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AFE GRHe] nfAE Holg 7o B3 A¢e] d¥o2H ¥4 FFHEZ(tintinnids) VAHERSE
(aloricate oligotrichs)2] & ZA AEF2] A ¥H3l 440 gt FEFHNG 671 A 199839 798
B 200003 69714 mlE ZARE AAIBIAT ZAVIZE 59 £ AR F 39802 AES WHE 100
~5,400 cells - I"'(H 314 cells - 1) 0|3 7F2AF AL A= g 257} =2 o453 on 2l 923
2 Y B} A FFRIE AT RIEESS F 1580] AU AES EE 140~21,000 cells - I (
H 2,356 cells - ITYEN Strombidiums2) $E0] A Alde AA A&t A g & oprda A2%F
sh= fEdEEe) S Aok AL HldREe F Aoyt QY. EAESY] AME AR B dF
3 o] sfFEANE | g} gk W oy WSS o3 LR E EAL BolR] gt slgEE 1
W LY Kok st MEFVE 20T & tRME 20Tk ARE £ g4 M9 0.01~136.06 ugC -1
(Hd 501 pgC-1HZE g Ao 93 Wao] dhuA] UX8Rw Yodth fE54EE dnze] 4%
AXF X2 BF 20 m 2004 7H B3 FAETY AL vsdgey, 954 o 3] FHET T UX
3 o] AEEFAEN JESS 43 a9 JAAHE Ho|Z ATk

[¢]

As part of study on the microbial food web in the southern Jeju Island of Korea, planktonic tintinnids and
aloricate oligotrichs were investigated from July 1998 fo June 2000 to understand seasonal variation and
water mass indication with environmental factors. 39 species of tintinnids were identified representing 1 order,
11 families, 20 genera. Tintinnid abundance ranged from 100 to 5,400 cells - 1! (mean 314 cells - "), and
oceanic species were mainly dominant in fall and winter season, while neritic species were a little pre-
dominant in spring and summer season. 15 species of nloricate oligotrichs were identified representing 1
order, 5 families, 7 genera, and rhany belonged to genus Strombidium which was most abundant and most
frequently occurred in many months. Abundance of aloricate oligotrichs ranged from 140 to 21,000 cells - ™!
(mean 2,356 cells - 1I"). Species diversity and standing crops of tintinnids were quite different according to
seasons, but few seasonal variations were detected in aloricate oligotrichs. In terms of water mass indication
tintinnids represented obvious characteristics which were affected by marine environmental factors, but alor-
icate oligotrichs had no such apparent indication as tintinnids. Ciliates were more abundant and more diverse
in inshore than in offshore station. Total carbon biomass of ciliates ranged from 0.01 to 136.06 pgC - 1™
(mean 5.01 pgC -17"). The carbon biomass, however, did not coincided with scasonal variations of abun-
dance. Vertical profiles of mean abundance of both tintinnids and aloricate oligotrichs were similar, and had
same trend as those of mean chlorophyll a concentration. It suggests that phytoplankton and ciliates reflected
the prey-predator relationship in the study area.
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A Holwke mi-g- thdst AEZFol 2Js) B3l
TAHe] glom, Jigde AEERIE FEZYIAE o) Bl
deg HolARE TS Aoy 2o nlAdE7ke] wy
(microbial loop)7t AHFA F-2t=o] o] B3 22 Fo]3)20]
Yzt (Pomeroy, 1974). F-7/3 HEFSF= 9ol £2 %

& Yo d2e EF NS Hole dHNEEM H
E5Y 4% 5 F8 ¥23}2(Heinbokel and Beers, 1979;
Stoecker et al., 1981, 1983, 1984), 87571} x|o] Bl XA=E
% siek Ho] £3kel iR AERlEAN J8E 313 IvH(Takahashi
and Hoskins, 1978; Gast, 1985). oo 24 ol5¢ ZFgAe
1) 87FF Acartia ¥712] 7% AEZEHAELS AL o 1o}
ARERE A 48 4 o Aito] 25%014 S57FsET(Stoecker
and Egloff, 1987), 2) Blaj#efe] fA4A17]9) o] &% 4423l o
7 g2 Holdg HAgs u B 27 AEEC] won
(Stoecker er al., 1987), 3) YXF A3} Aelgld FEEHIE
o] go] AgollA Hole] 7|7t vlssithd A EEHAES 1
A 3 AAFTENS A2 3T Blaxter er al., 1983; Stoecker er
al., 1984y A3oA] & & 4 QJu}.

e 74 H4EF= &38] 7192 (chitin-like substance)2|
Aul7](lorica, 3 T IZHE 2k 54 R (loricate ciliates
=tintinnids)¥ A ERFCZ 0]F0|7] BIAE S (aloricate oligotrichs)
o2 TR 53| $5HEEE 523 2ET IATT o} F
A RFO 2N PR HFEAANT o] 8FHZ UTHHada,
1957; Kato and Taniguchi, 1993). 22t} o]9} 7to| sk E]A
oA Fag AL sl HESHY A7 RS R
&AL (Yoo er al., 1988; Yoo and Kim, 1990)st HERsHA <
T(Jeong, 1988) o1 AF7HA| f-2lutz} siedol A vlu]gl AAo]
t}. 53] NI RS d7e A2 7)ol AJelshs A (Lee
and Choi, 2000)7} o|Fo]A & ¥Ad], I olf+= ¢lE9 AME
A7)7F AAL whg- doksle] v GAS & w) A2} EjR A
L Ak £F02 Q8] Fo Alee FHol oE ] Witk
g B AFelA o] 83 QPS 4 (Montagnes and Lynn,

Mt

olzu)

1993y o|H3 e FEse 73 e dax Ut

AFE FREHL F5sier dolo] gl F2A 28] AF
duptiel FAE Fiael B B 9o AdFo= sF
&2 BAo] tEA JeRATHY 5, 2001). AF7HA o] sy
ZHAEATE 4% (micro; 20 um<) °|4 F7)E FQ TiAo
2 A A7} diigoly, HZell )4 (pico: 0.2~2 um)
9} vl4(nano: 2~20 um) SHAE thek QA7) ojFolHThAl
o], 2002). & A+ ATs|oe] nHAE Holy P2 gt
317] Q3 A7 Ao M AR YDA oUR] EBolA
F05 AES 3= B4 s s AFE ¥
3o F 2de AT WelEAdE detstaal s

HEFEH
== |

FARE AFE J FEFH a1t (inshore)ll 3HAHA 1,
2, )%t 3| (offshore)ell WA 4, 5, 6) 5 F o7le] FEE
A7 st 1998 7€5E 2000 6¥7kA] 237 v FAE A
A B9 THFig. 1). 2189 AFL Niskin 5712 o]&aed ot
9L %EF 10 mEolA, YL ¥, 10m, 20 m, 30 m, 50 m,
75 mEoll A 2zt ¥R 100 ml B AE § ¥ Bouind Y
o7 @Al 87 F APHZ S48 Quantitative Protargol
Stain " (49 QPSH E= @ I Eo) =290 - Montagnes
and Lynn, 1993)°l] &3] S TEES AZslgr AnEFz A
o} B4 BN 7 (Zeiss, Axioplan D2 T20]-&-(X 400 ~1000)
2 AAsiSh

FEHEZ2] BAHL Kofoid and Campbell(1929, 1939),
Campbell(1942), Hada(1932a, b, ¢, 1935, 1937, 1938), Balech(1948,
1968), Taniguchi(1997) 2] Alder(1999)2] & 71A& Fz3}
Hom, vl o] £4-8 Maeda and Carey(1985), Maeda(1986)
28]37 Montagnes and Lynn(1991)2] & 71A& H=sidd. &
FHRZ AR BAL Hada(1932a, b, ¢, 1937, 1938)%
Balech(1948, 1968)2] £3& =33t}

A 25E THAZ B2 AEFE]s gadh)g £g3190H,
2zl AT FelE JIFEez 2HE 7 A E9 Zolg)
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Fig. 1. Map showing the sampling sta-
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ol &ale] GATHE A=t E 4
B2a93E9 484 ¢ F (ugChl-a- 1) Parsons et al.(1984)
o] Whid] we} 2gsigoen, g ales Fea 4R
CTD(SEB 19-03)& ©]-&3&}e &4ttt

factor®! 0.19 pgC - um>&

2 2
sHererd
272 % BEF 10mEe] £ HHE sdelelM 137~

27.1°C(H+ 19.3°0)C.2 20009 3¥ 4 2004 7P WSk,
19983 79 A 3904 7P =UthFig. 2). S8l = He
B 13.9~27.3°CEEF 19.1°0)22 2000 39 A4F 504 7+
ok, 19983 8Y A eollA 7HE =skow bl 9y
9] xpole HF 0.2°C A== vkt 235 10 mPF] FF
H= gt oA 29.6~35.6 psu (BT 33.5 psw)SZ 1999 9
g AR 1904 7P w3k, 20008 2 A 1oA RS E=dch
(Fig. 2). 2181932 29.4~34.6 psu (B 33.4 psu)e] HAZ 1999
9 o9 AR 6ol 7P ek, 20002 22 AE sl PR E
gtk AldEE B AL HF 342 psuldl W] AEH
= 37 30.1 psuE Zolrt 2otk

FEHDES =4I} St

FENEF 2UFTL F 39T 27 15, 113} 2050090
(Table 1). o] & 15714 ol 83l & FENEE B
& Salpingella laminata®t S. subconica ©11.2.H 1999 &7
Aelsla Ao BE A E@ATh £3 g7iY o]t
Ww2 Vo) F0 B= Amphorides quadrilineata 212 3L V)
2l Tintinnopsis sp.2t Salpingella sp. & 35°1L, 1 &
77h¥ elate] 8 RI=E BYthTable 1). € SHUFTT= 1999
3 1099 3152 7PF gen 19999 393 2000 3¥o
1F08 7P Ao 1999 28el e ¢ Fe EHEA &dth
ALY £8F5e) WEE 2 BEHG~59)0 1~ 12801 ev
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perature and salinity in the study area
from August 1998 to June 2000.

AEH(6~8Y)E 714 5~23Fo® FTIBICE 72 EO~11
ole 6~31F0= 7P B3, oAl AgH12~28) 7
4~122 03 Zsle RS Bt I FHE 2AR EFHF
9] AT B TR B UdFo] 37F(66%), ALFol
19%(34%)°1ATHTable 1). AFFH e ALY 2FEEE
Hale ALHol| AgEo] 24%, 2UFO] 16%22 2UFe] £
AeHd vla) BEREE AMFC) 40%, AFFC] 60%F AYE
] F7k8lal AATHFig. 3).

ZAN 7V AR XS HeE 100~5,400 cells - 17!
(HE 314 cells - 1) 2524 19999 108 BF 3014 718 =%t
(Fig. 4). 448 A¥FS A3 1] 407 cells -1, A7 27} 184
gells - 17!, A 32 301 cells - 17, A% 4= 255 cells - I, A 5
¥ 287 cells - I, AR 62 347 cells - I'& AF 10] 7F &2 &
H 2}y 7P Gol -2 sl AHzE WAt AA vk
e} sfictele] AEFL 297 cells - I, 31 e] AFHF 292
cells - "2 st &jahe] a7t xole A9l gl

HFENRZ $HEL E AT HREolAM 20%01 2
Kole & 7|Fe 2 XA} o] F Salpingella laminata=
geoll 44 $Hsle] 7P SN} EACH(Fig. 5). €8 3
o] BelE v A9 Favella taraikaenis, F. ehrenbergii,
Tintinnopsis parvula, Stenosemella nivalis 5°] 2255 5974
R3S 2 AA] AR Codonellopsis orthoceras, Eutintinnus
fraknoii, E. tubulosus, E. turgescens 5= T45¥ 10874 -3

S AR TE. v 2194491 Amphorides quadrilineata, Dadayiella
ganemedes, Salpingella laminata, S. subconica 2 A A 4
H 1~284 a=2A A

BMmael ZZ4 S

Hidm 2o 2HELE 3 15502 15, 537, 750|302H
(Table 2), Strombidium®Ee] 65222 7V &2 58 A5

th. o] & wSAE Syombidium sp7t 20704 ©]F A2 ZE Al
Holl EHEVAIL, Lohmanniella oviformis, Tontonia simplicidens,
Laboea  strobila7}

Strobilidium  multinucleatum, S. neptuni,
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Table 1. Occurrence list of tintinnids in the study area from July 1998 to June 2000

Month 1998 1999 2000

Species name J ASONDIJFMAMIJ JASONDIJEMAMIJ NO

Acanthostomella conicoides *

Acanthostomella norvegica * * *
Acanthostomella sp. * * %
Amphorellopsis acuta * *

Amphorides amphora * *
Am. quadrilineata var. minor * *
Amphorides quadrilineata kX * ® kK
Amphorides sp.
Ascampbelliella armilla

¥ % % % % ¥

Ascampbelliella urceolata * * %

*
*

Ascampbelliella sp.
Climacosylis digitura * *
Climacosylis sp.
Codonaria sp.
Codonellopsis morchella * * ¥k
Codonellopsis orthoceras ok

Craterella sp.
Dadayiella ganemedes
Dadayiella sp.

Dic. elegans var. lepida
Epiplocylis undella *
Epiplocyloides ralumensis *
Epiplocycloides reticulata
Epiplocyloides sp.
Eutintinnus tubulosus
Eutintinnus turgescens
Eutintinnus fraknoii
Eutintinnus sp. ¥k *
Favella ehrenbergii

Favella taraikaenis

Favella sp.

Helicostomella sp.

Leprotintinnus sp.

Parundella caudata

Protorhabdonella curta
Protorhabdonella simplex
Protorhabdonella sp.

Rhabdonella poculum *
Rhabdonella striata

Salpingella acuminata var. undata
Salpingella acuminata
Salpingella laminata

* ¥ %
*
*
*
*
*

Salpingella subconica
Salpingella sp.
Steenstrupiella steenstrupii var. robusta

*
*
* %k %
*
*
L
*
*

Stenosmella nivalis
Stenosmella pacifica
Stenosmella parvicollis
Stenosmella sp.
Tintinnopsis beroidea

* % ¥

*

*

*

*
ZZZ2Z2ZZ0000000000C00ZZ2ZZ22Z22ZZ000000000ZZ00000000000000

Tintinnopsis lobiancoi




Table 1. (continued)
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Month 1998 1999 2000

Species name ] A°S ONDIJ FMAMIJ J A S ONDJ FMAM JNO
Tintinnopsis radix * * N
Tintinnopsis parvula ® ok * N
Tintinnopsis sp. * ¥ ook k%X * * ok Ok N
Undella claparedei * (0]
Undella sp. * % (0]
Number of species 5 9 6 6 3 4 5 - 1 3 7 6 1523 12 31 10 14 12 4 1 12 8 9

Note: N, Neritic species; O, Oceanic species based on Hada (1932a, b, ¢, 1937, 1938) and Balech(1948, 1968).

Comp osition (%)

ANANNNNNC S

Fig. 3. Composition percentage of oce-
anic and neritic species of tintinnids in
the study area.

Table 2. Occurrence list of aloricate oligotrichs in the study area from July 1998 to June 2000

Month 1998 1999 2000
Species name J ASONDTIJ FMAMIJIJASONDTITFEMAM ]
Laboea strobila *ox ok * P * *
Leegaardiella ovalis * ® ok *
Lohmanniella oviformis * ok ok k& % * % k% x % k% % *
Strombidium bilobum * % *
Strombidium constrictum * *
Strombidium dalum C I T S * * ®
Strombidium epidemum * 0k ok x X Kk * *
Strombidium sulcatum ® *
Strombidium tressum * * % * ® ok * %
Strombidium sp. * * * * * * * * * * * * * * * * * * * *
Strobilidium multinucleatum ® ook ok ok ox ok * % % * *
Strobilidium neptuni ® % * * ® x % * % % *
Strobilidium spiralis * * * *
Strobilidium sp. * % * * ok *
Strombidinopsis multiauris * *
Tontonia grandis * Ok
Tontonia simplicidens * * ok % % % % % % k% %
Tontonia sp. *
Number of species 7 10 7 8 6 7 7 4 3 9 6 7 3 5 6 9 3 4 1 2 5 5 25
10~16 7HY o’ ge] EHRIEE HIoH o9 TES 10HE 71 2% 2,683 cells- 17, 3 32 3,182 cells- ', FH 4% 1,087

FTO2 A WA 200004 1€ 1Fe g B AUk Be F
o] A Ad] A @3t gl AEE £EF 2¥} 823
S A E2E R oE EHE vy

ZAP1ZE & M S HEE 140~21,000 cells - ' (FHF 2,356
cells - ') = 1998 109 A 137 2000 39 A 200 7}
Z =UTHFig. 4). AAEE 23 A 18 3314 cells -1, A&

e 29 e E BHYr 9¥ FHUFSE Bd 1998 8o 10
7

cells - 1", 4 5% 1,994 cells - ", B3 62 1,841 cells - 1"\ 3|
gt AHOAM Hluwd 22 AXFE R sl A™Me
5wttt sl A2 Fgked o] 3,060 cells - I, s o]
1,651 cells - '0 2 gljcto] L))ol H]&] 280 Ao =& A4S B
Atk AP 5 2429 Sl 1998 8Yoll Laboea strobila,
1998 9¥ 9l Tonronia grandis, 19993 299N Strombidium tressum,
2000 3¥N Strombidium dalum 22T 2000 589 S, tressumS



64 783 -

x 1]

1
EXERR
—

[J Tintinnids B& Aloricate oligotrichs -+~ Chi-a

o))

-
=3
o
Y

'k uu e nn |

L

ldak

b

B W e T e AW W

-

Abundance (cells - L' - log scale)

Chlorophyll a (ug Chl-a-L™")

N W & o

" " B

—

o

S - N W W

M W o

bodoooony

Abundance (cells- L log scale)
B 8- 238 8 8 -z 3

Chiorophyll a {ug Chl-a-L™")

Fig. 4. Monthly variations of abundance
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0 of tintinnids and aloricate oligotrichs

A% Strombidium sp.7t 1970 €]
o

Bt EE

TR E W R R gAE 8 £ =S 0.01~136.06
ngC - I''@ 5.01 pgC-1HE 19993 108 44 3004 71 =
L, 9993 1€ A4 6ollA 7S R ThFig. 7). 2SS} w©hA
22 B wabH 2000 490l MlZE 27,900 cells - '2 7P =
SYAIRE BEATFS 528 ugC - I''E W3kel vhd | 19999 10€e=
BhAko] 136.06 ugC - N2 7P 2R T Al 224 17,800 cells - 171

A S O N D0OJ

Bl 2" n v n e naaa )

and chlorophyll a concentration in the
study area.

He

otw7) ) AES Axre) BELa B
A (Fig. 8)& vlasignh. 241717 &
A1 0.29~5.38 ugChl-a - I'' (B¢ 0.86 ugChl-a - I™") ¥ G0,
19999 59 A 3E2)IA 7P BT 19983 129 FA 1
(EZ)A 7P Sdth(Fig. 4). al€-2 0.01~4.62 ugChl-g - I
(B 0.75 pgChl-g - 1] HHZ 19999 59 A SEZ)olA



AFe gRejde] B4 ARERe & 249 AR WE 65

&
c
2
b=
1]
o
(o8
£
o
O
Fig. 5. Composition percentage of dominant
tintinnids in the study area.
E
oy
e,
b~
1]
o]
£
@) .. oy » s’ﬁ&w Seombidinm
© & - S wessim
60
10 bso. op.
20
0:99 J A ) 0 N D '00J F * Fig. 6. Composition percentage of dom-
inant aloricate oligotrichs in the study
Month area.
7P =3 19999 1€ FA 630 mpellM 7P @grom st EEe e AFS HITh(Fig. 8). ol HEF) 7 BE
Hyrol Y] HHETh 0.11 pgChla - ' A= H94th 84 0 ATE §24 o F9| 7 E¥ 9 9A8k7 UATHEFig. 8).

2ol AFE FHS E(1.04)>92(1.04)>7H0.62)>A2(0.51
ugChl-g - I'"=0.2 A4S0, ARFe] Add Ha AFxSe
7H&(5,502)>91 8 (4,972)>(4,505)>71 2(1,242 cells - 1) 0.2
sl AEEYAEL 2dn g5, AREE EEA o
Bl 7Kl YT F IF EF AgHols sy
AREi J2a) 4 PF-2 viws) 2 fE34E2Y
734 20 mEA B 384 cells - 2 714 31 1 o)5) 40
2 Z5E 74319 rHFe. 8). WIAEEE 20mEllA 718 cells-I'!
2 7P T 1 o]3} 4l om HeE Yol fEAES 47

S 5, 1999), Bl AFSEr7 A5 7S H TS
A3 eKKim et al., 1991). B §i¢]E FF FFax 7} <
sl AL FEAHG EFERE SFT7T RUH FEE AF=
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Fig. 7. Monthly variation of total abun-
dance and total carbon biomass of cili-
ates in the study area.

71 AF=g Avks tinithRae] Mgoe] okstE 3 (Beardsley
and Limeburner, 1983; Byun and Chang, 1988; Pang ef al., 1992),

olg BYE WEOEVE FHES ot HE5e AFE AW
Q210 Selsbl WS ARhSE: T gehe o
3 54 f957E B71sked siote} Wk ohje} sjariA 9T
& mAoen Py TR FoiET AUHoE Ay ER

7} Z7v81] diZolet A= ey} gl fgdmEel
FHA R ATEE FYTIAM JHeH TR s
thepdRe] @3RS ol ffAdo] ARt SAE T Bt
2 A 9H(Yoo and Kim, 1990), A A|AIZ 1 &l B8] o} nm]ef
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B2 BIH Laboea strobila(Lee et al., 1999)= ZAF LM E
1998 8€ ] $HL 02 ERITE 0] 72 19989k oJE 2o &
g iyt thE sluc) 7)7ke] o] ko] wgkal o] A7)
of thufvhFe] M= A PG AGS7} AFE gt
A7EA] FERE VA o] XY kA & AHE F 7)]7HA
T, 1999; W 5, 20022 FaPre] Yol 93k g3k B
o] Jle ALE AZbHEc) B A7 AL 4lo] vwA B3 7
7ojelr] o)A 415) k57 GIAIRF Inoue(1974), Kondo(1985)
o & S(1991)0 28 o522} AFT B s e &
3 A W7t BAERE Aoz Rugo] Aoy ArE 2
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Fig. 8. Vertical profiles of mean abun-
dance of ciliates and mean chlorophyll
a concentration in the study area during
the study period.

A7 & HEE AEFE 100~21,000 cells - 17 BH=
W FZ228]o)22] 10~2,080 cells - 1" (Suzuki, 2000)2} 7 7|5k
9] 3,230~8,320 cells - 1"'(Lee and Choi, 2000) HY 2o} &
AEZEFE HAYEY o)e B A= fig AR e] o]0z vid o}
2 M AlddE AF oz sl dF HElE RaFA B
7] wEoltt. et Bade] Wels Fdd sdd Arve
124=11.6 pgC - 1"'(Lee and Choi, 200008 the W2 Hiaghe ¥
Ak B T A xe) T Sawe) AFds oJafo] dAIEA
EteH|(Fig. 7) ©l& 100~200 umolA =719] FE4 3o 1
& 15~25 ume] A71¢] ¥IHRFEC] $3Fo2N B AES
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