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Bioecological Studies of the Northern Coastal Area in Cheju Island
— Phytoplankton Dynamics and Primary Productivity at the Hamduk Area—

Joon-Baek Lee - Hyoung-Bum Koh - You-Bong Go - Young-Chan Choi

Department of oceanography, Cheju National University, Cheju 690-756 Korea

This study has been carried out to understand the dynamics and primary productivity of phytoplankton
at nearshore and offshore in the Hamduk area, northern Cheju Island from July 1989 to July 1990. A total
of 132 species were identified, comprising mainly 96 spp. of diatoms(72.7 %) as majority, and also 28 spp.
of dinoflagellates(21.2 %) and 8 spp. of other phytoflagellates(6.1 %) as minority. Of these, Chaetoceros
socilis, Fragilaria oceanica, Lauderia annulata predominated more than 70 % of standing crops at nearshore
and the genus Chaefoceros was most abundant in all stations. The cell number of surface layer ranged from
7.1X10° to 7.3X10* cells/¢ at nearshore and from 5.8X10° to 3.0X 10" cells/¢ at offshore, showing the
composition ratio of 97 % by diatoms. The means of daily depth-integrated primary productivity in the
water-column were 631.06(156.74~1,055.26) mgC/m*/day at nearshore(st. 2) and 367.12(111.83~734.44)
mgC/m*¥day at offshore(st. 4), estimating about 182 gC/m%yr in the yearly primary productivity.
Assimilation number of phytoplankton at the surface ranged from 0.93 to 13.16 mgC/mgChl-a/hr, showing
higher values in summer. It is speculated that the dynamics of phytoplankton show the close relation with
the vertical mixing and stratification of the water mass in terms of the vertical distribution of cell number
and the seasonal variation of primary productivity.
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Fig. 1. Sampling stations in the Hamduk area in
nothern Cheju Island.
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Table 1. Monthly variation of number of species in different phytoplankton taxa at the Hamduk area

from July, 1989 to July, 1990

1989 1990
Taxa / Month Juu Aug Sep Oct Nov Dec Feb Mar Apr May Jul
Diatoms 10 10 37 16 17 11 16 29 13 15 14

Dinoflagellates 3 1 10 3
Silicoflagellates 0 0 2 0

4 2 4 4 3 7 15
0 0 0 0 0 2 1
0 0 0 1 0 0 1
0 0 0 0 0 0

Prasinophyceae 0 2 0 0
Euglenoids 0 0 1 0
Total 13 13 50 19

21 13 20 34 16 24 31

84 27% 1U|5AF, THURZHF 15 4F =
A ZH/7} 34 3%, f3EUtFTH 15 1508
74=o] ch(Appendix). EHZE FAHU &L
HZF7} 727 %, FHERZEF7} 212 %, 716 4
EAHARZRRIT 61 %E A3 Uk 2F It
ZFE FA4E(centric diatoms)°] 52%, $4=
(pennate diatoms)©] 44F8 AAFAI, JHUL
ZFE 25 (thecate dinoflagellates)”} 23%,
2.7t & (athecate dinoflagellates) 7} 5%8& a}A|&
%t Appendix).

Z3dEo H HIE HE 89 9Yd] 50F
o2 7k &3, '89d 747 89\ 89 el '89d
3Y0) 13%22 713 Y 2HEEZFE HYHTa-
ble D). A F9 &3l TZF7t -2
2kA)3k ot 89 9€ T} '90d 7THelE ddHERZE
#F9 28F57} olxx Yck(Table 1). 9F A
A £HEFE BW Y 10A 373, B 2904
68%, A 401M 28%0] st AUAT Y
oo} YA FH 204 A #A Uehtx
219lod, dgtado] ook vid B2 2HFSTE
Jehln Yok B3 £AY G5 2EFFE A
A 29 29 HE(0 m)oA 68%F, 10 mFoNA 76
Z, 20 mZ\A 56%0) 2331 %ol 10 mEolA
Y we 23 245 el Uik

ZAR A e AFE BRade gF dgh
A M FERHE}F 699 %, FHURZF7 301 %
A3 3 (0], 1989), A AL FAME FE2F
733 %, AHEZF 241 %9 FAP¥&S Heln
Ath(ze} A, 1984). E3 o] F(1990) & AF=
A sord ZAo A & 245% 9] AEZHIAESF F
Z§7} 800 %, FBEZF7} 131 29 7F3u&
2 s 2yl g2tA AFe 543
o) YutHQ ABEZHAE 2EF Y FAYS

o,
FzRs SUTZRIl WA AEEFRE Y

1

Z9] 93 % o4& AAEn Uk AzE 2
g §5(1992) & AR g2 FHAIRE o]
£33 FEAUG ZAbA F 120% HEEF2
E 28Z2 UuZEI 45507 375 %9 =
2 2@v)&e BudYed ol 74 f4uHER
F7F &45A dn FREU7) g olch o|XY
DAY Ate] et FHF TN R HER
9] apol7t gltka BAE XY o] A HF
9ol 7|1&9 AR oF RHAEE ZAZ
nFsA

SHZo| S

$HEL dEF HA80] 50 %ol dE EbR
22 MAsHAeY 2F 13F08 F2Fd &3
2 AAHFig. 2). @EF] 50~70 %€ HFE
Z.2 Asterionellopsis kariana, Chaetoceros constri-
ctus, Chaetoceros decipiens, Chaetoceros lauderi,
Chaetoceros vanheurckis, Nitzschia longissima,
Tropidoneis longa, Amphipleura sp., Melosira sp.,
Synedra sp. g 1001, 70 % o] 3 < FFH¢ F2
Chaetoceros soctalis, Fragilaria oceanica, Lauderia
annulata 5 3Z01U) o] $(1990)& HE &L
Aol FA o Asterionellopsis kariana, &7}
Melosira nummuloides$t Paralia sulcata 123
Z Aol Chaetoceros socialisso] 3F HolAEE
o2 At Butgrh et ol X
Aol M= BtA o Asterionellopsis kariana, 7|
Chaetoceros socialis$} Melostra sp., 2ol Nitzs-
chia longissima, 79\ Fragilaria oceanica, Lau-
deria annulataso) ARE Hol& Jehi &3
32 glol(Fig. 2), +38%5 24L& vzt AT
ARE Hojobdd ZAMZIntt thg SAE B
ol Qlth
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Month 1989

1990

& Jul Aug | Sep | Oct

Dec | Feb { Mar | Apr | May | Jul

Species \ Station [1]2[4]|1]2]4[1][2]4[1]2]4

1[2[4]1]2]4]1]2]4]1]2]4[1]2]4]1]2]4[1]2]4

Amphipleura sp.
Asterionellopsis kanigna ]
Chaetoceros constrictus
Chaetoceros decipiens o
Chaetoceros lauden
Chaetocerus soctalis ¢
Chactoceros vanhewrchii
Fragilaria oceanica ®
Lauderia annulata
Melosira sp. o

Niteschia longissima ¢ ]
Synedra sp.

Tropidoneis lomga

o

J

Fig. 2. Monthly distribution of dominant species in the Hamduk area from July, 1989 to July, 1990.
(Legend : @ : 50—70 % of standing crops, @ ; 70 %<)

AFPZ A AH 12 Chaetoceros socialis,
Lauderia annulata, Fragilaria oceanica 5°) 70
%ol ) 48 Kol 9lom Melosira sp.9} Sy-
nedra sp. 52 A FEF/7F 50 % o139 +
H-¢ Bolx AYrHFig 2). o] F(1990) 1 3
AFz #tdy 4EEFAE M4 HE AMAY
9 YA R FAAEo] 498 %S AL o] YE
gl FEHAF 7 ¥ vES Bolx it
o agded A 19 29 $¥Foz Edx 7t
2 @it 717ke AAe 5AE Holn Uth
A A 2% Chaetoceros constrictus, Chaetoceros deci-
piens, Chaetoceros vanheurckii 5 /32 Chae-
tocerosZ 7 X AAQ Amphipleura sp.7} S8
o] Atz ojddn FHHQN 5L Hojn
ek (Fig. 2). A 4L Asterionellopsis kariana,
Chaetoceros lauderi, Fragilaria oceanica, Nitzschia
longissima, Tropidonets longad°l A% TEZF
382 vehlio] 713 gl fx s e
g et ol AFE T A A
EZZ3E 28 $AF S FA ¢ dUuad
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sizato| Sef

ZAZ F HEEHIEY dEFS AUY
(St. 1,2) 3 9JFA(St. 3, 4,5)8) EE(0m), 5%
(10, 20, 30 m), A3(50, 75, 100 m) 2] Hagez
FA G cHFig. 3). & Fe] HoE AAde 3
£ HZoA 7.1X10°~7.3X 10 cells/€, AZlA
82X 10°~4.1X 10" cells/22] VS Ve LT
'89 1290 71 kD '90 4499 71 FA e
Uz e Fig 3). 99 H$ 5l 58
X 10°~3.0X 10* cells/€, F&A A 70X 10°~3.0X
10% cells/€, A2 A 7.8X 10°~25X 10" cells/¢ <]
Weolz dotdn Qo BT 10° cells/? ©| W9
W2 Hol u} dEFHE Y AU &
23 AE2 wF A $n A% FA F71
e HEAQ Hubgol A2 E AP E
Hola o} A9 dAlel o] ®E A9
Feisk 2}o] 2 Holx UAck(Fig 3A). ¥HH %4
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Fig. 3. Monthly variation of mean standing
crops of phytoplankton in the Hamduk
area. A Nearshore(St. 1, 2), B: Off-
shore(St. 3, 4, 5)

At HEAYERH 7|2AT

EErdz By f2Fr7E dA YT EE S
97 % ol4& AL, JUREHFE WA FT
A& 3 %E 2R3 4 EEFIAEY FHE
TFEFN o3 FesHAn JHRZFE AY 4
-2 x| x| £3Gch HE2HFe FAG FAN F
Ve A%S BYAY JHRZXFE TEFS
vt 2 Aol Z4sla A2 FA F7tst
= 74%E Jeplidch

olg|§ AAg B o ZARAY HEEHIE
o] HEFL 10°~10° cells/€9] MHYE e
AFE #etdas ZAME HF 55X10°~52X
10° cells/2 BSi(o] %, 1990) 9} AF MFraid
A ZALE HF 6.7X10°~1.7X 10" cells/€ ¥
(Shim and Park, 1984) ¥th= & d&32 ®
o)1 glx, ot A(1984) o] 4kt o 2425~
590,105 cells/€st ©] F(1989) 2 |FAUYRe
1,892~535,247 cells/22] B9} vld EFE
g JeErz Utk a2y o9k #(1990) =
A Are} ZA A 6.4 X 10°~ 1.7 X 10° cells/ 2] B <)
£ 2o AFE Mz dgoljzt & e
10°cells/? o)’2l ¥& @&EFo] Ueld ¢ USE
AALstE L, & $(1992) 5 nAA ¥ MEE
o] &5t FH QoA 4.1X10°~2.4X 10° cells/2
o] A&Y YWAE Budla o] EAuHe] what
2o oyt U2 v it

R AL

ZALE g o] E3o] Y HF YAALE e
A3 1014 34.94(5.19~62.14) mgC/m’/day, B
2004 22.72(1.77~39.32) mgC/m*/day, B3 4°l
A 15.12(557~33.36) mgC/m*/dayol®], +4'8
Azt gakst £5(water-column) 2] ¥
P AEAEL AW 194 242.39(111.85~
496.22) mgC/m*/day, % 2914 631.06(156.74
~1,055.26) mgC/m%day, R 444 367.12
(111.83~734.44) mgC/m¥day°l 1 tH(Table 2).
oo} o] AHZ o AN FF2
Aol xol7t gl Re AW 1& F4l0)
5mQ v A 29t 45 F40] 30 mol R
B gxAgAEe AR 10] AT FFFTA
o]l Z& AA 29} 49l FF9 Y] Hf
EA AAER7 g Rolch(Table 2).
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Table 2. Seasonal variation of cell number, chlorophyll-a and primary productivity in the Hamduk

area.
Station “\. Date '89 10/14 '90 2/13 4/25 7/19 Mean

St. 1 Cell number 32,314 26,323 71,306 31,349 40,323
Chla 0.54 0.12 0.77 0.23 0.42
PP(Om) 62.14 36.10 36.33 5.19 34.94
Int PP 234.84 496.22 126.66 111.85 242.39
(E/S depth) (5 m/Bottom) (5 m/Bottom) (5 m/Bottom) (5 m/Bottom)

St. 2 Cell number 14,788 9,388 74,752 23,340 30,567
Chla 042 0.14 091 0.45 048
PP(Om) 22.17 177 27.61 39.32 22.72
Int PP 340.33 156.74 971.92 1055.26 631.06
(E/S depth) (244 m/9m) (9 m/Tm) (217 m/8 m) (244 m/9 m)

St. 4 Cell number 3,958 11,564 9,973 11,664 9,290
Chla 0.42 0.19 0.89 024 0.44
PP(Om) 5.57 11.89 33.36 9.67 15.12
Int PP 459.98 111.83 734.44 162.24 367.12
(E/S depth) (433 m/16 m) (23 m/85 m) (284m/105m) (325 m/12 m)

Mean Cell number 17,020 15,758 52,010 22,118

Mean Chia 0.46 0.15 0.86 0.31

Mean PP(Om) 29.96 16.59 32.43 18.06

Mean Int PP 345.05 254.93 611.01 443.12

Cell number=cells/¢, Chlorophyll-a=mgChi-a/m*

PP(Om) = Daily primary productivity(mgC/m*/day) at the surface layer
Int PP=Daily depth—integrated primary productivity(mgC/m®/day) in the water-column

E depth(Euphotic depth) =2.7X Sechi-disk depth
S depth=Secchi-disk depth
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Ho} gola gled F 5(1991) 9] #egsietA
BEof 231A o] Aj7]ol mjeahtvl JF oA
Saddol e AH dFAE + Uk

% 3}7) 4=(assimilation number)& A EEZH3
o F34 8¢ ouidte Aoz A 1904 BT
9.89(3.67~22.57) mgC/mgChl-a/hr, B3 2914
BF 4.73(0.93~10.27) mgC/mgChi-a/hr, B4 4
oA BT 6.86(243~13.16) mgC/mgChl-a/hr 2
Wz FA HAAE, st HPNE BYo
(Fig. 5). & 8Aldle F24¢ 2 9235 A
2 E2ZFIAE] Pl Bt =& FHAF
£ Holx|gt FAdE e ¥e dAFo g A
Z&te B2 F3ASE Jehz gk

o] 5(1989) 0] AF T LM FAHE EF
o] AXAPAEL 1.31~117.04 mgC/m/day & 8
Az A Utk £F AFE RG] 3

ol
=

gl HBAHLY 72AT

mgC/m%/dayet B & Ak o] F, 1993). Chungs}
Yang(1991)2 =3t ¥F dxydEe
2~222 mgC/m*/day, 59 AL HT

25

—~&— St.1 - S1.2 - SL. 4
I ]

151

101

Assimilation number(mgC/mgChl-athr)

4125 719

Date

'89 10/14 '90 2113

Fig. 5. Seasonal variation of assimilation num-

YagsrEe dtadol A 210.17(4.34~588.68) ber of phytoplankton in the Hamduk
mgC/m¥day, 1FANA  309.36(4.25~804.55) area.
'89 10/14 '90 2/13
14 14
<
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Fig. 6. Photosynthesis rate vs. Light intensity(%) curve of phytoplankton in the Hamduk area.

— 109 —



oz

314~1,727 mgC/m¥Yday?) ¥X& Holm FHel
4R =3 37 of 274 gC/mihar2 FA3YTh
8 ZAEQ) AFE BRG] #F A2
AEe dAgA(FE 2)°] HF 631.06, JFA(A
3 4)o) YT 367.12 mgC/mYday2 BT 4¥ ¥
AR L 499.09 mgC/mYdayol™ ©l& SHZ
A7 3 A E S 182 gC/m’r2 FR TG
W AFe Ftadn TR dxgAE R
ERAT Gk Majcte] AN Woa A
Zrach(A 3 ot 1988 + A%, 1990).
YAt T Yate] BAE Jehls] HH &
3] P—I(photosynthesis rate vs. irradiance) cu-
rveE o]&-3t} B dpoMe AR d4REE
23512 23179 Irradiance & i B3
FEE 100 %2 52 2o WE 7+ 38 F=(100,
61, 37, 21, 1 %) & A8t light intensity(%) ol
g B (mgC/mgChl-ahr) 2 EABATH
(Fig. 6). ARE2 R4A FA9 #A< 37 % 4
AYzor A FFAHEE 2ol FAE 61 %
HRPFzolA Ad FPAEEL, sHE 100 % A
AFzos Hd FFAHES Ui ol F
Al, A ZA FAEF ] Sidte {239
AEE(37~61 %) NAE ABEFIEC] X3}
o iAol FutatA| gt Al e &%
B A FAEFS] FUFoR FolAY]
g Eo §4E ARl AFFE(100 %)l 4
2Eyag0] Agdhe Aoz AzEd a2y
Chung® Yang(1991)¢l <&t ga3iete] A&
FAE g HAREE 490 EFFE
ol 25~50 %, 119l 12~25 %, 84 5~10 %<1
o2 A 238 ofF B Bz HE
"oz &g, #8 W 2 E Role MFfddA
E E9Ert sjoke] gL g & 4TS
R Rol(A %, 19915 F, 1991), A #
2 Exg doln Yok Ty F40] R A4
237} g B3 GRS dolMe HEEFAE
ARARE7} FANFERY FE9 AT Boln
9101 (Shim and Park, 1986), ZAlsl<ge] Ante}
2 2gsn £ AFe SR A
A7 (o] 5, 1993) & AYE $£AERZ Hold
uet AAFTr deiAe £ Hol1n ot o}
2} o)4te] AFE FsA AFE 5 FH3
dof glo} ASZTHIE FHi9 dYLNE LS F
e #AEPH A3¥AHTY H-SEFA o

LYY - 1% AR

o] AEEZZAE Feiot YALAE Hstr]
B 1990 7€7HA 2AEHA

£
2
©
o0
©
(L
<
i
4

F AEEHAEL F 132FL
27 %), FREZFIt 28%F
(212 %), 71et 2184 AR ZF7} 8%(61 %) &
2325t 8ct. £82F Chaetoceros socialis, Fragi-
laria oceanica 1811 Lauderia annulata?t QAL
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Appendix. Check-list of phytoplankton occurred in the Hamduk area from July, 1989 to

July, 1990.

Class Bacillariophyceae

Centric diatoms
Bactertastrum elegans Pavillard
Bacteriastrum hyalinum Lauder
Campylosira cymbelliformis (Sch.) Grunow
Chaetoceros affinis Lauder
Chaetoceros atlanticus Cleve

Chaetoceros brevis Schutt
Chaetoceros compressus Lauder
Chaetoceros constrictus Gran
Chaetoceros debilis Cleve
Chaetoceros decipiens Cleve
Chaetoceros didymus Ehrenberg
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Chaetoceros holsaticus Schutt
Chaetoceros laevis Leud.-Frotmore]
Chaetoceros laudert Ralfs
Chaetoceros lorenzianus Grunow
Chaetoceros messanensis Castracane
Chaetoceros pelagicus Cleve
Chaetoceros pendulus Karsten
Chaetoceros pseudocrinitus Ostenfeld
Chaetoceros pseudodichaeta lkari
Chaetoceros radicans Schutt
Chaetoceros soctalis Lauder
Chaetoceros vanheurckit Gran
Chaetoceros sp.
Corethron criophilum Castracane
Coscinodiscus gigas Ehrenberg
Coscinodiscus sp.
Ditylum brightwellii (T West) Grunow
Gossleriella tropica Schutt
Guinardia delicatula (Cleve) Hasle
= Rhizosolenta delicatula Cleve
Guinardia strigta (Stolterfoth) Hasle
= Rhizosolenia stolterfothii H. Peragallo
Hemiaulus sinensis Greville
Hemiaulus hauckii Grunow
Lauderia annulata Cleve
Leptocylindrus danicus Cleve
Leptocylindrus minimus Gran
Melostra clavigera var. minor Cleve-Euler
= Melosira distans (Ehrenberg) Kutzing
Melosira juergensii Agardh
Melosira moniliformis (Muller) Agardh
Melosira nummuloides Agardh
Melosira sp.
Odontella sinensis (Greville) Grunow
Plagiogrammopsis vanheurckii (Grun.)Hasle
= Plagiogramma vanheurckii Grunow
Podosira stelliger (Bailey) Mann
Rhizosolenia hebetata (Bailey) Gran
Stephanodiscus rotula (Kutzing) Hendey

Thalassiosira anguste-lineatus (Sch.)Fry.&Has.

Thalassiosira hyalina (Grunow) Gran
Thalassiosira leptopus (Ehr.)Fryxell & Hasle
Thalassiosira mala Takano

Thalassiosira pactfica Gran & Angst

CIRE - HGD

Thalasstosira rotula Meunier

Araphid pennate diatoms

Asterionellopsis karina (Grunow) Round
= Asterionella karina Grunow
Bleakeleya notata (Grunow) Round
= Asterionella bleakerleyi var. notata Grunow
Diatoma elongatum Agardh
Fragilaria islandica Grunow
Fragilaria oceanica Cleve
Grammatophora marina (Lyngbye) Katzing
Licmophora abbreviata Agardh
= Licmophora lyngbyei (Kutzing) Grunow
Lioloma elongatum (Grunow) Hasle
= Thalassiothrix delicatula Cupp
Synedra faciculata (Agardh) Kutzing
= Synedra tabulata (Agardh) Kutzing
Synedra undulata (Bailey) Gregory
Synedra sp.
Thalassionema nitzschioides (G.)Mereschkow.
Thalassionema frauenfeldii (Gr.)Hallegraeff
= Thalassiothrix frauenfeldii (Gr.) Grunow
Thalassiothrix longissima Cleve & Grunow

Raphid pennate diatoms

Achnanthes brevipes Agardh
Achnanthes longipes Agardh
Achnanthes sp.
Amphipleura sp.
Amphiprora alata (Ehrenberg) Kitzing
Amphiprora sulcata O’Meara
Amphora hyalina Kutzing
Amphora lineolata Ehrenberg
Amphora proteus Gregory

=Amphora quadrata Brébisson
Caloneis linearis (Grunow) Boyer
Donkinia recta (Donkin) Grunow
Mastogloia sp.
Navicula cancellata Donkin
Navicula sp.
Nitzschia commutata Grunow
Nitzschia lanceolata W.Smith
Nitzschia longissima (Brébisson) Ralfs
Nitzschia longissima var. reversa W.Smith
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Nitzschia navicularis (Brébisson) Grunow

Nitzschia pacifica Cupp

Nitzschia recta Hantzsch

Nitzschia vitrea Norman

Nitzschia sp.

Pinnularia sp.

Pseudo-nitzschia delicatissima (Cleve) Heiden
= Nitzschia delicatissima Cleve

Pseudo-nitzschia pungens (Grunow) Hasle
= Nitzschia pungens Grunow

Pseudo-nitzschia seriata (Cleve) Peragallo
= Nitzschia seniata Cleve

Stauroneis membranacea (Cleve) Hustedt
= Navicula membranacea Cleve

Tropidoneis antarctica Cleve

Tropidonets longa Cleve

Class Dinophyceae

Thecate dinoflagellates

Ceratium azoricum Cleve

Ceratium humile Jorgensen

Ceratium kofoidi Jorgensen

Ceratium symmetricum Pavillard

Ceratium tripos (O.F.Muller) Nitzsch

Ceratium sp.

Dinophysts fortii Pavillard

Diplopsalopsis orbicularis (Paulsen) Meunier
= Peridinium orbiculare Paulsen

Lingulodinium polyedra (Stein) Dodge

Provocentrum balticum (Loh.) Loeblich

Prorocentrum lima (Ehrenberg) Dodge

Prorocentrum micans Ehrenberg

Prorocentrum scutellum Schroder

Prorocentrum triestinum Schiller
Protoperidinium achromaticum (Lev.)Balech
Protoperidinium cerasus (Paul.) Balech
Protoperidinium compressum (Nie) Balech
Protoperidinium depressum (Bail.) Balech
Protoperidinium excentricum (Paul.) Balech
Protoperidinium orbiculare Paulsen
Protoperidinium pellucidum Bergh
Protoperidinium roseum (Paul.) Balech
Protoperidinium thorianum Paulsen

Athecate dinoflagellates
Gymnodinium conicum Kofoid & Swezy
Gymnodinium lohmanii Paulsen
Gymnodinium sanguineum Hirasaka
Gyrodinium crassum Pouchet
Gyrodinium fissum (Lev.) Kofoid & Swezy

Phytoflagellates

Class Dictyochophyceae(Silicoflagellates)
Dictyocha fibula Ehrenberg
Dictyocha fibula var. stapedia(H.) Lemmer.
Dictyocha speculum (Ehr.) Haeckel
Dictyocha speculum var. octonarius Haeckel

Class Prasinophyceae
Mantoniella squamata (Man.&Par.) Desika.
Nephroselmis rotunda (N. Carter) Fott
Pyramimonas frossit Parke

Class Euglenophyceae(Eglenoids)
Eutreptiella gymnastica Throndsen
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