation under 15°C and 20°C which were expressed by open and dotted

bars, respectively.
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A longipes 3 ZNE T LB HBERU LI, W
X & b NaNOs, KiPO;, Nag-glycerophosphate,
Na,SiOz, Pl metals, S2 metals % [ < EHRAYMET L
oo BRIZEBPKE D 5 2 D1E NaNO,, Pl metals T,
IROPRBRTHEBEALH Lol

N. directa prox. b FEHHEORE L3EF UC, WilE
X & b NaNOy, NaySiOs, PU metals %8 < & HHE DT
B e, 4512 NaNO,, Pl metals A4 5 & 13 &
A ERRE L T o 72,

FiZ, Pl metals DR ErIE % H
BT, P metals 128 FRALMA D EMIZDONT
FOR RN, FORHERE Fig 27100 Lz, Zhicd
bl BHBEOMAMIE HBO; REETH LT L, L
abbreviata, L. paradoxa, S. gracilis, A. longipes . U° N,
directa prox. T3 & A EHRIA A &N, M nummu-

loides & BT ML 22 CH o 1y FOMORET
1 Nag-EDTA % i < & L abbreviata, L. paradoxa, M.
nummauloides, FeCly Tld L. abbreviata, ZnCly TlX A, lon-
gipes DIGHAS R LT L 72,

PLLOENG, BEEOMIIZIE NaNOy, HBO, A
FRIZEPET, KyPOy4 NagSiOs L & LWL ETHH 2

LW K& CIRT

Licmophora abbreviata

Licmophora paradoxa

ERBDI, 2, BHRICROEET D L abbreviaa, L.
paradoxa B S, gracilis &, #IZHET 5 M. nummu-
loides,, A. longipes LU¥ N. directa prox. 420k L &9 25
BHESLECH Y, HEEYOMEIC L HREAL AR
/ALY A

BRI ORISR OME &+ A b &, IR B BRTE
B, EEREZ DV CIdEE 4 OB TR OLWEHRPTEN O B
Twhy  BIEHE Heranoer . AEEE ORIRE 2 JI8T 5 &
WL, Bl i\’ostmﬁ?m o Chiorella’” T & DR
KHLBE ENTWE, 2R &k, 4HEO6HED
HIZ oW TSR L&) R TR0,

B A R R S LCHRL, MRS
ey L WSREBRE 2 U CHlla B 2 1774 ) S &5
RTwB "™ SEOEHRES D, WEEREERNK CON
FHE A AR R EANE L Y T RbEp 0D, 6
M OBER L SBEHENEHF L 0L OEEILNE,
OV FERG AR W 2 & #MNT 2e B &, SRABFIARIC
IEREED R L BT LT B, SHEOHELAD L,
Licmophora spp. %° Navicula spp. 7 &0 & 5 1KRLT
RO 2R3 b 0 &k, M nummuloides, A. lon-
gipes B U Synedra spp. O & H 2@ 2R L DITK

Synedra gracilis

ASPy;
ASPy; —NazEDTA I
ASPyy —FeCly
ASPyy —H3BO,

ASPy; —ZnCl,

ASPW - L\/IHC[Z

ASPm "‘COCIQ

i

Melosira nummuloides

ASPy
ASPy; —~NazEDTA L
ASPy; —FeCls
ASP;z —H;3BO;
ASP,y —ZnCly
ASPyz - MnCl,
ASPy; —CoCly

Achnanthes longipes

10 20

Navicula directa prox.

30

Cells / mlfx 10°

Fig. 27. Propagation of epiphytic and epilithic diatoms in ASP1z media from which a
certain metal was omitted previously. Propagation was attained after 10-day

cultivation under 20°C.
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STz, B o S OMI I T s HO
WA HIEIEBOMD L O K& R EZRITT I WS
MR P2, TOE DI, HEEOMIC RS R RL

B LTOB LB S NG S s, )RS HT2 ]
DIN it & BEEB O ER & O A B % LRRH T 5 &, 10 -
BWINBIR 2 RY L abbreviara 13 DIN 5510 g g-at/ 18 1,
N. directa prox. {% 5 peg-at/{ VL b, @2 m4 S
gracilis, M. nummuloides, B O A. longipes 1412 pg-at/l
PLETIHSICHMTH &2 6N D,
I:l.ﬁﬁﬁliiio&@?& EHI T AW R WHTH DI,
JORGENSEN ™ Vi rhg Bacillaria paradoxa O RIFHILH: L E
DN 1 pgeat/ [HNLEEALEEETYRVESL S
TV do T OREE~HIZO Y BRI TH S 15 RALALL >
TChHOT, WMOBSIERBOMMEET 545 3
SEEHELLREV, £h, BEOMEE LT ke 5 B
$IUS 1 mg BLEFET A 0C, R CERETAI LI
wkibhs,
6. Pi/B
SN TORRERD S, AFEEEREOMRIIIT$IE,
BRNE, HEFEL, pH, 82, B Y9I VB UOMESE
DEEHFPHG Pk o7z L L, O R CLLEsh
117 &5 B2 A01F T DRAIR ORI b Licmophora Ea r]
spp. X2 Navicula spp. T2 EOFHERAIIM L 72, T DR 0 1
220, R RIERAIS B BHEE LCO7 3 /i £ g = = £ £
CAEL, & HRLZ RS 7 3 7 BRO BB & 3 s ot s 2
B & o THES L 72, I & T
st & HER I, J:E@i“ﬁ"("ﬂiﬁ‘}h'f—?'ﬂ &: LTy ”
RIS 2 2 e s nTw Y ohio ‘
W BRI IR HON S B S AT & Fig. 28. Propagation of epiphtic diatom, Lic-
T3S 09 oo RIS 6, 1 pophos b i e v
BN GERRERIZIRIE L TH 3g) 2Kl 1z trat of Nori fronds. The cultivation
IORFIR L, 2RI A ST LA e oA, T3 BhS was continued for 10 day at 15°C.
HILEETR T I EPRO LN, JORM LK
10, 1, 0.1, 0.01, 0.001 % ZNEIFML T L abbre- T3/ BEOERE, Table TIIR LT 3/ BIIDWT
viata % 10 HBERE (15°C, HAHEES, 0001x, 1 [ 1204 NEL#AK ASP 100 mi P FREI T, 3, 10 mg i
!U'}) L7z 2% Fig 281K L7z & 912, 1 % dInChins L2362 A L, 15 °C D% R CHBIEA, 500~5, 000
ZIREMCASE S, LA HROBRNT L Ix OGBS EERIT), 1 BI2BEM BRI CI08 MG
EIZTHI Lo, RIZ, FREFRLOT I /BN 1Fo 72 SEBRIZW L abbreviata, S. gracilis, M. nummu-

WE WD, SOT I EE Tsukware OFiEC loides, A. longipes . O° N. directa prox. @ 5 ¥l % v 7z,
Hid B &, Table 71ZAR L7z & 51216040 L. abbreviata, S. gracilis D& 7 2 7 BOWE T Fig.
OON, FOILTIL, FYAYILE ulsy, ¥ 29, M. nummuloides, A. longipes, N. directa prox. {224
Ny, Yy, BRFV R EFLETN TN, TOHA % Fig. 30 1R L.
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L. abbreviata DL, Iy, TIy, AFF Table 7. Contents of amino acids released from Nori
. o fronds (2.94g as dry matter) into 1/seawater
2y, TiZNTIEY, FULY, EAFVLERNML at 20°C.
1ob DARC, WAL ASPy, 0 3 ~ 4 (ORI & P TR, e
U7z §/2, U, ufy, Avufy, 7ul) Amino acids pegll
v, TANSXELEE NS I VEE TNFS O Glycine 886
& oo THMHIAR R S iz, L L, 1) kiR Alanine 629.3
Rette &, )Y MR IR B, 73 ORI Valine 596
WAFAZY, EAFY Y TIEI0mg TR b Bd o 727, Leucine 1050
Isoleucine 48.6

o7 I /BTN G 1, 3mg RINCRIFCH 7, Serine . 86

S gracilisigy ) v, A}y, CRAF I OEMT Threonine 15.8
WA ASP, DL S~2, 0512w Y, &) ¥, AFA4= Proline 40.8
Y, TR I VEETHENL o TR RET L, + Methionine 25.0
DIDT 3/ BIZDVTIERIARANL & A 5 12 Phenylalanine 592
Brotee B, BIEIEVTS 1 mg REFC, 10 mg Tyrosine . 5.2

) Asparatic acid 21.8

TR L 7o Glutamic acid 1316

M. nummuloides \3F 32 ¥, FARAINTE LR, TILF Lysine 87.8
v, BAF D Y EORINITHRE AR LA, Arginine 7.4
ZOMOT I EETIE ASP, TOWMR & BEFF LT Histidine 486

Licmophora abbreviata Synedra gracilis

ASPy;

ASPz+ Glycine
ASPp+ Alanine
ASP .+ Valine
ASPy+ Leucine
ASPz Isoleucine
ASP 2+ Serine
ASPiz+ Threonine

ASP 24 Proline -
ASP+ Methionine (i i s

ASPy,++ Phenylalanine W

ASP )+ Tyrosine E___‘ ST

ASPz+ Asparatic acid &:—‘———’

ASP L+ Glutamic acld i oot I T j

ASP+ Lysine E

ASP,+ Arginine

ASPy,+ Histidine 5 . ] \

Cells / mlfx 10°

Fig. 29. Difference of propagation of Licophora abbreviata and Synedra gracilis
of epiphytic diatoms in ASP1z and various media which were prepared
by adding each amino acid of 1, 3 and 10 mg to 100 ml of ASPi2 after 10-
day cultivation at 15°C.  The propagation in ASP12 is symbolized as wzz
and that in additional each amino acid 1 mg asr=—2, 3 mg asezwmand 10
mg as s, respectively.
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Bote TIEMEIZDVTE, &7 3 /8L, 3,
10 mg DT & A EHEATRD N7,

A longipesiEa A v, Avady, Sy I
ORMTERR AL, FOWMEIE L mg TROR
o e FOADT I JETIE, ASPy, TOWRGR &1
EELCH70

N. directa prox. &7V v, 72 =VT 720, T
KoL OWMTHEA PR (ko lohs, AFF =
T ARG F LEETHE DA o THRAYET Lise 73 /8O

FIEIZoWTE, ) YA I mg TR A, Z 0
WA E A EEN T,

RIZASPy, 05 NaNOy 2 iR#EL, 20T 3/
Ri% 1mg/100m/ (ASPy) #IIL T, IMEEEIROR

W L 73 & DA% WOT 3 EERRTEE R, Hv
fo7 3 /BN, WHEOREBCHIRRERDMATRO SR 9
HHIThL, T/, EECHGAEERE, OIS
DR IES B OB E 2 A LBRICEA L2 A lon-
gipes & W72, Lo abbreviata, S. gracilis, M. nummu-
loides, N. directa prox. O 4 M CTH %o HaEHHAE
ASP, OEIEIR 21008 LC, SRICKTHILTT 3 /B
WM ORG: 2 R L, 2% Table 81278 L7

L. abbreviata i3 ASP; 76 NaNOy iR LT LA &
WL dr o, YUYy, T2y, bbdzry, ¥
My IV, TAFD Y, CAFTrERNLIZAOTE
ASP, TOMIE & 3IFF U, ZRLLL O ER
L7ze LarbL, A 5% o T itiiAs € o4 B
KA EY, 7o b7 Iny, Ful s CiRESILLR
/AW A

S, gracilis i3 T WHEZ ZENT ASPL, @b DL EIEFRU
WA RL, EAFI Y TREDE % Tholio L
L, o7 3 7 EETid ASPy, TOIR O 58 5y id
ENLTFCThH o7z,

M. nummuloides (& 770 ¥ v, 7oy, ThFIL,
¥ AT Y Y OBEINT ASP, TORHE L IBIXFALT, b
LA =y TClEED82 % Thots "’C@ﬂ_ﬂ)"’ 3 /BRI

Tk, WS SRR P e d ol

N. directa prox. WL AF T v, 792 fMTRL,
ASP, TOBRIR S BIFR L Ch o7 £/, PLA 2
ik ASPy D b O D85 % DGR E R LA, OO
TIMTE, FOEFHINEENUTTH 7,

DEo#ias, o0 R0 ) #icafd§ 58k
OYPERMENLT I /EEHATAIL 15*.‘.’8605;7’17“:0
B 5D, O EERIA ’L'ﬁ"/'.’a L. abbreviata, S. gracilis {&,
AR AR R LA s e iR s LTRIATL,
BWEWE L7 3/ BRI CHRIATH E »Fe SNIZELT,
O Y BIZHG T D M nummuloides, N. directa prox. % &
i, : “"7)"%;’1'.:. f‘fa’f’/r?k 73 EeldE A LH
ERCac i (2 JitE A e LCHBET S
Z& *{auuabbh;to

HEOT 3 BARCoWTE, JAET Guiar,
anz],me?m Liv and 1‘1[’.1,!,!515UST5L?2) Norti and StEPHENS.
mma”u;ogmwmﬁuufz,mwm-
SNTHNS N TV D, Guiniaro 1R T O BB
My 2 rBERCAMT AL L, Lwand Hesgpust W
ThFZ Y, waiy%WMTwaMMWMMﬁﬂM
Thor sl Ealms™

"Vt Skeletonema costatum

Table 8. Effect of individual amino acid on the propagation of epiphytic and epilithic diatoms in

ASP), artificial seawater free from NaNOy

Amino acids added Liemophora Synedra Melosira Navicula
(1mg/100m?) abbreviata gracills nanmuloides directa prox.
ASP), 100% 100% 100% 100
ASP,, omitted NaNO;, 2 1 4 4
Glycine 102 28 101 9
Alanine 105 31 98 93
Threonine 101 8 82 86
Methionine 48 9 21 @
Phenylalanine 16 52 0.1 22
Tyrosine 12 62 4 12
Glutamic acid 103 55 6 43
Arginine 115 104 96 58
Histidine 122 85 103 102

% The cell-number grown in ASP,; artificial seawater was estimated as 100,
12
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PEMEOT I /My BRRELTHRTAS . EEEOREBORIANE

Wb, THD & BB ) I d"%%i‘ 2 B }\»fﬂ RO R, FTRITWITOO ) 368 CHF
I/EEERHLCOLI EAhY, 73S & U7z L abbreviata, S. gracilis, M. nummuloides, A. lon-
OISR G LCTOB I L2, 0T, D% gipevK(ﬁN directa prox. O 5 Hiff{C, BAKEEROY;

T Y LA B 0D K S AR AT 1 A e DA G L. FEF L LI PESSI THBELZ SO FEBISM L,
abbreviata  N. directa prox. DHFLERSHIMS B D%, & f”ﬁf(ﬂi*ff:}‘_li 2% DTNELTLFL b GREFE A
DEEHEOT IV EEFNT 52 L& 5T oM TUHFMIBE L, #RkCHlER7 & b o RIClAL, &
RSN THDAEOEELLNL, ZOLI BT ERD, A ML CGERMEFHEMS (HA%ET, JSM—200,
DY ERGTIET 3/ % &L DON fik L ERE ORIRNL % LAF SEM &) CTHIZEL 7,

WS b LB ONLOT, FEo A IR i L. abbreviata * ARLOMBLILE 830~100 pm, 114 ~
W35 &, L abbreviata i DON 458 pg-at/{ B 1, 8 pmTdhhbo BBTIEEN T LBE O AL (Fig.
S. gracilis 1$12 p g~al/l U\J‘., N. directa prox. 4 5 pg- 31, A, a)e FERRREEINTG, LBIAvKR &L, FEMHH
at/t L ETENEFR O HEELhoTnd, 72, 7% B(Fig. 31, A, B)e #EMIZBBTOFRIZHY, &
M. nummuloides, A. l(mgz/)es 20Tk, DON #4812 4 MR DANLAT12~ 144835 A CHIEIL 2 B L TV B (Fig.
g-at/ L L OSEROIC 8 A S o 1298, The ;wj\ 31, B—D)o /2, AIFIEREIEY, F OBz R
IR T TRBICWA T 2 0C, ARBRILFIEE Hk 5,

DON OF AL #E 2 o h s, S, gracilis T RHEDOMBIIEE 850~150 pm, M4~8um

Tdh b FRITPRIBSRRLNE S Hh, MEVIEY
LTV B (Fig. 82, A, B)o 35 3BIS SR O IZ A B

v =5
V. HEROBLEOYBEANDE DITH G, M8, SR 125 5 (Fig 82, C, D),

H4 oWk, g Tl u;,_[}liffaf‘j” & > ) 3% Mowmmuloides . KIEOMPL L IEEI0O~A0 pem, S
RIS COBUGMAD G, Z OMHIHC RT3 B 10~14 pm ORI T 23 TFIg 33, A), SRR

WERHOPII L, SO THO )P )ﬁu;‘" MR b, ML

B OA OB, AR & RO }) WHEURIEE R D C B, RO SR L, 0 LA

OIS RATTEEAN I D VT EMNYER & WA S 4R HEAZBRRITIE A P2H5TLATA & U B (Fig. 33, D). 77,

f L7, TR BLR OB D D, BRI AW A 7 SR AR
515 (Fig. 33, C)s

W OBECHLS U(Fig 33, B), &

Fig. 31, Scanning electron micrographs
of Licmophora abbreviata. A,
girdle(a) and valve(h) view: B,
C, D, end parts valve side,
arrows indicate mucilage pores.
(A, X650; B—D, X3, 200).




Yig. 33.  Scanning electron micrographs of Melo-

sira nummuloides. A, girdle and valve
view ; B, valve view; C, girdle view; D,
valve side, arrows indicate mucilage
pores. (A, X1,200; B, C, X3,100; D,
X18, 500).

MLtk % & 50 ~ 200 pem, 1110~40
pmTHh, HRHE T OFBORMMIET(Fig. 34,
A B), # ’\f"@fli B SRR U d, AP iEEE
MO 23S Y, PEREEOR S B
[ Pﬂf?@‘\’”ﬁ’“(% VHETLAS S B (Fig. 34, C, D)o
2 e LR & (R 3, AIIEREEC 1 NN 5 ST
WEMED,

N. directa prox | R OMNIL BT, £ S60~100 x

A longipes . KIEEOM

lL
egh

2
]

m, M10~15 pmTdh b, WHIE I OHEE T, 0%
MHE AL B o T B (Fig. 35, A)e SEBIHNILANE <, B8

73

Fig. 32. Scanning electron micrographs
of Synedra gracilis. A, valve
view; B, girdle view; C, D, end
parts of valve side, arrows indi-
cate mucilage pores. (A, B, X
670; C, X1,650; D, X3, 340).

YITH

A n
Gefrix o iz
R O T,
h, WEoLt

57 v (Fig. 35, E)o MR T,

1ZIFEECd H(Fig. 35, A, C, D)o A
F AP EVIRITHIE O EIL S A 5
& P

BRz(Fig. 35, A, C)
Bt

G EE SR LSS
DI END N, WO RN R ORILO
HHHLETH DAL EELLND, T, HlILOTR
¥4 C L. abbreviata, M. nummuldoides 9 & 32 13EPE
DALY & o T B

. A longipes, S. gracilis O 59
CRERME, PAERE LMK ABEodHs N

g
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FH /N S e PR

directa prox. D & 9
i,

2, BEBRBERUMED

VTN IR T AL S A S &

DD LI &2 TEFHHEOY~ DR &G

@*i!f‘f"(i@/l}‘le:{-ii}if@}}'( UG ) & SENSEER D & R L 7o
%% BB, L abbreviata, S. gracilis, M.

nummuloides ))LU‘ A. longipes O 4 i ¢, Ml H 5

fig. 35, Scanning electron micrographs
of Nawvicula directa prox. A,
valve view; B, girdle view; C,
end part of valve side, arrow in-
dicates mucilage pore; D, middle
part of valve side. (A, X 700:
B, X480; C, D, xX1,700).

BTH T A% }\711 L/\/Mf

N. divecta prox A& Lo 72,
21, HEEE

EMBUI DV, DB A KR L7 R
Brgt e MR L, R E SR '5.’7\5.17*:/]\15’57}0}‘3’11’*]6:45“ D
ol 1)
ﬂi iﬂ' ifﬁﬁiﬁ T
120 °C OFUER Iz
DR O 5 aE

Wiz LT, Rk E &
WLl Ehwrs zmg,
BT PESS) 'C“iii& H mu:;

Fig. 34. Scanning electron micrographs
of Achnanthes longipes. A, gir-
dle view; B, girdle view, arrow
indicates secretion of mucus
from mucilage pore; C, D, valve
views, arrows indicate mucilage
pores. {A—D, X780).
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ﬁ%4%muawtfﬁﬁmwﬁ?xmhfw%&ﬂ
B% Fig 36 12K L7ce L. abbreviata |3, K Cldigse
s 7&73*6%%“5'1,7’;0 EDWE, THIBOREEILA R
AW HE U A1 £ 08y TR A L(Fig. 36, A), L#%
& T LAWIZEAT 7 A% 05T TR
& TS TR CA A L 72 (Fig. 86, B—E). 0o 31k
g "‘/i': £, S gracilis % Fig. 36, F~J {2, M. num-

% Fig. 36, K—~O I, A. longipes % Fig. 36,
P—TIZR L. SRS DOHFEBEEITNRS L abbre
viata LA ChH o720 Thb b, HEH ;"‘ R &GS A
SN A 58T L, THREOMEILOHSHTEEYIC

g

muloides

Liemophora abbreviata

ey

Synedra gracilis

NN

-7

EX (AL I

G L7
SOHG IR BT B O W R USRS 2
tVNB&M\w:OLvtm o HHEORNIE S gracilis
KDWTHAF AN I, FOMOHBECIEAFL LT
N TRHHE » 20T, %n?nW&LfﬂﬁLt&

L. abbreviata 35N S ¥R L &, B HIEHILY
5 AW 8 Nl o (Fig. 37, A), 1 BRI
BB ORILO £ b DICIRIZIA Y (Fig. 37, B), 3 H#E
ISR S A b DL H N (Fig. 37, C. D), 856
125 ~ 7 BRI B LR O 545 H74 & 1UC(Fig. 37, E),
iz R L.

Melosira nummuloides Achnanthes longipes

Wy

Ir

AGATAN
A VAl

o O W o

L D
NS AR Y

T

A A ANEIR G VAN

O 2 = r X
e
&

- W m 2 T

Fig. 36. Adhesive process of four diatoms to slide glass. Closed circles indicate parts
of mucilage pores. A, F—H, K, L, P, Q and T show the cases of precipitation
from parts of mucilage pores; B—E, I, J, M—O, R and S show the cases of
precipitation from parts with the exception of mucilage pores.

Fig. 37. Successive stages of the secre-

tion of mucus from mucilage
pores in Licmophora abbre-
viata.
A, secretion of mucus from
pores of specimen attached 1o
substratum after 1 hour; B, af-
ter 1 day; C, D, after 2 1o 3
days, formation of mucilage
stalk; E, after 6 days. (A, X
750, B—E, X280).




S, gracilis IO L3, TR 5 & 85w
SN(Fig. 38, A), 1 HEBT 2 EHERD Y 5 AMICH;
WA AZILATO (Fig. 38, B), 3 ~ 4 HEI 3R

BRI 7 » Thl T U 72(Fig. 38, C, D)
M. nummuloides 3EBTMOEH L2 LB T h o/
L B AT S (Fig. 39, A), 2 HEIIBGWE R

Fig. 39. Successive stages of the
secretion of mucus from
mucilage pores in Melosira
nummuloides,

A, secretion of mucus
from pores of specimen
attached to substratum af-
ter 3 hours; B, C, after 2
days, formation of mucil-
age filament; D, after 3 to
4 days; E, after 7 days.
(A—E, X380).

Fig, 38, Successive stages of the
secretion of mucus from
mucilage pores in Synedra
gracilis.

A, secretion of mucus from
pores of specimen attached
to substratum after 3 hours;
B, after 1 day, formation of
mucilage pad; C, D, after 3
days. (A-D, X450).




FORGVE RN & 2 o " BATIRIZIE T D) (Fig. 39, B, ©),
2~ 3 HEBISIEHTGRDT & S50 il M35 L 72 (Fig.
39, D, E).

A /wzgi/)c’,s ifﬁ? BT O W SRR D 5 i AT A bﬂ(!‘xg
40, A), FOESEDIIANTHEL, 1~ 3 BRI
LR ) kéﬂf (Fig. 40, B—D), #Hi1 81T U)Itr 14
LA S B E b H Y, TOBE TR O HiA
FWEN, 2 ROHANATE S N7 (Fig. 40, E, F)o

D&Y, AR Ui‘z"‘}uﬂ'iﬂr‘lﬁff’i"ﬂ?b“%’ﬁ}
WAN LTI EL, BERoOBBLEDLIC
abbreviata, A. longipes TUEESTA, S, gracilis 'Cfi‘m{’i
M. nummuloides TIERGHR % TR L Ol < A5 L 7o i
AR B ld T A NASTLOME A o T
D5, B ONGIREE BB &, NSVIETEILAE T - T
% L. abbreviata, M. nummuloides T IR 85 H0R A
B SN, 1 DOKRELWEILYESH D S gracilis, A lon-
gipes Tl i*&'ii’fﬁ?’i’%’i‘fﬁiﬁ’iﬁf’ﬁ { Bz ki, $hilo
s & FEIOFWIREIZ I, — ORI A SR oz,

22, ¥E#EH

INFTOFERDPS, # SRS & o TR
Wb G EBOMHONNIREL EPRR b I L 2RO,
DN B B L abbreviaia, S. gracilis, M. nummau-
loides LTS A, longipes O 4 HIHO G HRKL T & 5 &. ‘21"
BRI & THIER LT b0 ) BRI
abbreviata, S. gracilis, ORI VBESNTHED ‘)
HYLZiE M. memmuldoides, A. longipes S EAG4 L T/,
IO L IO & o TR A RO BT DR A A

eI ADLch 77

Fig. 40.

Successive stages of the secre-
tion of mucus from mucilage
pores in Achnanthes longipes.
A, secretion of mucus from
pores of specimen attached to
substratum after 3 hours; B, af-
ter 1 day; C, D, after 2 10 3
days, formdlion of mucilage
stalks: E, secretion of mucus
from two pores of valve side;
F, after 2 to 3 days, foemution
of two mucilage stalks.
(A—TF, X280).

SR e, FORIKEREY S 2O RTMEOR R
% 2 HE o3 2 T 4 Mo B OB 1 2 i<z,
s oW, WK EMA LY v — LORIZKE
P e T AN MM A ) K5 AR &, 1004
TBOBEBW 2T L2z, —gRmion HMcm
10, 304, 1, 15, 2, 6, 12, Mo iFE#c fL
LN AMEI Y W LTS II30° OB CHRE L,
5ml DHFKEIOem DEEDHER S FCH L CEBIP
Wik BB, SR ER T RO, FOHEE Fig
41, A, BIAZR L 7220 Bl 79 280203 5 #i3% 1 (Fig.
41, A L. abbreviata Hi 658 <, 105 #1250 %, 20§
B IZ 100 % 29954 L/ze S gracilis & L. abbre
viatak LIS B LR EIWHCBSE T 5 b 0% <, 30495
#1250 %, 6 WE{RIZ4e 5 L 100 % f)‘/u L7 F7,
M. nummuloides, A. longipes D W H L IZITE LG0T,
SIS, gracilis L) B 51285 ¢, mﬁ%’%~w%,

120 I % o T & 9 R RIS IE L,

""" Ji, ANH T ATOHEREAD E, Fig. 41, B IR
L7z & 94 A BRI EE L4 D ORI, P Le o A
WER L&D B Ch oz LA L, FEBIHE &GS
EOWBIEET R Y, SEEE SEHNTHETLLD
W& Dol Thibb, #HE 2;11:,1133 1 CoRf s
% bEL, 2EMEMAE Pl ot
I, AR I FEE A i’lcif? 7«1‘&‘,\ h, AL
AT G AMOFIZRAFET L L 2O,

SO& S, HEOEINEHBEIL L o TRtk h,
FAMMOBRE ELIZRAIR BN T A S 2SO
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100 —g— e

80} ///o —
60F /O ay/ O Licemophora abbreviata
O 0/ @ Synedra gracilis

40F é A 4 Achnanthes longipes
./ {) Melosira nummuloides
201 o

100r

il /O/ =

Adhesive rate(%)

60r / Fig. 41, Camparison of adhesive ability of four di-
40} o atoms with the elapsed time on substrata,
B The ability was expressed as the percentage
20,.Q of cells remained on plate of either common
slide glass (A) or frosted slide glass (B) de-
0 bt 4 ! L L ) L ) clined with 307 after the impact test by drop-
0.5 1 15 2 6 12 24 ping seawater {rom a height of 10 cm.
Elapsed time (hour)
bz, BRI Tl L abbreviata DI 2595 b < AOON DEMEHHEOHEN T H O~ LTHEL LN L,
KT S gracilis, A. longipes, M. nummuloides O ”f{ RCENHPEHCENIEL E D or0h O FE M %
o tee HEORMBNAEI L 5 TR B0, : (Fig. 42, B) 13, &40 ) (Fig. 42, A) & H M%<
JERE, WL R OO B 5 EhHR T 10 & GoTwhe it THIRIEKICHEAHET 5 L %Y 5
EXbBND, F72, L abbreviata % S gracilis 5812 SOWL Ly, FITHHLTT bR b OTHERS
MLTOBONERIZSBCHEL, A longipes ¥ M REIZHMT HEEZSNS,
nummauloides 3O N EAR L VB E DL D Yz <
BES BOSHHENOMSIIPFrH D LB bhb, 3.%&E%®m¢m
RS, R EREA R LR L v A Lot AR, WETROHIILE L B, OBy s 5

AL fiE%"?’J‘Wﬁl}' e t DY RAEMEE L WSNDMICCIIIZA A L, MM OB E &S Izi<m

bz, Hho 3 E BV Evibi BT HIENWE P o1, b
Twd, TRIEFig 21245056 L 5 2MELO D L HenEsnlenykizon

Fig. 42. Scanning electron micrographs of surfaces of Nori fronds. A, healthy Nori
frond ; B, unhealthy Nori frond. (A, B, X1,000).



DY I, R 10~118) 12
A. longipes 73? EWSEGE LT, RO EYITTH
WO & HE L CREREBICT 3¢ 513, R
FORMEME L4 LT 2 RFOMMENIT S, Pl (12~
1AY 2ol (2~ 387) 20T, Navicula spp.,
Nitzschia spp. B O° Licmophora spp. 5% {5 HET 5 49
2, OHORMIRECRPSEELTGRAL, Do
SR R T S 280 H 5.

DY FRIZ oV TIE, BRI RN E (e
HKERD L BV OT, FOHGILBEHIS 0, Ll
el & RN A T Licmophora spp., 8§12 L. abbre-
viata DS b VI TH Y, FOMWIZ Synedra spp. X
Tabellaria sp. 7 6 b 216 OEEH L HRILY & 4
R AW LTI ET HOT, HBSHELZOYD
W, Fig 43, A, BIlZabhb L9 9:%&‘5&’4”2{?9?’1.1 L

Ao Pho TEDESE, MRk &HM L7 <l IR
AHE SR, Oy oERICEREY T, £/, ©0
BRI LSRR D, BRI L TR BE LSS
<, T ABELTY Fig. 43, C, DZA LGNS & 5104
WO, MENATIERTCIE D, O OXR - Al ECL,
R EE LTS5,

KD, BB ESLS O s 2 X 10t
B emiBl) Ed Bl (3 X0/ em® LT 12
DVCERE, SBOEHIRE ST L, HEHL19824E12
A, 1983411, 12ZH T HHBbADO O ) R CIRIE L
7 L EHENE 1T 7 o CEEBE £ BN B 2 Aotk K T OEE

M. nummuloides,

t

i 79

LCHESZEAYRELLZLOT Zi) Bo STHE )J ke
Bl N T - ik, AT Coorer’” DT T v o b w5747
AL TIFV, & SIS A MW -CEm L,

Wikt % Table 9 1273 L7z, EEBO35HE058 1 ) (Table
9, Ay, L@y (Table 9, By L ILi L CRa#, £

wwbh;#aatfhh FORTREHOE~09 %
ST ~016 % Thote T, NPT, H
% CAHE LD REDMAE A o 720 BES™, W
R0 OB, SRESO Y OREOIA Y,

FHHOE SEWGEERE RO THL ERELTY
bHo INEMBERNE CHLELLON Y, 20
BABDE LIZRPT H0C, SHLETFF 52 LhWs
N AN

VI. BEEEOHEIEE 7 O
OV FEFZHE 4 O

5.2 D AR EER ORI OV T,
SR F TORPRAREIRB U O 58T OB O
B, KBTI TR O £ 5 Navicula spp., Lie
mophora spp., Nitzschia spp. & BT 4B Melosira
S 6

nummauloides, Achnanthes longipes, Synedra spp b
Mz BE& SFAREEHIOMARIZ DV TIL,
B BRAEASKIR B L IMRIATICT LAohs, R IZ Rl as,
WREAR T A B I B BB & DB E A LR L e dr o 72
L L, BESClE~ BB BB IS ET 50T,
IR H O DIN ORASHEORMEEL ¢ 58546

Fig. 43. Scanning electron micrographs

of Liemophora spp. on the sur-
faces of Nori fronds.
A, B, Licmophora abbreviata on
the surfaces of Nori fronds; C,
mucilage mark of Licmophora
sp.; D, mucilage stalks of Lic-
mophora abbreviata. (A, B, X
760; C, X1,500; D, X450).
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NhH, L7z, ORHoLRBMEYE L-Q6MEn7 3 78 Table 9. Comparison of the Total-N and Total-P o‘f
OB 1, ZR5U L abbreviata, 5. graclis DI Nori /f;ng;lgn(g)*;fQ () more than 2510,
i S D ANE- N S NN (X )l g {5 it of diatoms were detected.
DEHFHFELT, DY 5‘:&9&{‘ AR O DIN o3 4 2R
KRB I EAED NS Date Aof Total-N Total-P N/P
KIS, pH LR B L S gracilis, A. longipes O % sampling %) %)
KT S8, HERIML %D E M nummuloides DRGHHH Dec. 1982
B oo TOL) CHERREORAII OV, Higo A 5.4 045 13.2
BB & o CRBEHSIR ORI TR0 6 N0, B 682 056 122
I NAZ DT L abbreviata, S. gracilis, M. nummu- NOV'\IQSS . )
loides, A. longipes .U N. directa prox. DRFSIK & # 4& ; ;gg 8:; ifz
IR L, BRI s oW T, S#B e 57, Des. 1983
A 7.63 0.71 10.8
1. HHEE B 853 0.87 9.8

The numbers show percent of nitrogen and phosphorous
contents per dry matter,

BN REERE O Y AERI BT A AN L
ORI L C OB E o mimm %

’

P

Table 10 2R L7ze BUF, CORITHE- THEIERE O L, ifSEICHRI Ll A it hsiing 5, Pl » T H K
RS R MU L A TS RO TEIE & A £ 2%, DIN O
Licmophora abbreviata | FHGM O EHSEIZIL LT KEDDEEDT 3/ BrBFHE UCHET 50T, i
Has Jinsim ﬁ*@@f&am bRAGEL, ohg FATHIE L CRAERDE L S b, #c sk, Kilk
IS 2 KR L, oSN B 5RO ) A0°C BT &2 D BIRAYRF LC Rk sl d Lo %
LR A D &, mb}%?iww(m~uﬁ)tﬁ@v A, SR, $RIC DIN ORI k0T 3
By, il (12~ 1 H) 1SRG S nh, il (2~ MKWMLfWhﬁéa~b,mnﬂa®A“ Flach 58
SHA) D@ Lz, Larl, o D#cixmire O Y EEOHE £ T4 DRI S B e o 129,
AL <, BT L St D 4 B %dL%ﬁwr%mnk%thww%m%Imw
DY RN KR, DIN, DON 7% & oK B4 BEGIITHDEELONRD, BMIZO ) HI~D3

HoOMMIZELTEY), 36000 EEDT I 7 Beuil Lo, g & uioTWM@mewﬂ%W~'

Table 10. The environmental conditions for the optimal propagetion of egiphytic and epilithic di-

atoms.
Licmophora Synedra Melosira Achnanthes Navicula
abbreviata gracilis numntielotdes longipes direcla prox.
Water temperature (*C) 1525 1530 1530 2030 10~-20
Chlorinity (% 15.0—16.5 14.0-16.0 110145 125180 150220
pH 7.5-9.0 7580 7.5—9.0 6.5-8.0 6.5—9.0
DIN*! (peg-at/1) 10< 12< 12< 12< 5<
DON™** ( zeg-at/ 1) B< 12< 12< 12< 5<
. w3 C‘!y?m.e ();lyc}ne Gly?".m Leucine Alanine
Amino acids Histidine Proline Arginine Isoleucine Histidine
Phenylalanine Histidine Histidine ¢ ine

! dissolved i inorganic nitrogens.
dissolved organic nitrogens,
released from the Nori fronds, and kinds of amino acid which accealerated the propagation of diatoms.

%2
*3
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LCHET A EORA Lt Bbis,

SO LI, RGN E IS DIN 510 pg-
at/IPE, 73I/8EEL DONA8 pg-at/I L Thi
IXMBDIE R Bo E/o, HbFHFERIEVPIHIIE,
DIN 5 pg-at/LELF, DON 23 ~ 5 pg-at/JIZIRTL,
Z DBROKMOHK TG LD 5o o TO D EHH

Tl DIN, DON #5835 2 L2 & o TR M AT
WTED,

Synedra gracilis © REUETHF I UTHEE #5502

&, DY EEANOF LRI Dol L, DHHEIC
B RCHEL, HAERGO DEMEmINTIZRSZ <,
FOHBRBISHL Lz DY W~OHER & REOUHE

KA &, Kk, pH, DIN, DON @ 4 % & %45 B

A L 7zAY, DIN, DON O8W 4 iR oG4

AR LB HOT, 4 BREOP TR S pH £ DO
BAKEVERDRL, 7, BEERPLOVEEDT
3RS, AMOBMEHERIILAOT, WMl T I /8
FEHELDON L ORI REVEELLNS,

DY FETOI T A R B AR o R L L /s 5}5
fETdh, PHDERICRS &, KRET, pHOLARE
HIHENBHDT, HHAERGPMSRRIZRIEIZRD 5,

D& AN, o0 RS CEEIREAI5°C BLL, pH
A58, 0LLF, DON #9112 pg-at/ L L CHIBASHRIC R HD
T, IRSEFWETH I LI L o THRIOMAA TR TE
By

Melosira nummuloides ? RELE B0 ) MK AT HEE
BT, OEGRIEMOUNZ DT PIEET AL, L
abbreviata, S. gracilis & WG T1A595 Aol CIHHES B,
RHMOA WL ERL L, BHOMOIOAIZHLE <
HA S SEIEAHE 2R L, £OREMIZKA LI,

TEHWE K, DIN, DON 7% SR HB A RO
WRZE L TB Y, FRICRIKOEED TR DK

TR A I 5, LA L, RIS B & Kil

MF,*wmmﬂ&}&kkioTMMﬁMlLﬂiﬁ
AW T B, IO LS, RO E KA DERIZ D
Tidkiil, DIN, DON, Hi#dk & OBMBAKED - 720%
FERGP NI BT DIN, DON OSRFENHO BT 20
b Aty & 37KIRIS °C BTS2 G AT RIS
TLOT, REPEOMBITIEOKRAR S KE CBET L EHE
Aofb, Fio, ARG TR ERI - 7
DT, KIS C LU EOERECKEOBRMEL L T
}i‘y&i"fl‘?"{'fﬁ‘ﬂ(z Foiud, W2 ol i@tEshs L ibhs,

SO L HIL, 0N RPN KRS °C Bl TR AT

e LR 81

WY, 08
SIEAILRBDT,
CARMOBATT T &

Achnanthes Zongz/)(’c 7T\Hi RO YA ET H IR
T, ODEEISENE S L MNP A E T
L3, HM()J?')‘ Bl CIRET S, D R~OHA
Rd, ERPIOI0A KRGS <, 1D OB
fERL, TOHRAIIIHDL LA,

RN GOR B AR O REICB L T8 Y, R

L RAT D NG ERA S Vo REEORIRNIC FUT T HER
V)Nﬁ?g" SWTiE, DIN, DON OB 250 € b Kilk20

CUTIzhh EBERIHL T 0T, KiPRkb K
WEEZONL, 7, RHHL pHE. 0L MR 5 EMHIN
KT HIEDPE, S gracilis &) L & 9 (380 DL
O pH O LEIE, ORI RE LER LS L b,

IDLEHZ, DY QJIF'H)J WizKiRA20°C Bk, pH#%8.
oUWT&ﬁwMMWEﬁL&&mf,my&pH % M5E
F5 2 ENLE o TRIEDIRD T TE Bo

Navicula directa prox. . REEEO Y RS Kk
FTAHEET, ONERIZZITEALHEE LRV, F0%E
ik, BRI SRMLCEIICR LS o,

SERWHE, AKRATROC IR T 5 LB IS L,
UBLRR I 2 B & KIRIRT & & SIZ S SIS E %,
ARELATIO“C iM% B L WTIATR LIUF 4 4%, FEH#
WOAKBILIC e THLABETH), HEERIL
AT LIPS K E REE L RIS H2VoT, #ENZHE

A4, 5 % BUT S B é:i AT S
FREWETHI LI L -

Wag v, 70, B DIN OMAMIZE, o0
N7 I /R EERE UCHAE 50 CREHIIRT L2
Vi,

IEIHID, OB TERAEOMMA KT EE AL

3 RIS AR SRRV OT, O MM PIZBY 5
AHOHHUSTITIGIETH b AL HBEER I
BRI AN L A, W KT B AT L AT
bit, FRFORBRICBLCEY 3 /Beasie LT
AT Lo ehs, DINLT I VBEED DONORT
WS 528128 T, KDL Pl!ﬂl!l‘ﬂ(Di ElLTE D,
LaL, AEHZo ) S Smicalh+ 447, ¥
RIZEEAEHE L E0DT ,@U&M«@%umhm
s,

PR 5z, SHOMEHED S B, KRSEDIZ
BT 400 MO, OVEIZHEEY S M nen-
muloides, A. longipes DRI FHIRT, NS OHHE
& o THHEDEH RO 2 JEEOMNBHRES N L, F/,




BRI S E KT B L abbreviata 120V TIE, O [’)
EENA SAVNCRE S RN ST R G Y 2
REWAS©EEZ NG, BEPLRIL, oY %’:’ﬁr\
HHT B L abbreviata, S. gracilis D¥HHIZ L T, DY

DB T OEFH SN D 52 L abbreviata 1E, 11
DM D BEAEDT 3 7 MBS L At
bz, OYORTRTRECAREOGEISESO
Twd, —7, DNEOKERRTH D M. nummauloides,
A longipes 1%, KIB T 20k Cfddtasskd L, £/

N. directa prox \SHERABINS 55050 0 B33 L
AEBFELZVOTOTNLRERYEL LTI LI
LA

o T BRMMIE, ONWIZNFES D M rummu-
loides, A. longipes PRI OHF & 2 JEEORME ML,
R PR, @ 0 BRIz A A A B, E T L
abbreviata 12 & > CO Y DFEE T OEN L 25 SN b,

SOEH, B & o TR %2 & O it
HHOT, FELEEOMRIIH 2 o CREIEg, s

BT ALENH D,

2. B B

DI O BRI oW T, HEENS
BUZHGEA A G, WO LTI b 97 5 2 & 4 1,
CITHR, COMBERE LT CHONAS e
JHT T, AR

kT

ORI L O A
DBk

H\ﬂ”bf:a

RIZHET T, BTFOY RO DI

A RET b, 2095, S5O
SAUZIHE U AP e T A LAY

Hbo

PRE LT INGE QY R T RS
loides, A. longipes, L. abbreviata, N. directa prox., Nitz
schiaspp. TH b, THEDI L, DY
L, DY DIYF LR
(&, SRR

M. numntu-

& M. nummu-
loides, A. longipes 8% { #H:
2RFOMMENES 5, S OB
WHBRATH DI, O,
ELTRTFHAEHDSSH %, Filg
1~ 3MMOTI T, IO & B <R
o THBRTLONFRCEEL SN D, SEIZHTIRO R
DHMGSIGHTTE, BB 2 S IIFGBIC 20T, T
HERBRO TERTH L, $i, TRODHEEE, O
B 5 L ORB E & QI E i, 2612

i, MO AT L CR AT 5, o THIBN®

AN IS B d
ML, Oy DR GD

RN, KRR L TR ETO D R IR L
T, HEBEEEVRTEAVTHS I,

=, BAMAMMIC B LS00 BRI L
abbreviata, & DM L. paradora, S. gracilis, Tabellaria
sp e EDHEDBHRSNDY, BRSNS HOT, B

DAFER S IR D4 <, 2OEENE 0, HEoTOY

""Z*WH)”W@H WO, ODWIZHELET S M awmmu
loides, A. longipes DWIIFICEREB S NEEE L OGNS,

DY AERPMLEIC R b L, YIS N directa
prox., Nitzschia spp., L. abbreviata, 0V I3 EIC L
abbreviata DFFLEHBA LN D, 2O OO b REHEHS 1T
B, EI L. abbreviata DRIRIZ & 50 Y D4 FE
BERAICTOECTH D, L abbreviata DB5IRIE, 355
TNAT 5 72 805 PSR &S BB L Ch B,
ZOWMOBB R L LT, SR cilshm L% 1< LT
DY OIEN Z W, HEGEIZL L0 0 O EHES il
Fho E7z, AR S O A LT R

BT, O L abbreviata % 3:"0)1“-(15‘&"'{0)""4*?{;?”‘
?iﬁ’): 2055, Tl THILETT S Waizid, @ 0iR

R &ED L abbreviata DFH
flb\&:%;tbh?;m

KiZ, DY EROMWEINHEOH B R WA LE0 S
BT AR B E, Fig (4 IR LA LS 1255 i thke
:v't. IHEAE S B o ds MO 1 em® K72 0 o545

T ATION p B ATI0% AR AT 10 HHNE O (¢
%cﬂ‘:o COENTHLEEE, O BHROR D S %
IS CHET HOT, FOES &SRR
HSOMMETHTHI L0 TE D, -TOH DR
W, HEANLD BRI S LDk S THEE O R
WA R L, e T oML IHCE S, T,
B o 72O ) BRGS0, M LT
REOWELEH L EDTEL S,

DY B S NGRS L LTI LA,
DY DML & - TE HELRT LY, &
EDEE B, (- TOH IR - A1, B
TR ML L% B 3 B 2 & BOS ko) RUVHE 2 12
07 EOMH WL HUENS D,

WS B2, ORISR LR L b 1~ 2B0%

Nl &V‘lef}lﬁ ZFTY DB

ORI AT LI T D, FOWIIEE L A F A5
PIC, L. abbreviata DB TH B, 5o TR

VW)‘”)5"%"3{42(’9‘«"(133‘?3‘:"‘56’)31"?‘ AR MNAL, FoRn
PRI LOBEREA S L L THA Y,
T, AP OO D W N directa prox.

ik
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Nitzschia spp. % 3: DA LD, TRSOmEIEOH B
WIZIE LA ZME L v T 2‘0)?&"3"5(3;”‘&‘«‘0\:115 Vi & #
At O R DA o R LCEE AW, ) BHRCO DIIZEE LT, ORISR
PT84 5 L abbreviata 0)!))) BB R T B DHTRIE XA S 2 AR owT, FOME L ERR
EEIBND, UJK VW & MR, At &, A AR R O
- BEWS ML, FOHLIZIET O TSR & Bkt
- 'Ii"fﬁii’?:]‘ L7

WFgeid, TR R ORI DO O D FEIBETH L L

TR BT e O KBRS, AR BRI ORI & o AP
BEARL, ROTHERBNEERIC L » CEEBBIE oM
BT, MR, HEE, pH, SR
MO ENE T 3 /BOEELHO M L. £,
LRI DWT, F OO RN
W OFERET o7, 8B, JheoRER
B L Caf b B oo K i 2 W oM TLEEDLIL,
DR EIZOVTI, ZOBRET - 72, RHFRHS
PR IUE, uvwaﬁ@f%bo

1. BEOVIRAR 47 o 72 T RTT B UM R 02 00 1) BEAIL
Fo R GBI L, FRFROBIZE 2 oINS

- (-

e
J

/

-l

LI

[ EERR

a

/

———
e @

[Suls

103

! llil!,

. s
3 ! WAL TV B, 3 wmmwﬁ AEIELE < I S AL
% yod B & b AEHHAD B b
3 -
gl 2. 00 ERBOFAEO ) b, OOMIAET DS
H s 9. -
" ti"i“l«’éiﬁﬂu—;ﬁf‘x‘; ST GIR23EE, /NI HEITIT 26 C B
] e . - " &
> g/? ?\ b 16T AT & 1, WIHEHIN & b SRR & b 72,
1 1 . e
10 st H ! A ! SNHEOHED D B, MRS F VO Navieula
» 1 . i
- E s E \A spp. C, R\C Liemophora spp., Niteschia spp., Melosira
] *
. ' H ! nummauloides, Achnanthes longipes, Synedra spp. O M T
1
R v otz & 72 KERORPBILNSHS L, KIRIETL
B ! P o T B % SR 4 Navicwla spp., Licmophora spp.,
= Nitzschia spp. &, BB MG & R4 M. aemmau-
loides, A. longipes, Synedra spp. (S KB SNz —75, 8
101 i ] i | l SR CAR TN R O BB O WE G M. nwmmuloides,
N D J F M Synedra spp., A. longipes, Licmophora spp., )| 7RO
1982 1983 Month D FGE M T Navicula spp., Licmophora spp., Nitz-
Fig. 44. Monthly variations of cell-number schia spp., Tabellaria sp. '/ﬁ‘%ﬂyuﬂg’ <o ‘:thlo
of epiphytic diatoms attached to 3. 0N IR B RGO
upper, middle and basal parts of . _ s ) ) X
Nori fronds in the cultivation L2 L C A O i CF BT ECld 6 15 9 B, /i
ground of Shimonoseki coastal AT 5 IR 8 AT S 7, S0 b, “/LJ, ¢
area. The cell-number are repre- ) .
sented by O, @ and & of upper, b %\ DU Licmophora spp. ¢, FR2O R (
H’!ld(”? and bz?snl parts, respective- ~1B) (2% Bt hiz, Synedraspp. & Tabellaria sp.
ly. Each point is mean value of " e . s
cell-number and each vertical bar AR, BB TR OEE DM T, ff"qy' i3
represents a range between max- KO B DR TR S LA, ORI

imum  and  minimum o cell- !
number found on fifty Nori fronds. ipols, E7, & LA DS L "4"56'4: L7z
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4. EPFIRPEEERRIC L » CHETER ORI R TR
MEEOBE LU, OB, GHEOMAER L
L. abbreviata 15~25°C, L. paradoxa 20~25°C, S gra-
cilis 15~30 °C, M. nummuloides 15~30 °C, A. longipes
20~30°C, N. directa prox. 10~20°C Cdh » /=, BED
B, RECL - TR, £ 0MHTIRISC
8,000 1x BLl, 20°C T5,000Ix LLEDIETH - 726
WHEBOBEG, — IR OEER L1 el
TR f)‘lﬁ’éé'f, LRI L abbreviata 15, 0~16,5%0,
L. paradoxa 14.5~16, 5%s, S. gracilis 14, 0~ 16, 0%, M.
nummauloides 11. 0~ 14, 5%, A. longipes 12. 5~ 18. 0%,
N. directa proz. 15.0~22. 0% Tdh o7z pHIZDWTIE L
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Studies on the Morphology and Ecology of Epiphytic
and Epilithic Diatoms in Nori Cultivation Grounds

By
Masaharu OHGAL

The present studies were undertaken to elucidate the various environmental factors affect-
ing the propagation of diatoms found on Nori fronds and Nori nets on which they were cul-
tured. Such an elucidation should be of great value not only from morphological and ecologic-
al standpoints but also in providing insight into the means for preventing the extensive damage
increased by diatoms of Nori cultivation in Japan. The studies were first carried out on en-
vitonmental factors, species of epiphytic and epilithic diatoms and monthly changes of cell-
number in diatoms in the Nori cultivation grounds of Shimonoseki and Onoda coastal areas.
Secondly, the studies were made of the effect of environmental factors such as seawater
temperature, light intensity, chlorinity, pH and nutrients, and amino acids released from Nori
fronds on the propagation of these diatoms in the laboratory. The mechanism by which these
diatoms adhere to substrata, and the resulting damage to Nori fronds were also studied.
Through these studies, the environmental factors neccessary for propagation of the diatoms
were elucidated, and some possible ways for removal were presented. The following results
were obtained :

The environment in the Nori cultivation grounds

In the Nori cultivation grounds of Shimonoseki and Onoda coastal areas, both the reci-
pients of river-water at innermost points of individual bays, the seawater was essentially the
same, and many epiphtic and epilithic diatoms could be identified in both areas.

The species of algae and cell-number of diatoms attaching to Nori nets

Most of the attached algae identified at these cultivation grounds were the same species.
The algae attached to Nori nets in the Shimonoseki ground were 30 species of 23 genera, and
23 species of 16 genera were diatoms. The algae in the Onoda ground were 30 species of 22
genera, among which, the kind of diatoms were 24 species of 16 genera. The algae attached
to Nori nets were mainly the diatoms from both grounds. Among the dominant species of di-
atoms, the cell-number of Navicula spp. was largest, followed by those of Licmophora spp.,
Nitzschia spp., Melosira nummuloides, Achnanthes longipes and Synedra spp. On the basis of
monthly changes in the number of diatoms in either area, their species were divided into the
following two groups: i ) the Nawvicula, the Licmophora and the Nitzschia, all having the
tendency for their cell-number to increase with a decrease in seawater temperature, i) the
Melosira, the Achnanthes and the Synedra whose cell-number decreased with a decrease in
temperature. In seashore waters {ed extensively by river-water, the Achnanthes, the Melosira,
the Licmophora and the Synedra were abundant while in offshore waters, the Navicula, the
Licmophora, the Nitzschia and Tabellaria sp. were the dominant species.
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The species of algae and cell-number of diatoms attaching to Nori fronds

All algae attached to Nori fronds were diatoms and were 9 species of 6 genera in the Shi-
monoseki ground and 8 species of 5 genera in the Onoda ground. Among the diatoms, Lic-
mophora spp. had large cell-number, and were observed mostly from December to January
during the middle period of the Nori cultivation. In contrast, Synedra spp. and Tabellaria sp.
were attached to a small extent to the fronds during this period and no pronounced tendency
was noted. The diatoms attached to young fronds shorter than 5 cmm were smaller in cell-
number than those on adult fronds longer than 10 cm, but the monthly changes in cell-number
in each case was essentially the same. The appearence of many species of the Synedra was
influenced by river-water, while many species of the Tabellaria were so to smaller extent.

The effeets of environmental factors on the propagation of the main diatoms

The effects of environmental f{actors such as temperature, light intensity, chlorinity, pH
and nutrients, and amino acids released from Nori fronds on the propagation of the main di-
atoms were examined in the laboratory. The optimal temperature {or propagation varied with
the species. Licomphora abbreviata grew remarkably from 15 to 25 °C and L. paradoza, from
20 to 25 °C, Synedra gracilis, from 15 to 30 °C, Melosira nummuloides, from 15 to 30 °C,
Achnanthes longipes, from 20 to 30 °C and Navwicula directa prox., from 10 to 20 °C. All the
diatoms generally grew actively at lower light intensity with rise in temperature, and many di-
atoms did so above 8,000 Ix at 15 °C and 5,000 Ix at 20 °C. L. abbreviata grew optimally at a
chlorinity from 15.0 to 16.5 %o, L. paradoxa, from 14.5 to 16.0 %o, the Synedra, from 14.0 to 16.0
%o, the Melosira, from 11.0 to 14.5 %o, the Achnanthes, from 12.5 to 18.0 %, and the Navicula,
from 15.0 to 22.0 %.. Optimal growth was in the following ranges of pH: 7.5 to 9.0 for L.
abbreviata, 7.5 to 85 for L. paradoxa, 7.5 to 8.0 for the Synedra, 7.5 to 9.0 for the Melosira, 6.0
to 8.0 for the Achnanthes and 6.5 to 9.0 for the Navicula. Inorganic nitrogen, silicate and bo-
rate were necessary for the propagation of diatoms, this being particularly so for the first and
third compounds.

The effects of amino acids released from the Nori fronds on the propagation of the main diatoms

With a liquid-chromatography, sixteen amino acids were detected and confirmed to be re-
leased from the Nori fronds. Of these amino acids, alanine, glycine, leucine, glutamic acid,
lysine, phenylalanine and histidine were abundant. Several amino acids such as histidine, ala-
nine, glycine and arginine were utilized for the propagation of epiphytic and epilithic diatoms,
and they accelerated remarkably the propagation of Licmophora abbreviata and Synedra graci-
lis attached mostly to the Nori fronds.

The adhesive mechanism of diatoms

The mucilage pores of these epiphytic and epilithic diatoms were located at their valves,
and the shapes of mucilage pores varied with the species. The mucus they secreted mediated
between the point of attachment and substratum. The adhesive ability of Licmophora abbre-
viata was strongest, followed by that of Synedra gracilis, Achnanthes longipes and Melosira
nummuloides. These diatoms were attached more tightly to rough than smooth substrata.
After their attachment, the diatoms continuously secreted nucus. The Licmophora and the
Achnanthes adhering tightly to the substrata formed a peculiar type of mucilage stalks, the
Synedra formed mucilage pads, and the Melosira, mucilage filaments.
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The practical damage of diatoms to Nori cultivation

Most of Melosira nummuloides and Achnanthes longipes attached mainly to Nori nets inhi-
bited the propagation of germilings of Nori fronds and the attachment of monospores released
from the germilings in the early period of cultivation, and most of Licmophora abbreviata
attached to the Nori fronds caused them to be of inferior quality.

The propagation factors of diatoms

Environmental factors affecting propagation of individual epiphytic and epilithic diatoms
were examined to predict their infestation on either Nori fronds or Nori nets themselves.  Lic-
mophora abbreviata and Synedra gracilis grew remarkably by amino acids from Nori fronds
and the Synedra grew actively when the seawater temperature was above 15 °C and pH under
8.0. The propagation of Melvsira nummuloides and Achnanthes longipes was governed by sea-
water temperature: the former grew remarkably at a temperature over 15 °C and latter, over 20
°C. The Melosira grew actively at a chlorinity under 145 %o and the Achnanthes at a pH
under 8.0. Nawvicula directa prox. continued to propagation by amino acids from Nori fronds
as a nitrogen source when there was no DIN after the middle period of Nori cultivation.
Thus, prediction of propagation of epiphytic and epilithic diatoms and propagation tendencies
could be estimated on the basis of the values of DON containing amino acids and the water
qualities,

The effective ways how to prevent the propagation of diatoms

To reduce the damage caused by diatoms, a devise must be made by which Nori nets can
be raised high above the water to kill the diatoms by exposure to air. It is also recommended
that Nori nets be washed in a jet stream of seawater operated by a pump. Licmophora abbre-
viata attached tightly to the Nori fronds after the middle period of Nori cultivation can thus be
removed. To inhibit propagation of the Licmophora, the diatoms should be exposed to air
during low tides and the dense populations of Nori should be avoided to prevent the obstruc-
tion of propagation by diatoms. Since diatoms such as the Licmophora and Synedra gracilis
are likely to adhere mostly to the upper portions of Nori fronds, their frequent harvest will be
inportant means for lessening the amount of diatoms damage. It is also desirable to renew the
used nets infested by these diatoms with the Nori nets which had stored at low temperature,
when the cell-number of diatoms decreased in the cultivation grounds. These methods should
prove to be practical means for preventing damage due to diatoms.
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