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Abstract - Planktonic ciliates play an important role in the food web of marine ecosystem as well
as a bio-indicator for invasive species from ballast waters or from changing flow of ocean currents
due to climate changes. This study was carried out to find some evidences for introduction of such
invasive species using ciliate plankton in four major international ports of Korea. We surveyed the
seasonal species composition of planktonic ciliate to find out the evidence for the invasive species
at Busan, Ulsan, Gwangyang and Incheon ports from February 2007 to November 2008. A total of
45 ciliates species, belonging to 15 genera, were identified during the study period: 33 species oc-
curred at Busan, 31 at Gwangyang, 30 at Ulsan, 18 at Incheon. The abundance of naked ciliates
ranged from 566 to 65,151 cells L' and that of tintinnids 10 to 5 973 cells L™". Based on vector spe-
cies of ciliates reported from Coos Bay in Oregon, 13 vector species of tinitinnids were identified as
follows, Eutintinnus lususundae, E. tubulosus, Favella ehrenbergii, F. taraikaensis, Helicostomella
subulata, Stenosemella nivalis, Tintinnopsis ampla, T. beroidea, T. cylindrica, T. directa, T. lohmanni,
T. radix, T. rapa. All vector species occurred at Gwangyang port. Most tintinnids were mainly ner-
itic species throughout the survey, while warm water species occurred only in short period at Bu-
san, Ulsan and Gwangyang ports that might be affected seasonally by Tsushima warm current.

Keywords : ballast water, ciliate, invasive species, tintinnid, vector species
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AE312] (microbial loop)oll A 1] AZ% 3% (nanoplankton)
¥} 20| 2ZT 3 E (picoplankton) ] FaA40] FZHEHA
oL B3 22 Hol glol B At (e.g., Pomeroy
1974; Kim and Lee 2003). o] 2|3t njAAEL oA 4285
=Z% 3 E (micro-zooplankton)?l HAEFEZHIE (ciliate
plankton) FEEFIEY] Yol 28| v|AAEEHI
£ (nano-phytoplankton) @] ZAZ24 = AEIF 57t
A EEHCRE UAE ADs = T dTS
Fotal vk E3E AR A T 2719 34
FeEET 2ot 3¢ YA Fa3 TR A4 H
1t} (Pierce and Turner 1992).

Y FAAHESS ANEROR o]Roljx] RS
(naked ciliates)™} 7] ¥l & (chitin-like substance)?] Zd|7]
(lorica, €3] = 17HE Zt= G242 Z (loricate ciliates
EE tintinnids) 22 FEFECH AR Z2 AEQ] Hokst
E4 fi2e o]59 AT 29 2 FH2 9E 15 &
FAE Ha B2 ojggo] YA FFHEFL B AR
Zoll vlsl Ao 1Ao] Hsty mzto] AL, of
7HA] ol EAE 7Y Qo BAA7|7| & st Fol wet

Moo oo

sts

st4

AT FejH EAS 7HA I Qlof HlwF FA o] golsitt
(Kofoid and Campbell 1929, 1939). T3+ 4:37]¢] EAJo] u}
2hA] EEdhe Fol F3RE Aol Ho|7] fiizof o A
By £AXFFo2 HIEH}(e.g., Hada 1957; Kim et
al.2007a).

SEvet P FHOE F AEEFIAER RS &
FAEL W AFH o o]Ro|F . AVINtS SR
Choi and Shim (1986)°] A EZHIE ZEHE Hst o]%
Q1T oA Yoo et al.(1992)2}F Yoo and Lee (1997)9] A&
Z33E ZH, Koh et al.(1997)2] macrofouna &7} o] F
o] F L, Seo et al. (2009)7} AT} H A macro-
zoobenthos FE|7} B E 13, Kang (2010)0] FFThof 4]
opFSe Ex EAE HIUSIGAT, 1 9 thE gk o
3 B nlugk Aot} B2 ciliate plankton?] FE|
ATFE APtE FH (Jeong et al. 2002)7} o $H3)E (Han and
Lee 2010)914 o]Fo]H 2™, Yang and Choi (2007)2] <1
FHANG AEEFIEY] TEHIY YT EY HAT,
Kim e al.(2012)9] =4 F7F(HFEHEZS)Y EYH
ol gt A7 QA|RE vlu] gk Aot
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Fig. 1. Maps showing the sampling stations in Busan, Ulsan, Gwangyang and Incheon ports.
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Fig. 2. Seasonal variations in average water temperature and average salinity at inner and outer ports of Busan, Ulsan, Gwangyang and
Incheon from Feb. 2007 to Nov. 2008.
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Fig. 3. Seasonal variations in vector species number of tintinnids at Busan, Ulsan, Gwangyang and Incheon ports from Feb. 2007 to Nov.

2008.
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Fig. 4. Seasonal variations in species number of tintinnid by ecological characteristics at Busan, Ulsan, Gwangyang and Incheon ports from

Feb. 2007 to Nov. 2008.

o} 317 p Q5 3he) ATAS BAal7] Yate] SPSS 12 E

Aw 22 olgstert,
Znt W D

=

o ul

=

1. 4

<>
Mo

b

I 220079 89 Fekgt 2008l 8¢ AMF
oA 2zt 26.1°C9} 26 4°CE 7|S L A =22 20074
293 20084 29 AAFA ZH2t 4°Cet 2°CE ZSH S
ot 53] A2 29 20| T2 Fof Hl3f 5~9°C Ik
th(Fig. 2). 953 ZAAYE +2 Bishe FAkat 4o A
W] 0] %%%2 , QAT FFFL e 20
Bl (Fig. 2). 22iu ALHd=
Abtal SARE A Qo] R £ £28 B,
WFgEo B 228 Bk FFg2 4
Ao GG +2E B AFER O E ZolE Bt

H, A7l &
ATk (Fig. 2). 44
Ao 24 IR
=22 Hgou) 20089 8Y 9l
AL Yaho] R} 5psu A= =9kth(Fig. 2). 20074

84 <l A 22 20.8 psu®} 26.5
psul 2 Ho dio] SAHHI LY o] AJ7] 7ol ot &
o] e T AT FA e Aeed HoldA dE
2 A} F71ske] 2007 293 2008 29 FAROIA Z+
7} 339 psu2t 34.2psul] L gHE& B ok (Fig. 2).

of
5]
flo
o3l
o
ot
)
bia)
flo
)
o
m
-,
o
flo
Loz

ZAZIE F FRE FEAHESTE T 45FTLE R
H 33F02 7MY w3k, <

:%l—okﬁl-g 315
JERE

(Coos Bay 7|5

Lo ol A Adubg? —’Foﬂ Skis ““Hi

< Eutintinnus lususundae, E. tubulosus,

N O{Nl
m{w
0{



222

Seung-Woo Yang, Joon-Baek Lee and Young-Ok Kim

Table 1. Seasonal occurrence of tintinnids at Busan Port in 2007 and 2008 (CS; cosmopolitan species, WS; warm water species, NS; neritic
species). Species in bold are vector species recorded in Coos Bay, Oregon, USA

. Ecological 2007 2008
Species name s

characteristic Feb.  May Aug. Nov. Feb. May Aug. Nov.
Amphorellopsis acuta CS * *
Amphorides amphora CS
Ascampbeliella urceolata WS *
Codonellopsis morchella WS *
Codonellopsis nipponica NS *
Codonellopsis ostenfeldi WS *
Dadayiella ganymedes WS *
Epiplocyloides ralumensis WS *
Eutintinnus lususundae CS *
Eutintinnus stramentus WS *
Eutintinnus tubulosus CS *
Helicostomella subulata NS * * *
Protorhabdonella curta WS *
Salpingella laminata CS *
Salpingella subconica CS *
Stenosemella nivalis NS * * * * *
Stenosemella pacifica CS *
Tintinnidium primitivum = syn T. balechi NS * * *
Tintinnidium mucicola NS * * * *
Tintinnopsis baltica NS (cold water) * *
Tintinnopsis beroidea NS * * * * * * * *
Tintinnopsis campanula = syn T. butschlii NS * *
Tintinnopsis cylindrica NS * * *
Tintinnopsis dadayi=syn T. directa NS * *
Tintinnopsis lohmanni NS (cold water) * * *
Tintinnopsis neriticus NS
Tintinnopsis nordqvisti NS
Tintinnopsis parva NS *
Tintinnopsis parvula NS *
Tintinnopsis radix NS * * *
Tintinnopsis rapa NS * *
Tintinnopsis tocantinensis NS
Tintinnopsis uruguayensis NS
Total number of species 33 6 5 14 3 8 5 16 10
Favella ehrenbergii, F. taraikaensis, Helicostomella I 7)o EAFT7F F7I6IF AL7)ols BE g
subulata, Stenosemella nivalis, Tintinnopsis ampla, T. A 1~2%50F AT (Fig. 3). AT Q-G oA = 2
beroidea, T. cylindrica, T. directa, T. lohmanni, T. radix, T. 38 A5er] 299 7MY we e Eo] &5t 9o o
rapa 5 & 13%0°] S-2uzt 4719 et M EdsH . B £ 30 OE Ade Holx 3o & 0|9 thE 899

o

oFaloll A 133 (Table 3)9] 7H4 we g Fo| 23590

QAAHF}o A 6Z (Table 4) 2.2 714 ). RAg} )

2 747 1053} 1150] 285+ th(Tables 1,2).
717t & ol& WHF AdE £XE EH 20074

e

Ak
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Table 2. Seasonal occurrence of tintinnids at Ulsan Port in 2007 and 2008 (CS; cosmopolitan species, WS; warm water species, NS; neritic
species). Species in bold are vector species recorded in Coos Bay, Oregon, USA

Species name Ecological

characteristic

2007 2008
Feb. May  Aug. Nov. Feb. May Aug. Nov.

Amphorides minor =syn Amphorella minor WS *
Amphorellopsis acuta CS * * *
Amphorides amphora CS *

Codonellopsis morchella WS *
Codonellopsis ostenfeldi WS * *

Dadayiella ganymedes WS * *
Eutintinnus lususundae CS *

Eutintinnus tubulosus CS * *
Schmidingella arcuata=syn Favella taraikaensis NS * * *
Helicostomella subulata NS * *
Salpingella subconica CS *

Stenosemella nivalis NS * * * *
Stenosemella pacifica CS *

Stenosemella ventricosa NS *

Tintinnidium primitivum = syn T. balechi NS * *
Tintinnidium mucicola NS * *
Tintinnopsis beroidea NS * * * * *
Tintinnopsis campanula = syn T. butschlii NS * *
Tintinnopsis cylindrica NS * * * *
Tintinnopsis dadayi=syn T. directa NS *

Tintinnopsis lohmanni NS (cold water)

Tintinnopsis nana NS

Tintinnopsis neriticus NS * *
Tintinnopsis nordqvisti NS

Tintinnopsis parva NS

Tintinnopsis radix NS * * *
Tintinnopsis rapa NS * *
Tintinnopsis simplex NS

Tintinnopsis tocantinensis NS *

Tintinnopsis sp.1 NS

Total number of species 30 4 9 18 2 1 1 15 14

20089 29 FAAE AMER] Tintinnopsis 58] Fo] ThF
A Edsten 53] W4 Tintinnopsis baltica®t T.
lohmanii7} Z@st AHH E4L Z 53ttt (Table 1).
Z7 5€9= FA AeHERI Tintinnidium 3} Tintinnop-
sis £9] Fo] theFstA ST 200749 8¢ sHA o= 14
F03 71 thoFslg e WUREQ Dadayiella ganymedes
¢} Epiplocyloides ralumensis7} 233} 1L, 2008 8=

Eutintinnus stramentus, Protorhabdonella curta 52 '&5%
o] 27t2 &d@3t% . 20079 1L = FFEFQ Ascamp-
beliella urceolata?} 2= %1t 2008 11¥€ o= Codonellp-
sis morchella, C. ostenfeldi 5 FF5°] 9 9 FFo]
Fx2Ao] v = 235 Hh(Table 1).

241310l AL 20079 8o WFZF Codonellopsis osten-
feldi, Dadayiella ganymedes®] @3} I 2008 8o
% Amphorides minor, Codonellopsis morchella, D. gany-
medes7} @3} th(Table 2). 2007 119 C. ostenfeldi
7} 298319 2008 1199= C. morchella, C. ostenfeldi,
D. ganymedes7t E@3to] FAHT fASHA dRFol Al
A2 Edo] FEsto] o] A7lo] YR ol 97t 9
S Holi 9)9ltt. 2008 8Yo 2o F2 EF3}
= Tintinnopsis tocantinensis7} Z&3to] AQZ EAAS
gatA 2tk 200793 2008 2¥oflE tEA AE
Tintinnopsis 40| ZAEJTE 20079 5Yofl&= tF3 o

ol

o o
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Table 3. Seasonal occurrence of tintinnids at Gwangyang Port in 2007 and 2008 (CS; cosmopolitan species, WS; warm water species, NS;
neritic species). Species in bold are vector species recorded in Coos Bay, Oregon, USA

Species name Ecological

2007 2008

characteristic

Feb. May  Aug. Nov. Feb. May Aug.  Nowv.

Amphorellopsis acuta CS * * * *
Codonellopsis nipponica NS *

Codonellopsis ostenfeldi WS *
Eutintinnus lususundae CS * * *
Eutintinnus tubulosus CS * * *

Favella ehrenbergii NS * * * *
Schmidingella arcuata = syn Favella taraikaensis NS * * *

Helicostomella subulata NS * *
Salpingella subconica CS *
Stenosemella nivalis NS * *
Stenosemella pacifica CS

Stenosemella parvicollis NS

Tintinnidium primitivum = syn T. balechi NS * * * *
Tintinnidium mucicola NS * * * * *
Tintinnopsis ampla NS *

Tintinnopsis baltica NS (cold water) *

Tintinnopsis beroidea NS * * * * * *
Tintinnopsis campanula = syn T. butschlii NS * * *
Tintinnopsis cylindrica NS *

Tintinnopsis dadayi =syn T. directa NS *
Tintinnopsis lohmanni NS (cold water) * * *

Tintinnopsis nana NS *
Tintinnopsis neriticus NS * * * *

Tintinnopsis nordqvisti NS * * *
Tintinnopsis parva NS * * *
Tintinnopsis parvula NS * * *
Tintinnopsis radix NS * * * * *
Tintinnopsis rapa NS *

Tintinnopsis simplex NS * *
Tintinnopsis tocantinensis NS * * * *
Tintinnopsis uruguayensis NS *

Total number of species 31 6 13 15 3 6 11 15 15
29l Tintinnidium 43} Tintinnopsis 42 £0] thoFsHA & (Table 4).

FstR oy 2008 59ol= WA AEQ Stenosemella paci-
fica 8t FF JFE QI T (Table 2).

FoFgrol A 2007W 1} 2008 290l WEZE Tintinnopsis
baltica, 88°)| 142 AXF Tintinnopsis tocantinensis7}
27y 233t AR EAL & L]—E]-LH"*E]-(Table 1). T3}
423 JHR2FO HHAMER 4R Favella ehrenbergii
I} Schmidingella arcuta(=syn Favella taraikaensis)7} 2007
Witk 200849 54 8] SA3HL, 2008\ 1€ 7
% C. ostenfeldi7} 33}tk (Table 3).

ClAY NN = WF Tintinnopsis lohmanii7} 2007d 1}k
20089 2] E@sto] £ A FAEALS ot
(Table 4). 20077} 20089 S%OI] 1L AE T socanti-
nensis7t 2@3sto] A427]9 14279 AZAH FEo|A
2 BT} Tintinnopsis 49 F ] thFelA @t AT
54, SAV Y 3R 2 GRS HEEHA 4okt

E T

4554 Ao AZs 9%

ZA7IZE Bt AR SHIAE NESY HYE 642~
65,182 cells L™ & AM|Z4=0] #M3t= A do| wet 2 Xjo|S
o, o]% BZHRE AEZ4E 566~65,151 cells L
81 $E2HEE NESE 10~5973cells L7'2X £ A
B3 AEss FAdRZo] gEE A8kt (Fig. 5). 2+
Puke] AdE HEZF "W Az 20079 290 4
2 AL YA A ek W HE:Lrt BESIG O ‘11
593 8ol 29 Ao tEo] AEFE S8
%ﬂlL AL AQdt AL, &Ab FFFo|M B2 Aﬂz
£ 2tk (Fig. 5). 53] vt 892 X1 Ho A2
%k 14,000 cells L™'& 712319tk 34 1190]& A =57}
ThA] ZHAEAT 4709 duk BE 2.500~3,500 cells L' 9]
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Table 4. Seasonal occurrence of tintinnids at Incheon Port in 2007 and 2008 (CS; cosmopolitan species, WS; warm water species, NS; neritic
species). Species in bold are vector species recorded in Coos Bay, Oregon, USA

Ecological 2007 2008
characteristic Feb. May Aug. Nov. Feb. May Aug. Nov.

Species name

Amphorellopsis acuta CS * *
Codonellopsis nipponica NS *
Eutintinnus tubulosus CS *
Favella ehrenbergii NS *
Stenosemella nivalis NS * * *
Stenosemella ventricosa NS * *
Tintinnidium mucicola NS
Tintinnidium primitivum = syn T. balechi NS * * * * *
Tintinnopsis amphora NS *
Tintinnopsis beroidea NS * * * * *
Tintinnopsis campanula = syn T. butschlii NS *
Tintinnopsis lohmanni NS (cold water) * *
Tintinnopsis parva NS * *
Tintinnopsis parvula NS * * *
Tintinnopsis rapa NS * * *
Tintinnopsis tocantinensis NS * * * *
Tintinnopsis sp.2 NS *
Tintinnopsis sp.3 NS *
Total number of species 18 4 6 7 3 8 2 3 7
120 B Naked ciliates 30 120 B Naked ciliates 30
Busan =3 Tintinnids Gwangyang =3 Tintinnids
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Fig. S. Seasonal variations in abundances of naked ciliates and tintinnids, and water temperature at Busan, Ulsan, Gwangyang and Incheon
ports from Feb. 2007 to Nov. 2008.
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