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Abstract

The dynamics and structure of phytoplankton community have been monthly
investigated at 11 stations in Hamduk area in the northern part of Cheju
Island, Korea during the period from July, 1989 to July, 1990,

A total of 163 taxa have been identified, representing 22 falmilies, 50
genera, 153 species and 10 unidentified species. These comprised 117 taxa
of diatmos(13 fam., 37 gen., 117 spp.), 38 taxa of dinoflagellate(6 fam.,
7 gen., 38 spp.), 4 taxa of silicoflagellate(1l fam,, 2 gen., 4 spp.), 3
taxa of green algae(1 fam., 2 gen., 3pp.) and 1 taxon of euglenatl fam., 1
gen., | sp.). The composition ratio of occurrence species represented
71.7% of diatoms, 23.3% of dinoflagellates, 2.5% of silicoflagellates,
1.8% of green-algae, and 0.7% of euglena. The monthly fluctuation of
number of species showed a peak of 50 species—in September and decreased
in July, August and March.

During the study period, a total of 13 species were dominant at the
surface lavers. Of these, Chaetoceros socilis, Fragilaria oceanica,
Lauderia anmulata, predominanted more than 70% of standing crops at
station 1 and Genus cheetoceros was most abundant in all stations.

Diversity index ranged from 0.49 to 2.27, decreasing in April and May
when the dominant species were predominant, while increasing in Septemer
vhen these not occurred.

The standing crops ranged from 103 to 10° cells/€, composing of diatom



and dinoflagellate with 97% and 3% in composition ratio respectively. Thus
the standing crops of phytoplankton were influnced by diatom.

In terms of size fractionation of standing crops, the size class below
20im showed high at inshore, whereas the size class of 20 - 40ym high at
offshore. It revealed that the size class of phytoplankton was smaller at
inshore than at offshore. Chlorophyll-a decrased in May, and showed a peak
in August, ranging from 0.12 to 2.24 mg/m>.

Daily primary productivity ranged from 0.75 to 225.63 (mg C/m%/day),
increasing in fall and decreasing in Winter. At each station, inshore

showed higher primary productivity than offshore.
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2734E olsistrlo] plFsted B AFodME ATz HHAdF ¢ sldg A

of FAHL 2ALE AAlshgich alebd] & AFe] FH x| dabyo g
UL " e 3 Sl BEAENA A3 Jd¥oz AFs
Y goage] HEEF2EY Aol uhE T4, Y& ¥, $HF
o] Felet 2718 Vg v shefsbn, AR ejdede] £AE S 2N
spefsbo] 3ot

AR Y Py
RN T

AFhet sidd ozt $lx)3 Yoo Bursiolg 4107 1989 79 e
1990 7% 7tz] wid ZAbsiglon 0% 192 69 7|4 AtelE Qsie] B2
o] #7}5 s}gict.

ZAEE B9 337 337 457, §7 1260 407 & Z]Po® Y sy 2

rid

+4 30 - domo]uhe] erelo] 874 W (R 1 - &), W1 118 HH
ReE UL YA A lineo] $4 100m0] o) ejorelod 3rhe) AW (WY
9, 10, 1D ¥Hshsich(Fig 1). BPTA2|E YREER S 450 - 600 m

ojd, 2] 442 3.2 Km (2 Nautical Mile) o]c},



Korea

VAR
AN

2z
N -
11 9
10

w 2z

Z £
L 3 5'5)’4
<|*® 3

Hamduk

0 25 5
Km
1ze;>35'e 126:40'E 126:45'5

Fig. 1. Sampling stations in the northern area of Hamduk.
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Fig. 2. The schematic chart for this studies.
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o} Sedgwick-Rafter counting chamberol] W & &io]7d(Swift, M1000-D)s}od]
A 100ujR A48 3 whe] MY M E 5 (cells/O)E PAtsto] ¥ EFo2
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2% 400 - 1,000 wigstold §7 3 ¥F shsith 2 BRIoAEHE
Cupp(1943), Kokubo(1955), Hendey(1964), Simonsen(1979), Dodge(1982),
Yamaji(1984), Chin et al. (1985) 2| ®FHAZE Azrsigich.

Mezera 2e] Chlorophyll-a 2% 2 314 1| £5 GF/Cod 2}z](Whatman, pore
size um)ofl of 2}slod 90% Acetonol F @ zolA 3tEHE YA|AlAH Mg
23 F dd¥e] AHA 7o spdolMde] FREE #FH7dstod SCOR/UNESCOH <
g A4rsigl o vd(Strickland and Parsons, 1972) o] zlg&+ (&, 19902 zt&

F o|-&s}3gich

7] ZABAbe) Z o C-14 method(Parsons et al., 1984)F o]-&stod HH 1,
6, 10084 "89% 10€ (A, 90 2W(FAD, 44 (A, 7TH GBS AEY
2 2% 43 dajsigich 2 Aol Frino] ¥t 535E FEstd BEY
=8 100 ¥E 7|&sted 61 %, 37 %, 21%, 1X FEE viele F2] sieF A
#stod AW MEE AHEsigion] 7t 3o F5§ viepE shield?] & 2
dstod Zo(F73, 100%), Z1(17], 61%), 720273, 37%), Z3(3%73, 21%), Z7(77,
1%92) ZFxofa wjosigich. zhge] Meje 2 AH o AFe si5E 80 we
captubeol] & ¥ C-14 2. & *e]% sodium bicarbonate (NEN, NEC-860s, 10
pCi/me) 3 0.2062u CYA) H7bstod 2 EE F 213 E o] &3lte] 7 3 B=
2702 2749 shieldof Yol Fzste} FFzZdstolld 2pzh 244 ufd
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ich, ko] Zyt 3j4E ZulE GF/C o§2}x] (Whatman, pore size 1;m, 47mm)
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22 2A s A} CTD (Conductivity Temperature Density; Model SBE-19)
2, 9¥ 2 Salinometer (Tsurumi Seiki, E-2)2} CTDE o] &s}of ¥iatofr] 24
stgict. Fdx = HEZ Secchi disk (273 30 cm) & A}Ls}o] 24 s}gic).

3. 2t EFH

Zr}okAdz] 4~ (Species diversity index, H)
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Az 5 23

ZA7|7M g dgreio g Ref 2]FAd7tx](A Line) 23 422 13.7 - 26.5C2}
HHE 90 4¥o] 71 2 90d 7™o] 7} ®ovi(Fig. 3), EHHE
28.51 - 34.35%2] H$IE 903 7o) 7} bz 903 3ol A etz gl
9ch(Fig. 4).

WY e M2 AvEls IS 3o 53] 89 7€ 8ol W o
el Wae AR Y S5 452 dyojetn AztElnd F3] 89¢
89 ¥} 90 7¥Hol W d¥e we AMFHFLdM FEHY 89Y 8Ye 7

F-3ro] 120.4mm, 903 7¥oi 200.6mnE 89 o) u]sf 900l Y AsFoE

28

Temperature (C)

89J A S O N D'9OJF M A M J J
Fig. 3. Monthly variations of water temperature in Hamduk area during
the period from July, 1989 to July, 1990,
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35

Salinity (%)

28

'89JA S O N D'SOJF M A M J J

Fig. 4. Monthly variatons of salinity in Hamduk area during the period
from July, 1989 to July, 1990.

3k odsroletn Az ch(Table 1), F7o] 22 d¥EUAE 2de] FEAIA

o {ob jetold Fe] AP zix] frFulx] 2 glckr AFztEe olei¥t 7z}

v 2(1984)2] sfersiedofae] kel dxlsta gigich

lable 1. List of meteological 'data . in Hamduk area during the period
from July, 1989 to Julv, 1990.

DATE ATHOS TEXP HAX HIN ¥IND-V  WIND-D CLOUD  PRECIP SUNSHINE

(mb) (°c) (°c) (°c) (n/s) (1/10) (mm) (hr)
19-Jul-89 1011.8 28.8 32.1 25.3 1.9 SE 1.5 179.7 12.9
22-Aug-83 1010.9 25.0 28.6 22.6 2.1 N 9.0 120.4 0.6
30-Sep-89 1018.2 18.9 22.9 15.7 2.5 N 3.5  347.2 8.9
14-0ct-89 1021.7 18.1 21.9 13.2 2.8 NNE 2.0 14.3 8.8
17-Nov-89 1023.1 11.8 14.2 10.2 2.9 NNW 2.8 59,7 8.0
28-Dec-89 1022.3 5.4 8.0 3.2 2.0 NNE 9.3 21.3 0.3
13-Feb-90 1024.8 6.6 10.8 0.9 2.1 ENE 6.0 119.8 5.6
9-Mar-90 1027.8 7.7 12.4 2.8 2.4 NNW 0.0 39.2 9.9
25-Apr-90 1017.4 12.9 16.9 7.4 3.3 WNW 3.5 97.5 11.0
23-May-90 1017.6 16.5 20.4 13.9 2.1 NNW 9.0  104.5 3.0
19-Jul-30 101t.8 28.8 32.2 26.6 3.5 s 5 200.6 15.08

ARM0S ; Atmosphere, TEMP;Daily mean of air temperature
MAX:Maximum air temperature, MIN;Minimum air temperature
WIND-V;Daily mean of wind velosity, WIND-D;Daily wind direction
CLOUD;Daily cloudiness, PRECIP;Monthly total precipitation
SUNSHINE:;Daily sunshine

_ll_.



BAY 2 42 HE 1Y Aol @ F 14.0 - 26.5C, 2ol
Ae 4 F 13,7 - 26.5C2] HE viebuo] At ejofeie] Wart Mgl
o0d(Table 2), EZ P¥ Wale dtodofy] ¥ F 26.25 - 34.36 %, ]
oMt W F 28.5 - 34.3%2 HHE ehin] 89 792} 90 59 & Aels)

2 B5Fo] HA vehtz glgicHTable 3). 53] 89 7€e] 5ol £z
oA 713 7h7hE ol A% A 1o] gidedof ulsf w2 Hd¥e] ¥x 57
e gledl ol 7ol 2%t &2 filol 2% Aaeln A3zte]oz]
o W5 (1990)2 HH sidofre] AP ool it Q¥ruch vlE Y &

o] §elol ©IY od%po] 2ehz v ashgich,

mjo

FAE T G FEE S HE 2R U 23 AF

lable 2. Monthly variations of water temperature stations of A line
in Hamduk area during the period from July, 1989 to July to
July, 1990.

Temperature (C)

St.Depth 89 J A 5 0 N ] 80 J F N A L J J

1 Om 23.00 26.00 23.40 21.50 17.30 15.40 14.00 14.40 14.90 16.90 26.50
5m 21.20 25.30 22.90 21.00 17.30 15.10 14.10 14.40 14.80 16.80 26.70

k| Om 22.70 26.00 23.20 22.40 17.40 15.40 14.20 14.60 14.75 16.60 26.40
5m 21.70 25.70 23.00 20.60 17.40 15.20 13.80 14.40 14.70 16.50 26.50

6 Om 23.40 25.70 23.50 18.20 17.20 15.20 14.60 14.40 14.40 16.40 26.25
10m 22.10 26.50 23.20 18.40 16.80 15.30 14.60 14.40 14.30 16.40 24.65

20m 20.60 26.30 22.60 18.40 16.70 15.30 14.60 14.40 14.30 16.40 19.53

9 ] | 20.90 15.70 14.70 14.40 16.70 26.48
10m 20.00 15.80 14.70 14.40 16.80 24.71

20m 19.00 15.80 14.70 14.40 16.60 21.43

30m 18.10 15.80 14.70 14.40 16.50 16.78

50m 16.00 15.90 14.70 14.40 16.40 15.10

15 15.30 15.90 14.70 14.40 16.60 15.21
100m 16.10 14.70 14.40 14.73

10 Om 25.90 21.20 15.70 14.60 14,40 13.80 15.60 25.89
10m 25.90 21.00 15.70 14.60 14.40 13.80 16.40 25.39

20m 25.90 20.30 15.70 14.50 14.40 13.80 16.30 21.22

30m 23.30 19.50 15.70 14.40 14.40 13.80 16.00 17.93

50m 18.20 16.70 15.80 14.20 14.40 14.20 16.00 15.17
T5m 15.75 16.10 14.00 14.40 14.40 15.70 15.23
100m 15.10 14.40 16.30 14.00 14.40 14.07

11 On 26.10 21.40 15.70 14.00 14.40 13.70 15.60 25.69
108 26.00 21.10 15.90 14.00 14.40 13.80 16.40 26.32

20m 25.30 20.80 16.00 13.90 14.40 13.60 16.30 20.72
30m 24.00 17.70 16.00 13.80 14.40 13.70 16.00 18.23

50m 18.00 16.00 16.10 13.80 14.40 13.90 15.90 14.91

T5m 14.20 14.30 18.25 13.80 14.30 14.40 15.80 15.20
100n 14.40 14.20 18.50 13.80 13.90 14.20

_12_



o Weish 2ol ealer elarele] 10mEHAHE $AE At 4ol 14Col
she] wre ¥EE uhehim e 0, ol Jlolde] S FEE veh

2 et Ao BAbg vheblz glEd(Table 2). o]zt AJolM $AHE

Aelstr d F Andy ¥4 E velde olit F5(1984)0] X%t uig}
ol #ul A F Eart bzt AFe B siolrtz] g v)x2 gl

7] whEoleb At

lable 3. Monthly variations of salinity on stations of A line
in Hamduk area during the period from July, 1989 to
July, 1990.
Salinity (%)

St '89 J A S 0 N F ‘90 J F N A ] J J
1 O0m 33.14 25.77 29.21 32.57 32.986 33.95 34.36 34.35 34.00 33.42 28.68
Sm 33.24 32.33 31.26 32.81 33.09 34.03 34.317 34.18 33.42 28.76
3 Om 32.96 30.61 30.14 32.92 32.97 34.05 34.36 34.35 34.16 33.44 28.76
5s 33.15 32.11 31.59 32.92 32.96 34.38 34.36 33.53 28.82
6 O0m 32.79 32.22 30.51 33.00 32.97 33.80 J4.10 34.20 34.13 33.50 28.68
10m 32.85 30.83 32.26 33.30 33.48 35.70 34.20 34.22 34.13 33.50 29.19
20m 33.26 31.73 33.35 32.96 33.75 34.20 34.22 34.13 33.50 31.98
9 Om 32.55 33.65 34.30 34.22 32.97 28.64
10m 33.00 33.70 34.30 34.22 33.65 29.11
20m 33.70 34.30 34.22 33.80 30.90
30m 33.75 34.30 34.22 33.90 33.28
50m 33.75 33.85 34.30 34.22 34.05 33.24
5 34.00 33.90 34.30 34.22 34.10 33.81
100m 34.00 34.30  34.22 34.04
10 Om 31.87 T 32.45 33.30 34.20 34.24 33.96 32.35 28.69
10m , 31.65 33.50 34.25 34.24 33.96 33.90 28.82
20m 31.70 32.70 33.55 34.25 34.24 33.96 33.96 31.15
30m J2.80 33.65 34.25 34.24 33.96 34.04 32.76
50m 33.72 33.65 33.70 34.20 34.24 34.09 34.04 33.33
75 33.90 34.02 34.20 34.24 34.10 34.17 33.81
100m 34.20 33.90 34.20 34.20 34.24 34.38
11 On 31.06 32.57 33.10 34.20 34.29 33.92 32.51 28.51
10m 31.53 33.60 34.20 34.29 33.90 33.35 28.71
20m 32.25 32.55 33.70 34.25 34.29 33.90 33.95 31.20
KIIJ | 32.40 33.75 34.25 34.29 33.90 34.12 32.44
50m 33.70 33.80 33.95 34.25 34.29 33.95 34.12 33.10
T5a 33.87 33.90 34.08 34.25 34.256 34.20 34.14 33.78
100n 34.10 34.00 34.25 34.25 34.22 34.40
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2} 3745117%, VR ZRF{o 62 75 38F, FHVEZFUL 13} 2% 4F
F7b 12} 3% 3%, fZFAvEob 13 1% 13, ol v EREF 1005eE 74
glo} glch(Appendix). #%3F2] F4w]EL FZF7E LR, SV ERRFIL
23.3%, FAUVLZFr} 2.5%, HZ2F7F 1.8%, FZvbRoE 0.7% xbxjstn gl
cf. AFs Hasjed]) &% dtdeld = FRFrE 69.9%, VR ZFL
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tshdol s FAARIEE FZF7E 75.0%, JPRZEF
1986) ¥ ZA} sid2 3F A<tsidn) AEEFAE P8 Sl Sl w4}
& v igich.

¥y H2g v 9Y¥o] 50F2 2 Y g, 7€ 8YW 12| 3ol 13F
o7 vre 2y Walg wgch(Fig. 5). A T2 ¥ F2Fot T E
& xbz)sbgiont 90 7HolE F2F Brhe ¥Rz Fe] E¥o] Eolxlz 3

T, olitt Hzbe 90 stAlo] TP} AL I FYo] B2z el

A

ZFe) oA (u]HEB2)3} 0](1990)2] SHE LBrsRAolA shAlol epuE
252 74ulgo] Fobxle Azl Uxlshz 33ich.
3}

U v 9 lohd 37F, WA sohd 68F, B 10044 28F0] 2%
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stof Atyzt fdeie] FHEAL B 6ol 7HY wA ehbn giglen,

drefo] giorelof uls) Y 2UESE Lhehhz YU3itH(Table 4).

Table 4. Number of species of pytoplankton on each station and each layer
in Hamduk area during the study period.

St.1 4 4 12 3 4 3 3 2 4 4 317
St.6 4 J 16 4 4 6 6 8 4 4 18 68
5t.10 3 2 4 3 8 3 4 3 28
5t.6

Om 4 3 16 4 4 6 6 8 4 4 18 68
10m 3 25 T 13 6 13 5 12 1 74
20m 5 4 10 6 7 4 3 13 5 6 5 57

FHE A 2Abslode) slderde] S4of alel YA o] ther] u)
ol ot F12g A7t o St 2 zAlsld e ZAIT F 7 WHe
Aol 2L F F UEDY 50%) g vebd 38 FHEo 2 HAsigion
25 13322 FxFol K3l gigick(Fig. 6). ¥ Ere] 50-70% & HGY
& dAmphipleura rutilans, Asterionella kariana, Chaetoceros constrictus,

Chaetoceros decipiens, Chaetoceros lauderii, Chaetoceros wvanheurckii,
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Melosira distans, Nitzschia longissima, Synedra pelagica, Tropidoneis
longa 5 10Folny, 70% o]AlE iyt Z.2. Chaetoceros socialis,
Fragilaria oceanica, Lauderia annulata 5 3%o]gich.

Yz v d 2 Fo] 1093} 49 2] 5ol 7z 3% peh Sigl
o], 8W2 3¥ol 747t 2%, 7€ 119 22l 1290d A 134 viehix
gsich. 2 3 =s| tiEAlo] doluE 47| 4YT 5Yole mphipleura
rutilans, Chaetoceros lauderii, Chaetoceros vanheurckii, Fragilaria
oceanica, Synedra pelagica, Tropidoneis longa 2.& 50 - 70%%! Fo] 5%,
70% 14 Abzlsta gl Fo] 1522 RF 6Fo] B¥sted MM FHFT BY
vl &% 37.5%2] ¥ vl&E Azt gich

Mdulig = A loja Chaetoceros socialis, Fragilaria oceanica,
Lauderia annulata, Melosira distans, Synedra pelagica §o|] 70%0}4} &, 4
X 6oA= Amphipleura rutilans, Chaetoceros constrictus, Chaetoceros
decipiens, Chaetoceros vanheurckii =o] &% stod Chaetocerosdro}l $-s1gl
oy, M 100)a] 4dsterionella kariana, Chaetoceros lauderii, Nitzschia
longissima, Tropidoneis longa-3o] §-743}3ich.

ole}d e ZHE B o) 70%|FE HFsts FHEFol P A glx¥

27 1A Lelyron] 89 99z 904 7Hol: S Zo] 2812 slz|gy

2 sigled, ol wef 0](1982)2) el g o] Fisidzl 2(1986)2]
T AL shdoly 228 $HEFF Chaetocerosdo] ¥ v|-&& #bz]s)
b dAjstn glglon, AFe BPgrEALaldol FRF V] st gl

L

v A3 72 A2E veluigiot(o], 1989), 29 Fd WVsre] P 2
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oae FaFY PHEZEsL ¢ £k Yo ohuds dosz 3
£ 7Yoo and Lee, 1980)2} 2| ¥ sfele] $HEL TEt 3

zY
°

lO

L
dlm

Rojir gicka Azhglch,

1l

24717 2P ARELSE A0 Fud e FuerdalsE v W
Z E20lM 0.49-2.27% vhelyren], 39ol hutn 9ol #b ¥4 peht
2 3itchFig. 7). 94 Svhdse] SelE w2 9Yzh 3gol ¥ vehin
igien) 89t agol YA vhebbm gigich, FrherAdzlazt 9”ol g4 vhel

Lhe ol 9¥els FHEFol vhehib ] Gstrl wiEoleti 7 E]ojz|nd,

3
-
St.1
2.5_ B I | .
! 5t6
—-—
27 St10

-t
L

Diversity index (H)
-h
o

0

'89JA S O N D'9OJF M A M J J
Month

Fig. 7. Monthly wvariations of diversity indices of phytoplankton
community in Hamduk area during the period July, 1989 to July,
1990.
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493} 5ol WA v e ol WA $HFL] TS F 37.5%}
44z} 5dol viehrbaglo] FopdAd S wotizls] oholetn Azbsict.

dHEEE A 1ol 0.49 - 2,27, A 6olA 0.97 - 2.38, A 1004
0.69 - 1.782] Y& vhehlzglo] Adodola ejdeioz A48 Fridde
wobz] 2 glgic.

FAMEE B2 (0m)ofA 0.97 - 2.38, 10mBola] 1.01 - 2.71, 20mS-ofA
0.79 - 1.862) HelE vhehulz 3lo] 1omPold 7MY ¥ FobdAd g viehix
sglen], 20nsolA 7b e Behrdg vhehda gichFie. 8. £t e}
sidzte] Fohdd g wlmstod = A} 41(1986)2] 274 Asiolaje] 0.39 -
2.472) Ysiet wabsigleom, f2 0](1976)2] nh4titolade] 0.48 - 3.09%.t}
R vtehbz glglon], o](1989)2)MF #E shoi) whEolal vhebyt 1.05 -

4.632} wl2slR Y53] e kg veb glsich,

(g Tommzsme
\/ O/ =
NS

e -

n
[

Diversity index (H)
-dh
(4 ] N

b

o
n

O8JA S O N D'OJF M A M 9 3
Month

Fig. 8. Monthly variations of diversity index of phytoplankton to
community at each laver in Hamduk area during the period from
July, 1989 July, 1990,
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oleddt 2t & wf ZAsidE 9ol IHY SAUE ol F 2 glonh, 4¥n
Seof 7o) "ofzl glom, ko wls) dtde] HEFFIEL

U T27h % o] sicha el ek,

ZAZIZY F MEBEEY IR 81 &2 1,296-143,987cel 1s/€2) M S el
oo 89 7Hof 7H} wigta sdel b A viehtbz glgich. A Line2
EoolMe] Wy s 2 9¥W-Fe] 11de] AA g viehbolzl 129 Y
Frstar glglon, cha] 39 FEl Fobstr] Alabsto] 4¥o) 2 P Eere] B
£ vhebuichrl 7”ol SoiAM thA] ubolxl e d¥E viebulgich(Fig. 9).

AL (74 1, 3, 602 PEPo] 129 & AgJstr ofFHo] 10¢
T 105 cells/€ 2] HelE viebugdent 2ldd(dA 9, 10, 1o of-RFo]
10* cells/€ oluf2] HelE rtheho] Aol 2iefdoz ZA4F YEFo]

E d<dn 2icdde] ofdo] 3 - 30mPo] o} Fych w2 ¥
Eee] FEE vehdsied, YFdd B 9olMe] WE v 89 - 109,
549 - 74 HAA &2Z Y 3mFriz] 2 ¥EFE vepliglon, 22je] 4
oA & W& EFe] FEE viepd3ich(Fig. 10). 7 100 & 392} 5%l
g FolA-Fe] 3omFol HA g2 VEFTE LYY 2 o]HoM = W 2FE
vhebuln gigivheFig. ). ohebA 24} 3] HEEFZEL 7ol 0P

5ol =A FEst ok 8 4 gl
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Fig. 9. Monthly variation of phytoplankton standing crops on surface
water in Hamduk area during the period from July, 1989 to

July 1990,

oleitr Az ¥ wf Zapshelel g ELaRe

2] HelE vielulo] 2} A (1984)2] 4porgigrele)

zxEero 103 - 105 cells/<

2,425 - 590,105 cells/€2}

o](1989)2] gFirde] 1,892 - 535,247 cells/€of m|3) o} e yzars

vbebl 2 gigion}, Shim and Park(1984)2] 3+

cell/edchs w4 et gigich e} 94y

FAT A g
eo] 453, ABATH BEe I Vsl

z70] o]Fojz)7) wfEQ How Mztsojyict.
EHTUE VR FelE AN F2FA 7,

vehded WA WP ETo] 97k oAb Azt
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51,749 cells/€2) HIE T R VEFo] T Axlstd AESYE 5
Ble FzEel odl By STVEZFE A WYe vz Fsigin

(Fig. 12).

Total standing crops

Fig.12. Monthly wvariations of mean standing crops composition of each
phytoplankton taxa in Hamduk area during the period July, 1989
to July, 1990.
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ZAZIZ F 28 Al 583 2] AE Zo](cell length & 7| £2.2 shod
71 o] 7t e rbe] Zo ol oyt B EFE Fakgict. 22
o] #Ye 20im olst Fel 100m oA 7hz] 20wt g by EYFe 2]
2 -#s3}9c) (Table 5).

¥z P 28 F F AT PEY uEST LY 20um o]st 27| Fo]
6.6 - 70.8%2} HHE 7} ¥ 8|8 Ax|st2 iglom 20 - 40um 27)Fo)
2.2 - 69, 7%E, 100um o)At FAr7)Fo] 1.5 - 22.2%8, 40 - 60um Az|<o] 1.3
- 29,522, 60 - 80um 27}Fo} 1.5 - 17.1%5, 80 - 100um F7]Lo] 1.1 -
5.7%2] U9l & zhzlstx isich.

Ywigls w20 o]st F7|Z2 20 - 40um Ar|Fo] M ¥ Eeke)
65. 1% - u]&F Azstn giglen] F FZr|Fo] MR o] AVAHE Lo
1190] 20 - 40ym327|F ¥ WH3 20mmolste] Fr|F2 wopzl gigln, 49
o 20mmolste] Zr)To]l S WM 20 - AmIZ]|F L Golx] = WA S
Bol2 glgitH(Fig.13 ).

AEE2E Aol 40um o)ste] Ay (20umo] st} 20 - 40um) Eo] EE

MgE Axistn Ygon), gddold e dom 0¥ 2712 E0] ¥ vl &S
vtebfgich(Table 6).

afeld zapslele] F7)28 VEDE) wlES 20molste} 20 - dome) =)
e w2 ulgE Axstn ggien] T ATES FE VED vEE A
s gigich =R Aol Yo ® BAEF s} AL Fo] WELe] F



Table 5. List of phytoplankton at different size class in Hamduk area.

Species e Species bue Syecies Nme
125  Qhw Admrtles brevipes X 20-40hm Cooroteis scutelle 0.5 40-60m epiroselais lagicaude
115 e Aderioells bleskerleyii 31.5 20-40m Ditylw brightwellii 8 60-3a Mphrs protens wr. scalata
15 Qe Decterisetrm elegms 2.5 20- 4 Aewinalus heuckii 75 60-80n Corcisedisrus anguste- lizestw
15 @0m Bacterisstroe hysliom 3.5 20- M Leptocylimres ninims 62.5 60-0w Distma elongaton
§ m Onetoceros affinis % %0-80wn Licsophara Jynghyei 61.5 60-80w Fragilaria iglandica
1.5 (0m Chmetccers brevis B 2-K0m Mestogler in brawi 6.5 H0-%m Coesleriells tropim
10 Q0w Chaetoceres conpressus % - eviculs sesbrmmcen 62.5 60-0wm Gramatophors coemnica
N5 m Chetoceros conlricts 7.5 0-40m ¥itsschis longissine 6.5 60-8m Emimle simmis
I Qom Ceetoceros debilis 2.8 2040 Nitmchis longissisa wr. reverss 8 60-0m Meviculs crcigers
10 QO Ceeloeres decipien % 20-40w Plagicgrame mlclellm 65 60-3wn Mitzackin comutsta
1.5 Qhw Ceetoceros didmas 2.5 %Y Stephavadinces aptraes wr. sindala 80 60-Mm Mitzchia prgens wr, etlmetic
10 Q0w Chectoceros loevis 31.5 %0-A0m Stephencdisous rotnls 65 60-%w Mitzschis vitren
K 0w Oeetocers lorensions 7.5 0K Tnlasgiores nitsmchioides 75 60-20m Peuemphiprors stawrgiem
0 COm Coetocers resmemsis 2.5 W-¥a Tiralswisire rotala 62.5 60-Xom Rizosolenin delicatols
7.5  Qhm Ceetocers pelagicw 3.5 2040 Tropidueis logs 15 60-8w Melswictheir fruefeldii
125 QOm Deeloceros preulcdiclnets 4 20-40a Dinphysis sclroderi 625 60-8w Tropidemeis lepidoptera
7.5 Q0w Cimeteceros radicans 2.5 -4 Diplopsmlmia lenticuls 1 60-8m Cymxsinivw smuirem
12 m Ceteceros scinlis % 0¥ Diplosalaais orbicularis ver. omta 85 8-100: Mphars gigntes ver. saleats
15  Qm Cioccers mlewrdii % %0-¥wn Cmodiniwe vir idescens 75 80-100m fwphara byatine
B4 Qm Pagileria ccesnicn 2.5 20 ¥ Kfoidiniue splencem 67.5 -100m Mpharn limealsta
12.5  @0m Grametophors serina X 20-#a Prorocentrun balticm 9.5 8-100m (wapylcira cywbelliforeis
6.3 (0 Pestogloria elliptils 31.5 20-40w Prorocertron comressm 85 0-100m Coretbron criophilm
125 @0m Pestogloia pmil 3 2040w Prorcestron lime 95 80-100wm Nitzschia frandulests
10 Q0w Felmirs dislans % - ¥0m Prorocedtron soutela 92.5 80100 Kitzschia sigee
0 Qe Pelwire pergemi X 204 Prorocestrue triesting 98 ®0-100w Ceratim gracilis
1.5 (0w Melsira moniliformis X 2040w Frotoperidinim cerame 95 8010w Coratim kafoidii
10 Q0w Melmira mmnuloides 3.5 2-K0w Protogeridinim cospressos 8.5 8100w Prarcoemtrs wicans
0 Qm leviculs carellata 35 20-40w Protoperidinim orbiculwe 140 N0dm Coecinadisows gigs
15 0w Nitsechis mevicalaris 25 20-40n Dictyorde fibula 1900w Matogloria initetrix
125 Q0w Pakmire etelliger X0 2040w Dictycchs fitula war, stajedia 125 )100a Nitzchia delioatississ
8.8 Q0m Tabellarin himlia ¥0 20-40w Disteptens syeculue 13,5 100w Nitzachis lameolnta
1.5 Qo Tmlasiosire hpelim X 20-40m Mantoniells spameta 132.5 N0kn Mitzechis meifica
T Qhw Talessiosirs mla 2.5 20-0w Bglem piscifornis 1125 NOka Milzachie ricta
1.5 Q0w Diplopalosis globuls £1.5 40-60m Achmothes longipes 105 00w Mitzechin serists
% Q0w Gyrodinie cresam R 40-60m Aderioella karine 1% 100 Gatells siemis
1.5 (o Grodinivm fisswm 1.5 40-60m Caetreres pendelis 1.5 )10km Fhizosalenis bergoaii
0 COm Protoreridizim pellocide % 40-60m Deckire rects 650 00w Rizsolenia bebetats
12 om Pyroplaces steinii 57.5 40-60n Lowderio anmata 0.5 )100a Rizeolenis stolterfothii
LT Q0 Pyrmiscoss grosii 50 40-60wn Leptocylindres dnices 115 0w Syredrs pelagica
% 40w Amphipleors rutilas 2.5 -6 Nitmchis sajoacule var. limeste 130 )100m Syredra talolata
% 240m Asphiprors alata 42 40-60m Thelasmiosira pecifica 15 100m Syedrs tabulats v, graadis
2.5 040 Mphors ereicols % 40-60m Coppalaz polyedra 17,5 )10ke Snedrs wdelata
0 040w Amphors cstresria wr, vitre 58.4 40-60n Gonpmelar apinifer 110 00w Dalsemicnira leplops
% 040 Aphors qudrsta % 40-50m Groodizie Loeami 15 N0ha Malsesictiriz delicatels
2.5 040w Calooeis livesri 41.5 40-60m Protogeridiziue achromstic 1125 N0 Belsesicthris logissine
U 0-4ke Oeetoceron atlantios % 40-60m Protoperidinion depressm HL5 Yw Tropidmeis aetarctica wr. plyplests
5 040m Cleetercs stimtices wr, adudx &3 40-80w Protoperidisim exentricw 0 e Ceratioe amricm
% Y40 Cmetoceros densws % 40-60m Protoperidicios owtes 106 00w Corstio humile
2.5 040w Oeetooeros halsticns 38 40-60m Protoeridixiw roseoe 20 00w Corative tripoe f. balticon
2.5 X040 Caeteceros Laderii 20 40-80m Mrotoeridinim thorisnm 20 00w (eratim tripos wer. acglects
2.5 040w Cleetcceros peewdocrinitos & 40-6hn Distepans secwlon ver. cctoarive 190 0w Ceratime tripos mr, submlew
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Fig.13. Monthly variations of standing crops ratio at different size

class in Hamduk area during the period from July, 1989 to July,
1990.

3ul&& Apx)st glgich oleit Zzbe  20molAre] =) Fo) Wteiofi
x4 viehuny 20mmolste] Z 1ol eferedolAl A ubebibir glchiChang,
1988)%  Zzhe} wrelg]: Fo|gicy,

3-3. Chlorophyll-a2] Eej

2 ZAIZE F A linee] EZoM el AlEZ23 2 chlorophyl l-a2]

=2 v £ 0.12 - 2.24 mg/m32] Y 5Yol| M W2, 8ol A g
TEE vheld SIgicH(Fig. 14). olaiyt ¥E#F e AFE Fs|dofe)

0.056 - 0.556 mg/m3 (H2} 7, 19832 27 Asje] E2ola Lielyt 0.13 -

13 wg/e (2 A, 1988) 8t 11 AF5 st Fviofae] 0.30 - 3.89
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Fig.14. Monthly variations of chlorophyll-a on surface water in Hamduk
coastal area during the period from July, 1989 to July, 1990,

chlorophyll-a2] W' wisl(2}, 1990)2] Z=be}l dxjstn glgich.
Ay wielg vl A 12] 899 7€) 8YWS Aelstas 1.5 mg/mio]3}2]
vhelul glgien, <icteiofMi 0.12 - 2.24, jdolA 0.10 -

1.43 mg/m32} ¥ g vhebulo], ddeio] 2fotedof vjs) 2 Fxo] W

5

i

5 b gigict.

olzitt Wby 24} shde] A9 AdtAdolAe] HEEFZEL APl ¥
72} 20imo)s}e]  Zr)Fo]  Atedola  F2 w]EE Azt glof
chlorophyll-a®] ¥=7} Atejodd wA vtehtz gletn ABzbglojzn, 225
StolAl chlorophyll-a2] %2} FAt-2 A EEFZEL] 7M2] F70HL £xe}
o} FAbstd Utez 748 Frhsta gich(A, 1989)=712} New Zealand

off westlandofA] 20umo]s}e] 2.7)Fof4] chlorophyll-a2] 3FaFo] 89%o]Are] =
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2 uj g2 abzx)sbar glgith(Chang, 1988)% 17 Azbel dx]st glglich.

4 o dg.er = #i=zekzl chlorophyll-a2] Wi
olotolofs] gjokedo g 7hAE bzt gigich, o]eidt AdEeke] B ¥ wisiel
AgZara ol siz)n glE Ay ofuyt AT o] glony, w=x At

sjopofola] ofgAl thehbn 2lerhE ohurlglsh Clagel oj s)xAye

o

Ja

S AAlgy Azp A7t 7] 284 (ng C/m3/hr) & 7o) 0.69 - 6.27, §
Aol 0.12 - 2.47, Ao} 1.97 - 5.39, s}Aoll 0.61 - 5.512]H¢] & viejrlo]
A} 2Aof 2 A el 3i%en, A, 2A, st 2 F
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appendix.  The list of phytoplankton species observed in this study,

Class Bacillariophyceae
Order Centrales
Suborder Coscinodiscineae
Family Thalassiosiraceae Lgpurt 1930, emend. HasLe 1973
Genus Lauderia CLEVE

Lauderia annulata CLEVE
Genus Stephanodiscus EHRENBERG
Stephanodiscus rotula (Kitzing) comb. nov.
Genus Thalassiosira CLEVE
Thalassiosira hyalina (Grunow) Graw
Thalassiosira nitzschioides GrunNow

Thalassiosira halina (Grunow)>

Thalassiosira leptopus (EprenGERG) FRYXELL & HasirLE
Thalassiosira mala TaxaNo

Thalassiosira pacifica GraN & ANGEST
Thalassiosira rotula MEuNIER

Family Melosiraceae Kitzing 1844
Genus Corethron CasTRACANE

Corethron criopilum CASTRACANE
Genus Leptocylindrus CLEVE

Leptocylindrus danicus CLEVE
Leptocylindrus minimus GraN

Genus Melosira AGARDH
Melosira distans (Eurenserc) Kiutzing
Melosira juergensii AGarpH
Melosira moniliformis (Miiller) AgarpH
Melosira nummuloides AGARDH
Melosira sp.

Genus Podosira EHRENBERG

Podosira stelliger (BaiLey) Mann
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Family Coscinodiscaceae Kutzing 1844
Genus Coscinodiscus EHRENBERG

Coscinodiscus anguste-lineatus A. ScHMIDT
Coscinodiscus g£{gas EHWRENBERG
Coscinodiscus sp.

Genus Gossleriella Schitt

Gossleriella tropica Schitt

Family Hemidiscaceae Henpey 1937, emend. Simonsen 1975
Genus Hemidiscus WALICH

Hemidiscus hauckii GruNow

Suborder Rhizosoleniineae
Family Rhizosoleniaceae PgriT 1888
Genus Rhizosolenia BRIGHTWELL
Rhizosolenia dilicatula CLEVE
Rhizosolenia hebetata BaiLey
Rhizosolenia stolterfothii PeracaLLo

Suborder Biddulphianeae
Family Biddulphiaceae Kitzing 1844
Subfamily Hemiauloideae Jouse, Kesekev & PoreTskii 1949
Gunus Campylosira Grunow
Campylosira cymbelliformis (ScuMipT) GRUNOW
Genus Hemiaulus EHRENBERG

Hemiaulus sinensts GREVILLE

Family Chaetoceraceae H.L. Smitu 1872
Genus Bacteriastrum SHDBOLT

Bacteriastrum elegans PaviLLARD
Bacteriastrum hyaliumm Lauper

Genus Chaetoceros EHRENBERG

Chaetoceros affitnis Lauper
Chaetoceros atlanticus CLEVE
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Chaetoceros atlanticus var., adudax CLEVE
Chaetoceros brevis Schiitt

Chaetoceros compressus Lauper
Chaetoceros constrictus Gran
Chaetoceros debilis CLEVE

Chaetoceros deciptens CLEVE
Chaetoceros didymus EHRENBERG
Chaetoceros holsaticus Schiitt
Chaetoceros laevis KEvypYGER-FROTMOREL
Chaetoceros lorenzianus GruNow
Chaetoceros messanensis CASTRACANE
Chaetoceros pelagicus CLEVE
Chaetoceros pendulus KarsTEN
Chaetoceros pseudocrinitus OsTENFELD
Chaetoceros pseudodichaeta lIkari
Chaetoceros radicans Schiitt
Chaetoceros socialis LAuper
Chaetoceros vanheurckii Gran
Cahetoceros sp.

Family Lithodesmiaceae H. & M. PgracaLLo 1897-1908
Genus Ditvyium BaiLEy

Ditylum brightwellii (West) Grunow
Family Eupodiscaceae Kiitzing

Subfamily Eupodiscaceae (Kiitzing 1849)
Genus Odontella AGARDH

Odontella sinensis (GReviLLE) GRUNOW
Order Pennales
Suborder Araphidineae
Family Diatomaceae DumorTiErR 1822

Genus Asterionella HassaLl
Asterionella bleakerleyii SMmiTH

Genus Diatoma Bory
Diatoma elongatum AGaRrRDH

Genus Fragilaria LynGBYE

Fragilaria islandica Grunow
Fragilaria oceanica CLEVE



Genus Grammat!ophora EHRENBERG
Graammatophora marina (Lyneeye) Kitzing
Genus Licmophord AGarDH
Licmophora lyngbyei (Kitzing) Grunow
Genus Plagiogramma GREVILLE
Plagiogramma pulchellum GREVILLE
Genus Synedra EHRENBERG
Synedra fabulata (Agarpn) Kitzing
Synedra tabulata var. grandis AGarRDH
Synexdra undulata (Bai1Ley) GREGORY
Synedra sp.
Genus Thalassionema (Grunow) HusTeDnT
Thalassionema nitzschioides HusTepT
Genus Thalassiothrix CLgve and Grunow
Thalassiothrix delicatula Cypp
Thalassiothrix frauenfeldii (Grunow) CASTRACANE

Thalassiothrix longissma CLeve and Grunow

Family Achnanthaecae Kiting 1844
Genus A4chnanthes Bory

Achnanthes brevipes AGARDH
Achrnanthes longipes AGarDH

Achnanthes sp.

Family Naviculaceae (Kutzing) 1844
Genus Amphiplenra Kitzing

Amphipleura rutilans CLEVE
Genus Amphiprora EHRENBERG

Amphiprora alata (Eurensers) Kitzing
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Genus Amphora EHRENBERG
Amphora arenicola (Grunow) CLEVE
Amphora gigantea var. sulcata (0’ Mgara) CLEVE
Amphora hyalina Kitzing
Amphora lineolata EHRENBERG
Amphora ostrearia var, vitrea CLEVE
Amphora quadrata Bré€pissoN
Genus Caloneis CLEVE
Caloneis linearis (Grunow) BovEer
Genus Donkinia RaLfrs
Donkinia recta (Donkin) GrunNow
Genus Mastogloia Thuiites
Mastogloia brauni Grunow
Mastogloia elliptila CLEvE
Mastogloia imitatrix Mann
Mastogloia pumila Grunow
Genus Navicula DBory
Navicula cancellata DonkiIN
Navicula juergensi DonkIN
Navicula membrancea CLEVE
Genus Pinnularia EHRENBERG
Pinnularia sp.

Genus Tropidoneis CLEVE

Tropidoneis antarctica var. polyplasta Grunow
Tropidoneis longa CLEVE

Family Nitzschiaceae Grunow 1860
Genus Nitzschia HassaLL

Nitzschia commutata Grunow

Nitzschia delicatissima CLEVE
Nitzschia lanceolata SMiTh
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Nitzschia longissima (BrépissonN) RaLrs
Nitzschia longissima var. reversa SMiTH
Nitzschia majnscula var, lineate Grunow
Nitzschia naticularis Grunow
Nitzschia pacifica Cypp
Nitzschia pungens var., atlantica GruNow
Nitzschia ricta HanTzscH
Nitcschia seriata CLEVE
Nitaoschia vitrea NorMAN
Nilcschia sp.
Class Dinophyceae
Order Prorocentrales
Family Prorocentracecae
Genus Frorocentrum EHRENBERG

Prorocentrum balticum (Loumann) LoEBLICH
Prorocentrum lima (Eyrexserc) DonGE
Prorocentrum micans EHRENBERG
Prorocentrum scutelum ScHrRODER
Frorocentrim triestinum ScHILLER

Order Dinophysiales
Family Dinophysiaceae
Gunus Dinophysis EHRENBERG

Diinophysis schroderi Kororiv & SkoGsBERG
Order Gymnodiniales
Family Gymnodiniaceae
Genus Gymnodinium STEIN
Gymnodinium lohmanii PauLsen
Gyvmnodinium sanquineum Hirasaka
Gymnodinium viridescens Korolp

Genus Gvrodinium Koroip et Swezy

Gyrodinitum crassum PoucHET
Gyrodinium fissum (LEVANDER)

Order Peridiniales
Family Peridiniaceae
Genus Protoperidinium BgrcH

Protoperidinium achromaticum (LgvanpeEr) BaLEcH
Protoperidinium cerasus (PauLsgen) BaLEcH
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Protoperidinium
Protoperidinium
Protoperidinium
Protoperidinium
Protoperidinium
Protoperidinium

Protoperidinium

Protoperidinium

Family Gonyaulaceae

compressum Apé

depressum (BaiLey) BaLecH
excentricum (PaurLsen) BaLEecH
orbiculare PauLsEN

ovatum (PAouvHET) ScHUTT
pellucidum BErGH

roseum (PauLsen) BaLecH
thorianum PauLsgN

Genus Gonyaulax DiesiNe

Gonyaulax polvedra STEIN

Family Ceratiaceae

Genus Ceratium ScHRANK

Ceratium azoricum CLEVE

Ceratium gracilis (Gourret) JoOrgensen
Ceratium humile Jorgensen

Ceratium kofoidii Jogensen

Ceratium tripos
Ceratium tripos
Ceratium tripos
Ceratium sp.

Division Chrysophyta
Class Chrysophyceae
Order Dictyochales
Family Dictyochaeceae

f. balticum ScuiTT
var. neglecta OsTENFELD
var. subsalsum OSTENFELD

Genus Dictyvoche EHRENBERG

Dictvocha fibula EHRENBERG
Dictyocha fibula var, stapedia tHapckeL) LeMMERMANN

Genus Distephanus SToHp

Distephanus speculum {EgrenBErRG) HacEKEL
Distephanus speculum var. octonarius HaceErEL

Division Chlorophyta
Class Chlorophyceae
Order Protococcodae
Family Halosphaeraceae
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te=nus Maponitella
Yanoniedla squamata (Manton & Parke) DeEsikacHary
Genus Neplnosemis
Vephbroseimis rotuada N, Cagter?! Fort
Genus Fnrami e
Pveamimonas frossit Parke
D:vision Kuglenophyta
Class Euglenophyceae
ilrder kuglenales
Family kuglenaceae

Genus Fuglena ERRENEERG

LDugltena prsciformis Kpees
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