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In order to understand the temporal variations and species composition of tintinnids, at two stations of the
Korea Strait, this study was carried out from January to December 2007 (n=17). Fifty-one species from 22 gen-
era were encountered: 27 neritic species (9 genera) and 24 oceanic species (14 genera). The species composition
was different between two stations, and neritic species frequently appeared at St. 1, while oceanic species more fre-
quently appeared at St. 2. According to the frequency in appearance of species, the most dominant species were neritic
species such as Stenosemella nivalis and S. pacifica, that appeared in all seasons. Also, Acanthostomella norvegica,
Amphorellopsis acuta, Epilpocyloides ralumensis, Protorhabdonella curta and other many oceanic species appeared
intensively during the low salinity (=33 psu) and high water temperature (224 °C) period (July~October). The
abundance of tintinnids ranged from 0 to 1,845 cells L™. It was higher in the seasons (summer and autumn)
of low salinity and high water temperature than in other seasons. The abundance was relatively higher at St.
1 than at St. 2. On the basis of correlation and multiple regression analyses, the tintinnid abundance was not
correlated with chl-a, but significantly correlated with water temperature and salinity, suggesting to be the pri-
mary abiotic factors influencing the abundance. This study suggests that the complex hydrographic conditions
of the study area might influence the temporal distribution and species composition of tintinnids.
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Turner, 1992).

P AEER 25 5 3Pl #5495 EF (tintinnids= &
A FHAAESF AEHY 5~10% %S 2R3 (e.g., Dolan
and Marrasé, 1995; Dolan, 2000), =23 H3H 3t @A77} Qlo] =
A RFOR o] EH7|% IHtHHada, 1957; Balech, 1972;
Rassouzadegan, 1979; Zeitzschel, 1982; Verity, 1987; Kato and
Taniguchi, 1993; Pierce and Tumner, 1993; Stelfox et al, 1999;
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Fig. 1. A map showing the sampling stations in the Korea Strait.
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Fig. 3. Temporal variations of salinity (psu) at each station.
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Fig. 4. Temporal variations of chlorophyll-a concentrations (mg L) at
each station.
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Table 1. Species lists of tintinnids encountered during this study ('1'; St. 1, '2'; St. 2)
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Species
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7

Jun.
12

Jul.

26

Aug.

16

Aug.

27

Sep. Oct. Nov. Dec.
21 4 8 8

Neritic species
Codonellopsis morchella
Eutintinnus elegans

E. lususundae

E. tubulosus

Favella ehrenbergii
Helicostomella subulata
Metacylis sp.
Leprotintinnus neriticus
Stenosemella nivalis

S. pacifica

S. parvicollis

S. ventricosa
Tintinnidium balechii
Tintinnopsis baltica

T. beroidea

T butschlii

T directa

T diversicervica

1. lohmanii

T nana

T. nordgvisti

T pusilla

T parvula

T radix

1 rapa

T turbo

T tocantinensis

112 12
12 12 12
2
1 1t

1,2
1,2

1,2

1,2
1,2

1,2
1,2

1,2
1,2

1,2
1,2

1,2

1
1,2

1
1,2

1,2

1,2

1,2

1,2

1,2

1,2

1,2

1,2
1,2

1,2
1,2

1,2
1,2

1,2

1,2
1,2

12 12

2 2 1

1,2 12 1.2
112 12 12
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Oceanic species
Acanthostomella norvegica
Amphorellopsis acuta
Amphorides amphora

A. minor

A. gquadilineata
Ascampbeliella armila

A. urceolata

Climacocylis scalaroides
Dadayiella ganymedes
Epiplocylis undela
Epiplocyloides ralumensis
Eutintinnus fraknoi

E. strametus
Protorhabdonella curta

P simplex

Rhabdonella apophytes

R. poculum

R striata

Salpingella acuminata

S. laminata

S. subconica
Steenstrupiella steenstrupii
Undella claparedei

U. sp.

1,2

1,2

12 2 2 2
2 1 1

1,2
1,2
1,2
1,2
1,2

12 1.2
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12 12 2

1,2
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Fig. 5. Temporal variations of species numbers at each station.
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Fig. 6. Temporal variations of tintinnid abundance at the station 1.
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Fig. 7. Temporal variations of tintinnid abundance at the station 2.
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Table 2. Pearson’s correlation coefficients between tintinnids and
environmental factors

Temperature  Salinity  T-ChI M-Chl N-Chl P-Chl

St. 1

T 0.27** -0.27** - - - -
NT - - - - - -
OT  0.78%** Q. 72%*% - - - -
St.2

T 0.35%%* -0.40%** - - - -
NT - - - - - -
OT  0.51%*%  .Q5]*** - - - -

TT: Total tintinnid abundance, NT: Neritic tintinnid abundance, OT:
Oceanic tintinnid abundance. Temp.: Temperature, Sal.: Salinity, T-
Chl: Total chl-a, M-Chl: >20 pm chl-a, N-Chl: 3~20 um chl-a, P-
Chl: <3 um chl-a, -: non significant. *: p<0.05, **: p<0.01, ***;
p<0.001.
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B AE P QIGITE. o] Al 1ol EEst o2l 19 @l, Amphorellopsis
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BIE o Ol E ralumensis, P curta®} P simplexs £
FATAA T FA¢] EHF 207 ¥ UFEHUH(Yoo and Kim,
1990). WekA A9 Aol o]2id FE2) 29 W dEFS
& AR & Avege B a5 f4do) Aw Ao
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Fig. 8. The Nakdong River floodgate discharge in 2007.
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S AFE AT (Kim and Lee, 200304 jokEel 2385
7V A FA SR Ao RuHg o SdFeE
77} 38%3) 3158 71538l0] £ Aok od g Ve &
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1988; Bemnard and Rassoulzadegan, 1993; Karayanni ef al., 2005;
Gavrilova and Dolan, 2007y F71& 9 §718 ¥ & <
Qtde] o] B¥shs A FEAESHE okl njg
QtdolA] e FEHFE walt), WA fEAREHE B S
FEFEA-a) WA WAE Hol= 2 0F HY(eg, Balkis,
2004)%]7] WEo] B A% & A 71dEigiAe 4
1Y AR 2 BRI o7 S 21 B3igl, dbdo
A4 A 2 dE3ARA 49 SSHEFRES], A9
< F A BTN 2 2GR fo8 A e wotk A
o8 2 AT FFAEETRES], dFH) d=F &
¥ ool AEEHHE Hrhs 2o gy 2 5
A 9Qled M FE FTFE P Jos wadd), =3 B
At eld AEHESTH £ BAE 53 siAlel A o
< 4 39 dinpdil F5FEolA digdedee 29 &
5 BAE @450 AFEE AY gaedS AR B At
0% FYdH Adgst eF R I gy ks AE &
B2 YA A7 ol e AT Bd o] 454
T2 W WEF 23 & JFE FUW Ao 3

b

AR O

B&59

et=igict.

HAL2| 2

A EEA AR

i)

S Y|

e, 2002, igtEld AT A BEE AT AR
B, BA L

A, oI5, 2004. 3A BRI AT e 54
2 7149, Ocean and Polar Research, 26: 595-606.

Alder, V.A,, 1999. Tintinninea, In: South Atlantic zooplankton Vol 1,
edited by Boltovskoy, D., Backhuys Publishers, pp. 321-384.

An, H.S., 1974. On the cold water mass around the 1% -east coast of
Korean peninsula. J. Oceanol. Soc. Kor., 9: 10-18.

Azam, F., T. Fenchel, J.G Field, 1.S. Gray, 1.A. Meyer-Reil and F.
Thingstad, 1983. The ecological role of water-column microbes
in the sea. Mar. Ecol. Prog. Ser., 10: 257-263.

Balech, E., 1972, los Tintinnidos indicadores de afloramientos de
aguas (Ciliata). Physis, 31: 519-528.

Balkis, N., 2004. Tintinnids (Protozoa: Ciliophora) of the Biiyiikgek-

82 i

ol A

mece Bay in the Sea of Marmara. Sci. Mar., 68: 33-44.

Bemard, C. and F. Rassoulzadegan, 1993. The role of picoplankton
(cyanobacteria and plastidic picoflagellates) in the diet of tintin-
nids. I. Plankt. Res., 15: 361-373.

Campbell, A.S., 1942. The Oceanic Tintinnoina of the Plankton
Gathered During the last Cruise of the Camnegie. Camegie Inst. of
Wash., 537: i-v, 163pp.

Cho, YX. and K. Kim, 1998. Structure of the Korea Strait Bottom
Cold Water and its seasonal variation in 1991. Contin. Sheif Res.,
18: 791-804.

Dolan, J.R. and C. Marassé, 1995. Planktonic ciliate distribution rel-
ative to a deep chlorophyll maximum: Catalan Sea, NW Medi-
terranean, June 1993. Deep-Sea Res., 42: 1965-1987.

Dolan, I.R. and E. Vidussi, and H. Claustre, 1999. Planktonic ciliates
in the Mediterranean Sea: longitudinal trends. Deep-Sea Res., 46:
2025-2039.

Dolan, J.R., 2000, Tintinnid ciliate diversity in the Mediterranean
Sea: longitudinal patterns related to water column structure in late
spring-early summer. Aquat. Microb. Ecol., 22: 69-78.

Gavrilova, N. and J. R. Dolan, 2007. A note on species lists and eco-
system shifis: Black Sea tintinnids, ciliates of the microzooplank-
ton. Acta Protozool., 46: 279288,

Gomez, F., 2007. Trends on the distribution of ciliates in the open
Pacific Ocean. Acta Oecologica., 32; 188-202.

Gonzalez, J.E., E.B. Sherr and B.F. Sherr, 1990. Size-selective graz-
ing on bacteria by natural assemblages of estuarine flagellates
and ciliates. Appl. Environ. Microbiol,, 56: 583-589.

Hada, Y., 1932a. Description of two new neritic Tintinnoinea, Tin-
tinnopsis japonica and Tps. kofoidi with a brief Note on a uni-
cellular Organism parastic on the latter. Proc. Imp. Acad., 8: 209~
212. ‘

Hada, Y., 1932b. The Tintinnoidea from Sea of Okhotsk and its
neighbourhood. J. Fac. Sci. Hokkaido Imp. Univ,, Ser. 4, 2: 37-59.

Hada, Y., 1932c¢. Report of the biological survey of Mutsu Bay, 26.
The pelagic Ciliata, suborder Tintinnoinea. Sci. Rep. Tohoku Imp.
Univ. 4th Ser., Biol,, 7: 553-573.

Hada, Y. 1935. On the pelagic ciliata, Tintinnoinea, from the East
Indies with considerations on the character of the plankton in the
seas. (Japanese with English synopsis). Bull. Japanese Soc. Sci.
Fish., 4: 242-252.

Hada, Y., 1937. The fauna of Akkeshi Bay. IV. The pelagic Ciliata.
J. Far. Sci. Hokkaido Imp. Univ. Ser. 4, Zool., 5: 143-216.
Hada, Y., 1938. Studies on the Tintinnoinea from the western tropical

Pacific. J. Fac. Sci. Hokkaido Imp. Univ. Ser. 6, Zool., 6: 87-190.

Hada, Y., 1957. The Tintinnoinea, useful microplankton for judging
oceanographical conditions. Inform. Bull. Planktol. Japan, 5: 10-12.

Jeong, H.J., 1988. An Ecological Study on Marine Tintinnids (cili-
ated protozoa; Order Tintinnida) in Cheonsu Bay, Korea. Ms.D.
Thesis, Seoul National University, Seoul., 60pp.

Karayanni, H., U. Christaki, F. Van Wambeke, M. Denis, and T.
Moutin, 2005. Influence of ciliated protozoa and heterotrophic
nanoflagellates on the fate of primary production in the northeast
Atlantic Ocean. J. Geophys. Res-Oceans, 110(C7) No. C07S1.

Kato, S. and A. Taniguchi, 1993. Tintinnid ciliates as indicator spe-
cies of different water masses in the western North Pacific Polar



diRteie AEHESR]

Front. Fish. Oceanogr., 2: 166-174.

Kim, Y.-H. and J.-B. Lee, 2003. Seasonal variations and species
composition of planktonic ciliates in the southern coastal waters
of Jesu island, Korea. ‘The Sea' J. Korean Soc. Oceanogr., 8: 59-69.

Kofoid, C.A. and A.S. Campbell, 1929. A conspectus of the marine
and freshwater ciliata belonging to the suborder Tintinnoinea,
with descriptions of new species principally from the Agassiz
Expedition to the Eastern tropical Pacific 1904-1905. Univ. Cal-
ifornia Publ. Zool., 34: 1-403.

Kofoid, C.A. and A.S. Campbell, 1939. Reports on the scientific
results of the expedition to the Eastern tropical Pacific in charge
of Alecander Agassiz., by U.S. Fish Commision Stremer “Alba-
tross”, From October, 1904, to March, 1905. The Ciliata: the Tin-
tinnoinea. Bull. Mus. Comp. Zool., 84: 1-473.

Lee, CR., PG Lee and C. Park, 1999. Seasonal and vertical distri-
bution of planktonic copepods in the Korea Strait. J. Korean Fish.
Soc., 32: 525-533.

Lee, J.B. and Y.H. Kim, 1999. Distribution of tintinnids in the south
Korean waters, the East Sea, and the East China Sea in the sum-
mer of 1998. Bull. Mar. Res. Inst. Cheju Nat. Univ., 23: 29-37.

Lee, J.B. and YH. Kim, 2000. Taxonomical descriptions of plank-
tonic ciliates in the southwestern coastal waters, the East China
Sea and Yellow Sea. Bull. Mar. Res. Inst. Cheju Nat. Univ., 24:
55-77.

Lee, J.B. and Y.H. Kim, 2010. Distribution of Tintinnids (Loricate
Ciliates) in East Asian Waters in Summer, Coastal Environmental
and Ecosystem Issues of the East China Sea, pp.173-180, 2010.

Lee, W.J,, 1993. The study on the role of planktonic protozoa in the
pelagic ecosystem of Kyonggi Bay, Korea. Ms.D. Thesis, Inha
University, Inchon, 81pp.

Lee W.J. and J.K. Choi, 2000, The role of heterotrophic protists in
the planktonic community of Kyeonggi Bay, Korea. J. Korean
Soc. Oceanogr., 35: 46-55.

Lim, D.B. and S.D. Chang, 1969. On the cold water mass in the
Korea Strait. J. Oceanol. Soc. Kor., 4;: 71-82.

Marshall, S.M., 1969. Protozoa, order Tintinnia. Conseil Interna-
tional pour L'Exploration de la Mer, Fiches d’Indentification de
Zooplancton, 117-127.

Modigh, M. and S. Castaldo, 2002. Variability and persistence in tin-
tinnid assemblages at a Mediterranean coastal site. Aquat. Micro-
biol. Ecol., 28: 299-311.

Moriyasu, S., 1972. Hydrography of the Japan Sea. Mar. Sci., 4: 27-33.

Ota, T. and A. Taniguichi, 2003. Standing crop of planktonic ciliates
in the East China Sea and their potential grazing impact and con-
tribution to netrient regeneration. Deep-Sea Res., 50: 423-442,

Parson, T.R., Y. Maita and C.M. Lalli, 1984. A manual of chemical
and biological methods for seawater analysis. Pergamon Press,
Oxford, 173pp.

Pierce, R.W. and J.T. Turner, 1992. Ecology of planktonic ciliates in
marine food webs. Rev. Aquat. Sci., 6: 139-181.

Pierce, R.W. and J.T. Turner, 1993. Global biogeography of marine
tintinnids. Mar. Ecol. Prog. Ser., 94: 11-26.

Porter, K.G,, M.L. Pace and J.F. Battey, 1979. Ciliate protozoans as
links in freshwater planktonic food chains. Nature, 277: 563-565.

Rassoulzadegan, F., 1979. Evolution annuelle des cilies pelagiques

T3 A R 183

en Mediterranee nord-occidentale. II. Cilies oligotriches. Tintin-
nides (Tintinnina). Inv. Pesq., 43: 417-448.

Rassoulzadegan, F., M. Laval-Peuto and R.W. Sheldon, 1988. Par-
titioning of the food ration of marine ciliates between pico- and
nanoplankton. Hydrobiologia, 159: 75-88.

Sherr, B.F. and E.B. Sherr, 2000. Marine microbes: an overview. In:
Microbial Ecology of the Oceans, edited by Kirchman, D.,
Wiley-Liss, New York, pp.13-46.

Shin, H.R., S.C. Hwang and C.H. Kwak, 2001. Seasonal Distribution
of Oceanic Conditions and Water Mass in the Korea Strait and
the East China Sea: Correction of Atmosphere Cooling Effect. J.
Kor. Ear. Sci. Soc., 22: 47-64.

Shon, D.H., K. Shin, P.G. Jang, Y.0O. Kim, M. Chang and W.S. Kim,
2008. Effects of thermal stratification and mixing on phytoplank-
ton community structure in the western channel of the Korea
Strait. Ocean and Polar Res., 30: 261-275.

Stelfox, C.E., PH. Burkill, E.S. Edwards, R.P. Harris and M.A.
Sleigh, 1999. The structure of zooplankton communities, in the
2-2000 um size range, in the Arabian Sea during and after the
SW monsoon, 1994. Deep-Sea Res., 46: 815-842.

Taniguchi, A., 1997. Suborder Tintinnina. In: An illustrated guide to
marine plankton in Japan, edited by Chihara, M. and M. Murano,
Tokai Univ. Press, Japan, pp. 421-483.

Takashi, O. and A. Taniguchi, 2003. Standing crop of planktonic cil-
iates in the East China Sea and their potential grazing impact and
contribution to nutrient regeneration. Deep-Sea Res., 50: 423—442.

Thompson, GA., V.A. Alder, D. Boltovskoy and F. Brandini, 1999.
Abundance and biogeography of tintinnids (Ciliophora) and asso-
ciated microzooplankton in the Southwestern Atlantic Ocean. J.
Plankt. Res., 21: 1265-1298.

Yoo, H.B. and S.S. Park, 2001. Seasonal dynamics and community
structure of Tintinnina in lower Seomjin River System. Korean J.
Environ. Biol., 19: 25-36.

Yoo, K.I. and Y.O. Kim, 1990. Taxonomical studies on tintinnids
(Protozoa: Ciliata) in Korean coastal waters.2. Youngil Bay.
Korean J. Syst. Zool., 6: 87-122.

Yoo, K.I, Y.O. Kim and D.Y. Kim, 1988 Taxonomical studies on tin-
tinnids (Protozoa: Ciliata) in Korean coastal waters. 1. Chinhae
Bay. Korean J. Syst. Zool., 4: 67-90.

Yoo, K.I. and J.B. Lee, 1987. On the trophic correlation between tin-
tinnids and dinoflagellates in Masan Bay, Korea. Bull. Korean
Fish. Soc., 20: 230-236.

Yoon, Y.Y., S.S. Jung and S.C. Yoon, 2007. Characteristics and long
term variation trend of water mass in the coastal part of East Sea,
Korea. J. Korea Soc. for Mar. Environ. Engin., 10: 59-65.

Verity, P.G, 1987. Abundance, community composition, size distri-
bution and production rates of tintinnids in Narragansett Bay,
Rhode Island. Estuar. Coast. Shelf Sci. 20: 671-690.

Zeitzschel, B., 1982. Zoogeography of pelagic marine protozoa. Ann.
Inst. Océanogr. Paris, 58(S): 91-116.

20101 99 149 AT
20108 10¥ 189 FHE A=A
GFHF A o]EH



