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Summary

This study was conducted to identify ecological characteristics of planktonic and
attached microalgae in coastal areas of Jeju Island.

[ . The coastal areas in Jungmun. Jeju Island, are the most dynamically used
as well as various kinds of development have becn conducted there. To identify
biomass distribution characteristics of planktonic microalgae and environment
factors in accordance with changes of environment, six stations in those areas
were surveved every month from July 1997 to June 1999. The waters of six
stations were divided by the depth of water and so the stations within 10m and
out of 10m were classified into inshore and offshore stations.

For physical and chemical environment characteristics of the surveved arcas,
mean water temperature was 0.85C higher in inshore stations than in offshore
ones. The average salinity was 0.20% higher in offshore stations than in inshore
ones. Inshore stations didn't have significant differences in water temperature
and distribution of salinity because vertical mixing from the surface to the
bottom laver was dynamically processed. For offshore stations. water
temperature and salinity were changed by season. Then, the differences of water
temperature and salinity between the surface and the bottom laver were about 10T
and 2%, respectively.

For the distribution of ammonia-nitrogen among nutrients, it tended to be
decreased in all areas in blooming times of phytoplankton. The distribution of
nitrite-nitrogen was increased in winter and decreased in spring and fall. The
mean concentration was higher in inshore stations than in offshore ones.
Nitrate-nitrogen was decreased more in spring and fall when phytoplankton is
blooming than in winter and summer. Its mean concentration was higher in
inshore stations than in offshore ones.

The distribution of phosphate-phosphorous was increased in the process from
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summer to winter and decreased in spring and fall. Its mean concentration was
higher in offshore stations than in inshore ones.

Silicate-silica increased more in spring and winter than in summer and fall in
spite of blooming of diatoms. Its mean concentration was higher in inshore
stations than in offshore ones. The research of Chot et al.(1989) reported the
similar characteristics as this studv that the concentration of silicate along the
coast line of Jeju Island was higher in the southeastern area than in the western
area. In particular, Seogwipo showed higher concentration than other areas
because of influx of water from the land.

Annual mean N:P ratio was 23.4, which was higher than 16:1 that was Redfield
ratio of general sea water. Then, phosphate acted as the limiting factor against
phyvtoplankton than nitrate did. While N-nutrient in inshore stations plaved the
role of the limiting factor in the blooming time of phytoplankton, phosphate acted
as the limiting factor in other seasons and nitrate was continuously flowed in.
Offshore stations showed the different tendency as N-nutrient was the limiting
factor in the blooming time of phytoplankton as well as in other seasons.

Annual mean SitP ratio was 32.0, which was higher than 15.0, Si'P ratio of
general sea water. So this study found that phosphate was the limiting factor.

Concentration of chlorophvll a was decreased in winter and high in spring in
inshore stations and low in winter and high in summer and fall in offshore
stations. Distribution characteristics by coastal arcas were higher in inshore
stations than in offshore station. In particular, the blooming of microplankton
plaved the significant roles. The mean occupied ratios of microplankton over the
concentration of chlorophvll  were 258% and 38.3% in inshore and offshore
stations, respectivelv. The mean occupied ratios of nanoplankton were 38.3% and
30.5% in inshore and offshore stations, respectively. the mean occupied ratios of
picoplankton were 74.2% and 73.6% in inshore and offshore stations, respectively.

For the distribution characteristics of total standing crops, inshore stations

showed higher standing crops than in offshore stations. Phytoflagellates and
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diatoms gave impacts on standing crops on September, and November, Mayv and
June, respectively. This study selected the dominant species of which standing
crops and dominant ratio were over 10" cells- £ 1 and 20V, respectively,
Accordingly, two types of planktonic diatoms such as Chaetoceros socialis and
Skeletonema costatum one tvpe of Hillea fusiformis, phyvtoflagellates. were
selected. For primary productivity, nanoplankton and picoplankton rather than
microplankton significantly contributed on the primary productivity, which was

similar as the changes of chlorophyll a

[I. The next research was about bioecological characteristic of attached
microalgace dominating in benthic ecosystem along the coast line of Jeju Island.
The research was carried out in four stations along the coast line of Jeju Island
every month for one year from September 1997 to August 1993, Durning rescarch,
water temperature, salinity and pH were 11.5~28.47C, 29.0~34.5%, and 7.89~9.01,
respectively. Ammonia, nitrate-nitrogen and nitrite-nitrogen were 0.01~7.60UN],
231~853uM and 0.04~061uM, respectively. Phosphate-phosphorous  and
silicate-silica showed the scope of distribution as 0.04~1.72uM and R84 ~73.67UN],
respectively.

Total attached diatoms species detected during the research were 143 speciest
18 species of centric diatom, 125 species of pennate diatom. In accordance with
the existence of pennate diatom raphe, 105 species of raphidinean diatom and 20
species of araphidinean diatom were classified. The species of raphidinean diatom
emerged five times higher than araphidinean diatom. When selecting attached
diatoms possessing over 30% of standing crops as the dominant species. six
species were dominant: Amphora coffeaeformis Kitzing, Cocconeis scutellum
Ehrenberg, Gomphonema exinum Kiitzing, Licmophora lvngbyel (Katzing) Gruno
and, Nitzschia navicularis (Brébisson) Ralfs, Svnedra tabulata (Agardh) Kitzing.
For the tvpes of extracellular polvmeric substances (EPS) of attached microalgae,

the species consisted of adhering film type, apical pad tvpe, stalk type and tube
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type, which was higher in that order in average in all arcas. The standing crops
of attached diatoms was higher in fall with the scope of distribution of 1.0x10" ~
20x10" cells - cm © and decreased in winter and increased from spring to
summer. The amount of chlorophyll a (mg chl-a - m %) was calcuated by biomass
of attached microalgae, which showed the scope of 1~2.160 mg - m : Species
diversity index (H') changed between 0.43 and 3.05, and was higher and lower n
the southern and eastern areas, and western areas, respectively. Therefore, the
colony composition of attached microalgae along the coastal line of Jeju Island
had the characteristics that the succession of species vary on areas and seasons
and was substantially influenced by physical environment factors such as water

temperature and wind action among environment factor.

M. This study also examined the functions and roles of attached microalgae in
whitening areas in intertidal and subtidal zones in Jeju Island, where whitening
phenomenon was developed on the basis of the ecological characteristics of
microalgae in pelagic ecosystem and benthic ecosystem in Jeju Island. Four
whitening areas where the whitening phenomenon was seriously developed
among coastal areas of Jeju Island were selected: Kangjung whitening areas,
Bomok whitening areas, Pvosun whitening areas and Sungsan whitening areas.
These areas were examined every month from April 2001 to Jan. 2002.

During research, water temperature was higher in the southern whitening
stations and lower in the eastern whitening stations. Next, the salinity was
higher in the southern whitening stations and lower in the eastern whitening
stations. Annual mean concentration of total inorganic nitrogen (TIN) and silicate
silica among nutrients were Q.11mg - ¢ '—02Img- ¢ ' and 0.18mg - ¢ '~057
mz - ¢ ' Annual mean concentration of total phosphate (T-P) was 00lmg - ¢ !
in all areas. Annual mean NP ratio and Si:P were 19.5~323 and 43.1~13438,
respectively.

Annual mean standing crops of attached diatoms were 8456 cells < cm 6313
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B

cells - em ~, 6,021 cells - ¢cm 3, 5.035 cells - em ~ in Sungsan, Bomok, Kangjung
and Pyosun whitening areas. respectively. The amount of chlorophyll @ was 0.1
1~0.29 mg chl-a - m © and the dominant species possessing over 30% of standing
crops were 7 species: Amphora coffeaeformis, Bactllaria paxillifer. Cocconeis
scutellum, Cocconeis pellucida, Cylindrotheca closterium, Nitzschia longissima
and Navicula sp.

For the habitat characteristics of crustose coralline algae and attached diatoms
in the sea where whitening phenomenon was serious, attached diatoms colony
formed primary film over the upper layer of substrate and on these attached
diatoms, crustose coralline algae formed new secondary films by coating or

succession. This process was repeated.
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3. Monthly variations of temperature (C) in the study area from July 1997 to June 1999.

Fig.
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Fig. 4. Monthly variations salinity (%) in the study area from Julv 1997 to June 1999.
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Fig. 8. Monthly variations phosphate (UM) in the study arca from July 1997 to June 1999.
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Fig. 9. Monthly variations silicate (WM ) in the study area from July 1997 to June 1999
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(19979 7¢)olglm @ HF L 3198 vebdch ool s dHFE 1.2 (19989 12
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2HRE 371 (1997¢ 7€)l @ H#FE 1488 vEFATHTable 1).

9 W SiP BlE HA 0.8 (1997¢ 8¥)RE FHa 811 (1997d 7)ol d H
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Table 1. N/P ratio and Si/P ratio of inshore and offshore around Jungmun
from August 1998 to June 1999

Sampling N/P ratio Si/P ratio
month Inshore Offshore Mean Inshore Offshore  Mean
‘97 Jul 196.5 37.1 116.8 117.3 449 81.10
Aug. 29.8 20.3 25.1 1.0 05 0.8
Sep. 39.6 15.6 276 72.4 135.7 1041
Oct. 18.2 39 11.1 8.4 48 6.6
Nov. 42.1 8.3 25.2 55.7 15.5 356
Dec. 14.6 13.0 13.8 19.7 204 20.1
‘98  Jan. 1124 6.2 59.3 42.0 11.7 26.9
Feb. 18.7 179 18.3 26.5 339 30.2
Mar. 60.0 25.8 429 14.5 175 16.0
Apr. 24.0 10.1 17.1 136.3 21.0 78.7
May 49 5.7 5.3 9.2 7.1 8.2
Jun. 33.8 145 242 30.0 19.5 24.8
Jul. 13.0 49 9.0 18.0 7.1 126
Aug. 250 153 202 140.0 69.2 104.6
Sep. 99 14.2 12.1 13.2 134 133
Oct. 49 57 5.3 13.8 10.7 12.3
Nov. 11.3 16.9 14.1 9.6 138 11.7
Dec. 1.4 1.2 1.3 5.5 2.1 38
‘99  Jan. 14.6 16.6 15.6 9.6 13.9 11.8
Feb. 2.7 10.9 6.8 6.9 9.6 8.3
Mar. 46.9 324 39.7 46.5 50.0 48.3
Apr. 49 115 8.2 22.7 18.5 20.6
May 17.6 24.4 210 444 16.8 30.6
Jun. 18.6 229 20.8 72.0 422 57.1
Average 319 14.8 234 39.0 25.0 32.0
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3.2. 2719 chlorophyll a ¢ #X

ok defAle] AREHIAEL MFT A7 wel A3 EH A2 E(microplankton, 20pm
oj4h), vl A EZ A E (nanoplankton, 2~20m)9}t *v] A E &3 E(picoplankton, 0.2~2um)

Tor & 4 AtkSieburth, 1978).

NBZAaE0 £ HEA g 2o WEHE 010 ~ 538ug chl-a- ¢ '& 1997
8Y(AH 5 75mZ)ol 7HA @ekx 19999 59(H A 3 E2)o 7HE ZATHFig. 10).

Ax WFEEE 079 chl-a- ¢ 'S¢ YU 98 J7gE4 a 558 19974
9ol 022ug chl-a- ¢ '2 7} 2tx 19999 59| 2.02ug chl-a- ¢ '2 713 &
gtrh. sldoll w2 HEEEE Waldel HAA7F 022 chl-a- ¢ ' (19973 9¥)olA
1, H7b 269ug chl-a- ¢ ' (1999 59)oiden, d FFHAEZL 0.85ue chl-a-

lojoit}. oefde HA7F 022ug chl-a- ¢ ' (1973 9¢€)olA 5, H3:7F 191
chl-a- ¢ ' (19984 5¥)oluon, @ BFHEEHL 073ug chl-a- ¢ 'olAth

28 8 3 E(microplankton)e] 213 J24 o F9 ®WIHEYgE 00 ~ 379
chl-a- ¢ 'o2 Hixxe AZEz o FHM Rin 1998d 54(H4 5 10m
Zyo 74A wobch AA HEFEEE 036ug chl-a- ¢ 'S et 98 dd5s
1998 1099l 0.03ug chl-a- ¢ ' 2 7} ks 19999 596l 134ug chl-a- ¢ '&
A4 moteh sl HFEwE W ol AA7F 005 chl-a- ¢ ' (1997 10€)o)
oda, H:7b 1.10pg chl-a- ¢ ' (1999d 59)ollen, d HFAELL 0.366u

rie

chl-a- ¢ 'o]ltt. 9lail e HA7F 003ug chl-a- ¢ ' (1997 10€)el e, w7t
144ug chl-a- ¢ ' (19989 5¥)ollew, d HFAZZE 03lug chl-a- ¢ 'olAD
(Fig. 11).

0] & &3 3 E(nanoplankton)oll 213 J=2 g Fol WEgHEAE 001 ~ 38lug chi-
¢ oz HaAE AdE2 o8 HHA RAw 1999d 58(FH 3 )l 7h
A4 =gl HA HAFEE 032 chl-a- £ & Ui 98 Fadsse 1997
99l 0.04ug chl-a- ¢ ' 2 7} k3 1999 596l 1.14ug chi-a- ¢ '2 743
woith Sy Hses WA XA 002 chi-a- ¢! (19979 99), #x
A= 154pg chl-a- ¢ ' (19999 5¥)0lAx, @ FFHELL 0.36ug chl-a- ¢ oI

th sl de HAA 7} 004ug chl-a- ¢ ' (19979 8¥), H A& 1999 6ol 099
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g chl-a- ¢ ' (19999 59)0lA 1, ¥ FFHEFL 0.33ug chl-a - ¢ 'olAr.

Zv) A E 3 E(picoplankton)oll 213 AEF4 a FY WSHLE 000 ~ 12004
chl-a- ¢ 'e2 HaxE A-dER o) oA B 19989 748 H 4 20mF)
of 744 wokth MA FAFFEE 025 chl-a- 2 'S Jeldeh 9 dds e
199941 190l 0.08ug chl-a- ¢ ' 2 7b% 221 19983 99U 047ug chl-a- ¢ '&
74 wmokeh sl HEEEE Wsde]l HAA7L 010ug chl-a- ¢ ' (19999 19),
#H 3= 060ug chl-a- ¢ ' (1998 9¥)oldit, @ HFPZFE 030ug chl-a- ¢
olglt}. el e HAX7F 008ue chl-a- ¢ ' (1998 11¥), A mA = 044pg chl-
a- ¢ ' (19999 5¥)oldar, d PR AELS 023ug chl-a- ¢ ‘olczit:}.

Z 240" F YaldoM A2FZHIE 23 H{FELE 81~476% (FT 258%),
A

u} 2~ Z 2 3 E(nanoplankton) %1 A& =23 E(picoplankton) & &3 d&5L @&
Wal o] 524~920%9} ¢l&#l o] 413~925%2 z+zb 19983 10€ 7} 19994 2¢ ] o]
= YERRoh
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Fig. 11 Chilorophvll a concentration of inshore and offshore for the size fraction.
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ZA717 B9 Al2Zeage & HERL 41x10°~26x10° cells - ¢ ' W E
19979 89 (R4 4; 50m=)o} 7b% wakm 19989 59 (A 6 20m3)l 7HE =%
thFig. 12). 99 #7F @22 19999 290 70x10" cells- ¢ '= 74 HAx
109813 59 1.7x10° cells - ¢ '2 7} wskrh sjedo} wE HFAEZFS WA
AA7F 19999 290l 56x10" cells - £ ' ol Hzt 1998 59 2.0x10° cells -
¢! olqinh. @ HEAEFe 36x10° cells - £ o]tk &S AHArE 19974 11
Aol 7.1x10" cells - ¢ 'o]Qm Hm7h 19983 580l 1.6x10° cells - ¢ "ol @ H
FAZLL 30x10° cells - ¢ '2 Wajdo] siduct A ebsth

peaw HEFL FEF7 01x10°~25x10° cells - £ o] M2 19973 89 (H

som3)ol 7Hg @k 19989 59 (FA 4 10m3)l 7HE ¥ dkThFig. 13). ¥
W gEdzae 19979 8¥ol 20x10° cells- 2 ' 7HY HA: 19989 5del
16x10° cells - ¢ '& 713 gich o] we FFAETFES sl gl HA7E 1999
W 39 2.1x10" cells - ¢ ' ol2lm H1:rh 19983 59l 1.8x10° cells - £ 'l

oft

W ogadzas 23x10° cells - £ oAtk fsAe AA7E 1997d 8ol 1.2x10°
cells - 2 'oldm Hm7t 19983 5ol 15x10° cells - ¢ o] @ HTHEFLE

3l
16210° cells - ¢ 12 uUlslelo] ajd ol =7 veputeh
HEae 0~75¢10° cells - 2 ') M2 FA0Y, 2¥)e HXHE X
A3 19999 59 (AW 5 EZ)ol 7H% mskch 94 AT EFL FA0E, 2¢€)l
= WE 2do] Y 1998 5Yol 83x10° cells - ¢ '2 b Wkth Ao wE
HaAETe Usidel HAE 1€3 292 Fdol glda Hivh 1999d Sdel
19x10° cells - 2 'o]ith. @ HFHAZLLE 10x10" cells - ¢ o1t e #HA
71195 292 Zdo] A9 9T Anst 19999 5Yell 6.7x10° cells - £ ol At
9 HREESe 4710 cells - 2 '2 WHaldo] it A Jebah
AZHR 2R 11x10°~1.9%10° cells - ¢ 2 19973 8¥(H A 4 50m3)el 7+E
gobp 19984 39 (A 5 10m3)ol 74 Edrh 9 HTAEFL 19974 84 o
48<10° cells - ¢ '2 7b% 1w 1998d 9¥el 43x10° cells - ¢ '2 7HE wdrh
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Fig. 12. Vertical distribution of standing crops (x10% cells « ¢ ") in the study area from Julv 1997 to June 1999.
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Fig. 13. Mean standing crops of diatoms, dinoflagellates and phyvtoflagellates in

the study area.
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34. AT AAA Aol

- 4 N - _
Hzako] 10 cells- 2 ' o]4, ALl 20% ol4E AXIF FE& $HFoR T
23} Chaetoceros socialis, Skeletonema costatum 5 74 TEF7F 2Fo1U L,

i»
i0is}
2

AR 2% 5 Hillea fusiformis 1% ] tHFig. 14).

S Mz sy EXE Hy Wa) e Chaetoceros socialis (19973 7€ ~1998%3
19) - Hillea fusiformis (19981 29) - Chaetoceros socialis (19981 34 ~54) -
Hillea fusiformis (1998 6¥) - Chaetoceros socialis (1998 79) - Hillea
fusiformis (199841 89 ~1149) - Skeletonema costatum (19983 124 ~1999d 1¥)
- Chaetoceros socialis (199991 29) - Hillea fusiformis (1999 34) -
Chaetoceros socialis (199913 49 ~6¥)7F $-Hstdoh

gajelel HEol BF AL Skeletonema costatum (1997 7Y ~10¥) -
Chaetoceros socialis (19973 119-1998d 1%) - Hillea fusiformis (1998 24) -
Skeletonema costatum™ Chaetoceros socialis (19983 3¥) - Chaetoceros socialis
(1998 49 ~5%) - Hillea fusiformis (19983 6¥) - Chaetoceros socialis (19983
79) - Hillea fusiformis (1998 84 ~119¥) - Chaetoceros socialis (19983 12€) -
Skeletonema costatum (19983 19) - Chaetoceros socialis (19991 249) - Hillea
fusiformis (1999 39Y) - Chaetoceros socialis (1999 49) - Skeletonema
costatum (19993 5¥-6¥)°] $-Hat Ut

Wl ol oHge REIARE Chaetoceros socialis?t 232%(1997d 7€) ~
83.196(1998 1Y), Skeletonema costatum©] 20.9%(1998'd 3¥) ~ 40.6%(19991 1
), Hillea fusiformis= 21.0%(199811 8¥) ~ 76.1%(1998d 11€)E BAT.

ol g9 RIATL Chaetoceros socialis7t 16.1%(1999¢ 1¥) ~
565%(1997d 119), Skeletonema costatum©] 12.9%(199734 12€) ~ 51.1%(1999
69), Hillea fusiformist 35.0%(1998d 8Y) ~ 81.3%(1998d 114¥)S ek
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Fig. 14. Seasonal succession of dominant species in the study area.
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Table 2. Primary productivity of phytoplankton around Jungmun from August 1998 to
June 1999

Secchi Euphotic Primary Productivity (mgC - m - hr ')

Depth

Mon. St (m) depth depth Total- Micro- Nano- Pico-
(m) (m) Y ' -
6.78 0.37 1.84 4.57
117 7.0 — —
- (100) (65 . (211 . (674
Aug. i SEEEESE HE A CRRRREpNERES FE
9.31 0.02 4.08 5.21
5 75 160 432 ————
- (100 0.2) (438)  (56.0)
6.31 1.04 3.40 1.87
1 17 13.0 e ; — - ;
Oct '.f';",(IOO)“ - (165) (839 -« (296) -
1.53 0.25 0.40 0.88
5 75 155 419 — _ T
- 00 us4 (261} (575)
4.26 1.06 1.24 1.96
1 17 11.0 v ; T
b {100 (24.9)\ ’ (291) ‘(46.0)
o 7.30 0.74 5.17 1.39
5 75 115 311 - —
100 o (10D (708) . (191
1.85 0.72 0.46 0.67
1 17 115 ; T
Feb (100) (389) (249) (36.2)
2.30 0.78 0.66 0.86
5 6 13.0 35.1 : T
(100) (33.9) 287 @14
6.61 4.69
1 17 12.0 , -
(100} - (70.9)
Apr. o ‘
2.96 091
5 75 120 3024 — e ————
(00) @307 (887 - (158
19.63 953
1 17 10.0 T =
£100) (48.5)
Jun. : SR
514 0.41 2.63 2.10

5 75 11.0 297 ; :
(100) (7.9 (51.2) (409
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Table 3. Results of Pearson correlation coefficient matrix between standing crops and

environmental variables in the study area

Coastal . 3 . .
Season |Temp.| Sal. | pH |NHs-N[NO:-NINOs-N|PO;" -P|Si0.-Si| DO
area

Summer
(n=36)

-053" | 0647

Autumm .

0.37 -0.70™"
(n=36)

Inshore
Winter

{(n=36)

-

-0.717" 0.26"| 070" | 0757 | 0.20

Spring
(n=36)

1.16™ 10.86™ 0.30°

Summer - .-
0.287{0.41
(n=72)

-042" | 034
Autumm .

0.46™ -0.40™"
(n=64)

Offshore
Winter

(n=72)

0.39” -0.22 -0.49™

Spring

(n=75)

0257 -0.26" | -0.69™ | -0.29"

T P<0.05, 7 p<0.01
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Table 4. Distribution of chlorophyll ¢ concentrations of phytoplankton in different

region of Korea

Local Chiorophyll al Reference
(ug chl-a- ¢ )

R drrek F 006 ~ 539 of 2} 2(1990)
Ak = Fd 021 ~ 212 o] 5(1993)

A= Amae A9 002 ~ 058 A3 31(1983)

Py T 002 ~ 259 o] 9} 2H(1990)

dE S 003 ~ 0.74 Az 1(1983)
gy 020 ~ 132 H 5(1986)

A drgd | AAE 24 FH 0.12 ~ 151 3ok ©](2000)
G 248dol 060 ~ 86.7 o] &(2001)

FEMq 0.00 ~ 538 Present study

Adag 815 ~ 14.72 9f A(1984)
4% 2uge ga gt 0.12 ~ 091 o] 5(1999)
U deuas 3w 0.04 ~ 0.77 o] 5(1998)

AFe F9 0.10 ~ 2.49 o] 2} 41(2000)
et T 045 ~ 259 o] F(1989)
A s o] =(1999)
Fdq 1.0 ~ 2,160 (ng - m )

A5 ) 772 120 ~ 5.78 A 7} uh(1988)

o Fact 171 ~ 588 7 2(2002)
g 021 ~ 826 dh 5(1998)

g F 3l XAt 071 ~ 3.98 77+ #(2002)

d8agt 091 ~ 452 7=k #(2002)

a3 s wE7d 3 1.19 ~ 4318 2+ #H(1991)
ks 038 ~ 89.25 vk 5(2001)
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Table 5. Distribution of phvtoplankton standing crops in different region of Korea

Standing crops

Local i Reference Remark
(cells- ¢ ')
Az | A Fd 64x10° ~ 18x10° | oleb #(1990)
TR | A S Fa 41x10° ~ 8.1x10° | o] %(1993)
AFE | Adyadg 6.7%10" ~ 39x10° | Shim and Park (1984)
AR | dya Fu 32x10* ~ 20x10° | o19F F(1990)
e o 0.0 ~ 39x10" | #(1966)
A7) Qb 15x10° ~ 66x10" | A (1983)
- o 32x10" ~ 3.0x10° | d $(1986)
) 5 AAE BE F9 | 44x10° ~ 7.1x10° | A £(1998)
dReld | A4FE A | 39x10° ~ 14x10° A 5(1998)
AAE A FW | 15x10° ~ 7.0x10° 2o} ©](2000)
dB z2egdol | 1.9x10° ~ 1.1x10° | o] £(2001)
Fadld 41x10° ~ 26x10° Present study
AtoFed oF 24x10° ~ 59x10° | ;9 #(1984)
gts et 1.8x10° ~ 54x10° | ©](1989)
A | s 41x10° ~ 24x10° | & $(1990), & %(1992)
By | guoder 5.8x10° ~ 7.3x10 o] %(1995)
At 4 e | 7.1x10° ~ 1.3x10° | o] %(1998)
AFg T 15%10° ~ 3.1x10° | o<} 2(2000)
sfotm Fw 20x10° ~ 1.3x10° | o} %(1989)
A F et F 1.8x10° ~ 1.1x10° o] 5(1990)
SRR R 10° ~ 1.2x10° & 50190
ot o « 1.0x10" ~ 2.0x10° | o] $(1999) cells - cm
RS« 26x10" ~ 1.2x10° Present study cells - em °
gt Maf| Aol 1.6x10" ~ 1.7x10° | Choi and Shim (1986)
et 42x10° ~ 2.2x10° 73t 2(2002)
2wl FalFAA 2.1 ~ 55x10° | Shim et al (1992)
E ik 1.3x10° ~ 16x10° | 73 #(2002)
dAgact 1.7x10° ~ 26x10° | 2% 2(2002)
g el BBy sty 1.7<10° ~ 35x10° | &3 A(1991)
okt 25x10" ~ 21x10° | Cho et al. (1994
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22. Als9 A3
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21(POS* -P)& ascorbic acid ¥, T4 TF4(Si0-Si)E molybdenum blue el ¢

3l A 239 cHParsons et al. 1984).
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Fig. 15. Map showing the sampling stations at the subtidal coast of Jeju Island.
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A A HEH3 slide glasss 2708 AdRske] 2b2h 100me Alizrgel of
sefgreh @7l @ Lugol &Mo mAste] dEdR ket 1A slide
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glass®] FHS Yugln 7t Hor Bad AMRE 2% e FaHA0 &
Sedgwick-Rafter counting chamberZ o] &3ta] 3383 v] H(Zeiss, Axioplanll) o 2

MR st o9l WAY AAS (cells - em IR AEFS EAGAT
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3t tHParsons et al, 1984).
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3.4 3

31, %2 -shetA BYEA

ZAIY F A2 @ B W Aol 127~261°C ("I 1857T), &7t
11.5~284C (Hd 1947C), &L 142~276T (FT 1987), =2 131~-268T
(FT 188C)E Ho FRago] %, FFlge] @& dola AT d HA
1.3TC¢ #ol& RBYtHTable 1). A F&) 3|98 X H9= o] 290~34
1% (B 325%), &E5 27.8~34.1% (BT 31.3%), T 286~343% (BT 32,
3%, THE 206~34.7% (BT 332%)2HM HFaido] ok, AFage] wgten
Azt A Wi 1.9% xelE B APt 2]t EkthH(Table 6).

FLYEHF T F BAT 268~14424M] HHR d HwEs 42 2154M &
¥ 3473uM, FF 49471M, 9 2068uMEH FH Gl wdx, HFE| o] ko
o Azt & AolE Btk A4k A2 005~1720Me] B2 d Hisee A
0550M, &X 041uM, % 0.39uM, &4 031pMEH FHado] wka, HF& o] v

e How A7 2 zlol7t ATt A FAE 885~7367uMe] BHEH W H
Al 34.88uM, 2 E 24.33uM, F¥ 195%uM, E 20.18uM £ EX & ERHA o]
¢, FRado] e HolHTable 6).

off
k1
s
oX
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Table 6. Physical parameters and nutrient concentrations at the subtidal coast
of Jeiu Island from October 1997 to August 1998

Temp. Salinity NH; NOs; NO: DIN"  SiO: POy
C) (%) D M) (MDD (VD (D
W7 200 315 108 378 027 513 3229 034
Nov. 175 317 08 3147 030 3283 3372 172
Dec. 132 309 011 6312 027 6330 3902 074
1998 130 338 016 1004 040 1060 1858 070

Station Month

Jan.
Feb. 15.0 34.0 013 579 019 6.11 1432 0.37
Sungsan Mar. 127 29.0 024 2548 038 26.10 7367 0.19

Apr. 178 341 136 726 006 868 3609 034
May 177 335 172 2179 022 2373 3484 05l
Jun. 241 341 215 1816 013 2044 4314 047
Jul. 259 326 344 1453 031 1828 2312 013
Aug. 261 318 - - - - - -

Average 185 325 113 2014 027 2154 3488 055
997 195 278 172 453 027 653 2219 047
Nov. 178 314 024 7104 061 7189 1514 065
Dec. 159 333 001 5598 021 5620 1907 037
1998 115 341 244 3147 016 3408 2643 051

Jan.
Feb. 127 332 - - - - _ _
Ongpo Mar. 139 28.8 040 2413 019 2472 2929 093

Apr. 220 31.6 165 5932 029 6126 4054 021
May 215 32.6 165 3874 027 4066 3679 0.13
Jun. 284 30.2 760 847 018 1626 3272 0.3

Jul. 274 29.1 522 864 025 1411 1002 049
Aug. 230 32.1 339 1790 029 2158 1114 0.19
Average 194 31.3 243 3202 027 3473 2433 041

*
DIN=NH,;+NO3+NO2, -: no data

next continued
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Table 6. continued

_ Temp. Salinity NH; NO; NO: DIN®  SiO: PO
Station Month

(C) (%) QD M) M) D M) D

WOT 194 286 165 2300 022 2487 1291 026

Nov. 181 326 023 14401 001 14425 2361 023

Dec. 175 343 027 1409 017 1433 1350 023

P98 42 s34 - - - - - -

Feb. 156 328 237 9200 027 9464 1731 038

Jungmun Mar. 151 318 043 8764 021 828 3651 0.14

Apr. 208 338 165 2058 007 2230 3028 030

May 201 341 38 605 015 1000 1916 0.17

Jun. 236 322 165 5314 037 5516 885 154

Jul. 276 301 237 1574 024 1834 2366 026

Aug. 261 317 310 1996 027 2333 1013 039

Average 198 323 175 4762 022 4957 1959 0.39

WOT 214 326 136 453 018 608 2219 026

Nov. 168 326 031 8532 044 8607 1705 037

Dec. 151 340 020 1139 013 1172 1672 028

% 49 31 - - - - - -

Feb. 147 347 032 232 004 268 1530 014

Hamduk Mar. 131 338 031 309 011 350 2082 005

Apr. 178 345 - - - - - -

May 179 341 201 2179 016 239 2849 034

Jun. 235 328 273 1937 037 2246 2692 0.38

Jul. 249 320 244 2421 022 2687 2474 068

Aug. 268 296 178 08 017 277 944 024

Average 188 332 127 1920 020 2068 2019 031

*
DIN=NH4+NO3+NQO:, -: no data
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ZEAIY F A 2§ F FEFTFT 143F(G05 118F 150 F 10 vIEHE)

=

07 ZAEWR(centric diatom)7t 18F(10% 17 1¥W3) 281 7l& Uit (pennate
diatom)7} 125%(40% 1012 149¥ 3 10V 5 A F)olAcHAppendix 2). sl =d 5
Sy Aako] 88%F(31% 71F 9ME 8UIBAE), TEV 65F (264 58F 6¥EF 1VF

AF), TEol 84F (374 T7F 3WF 4uEAF), Iyl 40FU8% 37F 1UF 2vlE

A 2 2HESFE Mgy 2 9 AdEe AP oz HArHFig. 17).
ZA17vE 9 ZENEY) 83 oA HE FEL AHRYAE i A Achnanthes
brevipes, Amphora acutiuscula, A. coffeaeformis, Cocconeis pellucida, C

placentula, C. scutellum, Grammatophora marina, Navicula britannica, N. mollis,

j=—y

Nitzschia socialis 5 102, X Amphora coffeaeformis, Cocconeis dirupta, C.

pr S

scutellum, Navicula britannica, N. mollis, Synedra tabulata & 6%, %

rlo

Amphora acutiuscula, A. coffeaeformis, Cocconeis pseudomarginata, C. scutellum
5 4%, 343Le  Amphora coffeaeformis, Cocconeis placentula, C. scutellum,
Ly

Nitzschia punctata 5 4%°lth. 1 % Amphora coffeaeformis®t  Cocconeis

scutellume RE Ao Qd F £8S g1 YUY
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T2 1.7(6%)~359%(4%), Y& 08(6¥)~522%(2¥)e] WA FAL A =
o AN E JehiYa, sASH FA we ZAUE ndth B FREVH

ofN
2
2

dul = Al M 71.7(2¢€)~100%(1 ¥ 3 6¥), X+ 289(1¥)~989% (11¢)
64.1(49)~98.3% , FES 47.8(29)~99.2%(69)e] HARMN AUFE B

e 2l sl FAl xa FAS AV e AFEE JERAT (Fig. 18).

oi¥
A
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Fig. 18. Composition rate (%) of araphidinean and raphidinean diatoms

in the studv area.
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v Aabe 1€ 12¢€9 Cocconeis scutellum (57.0~350.9%), 58 Nitzschia
navicularis (39.2%), T8l Nitzschia socialis (47.8%)7} $-4stAxn, §3ET 119
Cocconeis scutellum (76.0%), 1499l Licmophora lyngbyei (47.4%), 48l Synedra
tabulata (52.7%), 3¥ e 7472 = Cocconeis scutellum (78.7~92.0%)c] $+H3sd
th, = FEE 9YRH 10¥87A Gomphonema exinum  (41.5~42.9%), 12€ e
Amphora coffeaeformis (33.3%), 799l Amphora coffeaeformis (68.9%)7} $-H3st o
v, e 9% Amphora coffeaeformis (32.7%), 11¥ol Cocconeis scutellum

(36.79%), 1292 29+ Synedra tabulata (30.0~37.8%), 3¥Y¥E 8Y7}%i=

Cocconeis scutellum (30.8~79.4%)°] A thFig. 19). watA -dFo] A HdW
ol ade] wet $HF 2 SHEo] o2 GAFS Mol A/
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Fig. 19. Monthly succession of the dominant attached diatoms in the study area.
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2 oA zFES SFAoR Hasty) s chkd MLl EuEs wEsod
ol & ZF A3}l extracellular polymeric substances (EPS)2t sl FA .2 203 2ot
QiR Iy = AdEAR] MY iR deld doiHogland et al., 1993). EPS
o] el AFH(stalk type), T8 (tube type), B2 (apical pad tvpe) 18]
A EF& ¥ (adhering film type) §9 4714 FAPo g Uk F glon] B oo

A1+ Kawamura and Hirano(1992)2] =288 o] &3lod ¥4 8k (Fig. 20). Table

urado] 33.3(29)~625%(128)(H it 51.5%), HeH-2tnka o] 80(9¢Y) ~458%(2¥ (T
T 245%), AFE ol 0(12%€)~28.0%(9¥)(FF 19.9%), #dol 05Y. 69)~9.1%(
AHTE 5.0%), T Fautgo] 34.4(8¥)~55.3% (10U (A 453%), etz
29)(H 3 31.9%), AFHo] 125129, 69)~27.3% 48 NH T
195%), #ao] 00129, 7¥9)~59%01)(HF 33%), 4 FHurao] 300(58)~
60.0%(6%) (3 ¥ 43.9%), FeH2ubdo] 16.7(8%)~50.0%(11¥)(H # 358%), 73
o] 0(114¥)~33.3%(8¥)(HF 148%), ¥&o] 09¥, 7¥)~10.0% , 54,
5%) WHAE EAcHFig. 21). webA 7h g o] FxAdu = 8
of wel the X ¥EE Mol AR A sAoM HHEHor Faui-Hopi
=

Wbzt F-wge] 52 £MR FANV FAHL AT (Fig. 22).
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Fig. 20. Diagram of the attached type by the extracellular polymeric
substances(EPS). A, B: stalks, C: tubes, D: adhering films, E, F:

apical pads (Kawamura and Hirano 1992)
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Table 7. List of attached diatoms classified by the EPS form at the subtidal coas
of Jeiu Island from September 1997 to August 1998

EPS Type

Genus or Species name

Achnanthes, Amphora coffeaeformis. Cymbella, Gomphonema,

Stalks
Licmophora, Melosira, Pseudogomphonema, [thoicosphenia
Tubes Bleakeleva, Navicula mollis
Apical Bacillaria, Biddulphia, Fragilariopsis, Hantzschia, Nitzschia,
pica i . . . .
Pad Pseudo-nitzschia, Podosystis, Rhabdonema, Svnedra, Surirella,
ads
Thalassionema, Thalassiothirix
Actinocyclus, Actinopytchus, Amphiprora, Amphora,
Arachnoidiscus, Auricula, Caloneis. Campylodiscus, Campyvlosira,
Adhering Cavinula, Climacosphenia, Cocconeis. Coscinodiscus,  Cyvclotella,
Films Cyvlindrotheca, Diploneis, Fragilaria, Grammatophora, Gvrosigma,

Haslea, Lioloma, Isthvrua, Navicula, Pleurosigma, RRhopalodia,

Striatella, Thalassiosira, Trachvneis, Triceratium, Tropidoneis
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Fig. 21. Monthly variations of composition rate (%) of attached type by
the EPS in the study area.
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Fig. 22. Vanation of attached tvpe by regional groups.
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3.5. Chlorophyl a %92} W3}

2
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S
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o
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i)
T

Chlorophyll @ #(mg chl-a-m )& #
2160 mg-m>el WHA=AR FEAM 119 71 w1 SEeA 1290l 7HE v
$EE HAKFig. 23). 2t 9y d AFL Aol 18mg chl-a-m? SE7}
220mg chl-a- m > %L 442mg chl-a-m? T2 9mg chl-a - m 2 s
o] Fski HFMFAA wgkon A3t zolrt Ttk dd H chlorophyll a %
& Aato] 64mg chl-a-m?Z-day’!, €%7} 75mg chl-a -m®-day'!, &0
106mg chl-a-m”-day !, &¢o| 32mg chl-a-m’-day ‘28 @R~ =<t

I ERggey ¥ srEIE Yehhdrh

36. d=gusl

ZA F Ra Gz A& 10x10'~20x10° cells-cm ® 9] B2
FAC wmdn FA #FrsFen FAIREY SATA F73H cHFig. 24). A2
2 Aaro] 6.1x10'~2.0x10° cells - cm  (d F#F 52x10° cells - cm 9, 27} 1.4x10°~

6.9x10° cells - em? ((d H# 38x10° cells - cm 7), F8o] 75x10°~1.1x10" cells -
m® (d #HFE 28x10° cells - cm 9, o] 22x10"~35x10° cells - em * (4 HT
1.1x10° cells - cm )& Yehulglom ER& o] Hkm ERa\AoA e BIE
HAon At zfeld wWol YERUATH

7t el 9 HAEFo WaE Awuw Agae 109 20x10° cells-em® 2
b =1 499 6.1x10° cells - cm “2 71A @& BT E wo Z7A9 3tAd Z7}a)
A% FA Faste AFL 1At 2XE 699 69x10° cells-em ® & 7}
4 =3 1299 1.0x10° cells - cm *2 7bg e EX 2 A9 sAd Fvlsia &
At FAol PFaste Aol Ak FEE 8Yd 11x10° cells-em® & M ¥

3 499 75%10° cells - cm ‘2 71 2 BXE ¥ Ao YA Ho R Z73tY

(@]

=

ek QA Ao R EAM En A e ARL wgch FYL 3¢ 35x10°
cells-em? 2 7}& =1 594 22x10" cells - cm

2
2 el vl e FExE Kt
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Fig. 23. Monthly vanations of chlorophyll a concentration of attached diatoms in

the studv area.
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Fig. 24. Monthly variations of standing crops of attached diatoms in the study

area
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37. FUALFEAF

FrhAAFE 043(SE, 68)~305(4 %, 49)9) el WelE 2200 (Table 8)

555 2

Fheli gl AT SEE 043~2820d FT 180 FAS FAN & oAl

wokon], RS 15429704 BE 2602 680l W& AL Astiy Alde] ¥

Aglol M&a e wm, TUL 130~251d Bt 2002 A FAs ww
%

g Vet s dras SyReld Eero
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Table & Monthly variations of Shannon-Wiener's species diversity (H') of

attached diatoms in the studv area

Station Sungsan Ongpo Jungmun Hamduk
"97  Sep. 3.04 2.82 222 1.98
Oct. 2.80 2.58 2.22 -
Nov. 191 1.16 2.97 1.98
Dec. 1.97 2.02 2.63 2.22
"98 Jan. 2.32 1.84 - -
Feb. 2.95 2.70 2.84 2.23
Mar. 2.97 2.74 2.94 2.27
Apr. 3.05 1.88 2.81 2,51
May 2.39 0.93 2.79 1.88
Jun. 2.32 0.43 285 2.16
Jul. 2.16 1.11 1.4 1.30
Aug. - - 2.92 1.66
Average 2.53 1.84 2.61 2.02
-I no data

_68_



o T B o T &
5 CHENE I T % oW B T T
v 5 Ewx 2% W EEe ROz goa g EYTIL
50 E o v v M3 Gk oWow o o2 E g R oy B oo b
o 5 % T = o= F L monowm o g 2 i 4 X
o 2w g T 5o e om oW z S B T
HE — = M muw b o — ~— %O e M A ,.nha -~ w© A e oy W
= % ow B TR g e D4 Ro 2
WS RT om0 T N a0 o5 - e G DD UL G
OC. o LR < 0 N o - Br = W 0 OOJ ] W.v 0} % ) N ™ 0 ; X
e N A © B T o= o oo s M & o = ® o o = o &
== — The ! =0 (3 i
Hooe B = ® w1 A T S R T B o X o
Ao T 2 L, N o Mo .. o X G L)
2 L N = %) w9 o 2 - =T W
& g W % T ok 2 v £ 5 o2 X
) o m o oF M B0 . T o= o ® 0 - 5 M og ® S ° T
-, 0N -~ W o +
gmnﬂﬂf;oa;mﬁﬁgwg.C,% p T E TR
=TT g W g B U T A o ® X T WA
& 8 o T iﬂ.zﬂ}%dﬂnﬂr - Mo
o) &= —_ K \ —_ 1 HT T O = = E:. 1
20 Yo =X B oi! Moo = ol n -~ . 5w T BT 2o M A
& . e B - om Mo S W 5 o W ol Lox 2w
oW R ow d F H i o} B w N0
I R S S-SR B AR S )
[N o) B LY WMo oo 2 I op
T Ly do o o ~ ™ B ~ Yo v B o
LI R B E AR T B XEF o9
,@%wﬂs%m@%%zyﬂmqﬁmq EﬂHT_nﬂz
&N_,.mm,_,zﬂol,%ﬂ%%.gmnm,uaﬂ A
oW B LT AT g e N SE g BT Ew
o wK < o mv w og ® & ﬂ,o T Wy m = Mg o ol o
awngmMLol,zl%ﬁ%iﬂuamﬂaﬂ R
T4 S - RO T N W2 W w7 = o B
myr,wr%ﬁ%%_@%é%%a«%lﬂ_ b T Gl
A S g ° o, 28T e L Tw 7o B I
. ® S U o Y 5ok X Gl ot =
& ; J X S -~
xR < ML = Hode ¥ A E K T o4 A o W
ok He S e 7O om0 A+ _om o P ol —~ A T o x iy
wooe N Mo Mo O% B . CialN <
o= £ = o N e No 9 kN of T o o X o T+ Mok
I M © X B 4 1< B SO TGS W o = N wo= Mt 4n T = o o
" ol © £ g ‘MM# _¢ CH N o o = S 3 o o o T E R
ol = gL IS ol o~ o B ' -~ ] .
@wmmﬂ%%uﬁaymﬂo_ A « BT Tl
™ G- FE LNy e T v HOE g TR R 2y
. o .o 45 H 3 T o= g Mo __ o W o e XMW e Mmoo
< W e £ o s © ol T We  Hp ; Mo
oo 5§ 5 o oz o W . 1ZEe) - T8 =
0 K | ) W X
o = M ot B o™ TS : o
2 P < 7y O 9 0T

_69_

w, 1998).



9] ¥iHrch

=
L

14302 7]

[
o E

B 3 =
B GFEF

—{5‘}

o

A
o

o

>

B
B

Kiitzing® Cocconeis

=
K3

Amphora coffeaeformis

7H& i
A s gels d

=

[E]

o]
o

=9

).

scutellum Ehrenberg

{Appendix

i

No

ol

R

Aol

=
o

HsEF7F A%

7} EPSel <] %

ufj & o] (Stevenson and Peterson, 1989),

ot %7l

pid
Br

—_

‘B4

o

o] 498%% ThE

Z5el vg

g

[
I

Eo AFolA HHA L AA ¥

= =
=+

Horat s =F7E =
|

[}

Lo

b
5
1991), o199 o}

=
[0

HFE &k

Far(o]

°

[ ~VD.

Zoll A Coconeis scutellum®} Licmophora lyngbyei

< Plates® YEFR R tH(Plates

=
]

A=
=

g Al et 7)Aol A 50%01 4 Hf

(o]
3
=

]

=

g
&

7 sjolo] A B

i
)

ol

w

I

2gol

=]
T

s

3

)

AN

[e3

SEE L P
3l

L

L

go FzA)

v

2y

g9 M2 HolAE 53& uol

22 EPSel o) #

A,

e
7

A7 of et

ool ATARE TP AFE

wir
I

Hol7t getx|

Wol| thel Feof

3l
=2

o]

Q7he}.

2

_70_

Fstel oishfiol Fu Y



Plate I

X4,0k 0002

- -

Cocconeis placentula Ehrenberg

_71_



Plate 1I

Cocconeis sp. 2

x6.0k 1288

0874

Cocconeis sp. 3 Cocconels sp. 4

185kV

Pseudogomphonema kamtschaticum Cocconeis molesta var. crucifera Grunow
{Grunow) Medlin
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.sn‘o?ol 16V 20um

Svnedra tabulata (Agardh) Kutzing Cylindrotheca closterium
(Ehrenberg) Lewin & Reimann

Amphora bigibba Grunow Nitzschia sp.

x8.,0k 0007
x8.0k 0016 15kV

Amphora coffeaeformis Amphora coffeaeformis Kutzing
var. acutiuscula Kutzing
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Plate IV

Amphora ovalis Kutzing Nitzschia sp.

oA them

Actinoptychus senarius Ehrenberg Thalassiosira oestrupii var. venrickae
Fryxell, G. A. & Hasle. G. R.
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Plate V

Achnanthes longipes Agardh

Bacillaria paxillifera (Muller) Hendey Climacosphenia moniligera Ehrenberg

Roperia tesselata (Roper) Grunow Licmophora lyngbyei (Kutzing)
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Plate VI

Melosira nummuloides Agardh Nitzschia longssima (Brebisson) Ralfs
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Jeju Island

Bomok
Kangjung

Fig. 25. Map showing the sampling stations at the subtidal coast of Jeju Island.
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2. Qx4
Ratul gz AMe 20709 slide glass (76x26mm)E 719 W& paasg 7zt
ZAAA zad B2 AZo] skin diving £ SCUBAE ol&ste] Ax|stqrt
(Fig. 26). 3¢

CECEIEERE

1Y o] AFe Flol el §ds FAs H2ZE 5SS

o} X Skrh(Fig. 27).

o

_,.
il
12

23. B¢ - 3834 #4

2 gye) 2ol sey S4el W@ BAe AFUsm st setapo

ARE vz den Fen Are Ageld IS 852 Y %

rie

HFEAM dRYold HA(NHy -N)
A 4(NO: -N)&= NED ¥, 244 A 2(NOs -N)E cadium reduction ¥ 25 4 #sto

phenol-hpochlorite® (Solorzano, 1969), o} A4

2 ZrAAsZoR (Total-N)Z YENAI, 4F QI(POS° -P)& ascorbic acid i,

AR T A(SIO-S1)E molybdenum blue Well olsf F A3 (Parsons et al,

AR AFgE JHH slide glassE 2715 MEstod zbzh 100me Al 59 o
oAtsiset A QY1 Lugol 8o mAste APEHIZ Fvadc. nAE
slide glass& H =85 7t= oz By Agg 25 FASY A2 F
Sedgwick-Rafter counting chamberZ o] &3l 338 v 7 (Zeiss, AxioplanIl)

oz Wy et vyl WAZ AAS (cells - om D2 BB,
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Fig. 26. A scene to install sampling plates in the bottom and middle layer of the surveyed
area,
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¥« crustose coralline 3

Fig. 27. Diatoms (A) and crustose coralline algae (B) on slides of experiment
plates.
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AAYRA A7 1% glutaraldehyde® o8 dAgolq mA & YFEI %2
ol 29 A8 F 9ATS Halo BEFuFoR 400~1,000 WEANA FTAHIA
7, v]A8 TxE Hasle (1983)2] A #8 %3S A SEM (Hitachi, S2460N)3

2.6. Chlorophyll a ¥4

B oM z&9) chlorophyll @ 5% AMAE slide glassZ 1708 Al8E 2T

5] GF/C filter (Whatman, 47om)% <33t 90% acetone2.2 F%3}1 spectrophotometer

(Shimadzu, UV-1020)2 Z4&04 @9 B3 chlorophyll a & (mg chl-a - m Hhoz H®

A &t i Parsons et al, 1984).

3.4 #

3.1. 29 - g3 @354

zA}7]

i
o
i)
)t
R
2hd
H

Mol ZAol 140~270TC (FTF 209T), BEo
145~280C (HF 208C), AL 140~275C (FT 2047T), EAL 136~265T
(FF 1927)2 RYrhFig. 28). S48 Q AP Eol w%i, TFAAol @2 Aol
7oA d " 1.7CY AolE BRI

Ao Ay BE W= ZAHo] 30.15~3480% (H 3332%), BE2 3009~
3462% (BT 33.13%), A4 30.30~3465% (BT 33.0%), EAL 31.20~34.50%
(BT 2% M Frside] =g, FRAGe] wton HAL d Hd 0.4%
apol 5 Bo) szt zole= ANTHFig. 28).

A
3 fe
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s g
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=4

Fig. 28. Monthly variation of water temperature (T) and salinity (%) in

study area.
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A F F AT J FisEe 24 AxSddel Oling- ¢, ¥F 7

woahelo]l 0.17mg- £, A4t A aolo]l Wit Oldmg- ¢ ' EA AxFa el 021

% oN(T-P)o} @ Hswi Aajdo] 00Img - ¢ ‘& A 2ol 7k AATHTable 9).
b GFae @ HitsEE A ANSA Gl 018mg - ¢ BE AXFAHA] 05
mg- £ 1 A4 Awgaiodo] 043mg- ¢ ! EA Ax Aol 05Tmg- ¢ 2R FEM A

% &3 9 o] EITHTable 9).

ZAbsde] NP vlE AR Axgsiddel HA 23 (2001 4¥)HEH HD 617
(2001 10901 d HAEL 1958 YElHY BE AxSAGL HA 21 (20014
49)2E Hx 599 (2001d 102)e1Yn @ HEL 2598 el A AESEHS
o Hx 78 (2001 7E)RE 3 815 (20014 1080l m d HFLE 2735 e}
Woh EA A=gsde HA 64 (2001d 49)FEH A 764 (2001d 11¥9)o] 1
Qd B 3235 vEbATH(Table 10).

ZAbald o] SiP vl 2R AR gage] A 30 (2001d 6¥)FEH HA 2265
(2001 59)olA @ HEL 4318 Vet BE ASSHY LS HA 109 (20014
S8)RE H3 1073 (2001d 7)ol d HEFL 4428 vehlch A0 A5G
o #7 33 (20024 19)%E H3 5217 (2001 5¥)olA 3 HFL 10978 et
o BA AnLsHde A 107 (20023 19)RE H3 6175 (20013 10€)ol 3L
d HFS 13485 YEHHTHTable 10).
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Table 9. Physical parameters and nutrient concentrations at the subtidal coast of

Jeju Island from April 2002 to January 2003

W. T.  Salinity TIN PO’ P Si0.-Si
Local .. . pH \ | )
(C) (%) (mg- ¢ °) Amg- £ ) (mg - ¢ )
Kang: 140770 3015~3480 B21~R838  0.020~0218  0001~0019  0.028~0.035
angjung (209) (33.32) (827) (0.11) (0.010) (0.178)
Bormok 145280  30.00~3462 810~845 0016~0481  0.002~.025 00570552
omo (20.8) (33.13) (8.33) (0.173) (0.008) (0.249)
Py 140~275 3030~3465 820~840 0030-0371 0001~0013  0.031~ 1.167
yosun (20.4) (33.0) (831) (0.143) (0.007) (0.433)
g 136~265 31.20~3450 R816~839 0013~0512 0001-0018  0.040~ 1.65]
ungsan (19.2) (32.92) (831) (0.206) (0.008) (0.570)

note: parenthesis is mean value
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Table 10. N/P ratio and Si/P ratio from Aprl 2002 to January 2003 in the

studv area

Sampling N/P ratio Si/P ratio
month  Kangjung Bomok Sungsan Pyosun  Kangjung Bomok Sungsan Pyosun
‘01 Apr. 23 21 174 205 90 149 1058 385
May 466 59 717 211 2265 314 5217 637
Jun. 96 277 96 109 30 804 330 319
Jul. 125 297 78 170 501 1073 715 1180
Aug. 104 154 115 64 1.1 109 79 113
Oct. 617 599 815 581 274 683 925 6175
Nov. 93 269 151 764 216 442 870 2462
Dec. 171 123 228 336 350 257 649 756
‘02 Jan. 66 527 86 570 43 151 33 107
Min 23 21 78 64 30 109 33 107
Max 617 599 815 764 2265 1073 5217 6175
Average 195 259 273 323 431 442 1097 1348
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FARZIZE E K- Ebagbel Atahgl qpzre] s dEHE A A Sl ool
12023 ~ 577662 cells - em * & 5U(EZ)o] 7b% ks 89 (# &0 7p3 b
ofrh. M- i S-alol e 81146 ~ 383,815 cells - em © B 8HUGEZ)o] 7+ %
i 19 F)e] 7 sitow B AN IS 38262 ~ 305685 cells -
em & 1090l b w3 49o] b wekth #H AA A AL 26008
~1219938 cells - cm? 2 19(EZ)o] 74 =2 49 (H2)e] 7hg stateh W
P g A Aol 8436 cells - om ” 2 7R i BEI 72A

o] Z+7+ 6313 cells - cm ° 9 6021 cells - cm © & H}Z=8l31 # A

5035 cells - cm © 2 73 Y boh(Fig. 29).
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Fig. 29. Standing crops of attached diatoms on sampling slide glass in studv area.
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3.3. Chlorophyll a %2 W3}

obwl oAl ol #HiF chlorophvll a #& 244 A gaidde] 019 mg chl-

g -m- BE Axmeaco]l 029 mg chl-a-m- A2 ZANSaiole]l 026 mg
chl-a-m & R Axgaodo]l ki, & 24 AxIaedol 0.14 mg chl-
a-m° BE Agaidol 011 mg chl-a-m- XA AxZaHodol 011 mg

chlca - m > A2 Axogielo] 016 mg chl-a-m "2 A AxSsfdo] ok

4
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X
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2
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ohoAlEE 2
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Y AmeHs e AN g

o de FA 22 5HE BAKFig. 30).
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Fig. 30. Concentration of chlorophvll @ on sampling slide glass in the study area.
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a5l HEe 2Ad AmGalddel M Bacillaria
paxillifer, Cocconeis scutellum, Cocconels pellucida, Cvlindrotheca closterium o
4%0), WE Mmool Cocconeis scutellum®t Cyvlindrotheca closterium 2,

14 Aol olal A Amphora coffeaeformis, Cocconeis scutellum. Navicula sp.

(o)

3%, A AmEaldel M Bacllaria  paxillifer.  Cocconeis  scutellum,

Nitzschia longissima, Navicula sp. & 4Z°ol%lch olg 38 E% & Cocconels
scutellum = 9F3F B esloll MAslE Fow 53] AL F AT U

71 el -eka dAeHFig. 31).

=
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Fig. 31. Dominant ratio (%) of attached diatoms on sampling slide glass in the study area
{left bar: surface, right bar: bottom, Pyosun: bottom).
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Fig. 32. Photos showing barren grounds (white phenomenon) at each depth of seawater in
sublittoral zone (OM: Jungmun coast. 6M: whitening rock. 12M: whitening rock.
15M: whitening spot).

_95_



Fig. 33. Distribution of seaweed. herbivorous animal and microalgae in intertidal
zone,
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Fig. 34. Growth stage of crustose coralline algae (X400).
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Fig. 35. Various benthic diatoms to grow on sampling plates (A: Navicula sp.. B:
Licmophora sp.. C: Cylindrotheca closterium, D: Achnanthes sp., X 400).
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Fig. 36. Habitat competition of crustose coralline algae (white arrow) and attached
diatoms (black arrow). (x400)
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Fig. 37. Growth type of crustose coralline algae (x400).

=100 -



Fig. 38. Attached diatoms growing in a crustose coralline algae topside (The above
diatoms contributing with useful feed resource of herbivorous animal in
whitening coast).
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Fig. 39. Various seaweeds growing on the surface of crustose coralline algae, (X200)
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Appendix . Systematic list of attached diatoms occurred at the subtidal coast of
Jeju Island from September 1997 to August 1998.

Division Bacillariophyta (:1 4] &%)
Class Bacillariophyceae (52 7%)
Order Centrales (FA &% %)
Suborder Coscinodiscineae (% Zo}%)
Family Thalassiosiraceae Lebour 1930, emend. Hasle 1973 (24w &% 3)
Genus Cyclotella (Kiitzing) Brébisson 1938 (G F &% %)
Cyclotella meneghiniana Kiitzing
Cyclotella striata (Kiitzing) Grunow
Family Melosiraceae Kiitzing 1844 (9% =2 %)
Genus Melosira Agardh 1824
Melosira nummuloides Agardh
Family Coscinodiscaceae Kiitzing 1844 (M &% 3})
Genus Coscinodiscus Ehrenberg 1838 (M &2 <)
Coscinodiscus angustelineatus A. Schmidt
Coscinodiscus bathyomphalus Cleve
Coscinodiscus bathyomphalus var. hispidus Chung & Chin
Coscinodiscus marginatus Ehrenberg
Coscinodiscus minor Ehrenberg
Coscinodiscus rothii (Ehrenberg) Grunow
Family Hemidiscaceae Hendy 1937, emend. Simonsen 1975 (& 23
Genus Actinocyclus Ehrenberg 1837 (vt# &% %)
Actinocyclus subtilis (Gregory) Ralfs in Pritchard
Family Heliopeltaceae H.L.Smith 1872 (833 5% 3)
Genus Actinoptychus Ehrenberg 1841 (WU &&%¢ %)
Actinoptychus senarius Ehrenberg

Suborder Biddulphiineae (A & %o}l %)
Family Cymatosiraceae Hasle et al. 1983 (W &%)
Genus Campylosira Grunow ex Van Heurck 1885 (&u &%)
Campylosira cymbelliformis (Schmidt) Grunow
Family Bidduphiaceae Kiitzing 1844 (A sl&2 )
Genus Biddulphia Gray 1821 (2 #&2%)
Biddulphia pulchella Gray
Biddulphia reticulata (Ehrenberg) Roper
Genus Isthmia Agardh 1832 (87l 5% &)
Isthmia nervosa Kiitzing



Genus Arachnoidiscus Deane ex Pritchard 1852 (Av|&& %
Arachnoidiscus ehrenbergii Bailey

Family Eupodiscaceae Kiitzing 1849 (&% #)

Genus Triceratium Ehrenberg 1839 (ZZ4&¢%)

Triceratium dubium Bngthwell

Ar

)

Order Pennales (&% %)
Suborder Arphidineae(3 5 % S %o} )

Family Diatomaceae Dumortier 1822(% &%)

Genus Bleakeleya Round in Round et al., 1990
Bleakeleya notata (Grunow) Round in Round et al.

Genus Clamacosphenia Ehrenberg 1854 (=& % %)
Climacosphenia moniligera Ehrenberg

Genus Fragilaria Lyngbye 1819 (Z&&44)
Fragilaria inflata (Heiden) Hustedt

Genus Grammatophora Ehrenberg 1840 (Z 3 &%)
Grammatophora angulosa Ehrenberg
Grammatophora marina (Lyngbye) Kitzing

Genus Licmophora Agardh 1827 (I E- A& 4)
Licmophora californica Grunow
Licmophora flabellata Agardh
Licmophora gracilis (Ehrenberg) Grunow
Licmophora lyngbyei (Kiitzing) Grunow
Licmophora mediterranea Mereschk
Licmophora paradoxa (Lyngbye) Agardh

Genus Lioloma Hasle
Lioloma pacificum (Cupp) Halse

Genus Podocystis Bailey 1854 (H] & 24)
Podocystis americana Bailey

Genus Rabdonema Kiitzing 1844 (E=HE 22
Rhabdonema adriticum Kitzing
Rhabdonema arcuatum var. robusta (Grunow) Hustedt

Genus Striatella Agardh 1832 (FEUW & T %)
Striatella unipunctata (Lyngbye) Agardh

Genus Synedra Ehrenberg 1830 (tiuts&T4%)
Synedra fasciculata (Agardh) Kiitzing
Synedra fulgens (Greville) Smith
Synedra tabulata (Agardh) Kitzing




Synedra unla (Nitzsch) Ehrenberg
Genus Thalassionema Grunow ex Hustedt 1932 (#AHE &)
Thalassionema bacillaris Hallegraeff
Genus Thalassiothrix Cleve & Grunow 1830 (A UlE ¢4

Thalassiothirx longissima Cleve & Grunow

~

Suborder Raphidineae (5% % %o} %)
Family Achnthaceae Kiitzing 1844 (33 &%)
Genus Achnanthes Bory 1822 (%3 54¢4:)
Achnanthes brevipes Agardh
Achnanthes brevipes var. angustata (Greville) Cleve
Achnanthes citronella (Mann) Hustedt
Achnanthes longipes Agardh
Genus Cocconeis Ehrenberg 1838 (2 ¢&25;)
Cocconeis costata Gregory
Cocconeis decipiens Cleve
Cocconeis dirupta Gregory
Cocconeis heteroidea Hantzch
Cocconeis molesta Kiitzing
Cocconeis molesta var. crucifera Grunow
Cocconeis pellucida Grunow
Cocconeis pellucida var. minor Grunow
Cocconeis placentula Ehrenberg
Cocconeis pseudomarginata Gregory
Cocconeis scutellum Ehrenberg
Family Naviculaceae Kiitzing 1844 (Zu] & 2 3})
Genus Amphiprora Ehrenberg 1843 (/154 4)
Amphiprora angustata Hendy
Amphiprora paludosa Smith
Genus Amphora Ehrenberg ex Kiitzing 1844 (H 2] &%¢ %)
Amphora acutiuscula Kiitzing
Amphora angusta Gregory
Amphora angusta var. diducta (Schmidt) Cleve
Amphora arenaria Donkin
Amphora bigibba Grunow
Amphora coffeaeformis Kiitzing
Amphora commutata Grunow




Amphora costata Smith
Amphora costata var. inflata (Grunow) Peragallo H. & M.
Amphora decussatum Grunow
Amphora exigua Gregory
Amphora laevis var. laevissima Gregory
Amphora lineolata Ehrenberg
Amphora ovalis Kiitzing
Amphora protens var. aculata Peragallo H. & M.
Amphora sp.
Genus Cavinula Mann & Stickle 1855
Cavinula cocconeitformis (Gregory ex Greville) Mann & Stickle
Genus Caloneis Cleve 1894 (2.0] & 2<)
Caloneis silicula (Ehrenberg) Cleve
Genus Cymbella Agardh 1830 (3tg&o<)
Cymbella cymbiformis Agardh
Cymbella lanceolata (Ehrenberg) Van Heurck
Cymbella minuta Hasle
Cymbella spl.
Cymbella sp?2.
Genus Diploneis Ehrenberg ex Cleve 1894 (==
Diploneis advena (Schmidt) Cleve

b

)

Diploneis crabro Ehrenberg
Diploneis weissflogi (Schmidt) Cleve
Genus Gomphonema Ehrenberg 1832 (8 7] 2% <)
Gomphonema exignum Kiitzing
Genus Gvrosigma Hassall 1845 (YA 524
Gyrosigma spencerii Cleve
Genus Haslea Simonsen 1974
Haslea ostrearia (Gaillon) Simonsen
Genus Navicula Bory 1822 (Zu] &%)
Navicula britannica Hustedt & Aleem
Navicula cancellate Donkin
Navicula conferbacea (Kiitzing) Grunow
Navicula directa var. javanica Cleve
Navicula distans (Smith) Ralfs
Navicula mollis (Smith) Cleve
Navicula ramosissima (Agardh) Cleve




Navicula spectabilis Gregory
Navicula spl.
Navicula sp2.
Navicula sp3.
Genus Pseudogomphonema Medlin 1986
Pseudogomphonema kamtschaticum (Grunow) Medlin
Genus Pleurosigma Smith 1853 (YA E4:)
Pleurosigma delicatulum Smith
Pleurosigma normanii Ralfs
Genus Rhoicosphenia Grunow 1860 (712 & %4:)
Rhoicosphenia curvata (Kiitzing) Grunow
Genus Thalassiophysa Conger 1954 (4+# & ¢ %)
Thalassiophysa hyalina (Greville) Paddock & Sims
Genus Trachyneis Cleve 1894 (Zvj&%4)
Trachyneis aspera var. vugaris Cleve
Genus Tropidoneis Cleve 1891 (£33 &%)
Tropidoneis lepidoptera (Gregory) Cleve
Family Auriculaceae Hendy 1964
Genus Auricula Castracane 1873
Auricula amphitritis Castracane
Family Epithemiaceae Grunow 1860 (3 2}%23})
Genus Rhophalodia Miller 1895 (&% 4;)
Rhopalodia gibberula (Ehrenberg) Miiller
Family Nitzschiaceaeca Grunow 1860 (5 3 =% #)
Genus Bacillaria Gmelin in Linnaeus 1788 (£&5%%)
Bacillaria paxillifera (Miiller) Hendey
Genus Cylindrotheca Rabenhorst 1839 (%-# &24)
Cylindrotheca closterium (Ehrenberg) Reimann & Lewin
Genus Fragilariopsis Hustedt in Schmidt emend. Hasle 1993
Fragilariopsis kerguelensis (Smith) Grunow
Genus Hantzschia Grunow 1877 (W[ &2 %)
Hantzschia amphioxys (Ehrenberg) Grunow
Hantzschia elongata (Hantzsch) Grunow
Hantzschia marina (Donkin) Grunow
Genus Nitzschia Hassall 1845 (54 E¢%)
Nitzschia acuta Hantzsch
Nitzschia brevirostris Hustedt




Nitzschia cocconeifermis Grunow
Nitzschia constricta (Gregory) Grunow
Nitzschia fasciculata Grunow
Nitzschia hungarica Grunow
Nitzschia hybrida Grunow
Nitzschia lancolata var. minor Van Heurck
Nitzschia longssima (Brébisson) Ralfs
Nitzshia longisima var. revers Smith
Nitzschia navicularis (Brébisson) Grunow
Nitzschia obtusa var. scalpellifolmis Grunow
Nitzschia panduriformis Gregory
Nitzschia punctata (Smith) Grunow
Nitzschia punctata var.coarctata (Grunow) Hustedt
Nitzschia scalaris Smith
Nitzschia sigma (Kiitzing) Smith
Nitzschia sigmoidea (Nitzsch) Smith
Nitzschia socialis Gregory
Nitzschia spectabilis (Ehrenberg) Ralfs
Nitzschia subtilis Grunow
Nitzschia vitrea Norman
Nitzschia spl.
Nitzschia sp?2.
Nitzschia sp3.
Nitzschia sp4.
Genus Pseudo-nitzschia Peragallo in H. Peragallo & M. Peragallo 1900
AIESHELESH)
Pseudo-nitzschia seriata (Cleve) H. Peragallo
Family Surirellaceae Kiitzing 1844 (M} &2 3})
Genus Campylodiscus Ehrenberg ex Kiitzing 1844 (71 &%)
Campylodiscus fastuosus Ehrenberg
Campylodiscus ralisii Smith
Genus Surirella Turpin 1828 (432 24;)
Surirella amoricana Peragallo
Surirella fastuosa (Ehrenberg) Kiitzing
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