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Abstract

As one part of microbial food loop study in the southern Jeju Island,
planktonic ciliates including tintinnids and naked ciliates of micro plankton
(20~200um) was investigated in the southern coastal waters of Jeju Island
from July 1998 to June 2002 in terms of seasonal variation and
relationship between dynamics and environment factors. During the study
periods tintinnids were identified representing 1 order, 11 families, 20
genera, 39 species. Among them 10 species were new to Korean waters;
Acanthostomella  conicoides, Ascampbelliella  armilla,  Codonellopsis
orthoceras, Dictyocysta elegans var. lepida, Epiplocylis undella,
Futintinnus  turgescens, FEutintinnus fraknoii, Parundella caudata,
Salpingella acuminata var. undata, Tintinnopsis lobiancoi. Tintinnid
abundance ranged from 100 to 5,400 cells - 1" (means 314 cells - 171),
showing that species types were dominated from fall to winter and neritic
species from spring to summer. It represents a close relationship with
seasonal change of Tsushima Warm Current’s impact on the study area.
On the other hand naked ciliates were identified representing 1 order, 5
families, 7 genera, 15 species, showing that genus Strombidium species
occurred dominantly and frequently in most depths and most seasons.
Abundance of naked ciliates ranged from 140 to 21,000 cells - 1" (means
2356 cells - 1'). Abundance percent between naked ciliates and tintinnids
were 68% and 32% respectively, which means the naked ciliates were
almost double abundant than tintinnids in this study area. Tintinnids
varied in terms of species number and occurrence frequency by season
but naked ciliates did not significantly. Ciliates were more predominant in

inshore than in offshore and showed maximum abundance at the 20m

_iv_



layer, where as less abundance at surface and below 20m, which was
coincided with phytoplankton vertical distribution. Carbon biomass of
ciliates ranged from 0.01 to 136.06 xgC - 1! (means 5.01 ugC -17"), but its
seasonal dynamics were not correlated with those of abundance. The

difference was more clear when small size ciliates dominated
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—{1—Salinity —@—Temperature

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

'98J A S O

N D9J FM A M J J

Month

A S O

N D00J F M A M J

28

25

22

19

16

13

10

28

25

Temperature (¢ )

22

study



A2 T EET FEAESRE 15, 119, 205, 39F ol A tH(Table 2).
=dF T Tintinnopsis%3 Salpingellas; £°] 27 4%0°] =3I,
Stenosemella%s, Eutintinnus%; ZL8]31 Amphorides%2] £°| 247t 3F4 =
&3t o Condonellopsis%:, Climacocylis% 5 16504 = 2% olsle] +
o] =35 EYHTable 3). olF 153] o] =& =dHEE HQ To=
= Salpingella laminata®} Salpingella subconica £°10 2™ o5 AE=
d RE7F 53] AJd 19999 FAE AQdstal A BE A Ad =9
stk EF 83 o]Fe FFRIEE KA FORE Amphorides

quadrilineata 13} v 3% Tintinnopsis sp. 9+ Salpingella sp. 2% °]1

i, 9] 53] ol el ZEMEE wel F& F 8Felgow o9 FEe
58 mwrel @ WEE R 99 4EHEEFY W FFE wd
FAe 24 %

19999 109 31F9 Ede= 714 wdth(Fig. 4). wa 7H 22
292 3 T A F%, 19999 37 20001 3
o= 1E o] EAEAT AdWHS e F5E 2H Z3HE~59)d=
1~12Foloy  AFH6~8Y)E 7MAA 5~23F o= Frtsttrt 7
O~11¥)ol= 6~31F22 HU TFE Holn, A ALH(12~29)o] =4

il

4~12% 08 7FAToR FEARE ZHaEo] A-EE & 2o|E Holal
AT HWhH Simpson?] & tEA A= AIAERZ 263~3.099 HAAE

Ueblen Har g 28601t AdE 2= o5@.09) > 7H=(38.05) > &
(2.65) > A=(263)9] «o = ey



Table 2. Systematics of tintinnids occurred in the study area from July

1998 to June 2000

Kingdom Animalia
Subkingdom Protozoa
Phylum Ciliophora Doflein 1901
Class Polyhymenophora Jankowski 1967
Subclass Spirotricha Biitschli 1889
Order Oligotrichida Biitschli 1887
Suborder Tintinnina Kofoid and Campbell 1929
Family Codonellidae Kent 1882
Genus Tintinnopsis Stein. 1867
1. Tintinnopsis beroidea Stein 1867
2. T. lobiancoi Daday 1887
3. T. parvula Jorgensen 1912
4. T. radix (Imhoff 1886)
Family Codonellopsidae Kofoid and Campbell 1929
Genus Stenosemella Jorgensen 1924
5. Stenosemella nivalis (Meunier 1910)
6. S. pacifica (Wailes 1925)
7. S. parvicollis (Marshall 1934)
Genus Condonellopsis Jorgensen 1924
8. Codonellopsis morchella (Cleve 1900)
9. C. orthoceras (Haeckel 1873) Jérgensen
Family Metacylididae Kofoid and Campbell 1929
Genus Climacocylis Jorgensen 1924
10. Climacocylis digitura Kofoid and Campbell 1929
Family Ptychocylididae Kofoid and Campbell 1929



continued
Genus Favella Jorgensen 1924
11. Favella ehrenbergii (Claparede and Lachmann 1858)
12. F. taraikaensis Hada 1932
Family Epiplocylididae Kofoid and Campbell 1939
Genus Epiplocylis Jorgensen 1924
13. Epiplocylis undella (Ostenfeld and Schmidt 1901)
Genus Epiplocyloides Hada 1928
14. Epiplocyloides ralumensis (Brandt 1906)
15. E. reticulata (Ostenfeld and Schmidt 1901)
Family Ascampbelliellidae Corliss 1960
Genus Acanthostomella Jorgensen 1927
16. Acanthostomella norvegica (Daday 1887)
17. A. conicoides Kofoid and Campbell 1939
Genus Ascampbelliella Corliss 1960
18. Ascampbelliella armilla Corliss 1979
19. A. urceolata (Ostenfeld 1899)
Family Dictyocystidae Kent 1881
Genus Dictyocysta Ehrenberg 1854
20. Dictyocysta elegans var. lepida (Ehrenberg 1854) Balech
Family Rhabdonellidae Kofoid and Campbell 1929
Genus Protorhabdonella Jorgensen 1924
21. Protorhabdonella curta (Cleve 1901)
22. P. simplex (Cleve 1900)
Genus Rhabdonella Brandt 1907
23. Rabdonella poculum (Ostenfeld and Schmidt 1901)
24. R. spiralis (Fol 1881)

Family Xystonellidae Kofoid and Campbell 1929



continued
Genu

25

s Parundella Jorgensen 1924
. Parundella caudata (Ostenfeld 1899) Jorgensen

Family Undellidae Kofoid and Campbell 1929

Genu

26

s Undella Daday 1887
. Undella claparedei (Entz 1885)

Family Tintinnidae Claus 1876

Genu

217.
28.
29.

Genus

30.

Genus

31.

Genus

32.

Genus

33.

34
35
Genu
36
37
38
39

s Amphorides Strand 1926

Amphorides amphora (Claparede and Lachmann 1858)

A. quadrilineata (Claparede and Lachmann 1858)

A. quadrilineata var. minor (Jérgensen 1924)

Steenstrupiella Kofoid and Campbell 1929

Steenstrupiella steenstrupii var. robusta (Kofoid and Campbell 1929)
Amphorellopsis Kofoid and Campbell 1929

Amphorellopsis acuta (Schmidt 1901)

Dadayiella Kofoid and Campbell 1929

Dadayiella ganymedes (Entz 1884)

Eutintinus Kofoid and Campbell 1939

Eutintinus fraknoii (Daday 1887) Kofoid and Campbell

. E. tubulosus (Ostenfeld 1899)

. E. turgescens (Kofoid and Campbell 1929) Kofoid and Campbell
s Salpingella Jéorgensen 1924

. Salpingella acuminata (Calparede and Lachmann 1858)

. S. acuminata var. undata (Brandt 1906-1907)

. S. laminata Kofoid and Campbell 1939

. S. subconica Kofoid and Campbell 1929



Table 3. Occurrence list of tintinnids in the study area from July 1998 to
June 2000

Month 1998 1999 2000
Species name J AS ONDJ F MAMJ J AS ONDJ F MAM]J NO
Acanthostomella conicoides * (0]
Acanthostomella norvegica * * * O
Acanthostomella sp. * * ok O
Amphorellopsis acuta * * * (0]
Amphorides amphora * £k ok ok (0]
Am. quadrilineata var. minor * * * ok * * * O
Amphorides quadrilineata * ok ok * * ok k% * x* O
Amphorides sp. * % % (@)
Ascampbelliella armilla * ok ok O
Ascampbelliella urceolata * kK (0]
Ascampbelliella sp. * * (@]
Climacosylis digitura * * * ok * O
Climacosylis sp. * O
Codonaria sp. * O
Codonellopsis morchella * * ko N
Codonellopsis orthoceras ® ok N
Craterella sp. * * O
Dadayiella ganemedes Tk oimEE kK * O
Dadayiella sp. * ok O
Dic. elegans var. lepida * % (@)
Epiplocylis undella * O
Epiplocyloides ralumensis * * * O
Epiplocycloides reticulata * * * O
Epiplocyloides sp. * O
Eutintinnus tubulosus kR ok (0]
Eutintinnus turgescens * * * ok N
Eutintinnus fraknoii * * * * N
Eutintinnus sp. ® ok * ok * N
Favella ehrenbergii * * % * N
Favella taraikaenis * * * N
Favella sp. * N
Helicostomella sp. * * N
Leprotintinnus sp. * * N
Parundella caudata ® % (@)
Protorhabdonella curta * * (@]
Protorhabdonella simplex * * * O
Protorhabdonella sp. * O
Rhabdonella poculum * * * * O




Rhabdonella striata * (0]
Sal. acuminata var. undata * * * O
Salpingella acuminata * (@]
Salpingella laminata * % * * ® ok ok ok ko ok ok ok % ok O
Salpingella subconica k% ok ok ok ok sk %% ok ok ok ok % % = O
Salpingella sp. % % ok x k% % = O
Steenstrupiella steenstrupii var. robusta * * % O
Stenosmella nivalis ko * * % N
Stenosmella pacifica % N
Stenosmella parvicollis * ok N
Stenosmella sp. * * * % * N
Tintinnopsis beroidea % % % % % N
Tintinnopsis lobiancoi * * N
Tintinnopsis radix * % N
Tintinnopsis parvula % % * N
Tintinnopsis sp. * kx  ox ok k% * % % N
Undella claparedei % (@)
Undella sp. * % (@)
Number of species 5 9 6 6 3 4 5 - 1 3 7 6 152312311014124 1 128 9

Note: N, Nertic species

’

O, Oceanic . species based on references
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Table 4. Systematics of naked ciliates occurred in the study area from

July 1998 to June 2000

Kingdom Animalia
Subkingdom Protozoa
Phylum Ciliophora Doflein 1901
Class Polyhymenophora Jankowski 1967
Subclass Spirotricha Biitschli 1889
Order Oligotrichida Biitschli 1887
Suborder Oligotrichina Biitschli 1887
Family Strombidinopsidae Small and Lynn 1985
Genus Strombidinopsis Kent 1881
1. Strombidinopsis multiauris Montagnes and Taylor 1994
Suborder Strobilidiina Small and Lynn 1985
Family Strobilidiidae Kahl in Doflein and Reichenow 1929
Genus Strobilidium Schewiakoff 1983
2. Strobilidium multinucleatum Lynn and Montagnes 1988
3. Strobilidium neptuni Montagnes and Taylor 1994
4. Strobilidium spiralis Lynn and Montagnes 1988
Family Leegaardlellidae Lynn and Montagnes 1988
Genus Leegaardiella Lynn and Montagnes 1988
5. Leegaardiella ovalis Lynn and Montagnes 1988
Family Lohmanniellidae Montagnes and Lynn 1991
Genus Lohmanniella Leegaard 1915
6. Lohmanniella oviformis Lynn and Montagnes 1988
Family Strombidiidae Fauré-Fremiet 1970
Genus Laboea Lohmann 1908



continued
7. Laboea strobila Montagnes, Lynn, Stoecker and Small 1988
Genus Strombidium Claparéde and Lachmann 1859
8. Strombidium bilobum Lynn and Gilron 1993
9. Strombidium constrictum Montagnes, Lynn, Stoecker & Small 1988
10. Strombidium dalum Lynn and Gilron 1993
11. Strombidium epidemum Montagnes, Lynn, Stoecker & Small 1988
12. Strombidium sulcatum Montagnes, Lynn, Stoecker & Small 1988
13. Strombidium tressum Montagnes, Lynn, Stoecker & Small 1988
Genus Tontonia Fauré-Fremiet 1970
14. Tontonia grandis Suzuki and Han 2000

15. Tontonia simplicidens Lynn and Gilron 1993



Table 5. Occurrence list of naked ciliates in the study area from July

1998 to June 2000

Month 1998 1999 2000
Species name J] ASONDJFMAM]J J ASOND]JFMAM]J
Laboea strobila LI * * % %k * % *
Leegaardiella ovalis * * ok *
Lohmanniella oviformis * ok ok ok ok ok % %k %k %k %k 3k sk %k x *
Strombidium bilobum % % *
Strombidium constrictum * *
Strombidium dalum ¥ ok ok ok % * * *
Strombidium epidemum % % * % 3k *x % * *
Strombidium sulcatum * *
Strombidium tressum * * ok * % ok * ok
Strombidium sp. %k * ok k% % k% k k %k k %k %k % )k k X >k
Strobilidium multinucleatum % k% sk ok Xk ok % x ok * *
Strobilidium neptuni * % * * * Xk *x ok k *
Strobilidium spiralis * * * *
Strobilidium sp. E S * * % *
Strombidinopsis multiauris * *
Tontonia grandis *x %
Tontonia simplicidens * E N k ok ok ok ok k%
Tontonia sp. *

Number of species 7 107 86 7743967356934 125525
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Table 6. Occurrence list of tintinnids in the Chinhae Bay, Youngil Bay and

Chungmoon sea

. Chungmoon Chinhae Youngil New recorded
Species name )
sea Bay Bay species

Acanthostomella conicoides * *
Acanthostomella norvegica * *
Amphorellopsis acuta * *
Amphorides amphora * * *
Am. quadrilineata var. minor * *
Amphorides quadrilineata * *
Ascampbelliella armilla * *
Ascampbelliella urceolata * *
Climacosylis digitura * *
Codonellopsis morchella * *
Codonellopsis orthoceras * *
Dadayiella ganemedes * *
Dic. elegans var. lepida * *
Epiplocylis undella * *
Epiplocyloides ralumensis * *
Epiplocycloides reticulata * *
Eutintinnus tubulosus * * *
Eutintinnus turgescens * *
Eutintinnus fraknoii * *
Favella ehrenbergii * * *
Favella taraikaenis * * *
Parundella caudata * *
Protorhabdonella curta * *
Protorhabdonella simplex * *
Rhabdonella poculum * *
Rhabdonella striata * *
Salpingella acuminata var. undata * *

Salpingella acuminata * *




continued

Salpingella laminata *

Salpingella subconica * *

Steenstrupiella steenstrupii var. robusta * *

Stenosmella nivalis * *

Stenosmella pacifica * * *

Stenosmella parvicollis * * *

Tintinnopsis beroidea * * *

Tintinnopsis lobiancoi * *
Tintinnopsis radix * * *

Tintinnopsis parvula * *

Undella claparedei * *

Number of species 39 10/(27) 27/(52) 10/(39)




TG, £7438], 2001 AFE TE Agde Eele g

T el gFers A ‘w60 211-217.

H, 297, A5, A, 1999, 1996 AlF=o] et dE AN B
b=l derd 8]l ks d AESHS ], 17 175-182.

A, o] Fu, 2002, AIF FE AR e) ZulA|, va, 2FFLAE A - B3

’

o
o
-Q,

o o

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

Balech, E., 1948. Tintinnoinea de 'Atlantica.. Comun. Mus. Argent. Cienc.
Nat. "Bernardino Rivadavia” Inst. Nac. Invest. Cienc. Nat. Zool., T:
1-23, 107 figs. (in Spanish).

Balech, E., 1968. Algunas especies nuevas o interesantes de Tintinnidos del
Golfo de Mexico y Caribe. Rev. Mus. Argent. Cienc. Nat. "Bernardino
Rivadavia” Hidrobiologia., 2: 165-197, 47 figs. (in Spanish).

Blaxter, J.H.S., D. Danielson, E. Moksness and V. Oyestad, 1983.
Description of the early development of the halibut Hippoglossus
hippoglossus and attempts to rear the larvae past first-feeding. Mar.
Biol., 93: 99-107.

Campbell, A.S., 1942. The Oceanic Tintinnoina of the Plankton Gathered
during the Last Cruise of the Carnegie. Publ. Carnegie Inst. Wash.,
537: 1-v, 163 pp.

Corliss, J.O., 1979. The Ciliated Protozoa: Characterization, Classification



and Guidance to the Literature. 2nd ed., Pergamon Press, New York.
455pp.

Gast. V., 1985. Bacteria as a food source for microzooplankton in the
Schlei Fjord and Baltic Sea with special reference to ciliates. Mar.
Ecol., Prog. Ser., 22: 107-120.

Hada, Y., 1932a. Descriptions of two new neritic Tintinnoinea, 7Tintinnopsis
japonica and Tintinniosis kofoidii with a brief note on a unicellular
organism parasitic on the latter. Proc. Imp. Acad., 8: 209-212, 3 figs,
in text.

Hada, Y., 1932b. The Tintinnoinea from Sea of Okhotsk and its
neighbourhood. J. Fac. Sci. Hokkaido Imp. Univ., Ser. 4, 2(1), 37-59.

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

Hada, Y., 1935. On the pelagic Ciliata, Tintinnoinea, from the East Indies
with consideration on the character of the plankton in the seas. Bull
Jap. Soc. Sci. Fish., 4(4), 242-252.

Hada, Y., 1937. The fauna of Akkeshi Bay. 4. The pelagic Ciliata. J. Fac
Sci. Hokkaido Imp. Univ., Ser. 4, Zool., 5, 143-216.

Hada, Y., 1938. Studies on the Tintinnionea from the western tropical
Pacific. J. Fac. Sci. Hokkido Imp. Univ. Ser. 6, Zoology, 6(2), 82-190.

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

Heinbokel, J.F. and J.R. Beers, 1979. Studies on the function role of
tintinnids in the southern California Bright. III. Grazing impact of

natural assemblages. Mar. Biol., 52: 23-32.



Inoue, N., 1974. Oceanographic characteristics in the Western Sea of Japan.
In: Tsushima Warm Current, edited by Japan Fishery Society, Fishery
Science Series 5. pp. 27-41.

Kato, S. and A. Tanicuchi, 1993. Tintinnid ciliates as indicator species of
different water masses in the western North Pacific Polar Front. Fish
Oceangr., 2. 166-174.

Kim, L1O. 1986. A study on coastal waters of the China continent
appeared in the neighbouring seas of Cheju Island. M.S. thesis, Cheju
National University, Cheju, 46 pp.

Kim, K., HK. Rho and S.H. Lee, 1991. Water Masses and Circulation
around Cheju-Do in Summer. J. Korean Soci. Oceanopr., 26(3):
262-271.

Kofoid, C.A. and A.S. Campbell, 1929. A conspectus of the Marine and
Freshwater Cilata Belonging to the Suborder Tintinnoinea, with
Descriptions of New Species Principally from the Agassiz Expedition
to the Eastern Tropical Pacific 1904-1905. Univ. Calif. 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 Alexander
Agassiz, by the U.S. Fish Commision Steamer "Albatross”, from
October, 1904, to March, 1905, Lieut.-Commander L.N. Garrett, U.S.N,,
Commanding. XXXVII. The Ciliata: The Tintinopnea. Bull. MUS.
Comp. Zool., 84: 1-473.

Kondo, M., 1985. Oceanographic investigations of fishing grounds in the
East China Sea and the Yellow Sea-I. Characteristics of the mean

temperature and salinity distributions measured at 50m and near the



bottom. Bulletin of Seikai Regional Fisheries Research Laboratory.
No. 62. pp. 19-66.

Lee, J.B., B. Shynn and D.W. Kang, 1999. Water mass properties and
phytoplankton community dynamics in the East China Sea in the
summer seasons, 1997-1998. In: Matsuno, T, K. Matsuoka and J.
Ishizaka (eds.) The East China Sea, Proc. of the 2Znd Int’l
Workshop on Oceanography and Fisheries in the FEast China
Sea, Fac. of Fish., Nagasaki Univ. Japan, 2: 25-26.

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

Maeda, M. and P.G. Carey, 1985. An illustrated guide to the species of the
Family Strombidiidae  (Oligotrichida,  Ciliophora), free swimming
protozoa common in the aquatic environment. Bull Ocean Res. Inst.
Univ. Tokyo, 19: 1-68.

Maeda, M., 1986. An illustrated guide to the species of the Family
Strombidiidae (Oligotrichida, Ciliophora), free swimming protozoa
common in the aquatic environment. Bull Ocean Res. Inst., Univ.
Tokyo, 21: 1-67.

Montagnes, D.J.S. and D.H. Lynn, 1991. Taxonomy of choreotrichs, the
major marine planktonic ciliates, with emphasis on the aloricate forms.
Mar. Microbi. Food. Webs, 5: 59-74.

Montagnes, D.J.S. and D.H. Lynn, 1993. Aquantitative protargol stain
(QPS) for ciliates and other protists. In: Aquatic Microbial Ecology
edited by Kemp, PF., B.F. Sherr, Eb. Sherr and ].J. Cole, Lewis
Publishers, Boca Raton, pp. 299-240.



Mullin, M.M., 1966. Selective feeding by calanoid copepods from the Indian
Ocean. In Barnes, H. (ed.), Some Contemporary Studies in Marine
Science. Allen & Unwin, London, pp. 547-554.

Parsons, T.R., Takahashi, M. and Hargrave, B., 1984. Biological
Oceanographic Processers, 3rd ed. Pergamon Press, Oxford.

Pielou, E.C., 1969. An Introduction to Mathematical Ecology. Wiley, New
York, 286pp.

Pomeroy, L.R., 1974. The ocean’s food web, a changing paradigm
Bioscience, 24: 499-504

Putt, M. and Stoecker, D.K., 1989 An experimentally determined carbon:
volume ratio for marine "oligotrichous” ciliates from estuarine and
coastal waters. Limmol Oceanogr., 34, 1097-1107.

Stoecker, D., RR.L. Guillard and R.M. Kavee, 1981. Selective predation by
Favella ehrenbergii (Tintinnia) on and among dinoflagellates. Biol
Bull., 160: 136-145.

Stoecker, D., L.H. Davis and A. Provan, 1983. Growth of Favella sp.
(Ciliata: Tintinnina) and other microzooplankters in cages incubated in
situ and comparison to growth in vitro. Mar. Biol., 75: 293-302.

Stoecker, D., L.H. Davis and D.M. Anderson, 1984. Fine scale of spatial
correlations between planktonic ciliates and dinoflagellates. J.
Plankton Res., 6: 829-842.

Stoecker, D., and ]J.J., Govoni, 1984. Food seletion by larval gulf menhaden
(Brevoortia patronus). Mar. Biol., 80: 299-306.

Stoecker, D., and D.A., Egloff, 1987. Predation by Acartia tonsa Dana on
planktonic ciliates and rotifers. J. Exp. Mar. Biol. Ecol., 110: 53-68.

Stoecker, D., P.G. Verity, A.E. Michaels and L.H. Davis, 1987. Feeding by



larval and post-larval ctenophores on microzooplankton. J. Plankton
Res., 9: 667-683.

Suzuki, T., 2000. Microbial Components in the East China Sea. Proc. The
5™ Intl Symp. on Mar. Sci. Marine Environmental Study on the East
China Sea and Yellow Sea, pp. 55-6D5.

Takahashi, M. and K.D. Hoskins, 1978. Winter condition of marine
planktonic populations in Saanich Inlet. B. C., Cannada. IL
Micro-zooplankton. J. Exp. Mar. Biol. Ecol., 32: 27-37.

Taniguchi, A., 1997. Suborder Tintinina. In: An Illustrated Guide to Marine
Plankton in Japan, edited by Chihara, M. and M. Murano, Tokai Univ.,
Press, Japan, pp. 421-483.

Yoo, KI, D.Y. Kim and Y.O. Kim, 1983. Taxonomical studies on
tintinnids (Protozoa: Ciliata) in Korean coastal waters. 1. Chinhae Bay.
Korean J. Syst. Zool., 4: 67-90.

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

6: 87-122.






Temperature(C)

depth(m) [1998-J A S 0 N D 1999-J F M A M J
1(0) 25.87 26.65 25.83 20.93 19.67 18.51 16.36 14.99 15.69 16.55 17.73 20.68
1(10) [25.07 26.01 25.81 20.82 19.86 18.38 16.36 14.92 1560 16.31 17.27 19.66
2(0) 26.10 26.90 25.67 21.00 19.14 17.85 16.08 14.60 15.59 16.79 17.99 19.57
2(10) |24.05 26.00 25.67 20.92 19.38 17.83 15.86 14.40 15.57 16.26 17.40 19.53
3(0) 27.08 26.79 25.77 20.74 19.53 18.04 16.26 14.67 15.66 16.85 18.48 19.90
3(10) |25.96 26.34 25.77 20.64 19.69 17.38 16.26 14.55 15.67 16.70 17.57 19.91
4(0) 26.22 26.61 25.30 21.39 20.15 18.82 16.48 15.16 15.71 16.49 17.59 21.52
4(10) |22.68 25.07 25.30 20.76 20.11 18.51 16.48 15.16 15.67 16.07 17.38 20.65
4(20) |19.70 24.03 25.39 20.59 19.99 18.49 16.49 15.13 15.64 15.94 17.35 18.48
4(30) |16.31 21.29 22.00 20.44 19.97 18.45 16.50 15.11 15.63 15.91 17.27 18.09
4(50) |15.81 17.56 17.13 17.08 19.91 18.41 16.49 15.04 15.57 15.86 16.84 17.76
5(0) 26.30 26.96 24.86 21.44 20.22 18.81 16.44 15.01 15.77 16.54 17.73 20.49
5(10) |23.50 25.75 25.59 21.42 20.30 18.76 16.46 15.01 15.76 16.03 17.56 19.21
5(20) |21.70 22.52 25.53 20.76 20.33 18.66 16.46 15.01 15.75 15.99 17.30 18.41
5(30) |16.44 19.90 23.08 20.42 20.15 18.66 16.46 15.01 15.74 15.92 17.22 17.82
5(50) |16.08 17.40 16.24 18.60 20.09 18.61 16.44 15.00 15.71 15.91 17.12 17.39
5(75) |15.71 15.52 16.09 16.48 19.62 18.22 16.45 14.99 15.71 15.86 16.00 16.55
6(0) 26.68 27.28 24.82 21.42 20.33 18.84 16.47 15.09 15.81 16.99 17.94 19.73
6(10) |24.69 25.59 25.54 21.45 20.35 18.40 16.50 15.09 15.82 16.08 17.25 19.32
6(20) |20.90 22.81 26.02 21.35 20.35 18.37 16.45 15.09 15.81 16.00 16.90 18.88
6(30) |17.11 19.54 25.91 2046 20!17 18.37 16.4415.09 15.81 15.95 16.75 17.76

depth(m) | J A S 6} N D 2000~ F M A M J
1(0) 23.51 24.44 26.23 21.80 19.74 17.79 16.26 14.18 13.88 14.06 16.05 20.74
1(10) |[23.06 21.06 24.42 32.72 19.71 17.79 16.28 14.20 13.86 14.02 15.53 20.52
2(0) 23.98 24.44 26.12 21.19 19.42 17.41 15.95 14.17 13.75 13.83 16.70 21.32
2(10) |23.08 22.96 24.95 21.12 19.28 17.15 15.96 14.06 13.73 13.81 15.87 19.22
3(0) 23.26 24.73 26.35 21.56 19.33 16.68 16.19 14.24 13.98 13.99 17.48 21.40
3(10) |23.04 23.86 25.92 21.53 18.68 16.78 16.21 14.27 13.95 13.96 16.93 20.14
4(0) 23.36 25.82 26.03 21.40 19.60 17.81 16.08 14.43 13.91 14.45 16.00 21.01
4(10) |23.05 23.90 22.66 20.99 19.40 17.81 16.10 14.44 13.90 14.41 15.92 19.98
4(20) |22.57 21.42 21.66 20.90 19.40 17.82 16.07 14.45 13.89 14.37 15.25 18.93
4(30) |20.93 20.10 19.65 20.30 19.05 17.81 16.01 14.41 13.89 14.38 15.02 17.61
4(50) |18.88 18.96 17.97 18.98 18.40 17.81 16.02 14.36 13.90 14.36 14.96 16.34
5(0) 23.33 25.07 26.31 22.43 19.81 17.85 16.58 14.59 13.93 14.21 15.98 21.42
5(10) |22.75 22.62 25.52 21.89 19.82 17.84 16.58 14.60 13.90 14.15 15.40 19.65
5(20) |21.71 20.59 22.74 21.54 19.82 17.84 16.58 14.60 13.90 14.10 15.31 18.20
5(80) |19.31 19.95 19.99 21.39 19.82 17.83 16.58 14.59 13.90 14.08 15.23 17.42
5(50) |18.30 18.28 18.45 20.07 19.83 17.80 16.58 14.59 13.90 14.08 14.98 16.20
5(75) |16.55 15.76 17.66 17.08 19.14 17.69 16.50 14.47 13.90 14.07 14.89 15.52
6(0) 23.09 25.42 26.47 22.63 19.82 17.89 16.57 14.60 14.02 14.12 16.40 21.25
6(10) |[22.65 23.44 25.44 22.46 19.82 17.85 16.57 14.61 14.01 14.10 15.83 19.96
6(20) |22.42 21.55 21.64 21.67 19.83 17.79 16.55 14.60 14.00 14.09 15.55 18.70
6(30) |18.41 19.69 19.40 21.09 19.78 17.79 16.55 14.60 13.99 14.02 15.37 17.03




Salinity(psu)

depth(m) [1998-J A S 0 N D 1999-J F M A M J
1(0) 31.45 31.99 33.17 32.51 33.93 34.35 34.23 34.24 34.36 34.40 34.17 33.73
1(10) |31.68 32.00 33.21 32.91 33.85 34.43 34.51 34.47 34.50 34.45 34.30 33.83
2(0) 31.32 31.87 33.10 32.44 33.63 34.29 34.38 34.33 34.40 34.42 34.16 33.84
2(10) |31.95 31.97 33.32 32.81 33.39 34.33 34.41 34.41 34.41 34.45 34.25 33.82
3(0) 31.13 31.88 32.61 32.62 33.69 34.09 34.15 34.38 34.17 34.35 34.15 33.74
3(10) |31.37 31.91 33.03 32.57 33.66 34.16 34.23 34.34 34.24 34.42 34.21 33.72
4(0) 31.39 31.93 31.81 32.69 33.92 34.37 34.47 34.48 34.47 34.44 34.31 33.57
4(10) |32.29 32.14 32.92 32.87 33.99 34.44 34.51 34.50 34.54 34.46 34.30 33.40
4(20) |33.07 32.45 33.43 32.92 33.97 34.47 34.54 34.50 34.53 34.47 34.29 34.00
4(30) |33.93 33.05 33.25 32.91 33.96 34.48 34.54 34.49 34.52 34.46 34.31 34.05
4(50) |34.04 33.80 33.82 33.96 33.97 34.47 34.54 34.49 34.51 34.47 34.33 34.09
5(0) 31.24 31.84 32.03 32.82 33.81 34.34 34.37 34.47 34.47 34.46 34.29 33.76
5(10) |32.01 32.07 33.25 32.92 33.92 34.43 34.52 34.47 34.52 34.46 34.24 33.81
5(20) |32.01 32.76 33.43 32.84 34.01 34.43 34.54 34.46 34.52 34.46 34.30 33.93
5(30) |33.90 33.32 33.38 32.83 33.99 34.43 34.54 34.46 34.52 34.46 34.31 34.09
5(50) |33.98 33.85 33.80 33.41 33.99 34.44 34.54 34.47 34.51 34.46 34.31 34.15
5(75) |34.08 34.15 33.89 34.18 33.95 34.49 34.54 34.47 34.51 34.46 34.38 34.23
6(0) 31.15 31.68 32.42 32.82 33.79 34.05 34.38 34.45 34.53 34.48 34.23 33.91
6(10) |31.69 31.98 32.94 32.90 33.95 34.41 34.50 34.46 34.54 34.46 34.30 33.86
6(20) |32.76 32.60 33.39 32.95 33.98 34.43 34.51 34.46 34.54 34.44 34.33 33.95
6(30) |33.76 33.08 33.36 32.91 33197134.42 34.51 34.46 34.54 34.46 34.28 34.06

depth(m) | J A S 6} N D 2000~ F M A M J
1(0) 32.41 31.45 29.62 33.63 34.22 34.32 34.52 34.57 34.36 34.02 34.24 33.20
1(10) |32.43 32.59 30.96 33.61 34.21 34.33 34.51 34.58 34.36 34.07 34.03 33.27
2(0) 32.16 30.18 29.64 33.45 34.18 34.31 34.48 34.52 34.31 34.05 34.11 32.95
2(10) |32.25 32.00 30.70 33.56 34.06 34.28 34.36 34.55 34.31 34.06 33.89 33.30
3(0) 32.46 31.49 29.55 33.38 34.12 34.06 34.46 34.55 34.36 34.08 33.85 32.92
3(10) |32.40 31.64 29.89 33.50 33.99 34.18 34.47 34.56 34.36 34.07 33.61 33.34
4(0) 32.68 30.48 29.75 33.70 34.01 34.32 34.47 34.58 34.37 34.18 33.93 32.70
4(10) |32.61 32.07 31.84 33.71 34.02 34.32 34.51 34.59 34.37 34.16 33.89 33.24
4(20) |32.31 32.35 32.46 33.69 34.00 34.31 34.49 34.59 34.37 34.17 34.00 33.59
4(30) |32.86 33.32 33.32 33.70 34.01 34.31 34.54 34.59 34.37 34.17 34.11 33.84
4(50) |33.24 33.41 33.98 33.89 34.10 34.31 34.54 34.59 34.37 34.17 34.16 34.11
5(0) 32.67 31.29 29.72 33.67 34.19 34.31 34.46 34.59 34.38 34.12 34.07 32.87
5(10) |32.51 32.07 30.05 33.60 34.19 34.32 34.49 34.59 13.38 34.11 33.94 33.35
5(20) |32.63 32.92 31.95 33.63 34.19 34.32 34.50 34.59 34.37 34.10 34.01 33.82
5(30) |33.25 33.56 33.25 33.67 34.19 34.32 34.50 34.59 34.38 34.10 34.06 33.88
5(50) |33.47 33.62 33.72 33.62 34.20 34.33 34.50 34.59 34.38 34.11 34.16 34.15
5(75) |33.47 33.62 33.72 33.62 34.20 34.33 34.50 34.59 34.38 34.11 34.16 34.15
6(0) 32.59 31.19 29.36 33.70 34.20 34.34 34.49 34.58 34.39 34.10 34.00 32.95
6(10) |32.61 31.90 30.25 33.74 34.19 34.33 34.49 34.58 34.39 34.11 33.95 33.22
6(20) |32.79 33.15 32.63 33.56 34.20 34.33 34.49 34.59 34.39 34.10 34.06 33.60
6(30) |33.45 33.43 33.39 33.62 34.22 34.33 34.49 34.59 34.39 34.09 34.09 33.94




Chl-a(ugt-1)

depth(m) [1998-J A S 0 N D 1999-J F M A M J
1(0) 220 0.52 0.68 0.67 0.83 021 0.42 053 0.43 1.14 3.17 1.68
1(10) 0.69 152 068 075 0.74 0.36 0.44 032 0.34 1.48 250 1.56
2(0) 0.76 0.84 0.98 0.44 0.80 0.45 053 0.36 0.32 0.93 0.93 2.48
2(10) 1.30 0.84 0.83 044 060 024 059 053 077 124 180 212
3(0) 0.29 0.60 0.84 0.75 0.76 0.43 052 056 066 1.66 5.38 1.58
3(10) 0.76 0.60 090 0.67 0.82 037 0.74 0.46 056 159 238 1.90
4(0) 0.97 0.37 091 036 0.84 037 024 032 054 136 1.56 0.66
4(10) 1.36 0.45 0.84 0.51 0.83 0.30 0.31 0.44 054 124 270 1.21
4(20) 3.41 0.45 0.46 0.52 090 0.28 0.36 0.34 0.46 1.24 270 212
4(30) 0.14 0.53 0.31 0.44 0.98 0.36 0.37 024 046 126 1.12 214
4(50) 0.20 0.07 0.08 020 069 036 052 034 056 1.02 0.92 0.43
5(0) 0.51 0.38 1.29 0.29 0.77 0.28 0.23 0.34 0.78 0.68 4.62 1.22
5(10) 0.84 0.45 113 0.28 0.68 0.34 0.44 0.34 0.88 056 1.33 2.02
5(20) 122 098 0.76 023 135 0.28 0.36 0.34 0.66 0.66 2.49 2.45
5(30) 0.13 0.08 0.38 0.37 0.68 0.29 0.45 055 0.78 0.90 2.02 0.43
5(50) 0.14 0.08 0.08 0.22 060 0.30 059 0.46 054 0.78 1.59 0.34
5(75) 0.11 0.07 0.08 0.07 066 038 036 059 065 066 046 0.32
6(0) 0.23 0.38 1.06 0.43 0.75 0.29 0.45 0.46 056 0.68 1.56 2.68
6(10) 152 0.83 0.84 054 091 036 060 065 0.66 0.66 1.14 2.80
6(20) 0.29 1.60 0.53 0.22 0.77 0.28 0.51 0.44 054 0.90 1.12 4.07
6(30) 0.00 0.31 0.38 036 0,60 036 0.45 0.22 056 1.14 0.99 1.70

depth(m) | J A S 6} N D 2000~ F M A M J
1(0) 1.02 1.02 053 0.63 0.63 0.85 0.54 0.66 0.53 1.21 0.63 0.93
1(10) 1.02 0.65 0.44 0.76 0.76 0.53 0.51 0.54 0.83 0.88 0.87 0.62
2(0) 0.66 0.66 0.41 0.87 0.87 0.65 0.65 056 1.23 0.54 0.89 0.57
2(10) 0.56 0.68 0.31 0.53 0.53 0.73 0.32 056 0.61 0.88 1.02 2.25
3(0) 1.22 0.70 0.41 0.90 0.90 0.87 0.43 0.65 0.39 0.54 0.82 1.56
3(10) 0.68 0.66 0.41 0.99 099 0.68 0.51 0.44 0.43 0.65 1.22 0.77
4(0) 1.02 0.77 0.31 0.73 0.73 0.65 0.41 0.54 0.51 1.00 1.73 0.66
4(10) 0.56 0.90 0.41 0.43 0.43 0.76 0.31 054 0.63 0.54 0.77 2.28
4(20) 114 0.43 0.42 065 0.65 0.63 0.41 0.68 0.31 0.77 1.46 0.59
4(30) 0.32 0.44 0.31 0.75 0.75 1.60 0.41 056 053 0.68 1.01 0.48
4(50) 0.31 0.78 0.29 0.65 0.65 0.75 0.42 0.65 0.63 0.43 0.82 0.67
5(0) 2.02 0.78 0.41 0.75 0.75 0.94 0.41 054 066 0.78 1.09 0.54
5(10) 192 114 053 065 0.65 051 0.90 0.75 0.75 0.56 1.07 0.35
5(20) 0.43 0.77 0.63 0.65 0.65 054 1.28 066 0.75 0.65 0.65 1.42
5(30) 1.03 0.22 0.53 0.65 065 0.65 0.51 0.66 0.66 0.54 0.75 0.76
5(50) 0.31 0.46 0.29 0.65 0.65 053 053 0.76 1.04 0.46 0.53 0.67
5(75) 0.22 0.56 0.43 0.66 0.66 0.54 0.42 0.66 0.85 0.43 1.57 0.43
6(0) 2.48 0.80 0.41 0.65 0.65 0.63 0.42 056 0.44 0.44 290 2.02
6(10) 2.70 0.66 0.43 1.03 1.03 0.63 054 066 0.73 0.54 3.60 0.46
6(20) 112 0.66 050 0.88 0.88 0.73 0.51 0.55 0.75 0.76 1.70 0.74
6(30) 0.44 0.34 0.39 056 056 0.65 0.65 0.66 0.34 0.43 1.88 2.71




Ciliates abundance (cells/L)

1998-J
species name / 00 10 | 1490 20 240 30 | 340 40 440 420 430 450 50 | 540 520 530 580 575 60 640 6-20 6-30
Climacosylis digitura 140
Eutintinnus sp. 140
Rhabdonella poculum 140
Salpingella laminata 140 140 140
Salpingella subconica 140 280 280 280 140 140 140 140
s-total 140 420 280 o 280 o 140 140 280 [} 0 140 0 140 140 0 0 0 140 140 [}
Laboea strobila 280 560 140 140 420 140
Lohmanniella oviformis 140 140 140 140
Strobilidium multinucleatum 140
Strobilidium neptuni 140 280 140
Strombidium epidemum 420 140 280 420 140 140 420 280
Strombidium sp. 280 | 1120 = 420 840 280 420 840 560 420 140 840 140 140 560 140
Tontonia simplicidens 140 140 420 140 140 280 140 420 140 140
s-total 840 | 1400 & 1400 &= 1400 | 700 | 1400 @ 420 840 560 (] 0 700 | 1120 @ 1260 = 420 140 0 1120 | 420 280 [}
Total 980 | 1820 1680 1400 | 980 1400 | 560 980 840 (o] 0 840 | 1120 1400 560 140 0 1120 | 560 420 (0]
1998-A
species name / [ [J 10 | 130 20 240 30 330 40 40 420 430 450 50 | 530 520 530 580 575 60 610 620 630
Amphorides amphora 140
Amphorides quadrilineata 140 140 140 140 280 140 140
Codonellopsis orthoceras 140
Eutintinnus turgescens 140
Eutintinnus sp. 140
Salpingella laminata 140
Salpingella subconica 140 140 280 140 140 140
Stenosmella sp. 140
Tintinnopsis sp. 140
s-total 140 0 280 140 140 420 280 0 140 140 0 [} 280 280 280 0 o 0 420 0 140
Laboea strobila 700 560 @ 1260 @ 420 420 140 140 140
Leegaardiella ovalis 140
Lohmanniella oviformis 140 140 140 280
Strobilidium multinucleatum 140
Strobilidium neptuni 140 280 140 140 140
Strombidium dalum 140 140 140
Strombidium epidemum 140 140
Strombidium tressum 140
Strombidium sp. 280 280 140 140 140 140
Tontonia sp. 140 420 140 140 140 140 280 420 560 280 420 140
s-total 840 840 | 1820 = 560 700 420 280 140 280 140 0 840 700 980 280 0o o 560 700 280 420
Total 980 840 2100 = 700 840 840 560 140 420 280 Qo 840 980 1260 = 560 (] 0 560 1120 | 280 560
1998-S
species name / (101 10 | 1490 20 240 30 | 310 40 4490 420048 450 50 540 520 530 5850 575 60 640 6-20 6-30
Amphorellopsis acuta 140 140 280
Amphorides quadrilineata 140
Codonellopsis orthoceras 140
Epiplocyloides ralumensis 140
Eutintinnus fraknoii 140
Salpingella subconica 140
s-total [} 0 [} 280 140 o 0 0 0 0 140 140 420 0 o 0 0 0 140 0 (o]
Laboea strobila 140 280 140 140 140 140
Lohmanniella oviformis 140 140 140 280
Strobilidium multinucleatum 140 140
Strombidium dalum 140 140 140 140 140 140 140 140
Strombidium epidemum 280 140 280 140 140 280
Strombidium sp. 320 140 280 140 140 140 280 280 140
Tontonia grandis 280 140 840 140 280 420 700 140 420 280
s-total 280 280 740 420 | 1400 | 560 140 140 0 140 140 840 700 | 1120 = 420 0 0 560 840 700 420
Total 280 280 740 700 | 1540 | 560 140 140 0 140 280 980 | 1120 1120 420 (] 0 560 980 700 420
1998-0
species name / 0 10 | 140 20 240 30 | 310 40 440 420 430 450 50 | 540 520 530 580 575 60 610 6-20 630
Amphorides quadrilineata 140
Codonellopsis morchella 140
Epiplocycloides reticulata 280 280
Salpingella laminata 140
Salpingella subconica 140
Salpingella sp. 140
s-total o 140 (o] o o 280 0o 280 0 140 0 0 280 0o o 0o o o o 140 (o]
Lohmanniella oviformis 140
Strobilidium multinucleatum 140 140 140 140
Strobilidium neptuni 140 140
Strobilidium spiralis 140
Strombidium dalum 420 140 140 140
Strombidium epidemum 560 140
Strombidium sp. 1540 | 280 560 140 140 420 420 420 140 280
Tontonia grandis 140 = 280 140 @ 420 140 140
s-total 2100 . 700 @ 1120 @ 140 420 420 280 840 140 700 0 140 420 280 140 (] o 0o 140 280 o
Total 2100 = 840 1120 140 420 700 280 | 1120 140 840 0 140 700 280 140 0 0 0 140 420 0




1998 N

name / 00 10 110 20 2-10 30 3710 40 4-10 420 430 450 50 5-10 520 530 550 575 60 610 620 630
Amphorellopsis acuta 140
Eutintinnus fraknoii 140
Salpingella subconica 140 140

s —total 0] 0] [ ] 4] o 0 o] 0] o 140 o] 0] 140 0 o] o] [ 140 140 o]
Lohmanniella oviformis 140 140 140
Strobilidium multinucleatum 140 140
Strombidium dalum 140 140
Strombidium epidemum 140
Strombidium sp. 140 280 140 140 140 280 140 280 140 280 140
Tontonia simplicidens 140 140 140 140 140 140 280 | 140
s —total 280 140 [ ] 420 140 280 140 140 280 280 420 280 420 0 280 280 280 420 [0] o]
Total 280 140 0 0 420 140 280 140 140 280 420 420 280 560 0 280 280 280 560 140 0
1998-D
pecies name / 0 0 10 110 20 290 30 390 40 410 420 4-30 4-50 5-0 | 5-10 520 530 | 560 575 60  6-10 6-20 6-30
Ascampbelliella urceolata 140
Salpingella laminata 140 140 140 140
Salpingella subconica 140
Stenosmella nivalis 280
s —total [0] 0 280 0 0] [ 140 0 4] 280 0 0 4] 140 0 [0] 1] [ 140 140 1]
Lohmanniella oviformis 140
Strombidinopsis multiauris 140
Strobilidium multinucleatum 140 140 140 140
Strobilidium neptuni 140 140 140 140
Strombidium dalum 140 140 140
Strombidium sp. 420 140 280 140 280 280
Tontonia simplicidens 140 280 140 280 140 140
s —total 560 140 280 140 0] 280 560 ] 0] 140 140 140 280 420 280 420 o] [ 420 280 o]
Total 560 140 560 140 0 280 700 0 0 420 140 140 280 560 280 420 0 0 560 420 0
19993
pecies name / [ [0 10 10 2-0 2-10 3-0 3-10  4-0 4-10 4-20 4-30 4-50 5-0 5-10 5-20 5-30 5-50 5-75 6-0 @ 6-10 6-20  6-30
Epiplocylis undella 140
Stenosmella nivalis 140
Favella ehrenbergii 140
Rhabdonella poculum 140
Salpingella subconica 280 140
s —total (0] 0] 140 0 0] 0 0 0 0] 0 0 0 0 560 0 280 0 0 0 (0] (0]
Laboea strobila 140
Strombidium epidemum 420 420
Strobilidium spiralis 140
Strombidium sulcatum 140
Strombidium tressum 140
Strombidium sp. 280 140 140 140 140 280 140
Tontonia simplicidens 280
tal 560 | 560 0 140 | 140 0 140 0 0 0 140 0 0 1120 0 0 0 140 0 0 0
Total 560 560 140 140 140 0 140 0 0 0 140 0 0 1680 0 280 0 140 0 0 0
1999-F
i name / 00 10 110 20 2-10 30 310 4-0 ' 410420 430 450 ' 50 510|520 530 550 575 60 6-10 620 630
s —total 0] 0 0 0 0 0 0 0 4] 0 0 0 0 0 0 o] o] o 0 0] 4]
Strombidium epidemum 140
Strombidium tressum 140 140 140 140
Strombidium sp. 140 140 280
Tontonia simplicidens 140
s -total 140 140 0 0 140 280 0 140 (0] 0 0 0 (0] 0 0 (0] 140 0 0 140 280
Total 140 140 0 0 140 280 0 140 0 0 0 0 0 0 0 0 140 0 0 140 280
1999-M
pecies name / [0 [ 10 10 2-0 2-10 3-0 3-10  4-0 4-10 4-20 4-30 4-50 5-0  5-10 5-20 5-30 5-50 5-75 6-0 @ 6-10 6-20 | 6-30
Tintinnopsis parvula 140
tal [0] 1] ] 0 1] [ [} 0] 0] [ [} 0] 1] 140 0 0] 0 [ 0 o] 1]
Lohmanniella oviformis 140
Strobilidium neptuni 140
Strobilidium sp. 280 140 140 140 140 140
s —total 280 0 0 o 140 0 0 0 140 0 140 140 0 140 o ] 140 0 o 140 0
Total 280 0 0 0 140 0 0 0 140 0 140 140 0 280 0 0 140 0 0 140 0
1999-A
pecies name / [0 [ 10 110 20 2-10 3-0 3-10 4-0 4-10 4-20 4-30 4-50 5-0 5-10 5-20 530 5-50 5-75 6-0 6-10 620 6-30
Stenosmella sp 140
Tintinnopsis berodea 140
Tintinnopsis parvvula 140 140
s —total 140 140 [ 0 4] [ [} o] 4] [ 0 0] 4] [ 0 0] 140 [ 0 [0] 140
Laboea strobila 140
Leegaardiella ovalis 140
Lohmanniella oviformis 140
Strombidium epidemum 280 140
Strombidium sulcatum 140
Strobilidium_spiralis 140
Strombidium tressum 420 140
Strombidium sp. 140 140 140 420 140 140 140 140 140 140
Tontonia simplicidens 140 140
s —total 280 560 [ 280 o] 420 140 140 o] 140 140 560 140 140 0 140 0] 140 140 140 140
Total 420 700 0 280 0 420 140 140 0 140 140 560 140 140 0 140 140 140 140 140 280




1999-M

species nanme / 0[]

140 20 2410

30

340

40

4-10

4-20

430 4850 590

540

520

53 580 575 60

610

6-30

Amphorides quadrilineata
Ascampbelliella urceolata
Dadayiella ganemedes
Favella ehrenbergii
Favella taraikaenis
Stenosmella nivalis
Tintinnopsis berodea

s-total
Laboea strobila
Leegaardiella ovalis
Strobilidium neptuni
Strombidium sp.
Tontonia simplicidens

s-total

Total

140

140

o o

140
140

oo

1400

140

140

140

140
140

140

140

B H

140

140

140

BRE
8 H

140

140

140

140

140
140

19994

species name / 0 0

190

140

20

2-10 30 340

4-10

420

430

450

50

520

580

575

60

610

630

Ascampbelliella urceolata
Dadayiella ganemedes
Favella ehrenbergii
Salpingella laminata
Salpingella subconica

s-total
Laboea strobila
Lohmanniella oviformis
Strobilidium neptuni
Strombidium epidemum
Strombidium tressum
Strombidium sp.
Tontonia simplicidens

s-total

Total

Amphorides quadrilineata var.

minor

140
140

140

140

o o

140

140
140

140
140

o o

140

140
140

140

140
140

o o

140
140

140

140

140
140

140

140

140

140
140

140
140

140

140

o o

140

140

140

o o

140

140

140

140
140

140

140
140

140

140

140

140

1999

species nanme / 0[]

20 2490 390

340

40

4-10

4-20

50

540

520

580

575

60

610

6-30

Amphorides amphora
Amphorides quadrilineata
Climacosylis digitura
Epiplocycloides reticulata
Eutintinnus turgescens
Eutintinnus fraknoii
Eutintinnus sp.
Protorhabdonella curta
Rhabdonella poculum
Salpingella laminata
Salpingella subconica
Salpingella sp.
Tintinnopsis parvula
Tintinnopsis lobiancoi
Tintinnopsis sp.

S
Lohmanniella oviformis
Strombidium tressum
Tontonia simplicidens
S
Total

140
200

o o

o o

o o

o o

o o

1400
1600

8

o o

1400

1400
1400

o o

o o

o o

1999-A

species name / 0 0

140

40

4-10

4-20

50

540

520

580

575

60

610

Amphorides amphora
Amphorides quadrilineata
Am. qua. var. minor
Acanthostomella conicoides
Acanthostomella sp.
Ascampbelliella armilla
Acanthostomella norvegica
Codonellopsis morchella
Codonaria sp.

Dadayiella ganemedes
Epiplocyloides ralumensis
Epiplocyloides sp.
Eutintinnus tubulosus
Eutintinnus sp.
Protorhabdonella simplex
Rhabdonella sp.
Salpingella laminata

Sal. acuminata var.undata
Salpingella subconica
Salpingella sp.

Tintinnopsis beroidea
Tintinnopsis sp.

—total
Lohmanniella oviformis
Strobilidium multinucleatum
Strobilidium neptuni
Strombidium sp.

Tontonia simplicidens
s-total
Total

Ste. steenstrupii var. robusta

£ 5888 5588 BB
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1400
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1999-S

species name / [1 0 190 140 20 2490 30 390 40 4490 420 430 4650 50 540 520 530 58H0 575 60 640 620 6-30
Amphorides quadrilineata 200
Amphorides amphora 200 200
Ascampbelliella armilla 200
Climacosylis digitura 200
Dadayiella ganemedes 200 200
Dadayiella sp. 200
Eutintinnus turgescens 200
Eutintinnus tubulosus 400
Salpingella subconica 200
Salpingella laminata 200 | 200 | 200 600 | 400
Salpingella_sp. 200 200
Tintinnopsis sp. 200
s-total 200 200 @ 200 0 (] 400 0 200 600 & 400 @ 200 800 0 0 0 (0] 0 0 0 1000 | 400
Laboea strobila 1400 1400
Lohmanniella oviformis 2800 2800 1400 | 2800
Strobilidium multinucleatum | 1400
Strobilidium neptuni 2800 | 280 1400 4200 5600 1400
Strombidium sp. 1400 | 4200 | 2800 1400 2800 | 1400 & 1400 4200 | 1400 ' 2800 @ 1400 1400
Tontonia simplicidens 1400
s-total 5600 | 5880 = 2800 0 1400 | 2800 0 2800 | 1400 & 1400 0 7000 | 7000 ' 2800 @ 7000 0 0 4200 0 2800 | 2800
Total 5800 6080 | 3000 0 1400 3200 0 3000 | 2000 1800 200 7800 7000 2800 7000 0 0 4200 0 3800 | 3200
1999-0
species name / 0 0 10 1490 20 230 30 310 40 410 420 430 450 50 540 520 530 550 575 60 610 6-20 6-30
Ascampbelliella armilla 200
Amphorellopsis acuta 100 100
Amphorides amphora 500 | 400 1500 ' 500 | 700 | 100 | 200 | 100 400 200 | 400 @ 800
Am. qua. var. minor 100 | 300 600 | 600 = 200 200 200 200 200
Amphorides quadrilineata 400 | 900 = 100 | 200 & 1500 | 1000 600 = 500 & 200 | 100 200 | 400 @ 100 600 200 @ 800 600
Amphorides sp. 200 | 100 = 100 | 100 | 300 200
Acantostomella norvegica 100
Ascampbelliella sp. 100 200 200
Climacosylis digitura 200 300 100 | 100 100 | 200 600 | 400 400 | 400 | 800 | 200
Craterella sp. 100 100 200 400
Dadayiella ganemedes 300 100 100 100 200 | 200 | 400 200 1000 | 200 @ 200
Dic.elegans var. lepida 100 20
Dictyocysta sp. 100
Epiplocyloides ralumensis 100 200 200
Epiplocyloides reticulata 200 200 200 200
Eutintinnus turgescens 100 200 200
Eutintinnus fraknoii 100 100
Eutintinnus tubulosus 200 | 100 100
Eutintinnus sp. 100 = 100 ' 100 200 200
Favella taraikaenis 200
Helicostomella sp. 100
Leprotintinnus sp. 200
Protorhabdonella curta 200
Protorhabdonella simplex 400
Rhabdonella poculum 100
Rhabdonella striata 100 100 200 | 200
Salpingella laminata 400 | 300 500 = 300 = 100 | 100 @ 400 100 200 | 200 200
Salpingella subconica 100 200 | 100 300 = 100 & 200 100 200 | 200
Salpingella_sp. 200 100
Ste. S. var. robusta 100 | 100 100 | 100 100 200 200 | 200 & 200 1400 = 400 200
Tintinnopsis sp. 100 100 100
s-total 2900 | 2600 = 800 = 600 & 5400 2600 2100 @ 1100 | 1500 = 600 | 200 @ 1820 | 1000 = 3000 | 1500 600 | 200 @ 3400 @ 2600 | 2800 2400
Laboea strobila 1400
Lohmanniella oviformis 1400 1400 1400
St. multiauris 1400
St. multinucleatum 1400
Strobilidium neptuni 1400 1400
Strombidium constrictum 1400
Strombidium dalum 1400 1400
Strombidium sp. 2800 | 1400 ' 1400 1400 @ 4200 1400 | 1400 | 2800 = 1400 1400 1400
Tontonia simplicidens 1400 1400
s-total 5600 | 1400 = 2800 2800 @ 5600 | 4200 @ 2800 0 1400 0 0 1400 | 2800 | 2800 = 1400 0 0 1400 0 1400 | 1400
Total 8500 | 4000 3600 3400 11000 6800 4900 1100 | 2900 600 200 3220 3800 5800 | 2900 600 200 4800 2600 | 4200 3800
1999-N
species name / [1 0 190 140 20 2490 30 3490 40 4490 420 430 4650 50 540 520 530 5H0 575 60 640 620 6-30
Am. qua. var. minor 200
Codonellopsis morchella 200
Dadayiella ganemedes 200
Dic.elegans var. lepida 200 200 200
Parundella caudata 200
Salpingella laminata 400 200 | 200 200 | 200 | 200
Salpingella subconica 200 200 200
Salpingella sp. 200 400
Ste. steenstrupii var. robusta 200
Tintinnopsis sp. 200
[u] 400 0 600 0 600 0 400 0 0 0 200 0 200 200 @ 600 @ 200 0 200 200 | 200 @ 400
Lohmanniella oviformis 1400 1400
Strobilidium sp. 1400 1400
Strombidium sp. 1400 1400 | 1400 1400 | 1400 = 2800 | 1400 1400 | 1400 | 1400
s-total 1400 0 0 0 0 2800 | 2800 0 0 0 0 0 1400 | 1400 | 2800 @ 1400 0 2800 | 2800 | 1400 0
Total 1800 0 600 0 600 2800 3200 0 0 0 200 0 1600 1600 | 3400 1600 0 3000 | 3000 1600 400




1999-D

species name / [0 10 1490 20 2390 30 340 40 4490 420 430 450 560 540 520 530 550 575 60 640 620 630
Acanthostomella sp. 200
Amphorides quadrilineata 200
Amphorides sp. 200 200
Codonellopsis morchella 200
Helicostomella sp. 200
Parundella caudata 200
Salpingella acuminata 200 200
Salpingella laminata 200 = 200 200 = 200 200 200 200
Salpingella subconica 200
Salpingella sp. 200
Stenosemella sp. 200
Tintinnopsis radix 200
Undella claparedei 200
Undella sp. 200
s-total 400 | 400 0 0 200 = 200 @ 200 0 200 200 0 200 0 400 0 200 0 200 600 0 0
Strobilidium sp. 1400
Strombidium constrictum 1400
Strombidium dalum 1400
Strombidium sp. 1400 4200 1400 | 1400 1400 1400
s-total 2800 | 1400 | 4200 0 1400 | 2800 0 1400 0 0 0 0 0 0 0 0 1400 0 0 0 0
Total 3200 | 1800 4200 (0] 1600 3000 200 @ 1400 200 200 0 200 0 400 0 200 1400 200 600 0 0
2000
species name / [0 10 1490 290 2390 30 340 40 4490 420 430 450 560 540 520 530 550 575 60 640 620 630
Am. qua. var. minor 100 = 100
Amphorides sp. 100
Acathostomella norvegica 100
Acanthostomella sp.
Ascampbelliella sp. 100 | 100
Climacosylis digitura 100 100
Salpingella laminata 600 200 @ 100 @ 100 | 900 | 100 & 100 ' 100 500 100 = 100 | 100 | 100 200 100
Sal.acuminata var.undata 100
Salpingella subconica 200 100 100 100
Stenosemella sp. 100
Tintinnopsis sp. 100
Undella sp. 100
s-total 700 500 @ 300 @ 100 | 1000 | 100 & 200 = 200 ' 100 | 600 0 200 = 100 = 200 @100 0 200 @ 300 @100 0 100
Strombidium sp. 1400 1400
s-total 0 0 0 1400 0 0 0 0 0 0 0 1400 0 0 0 0 0 0 0 0 0
Total 700 | 500 300 1500 1000 | 100 200 200 | 100 600 0 1600 100 200 100 0 200 | 300 100 0 100
2000-F
species name / [0 10 110 20 230 30 3710 40 410 420 430 4-50 50 5710 520 530 550 575 60 6410 620 6-30
Salpingella laminata 100
Stenosmella nivalis 100
Stenosmella parvicollis 100
Stenosmella sp. 100 100
s-total 100 o] 0 0 200 0] 0 0 0] (0] 0 0 o] 0 0 200 o] 0 0 0 o]
Lohmanniella oviformis 1400
Strombidium sp. 1400 1400 1400
s-total 1400 0 0 1400 0 1400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1400
Total 1500 0 0 1400 200 1400 O 0 0 0 0 0 0 0 0 200 0 0 0 0 1400
2000-M
species name / [0 10 1420 20 230 30 310 40 440 420 430 450 50 5740 520 530 550 575 60 610 620 6-30
Tintinnopsis sp. 100
s-total 0 0 0 0 100 0 0 0 0 0 (0] 0 0 0 0 0 0 0 0 0 0
Leeqaardiella ovalis 1400
Strombidium dalum 11200 21000 4200 | 1400 2800
Strombidium bilobum 1400
Strobilidium spiralis 1400
Strombidium sp. 2800 | 1400 140
s-total 11200 1400 ' 21000 4200 | 1400 | 4200 @ 1400 (0] 0 0 0 0 0 2800 0 1400 0 140 0 0 0
Total 11200 1400 21000 4200 | 1500 | 4200 1400 0 0 0 0 0 0 2800 0 1400 0 140 0 0 0




2000-A

pecies name / 0 190 1490 20 290 30 3-0 40 490 420 430 450 50 540 520 530 5560 575 60 6-10 620 6-30
Am. qua. var. minor 100 100
Climacosylis sp. 100
Craterella sp. 100
Leprotintinnus sp. 100
Protorhabdonella simplex 100
Salpingella laminata 200 700 600 600 = 200 @ 400 @ 1000 | 500 @ 500 | 1100 1800 1700 600 | 800 | 300
Stenosmella nivalis 100 = 100 400
Stenosmella parvicollis 100 100
Tintinnopsis berodea 100 = 100 | 200
Tintinnopsis lobiancoi 100 = 200
Tintinnopsis radix 100 100 200
Tintinnopsis sp. 100 200 100 300
s-total 100 = 200 @100 0 0 0 900 0 800 1100 200 = 600 ' 1100 | 600 = 600 | 1300 2700 2000 600 | 1000 & 300
Strobilidium multinucleatum 1400
Strobilidium sp. 2800
Strombidium bilobum 1400 4200 2800 2800 2800 | 2800 | 2800 & 2800 ' 2800 0
Strombidium tressum 4200
Strombidium sp. 2800 1400 1400 | 2800 2800 | 5600
s-total 0 0 (] 0 8400 0 4200 0 2800 0 0 0 5600 | 2800 = 4200 | 5600 @ 2800 ' 2800 @ 5600 @ 5600 0
Total 100 200 100 0 8400 0 5100 0 3600 | 1100 200 600 6700 3400 4800 6900 5500 4800 6200 6600 300
2000-M
species name / 0 10 140 20 240 30 340 40 4490 420 430 450 50 540 520 530 5560 575 60 6-10 6-20 6-30
Sal.acuminata var.undata 100
Salpingella laminata 100 100 400 | 100
Stenosmella nivalis 300 200 200 100 | 100 200
Stenosmella pacifica 100
Stenosmella parvicollis 100 100 100
Stenosmella sp. 200 200 100 | 100 100 = 300
Tintinnopsis beroidea 100 100
Tintinnopsis sp. 100 100 100
s-total 0 500 0 800 0 200 0 0 0 100 | 400 0 0 700 300 0 0 100 0 200 500
Strombidium tressum 1400 12600 1400
Strombidium sp. 1400 1400 1400
s-total 1400 0 (0] 1400 0 12600 O 1400 0 (0] 0 0 0 1400 0 0 0 1400 0 0 0
Total 1400 500 0 2200 O 12800 0 1400 0 100 400 0 0 2100 300 0 0 150 0 200 500
20009
pecies name / 0 0 190 1490 20 290 30 390 40 490 420 430 460 50 540 520 530 5560 575 60 6-0 620 6-30
Am. qua. var. minor 100
Amphorides quadrilineata 100
Dadayiella ganemedes 1700 400 | 100 ' 500 200 | 1700 | 1000 & 200 200 | 400 | 400 100 | 900 ' 700 = 300
Favella taraikaenis 500 = 100
Favella ehrenberqii
Favella sp. 100
Salpingella laminata 200 | 300 200 & 300 100 | 100
Salpingella subconica 100 100 100 | 100 100 100 | 200 | 600 & 100
Salpingella sp. 100
s—total 2400 | 400 | 400 | 100 | 500 | 200 | 200 | 2100 @ 1400 200 0 300 @ 500 @ 500 | 200 0] 100 | 300 | 1500 = 900 = 300
Laboea strobila 8400 1400 = 1400
Strobilidium multinucleatum 1400
Strobilidium neptuni 1400
Strombidium bilobum 1400
Strombidium sp. 1400 | 1400 2800 1400 | 1400 2800 | 5600
s-total 1400 | 9800 0 0 1400 = 4200 0 1400 | 1400 0 0 0 0 0 0 0 1400 | 5600 | 5600 0 0
Total 3800 (10200 400 = 100 & 1900 4400 200 & 3500 2800 200 0 300 500 500 200 0 1500 5900 | 7100 900 300




PHOTOGRAPHIC PLATES



Plate 1

Tintinnopsis beroidea
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Tintinnopsis lobiancoi
Tintinnopsis radix
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Stenosemella nivalis
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Stenosemella parvicollis
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Codonellopsis morchella

Plate I

Codonellopsis orthoceras
Climacocylis digitura
Favella ehrenbergii
Favella ehrenbergii
Favella ehrenbergii
Favella ehrenbergii

. Favella taraikaensis

. Acanthostomella norvegica

© N @ U W o e

. Acanthostomella conicoides

—
=}

. Acanthostomella norvegica

—_
—_
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. Acanthostomella norvegica cyst



Plate I

© o N e gk W o=

—_ =
| ]

—
\)

Plate IV

—

© o N e Ok W N

—
e

Ascampbelliella armilla
Ascampbelliella armilla
Ascampbelliella urceolata

Ascampbelliella urceolata

Dictyocysta elegans var. lepida

Protorhabdonella curta
Protorhabdonella curta
Protorhabdonella simplex
Rabdonella poculum

FRabdonella poculum

. Rabdonella spiralis

. Epiplocylis undella

Epiplocylis undella
Epiplocyloides ralumensis
Epiplocyloides reticulata
Epiplocyloides reticulata
Parundella caudata
Undella claparedei
Undella claparedei
Amphorides amphora

Amphorides amphora

Amphorides quadrilineata var.
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11. Amphorides quadrilineata var. minor

12. Amphorides quadrilineata

Plate V
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Amphorellopsis acuta

Steenstrupiella steenstrupii var. robusta
Dadayiella ganymedes

Dadayiella ganymedes

Eutintinus turgescens

Eutintinus fraknoii

Eutintinus tubulosus

Salpingella acuminata
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Salpingella ' laminata
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Salpingella laminata
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. Salpingella subconica
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. Salpingella acuminata var. undata

Plate VI

Strombidinopsis multiauris
Strobilidium multinucleatum
Strobilidium neptuni
Strobilidium spiralis
Leegaardiella ovalis

Lohmanniella oviformis
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Lohmanniella oviformis



8. Laboea strobila

9. Strombidium bilobum

Plate VI

Strombidium bilobum
Strombidium constrictum
Strombidium dalum
Strombidium epidemum
Strombidium sulcatum
Strombidium tressum
Strombidium tressum

Tontonia grandis
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Tontonia simplicidens
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