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ABSTRACT

HESEHIE2 2 7 27, AZ7E 1 (lorica)oll oll¥ 2o e #FHE-F(tintinnids)2} T (lorica)©] Rl AEF
(oligotrichs) & H'FSIAL et ol A i HEFSEFAES] 7 A= H A T FH0] ol FTHRRE N LR
A AR AL, BR71E m3re] 7P wEel 25 oH A dou, @AM & w7te] e EX o et S
Ta5te] A AeohA A H 2 F-8hal et R, ARFO] B, AEZAMS T AR AUt 5P oz Fo FEs)
€ olE o= qlell, £RF] F7H4 A7=2000 o] %o Bl 24 =foll 7= ot HE E47]E 0] FET Heo] HEF
O FRAIACHF ARl B2 "o BZAL o) & Hhgote] = sigelA Edote 8 HRSETT= TR AHEA e
Hol o=z SE It RS EFAEL FEETIEY E E2 Holdo] He S0l 21| &(pico)@t Plax(nano)EF TE
o A=A S v Holgo A a7t T AEE SHAL Qe ol et F A E A M AR FEH TS| gE2 M2 FA
7hobd, ARl s Eshe] Hia 2[4 02 -5 Al et webA sF HESEF e 9 RYE P I A9l 4
o]y A& 7o g, S5 H Am el I ARGS 2 Il RS EFIE A7 LA IA x5t 7HE
O ARSETIE A7 FES TR A RT T LE 2 mo], MM o] ofet ARFO] AR AR, #AA 2
Ao 2tz ], Aot AHuw, ARFEFIE AN B AdstH, @44 #8715 "E 2ot HRFEF
E BYE RO el E Sl A A= S st .

Marine planktonic ciliates include two major groups, loricated tintinnids and naked oligotrichs. The study of marine ciliate plankton
in Korea began with taxonomic efforts on tintinnids based on the morphology of lorica, a vase-shaped shell. Despite polymorphism in
the lorica, it is utilized as a key characteristic in identification of tintinnid species. However, oligotrichs have been studied only
recently in Korea due to challenges associated with the observation of ciliary arrangements and the technical development for cell
staining. Species diversity and phylogenetic classification of the ciliates have been informed by recent advances in morphological and
molecular analyses. [llustrations of the planktonic ciliate in Korea have been published on the basis of taxonomic data of tintinnids and
oligotrichs. Planktonic ciliates acting as the major consumers of pico- and nanoplankton as well as the prey of mesozooplankton, has
been monitored by spatial and temporal investigations in Korean coastal waters. A practical approach addressing the limitations and
potential of marine ciliate studies in Korea is proposed here to improve the data quality of planktonic ciliates, providing an enhanced
basis for quality control of ciliate monitoring.
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HoF AT Al A AFS5-E-EZ T E (microzooplankton)S 2 7R (copepoda) @t -2 S-EZH =S| Ho|WERA,
S Aof 1] A= 9 E(nanoplankton) 2] EAAEA &, T T1E0] Afolof A 484 0 & o |22 Ags| F= w7l gg-S
ot itk 55], 275 = EELEY] tiFa 2HA[skL Sl A R5E" FE(ciliateplankton)& H|ASF=E W of
Uzt | glote} T2 2 u| A %(picoplankton) S -2 /4451, vlA|H o[ (microbial food webs) 2] |5 AH[Z}2
M DAPYAFAA 2 0] o Y 2] GRL = F2 A QUTh(Fig. 1). - Halol| mh2H 2]t -2d3)o] whef s A=) 2717} 2ot
AW ZHFE 0] F7]|% A (micro) oA B]Ax(nano)2t Z1]Ax(pico) 2 2] WSt AgFEHE 1.2 ™(Sheridan and Bickford,
2011; Peter and Sommer, 2013), ~22] Ab5of| w2 0k5-o] Hidh 2 &JQF o] Fgo| Algte|o] -3 Je A Lol 4] ofj
2]19] 552 7]FE9] dAHol S (grazing food chain)XE Tl UjAHo| o2 A= o4z S50 ZFXEA ot
(Lewandowska ef al., 2014). T2pA] 7|5 810] Atfjo]] sfofollA] HRFEFT=0] T2 oL Fasitial & 4= At

S RS EZAEY] 7oA A v A F o] Boleh FRutel -84 B (tintinnids) 7 | HA] 26| 48
ek 5 RFO 25 71591 Wi (lorica) ] EZF PR/ 0] Qlof AR o] AX )7k sEA]RE, AA7EA] w7he] FE)
2 EAS 7| A A o2 FA e eF gAte] f54mF T (Kofoid and Campbell, 1929, 1939)0] 2] £
ol de] ol Hof gk TRt 1930 ] A2 At} AR EjE ol TRt AR RO & A7l (Hada, 1932a,
1932b, 1935, 1937, 1938) = -2|Lf2e] QI Aol A -70H4 eAtol] f-2l5iA E-8-5] it

S, Aot HlaLs FeiEAo] o2t AW F oligotrichs) o] 7o A= 1980 AT ST SolA F= Fuldo]
ARSI AMHE Foll AR el E-S s, siefoll Rxstke S50 FEI7 A 2 ASE 19 A ERAAIE T
2]5to] TSIt Lynn and Montagnes, 1988; Lynn ef al., 1988; Montagnes and Lynn, 1991; Montagnes et al., 1988). ©]
T, o5 & FRM R AHE IAR, ARl &ohe B2 TE0l AlA AA Y siHelA AFo s B EI A
TR0 Heht 7S AFsHAA AlEo] F0] BalE 1 §lof ol AHIF AE4 o = SA W 1 Qlek 2 A

Hof| oet AlF2A0] AvE vig o & ey 540 2= @77 ol E(sibling species) ] w7 Wt 8ol
A|A ZHA] ol 4] fF MR FEFTE T Alder, 1999; Chihara and Murano, 1997; Xu et al., 2009)3} 25754 A
o] THBE(Kofoid and Campbell, 1929, 1939; Hada, 1937, 1938)¢] &= o] I A2 S0/ -85 A HE Al
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Fig. 1. A conceptual diagram for the microbial loop of a microbial food webs in relation to the classical food chain. Symbols for
diagram courtesy of the Integration and Application Network (ian.umces.edu/media-library).
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EN of, 7]&4] 2 %ﬁF%Q%ﬂﬂ%%Eﬁgh_iﬁ:Ammaauw&yﬂ APZHFEO] AGES FR35t oS A=
HE7HA] tsto] KA EA| AtRke] AetE|glom MRS EdTEe] BRAEeH dqle B4Rl Yol H
oIt ol A= 1980 SHIEE -G 5(Yoo ef al, 1988; Yoo and Kim, 1990)°]] &Jaf] A|2HH sof AR EEag o] B
&4 717} 2000t 05 AYel, Aejehd =2 A5k 1 9o (Jeong ef al., 2004; Kim ef al., 2007, 2012), B S5
& ol Hlo Alm AT o] of g2 T AErt A Sjo] AdEo] Har itk
2 AmE0] Fe|A, B, Ae|H BAS E5t £ 54 0] 7142 Halst 20| H11E] )tk Abraham ef al., 2019). 3
Folgf= - e AL S/dE T o F7] w2, siels HRFEFIES] =i A2 2 4-94-S gHsty
H o FAQ1 AR AR Q1 HIZHA AfelellA] o= AL -8 ARl Tt arvlo] H e skt b =7
5ol =lollM HRSETIES] @ TARE A=) AL E ot AR MRS Aljtete] AR FEFTE 48
7V’ AEeRE Al gt
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sfe] sio] 7RsaAEL, FaH o R
whebA ZZoflis vt FEiE ofuzt, wikt uiell Fo] H°§
11 @Itk Santoferrara ef al., 2016). A %.2] HiE-& st
H(Wilbert, 1975)2 59 Al2ZE AR &, B4Rt ol v d-g vl 7JE°H°F Sk ofg=ol F mhETt. mEbA o7t
A FFEARFO 95 AR E HH= Bt Ho] QA= o, AF0 R Aols B o v AREAE] Q751 9l
E}. o AR A ARE Zedoh= T A7 A =250] A&A o & AL Q1o 5 R SR = AE A E B
s C’1‘3]'(Agatha and Riedel-Lorhe, 2006; Agatha, 2010; Kim et al., 2010; Bai et al., 2020a, 2020b).
GEARFZOL S EAQ SoF H-gA AR Fo] BRilo AR oligotrich ciliates)= 70| §lo] IH|& UZo] ¢]

oy
ol

4o
%
_L4
rlr
tl
_I?.E
rE
=)
g
=3
o
5 9
=X
n o8
=
=
.
1o
ne
ol
ro,
e
)
m

Hego] ez = o] Qlo], U F2F 4 B (naked ciliates 4= aloricated ciliates)2h 2|7 9ttt AR F=HRo| vilE-&
WhEA) Pefol £5 0] 71l k- Bazolch AERA o] dulje] Qe PRRto R £2 /)Afe o 2
2 74 Apefol mh2 Jefislr} Alsl, A1) etet it 71} giel, $590) A e Aelel] ofeiglch 4n5
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=S o R, Ans And Aust A7) A2k, 20101 o, G F0] S5l ofa] 425 Al
ol Pt AR} G A HE Fetolo] AnRe] AR W81 szt g A A AAEIICE 712] 2 genus)©
2HE AR FE2 AE0 R FeA)7 = 5, S AAP R thdsiA] 2] = Stk Agatha and Striider-Kypke, 2014; Liu

et al., 2015). ©|BA| BHSHA v £59] LR MR o) 4.8 Y| mlefslol 7Rsto 2 BRERE QAL R A7

T2eRD Q7|2 2 Akl silver proteinate)02h= A|2Fo] ARG AU 2] Siitar opn| ittt Agtsto]
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Al Q) 2, Hla2o] it FAlof il A= Eof Qli= AR O] 57} AR o] Anl o 2 yo] 5ok, ] B
SiapEo] e ZHEE ARGRE H ot Wilbert, 1975). AR RNE= of 2] AlZRARIA AR =90 X tofli= T o]
A Az A= R] oot AR F A1 whEo] A= 1ol A7) E] Itk (Pan ef al., 2013; Kim and Jung, 2017). Z12u 271
ol o)A sto] AH A|ZgE Aok ARERE -, A ATt AstE]e] E5], ARt o] Alrh 2k ATt Acket 7
= ARG B4 o2gS 11 Qe Aot} 2t AsRlES ARGSHA] oAl AR At S FAS 4l 2R
H(silver carbonate) HH-2 AR FEFIE0] FQ R Ql AT -{EARFO| -2, Lol whef o] o2 7%
7F AL TlEo] RS AR 4= Lol TR0l TH(Foissner, 2014). A A He] = ARt 71e/d2 4%

MRS EZTE FARE0] RI=A] sfidsfor & B = ol k.

K

= &l
SHA RO A5 Fol i AEEE =Y 5 e e HA ] BAPYETHA A== 188 ribosomal
DNA (rDNA) 1312} g HolH, Fejd F54 2] s ehEol=t] F-83t AH= dejA ot #Zell=ITS (internal
transcribed spacer)2}28S (large subunit rDNA)S} -2 Bt} B2 ¥ 9]0] GRS FAof| E451o] FEj 2= F-2o] o]
& FAZ 710] GAA} 20| 2 BAGHL Itk Xu er al., 2012; Kim et al., 2020). 2 E0] 2| HE AR = ZAE £4]
Hol| $HAI7} Qlof, | EZEglotCOl -FAAE E-g5t A7 4305 1 Qlth(Jung et al., 2018; Park er al., 2019). ARZE
FHE 50 -2 B A AE-23(NCBI gene bank) ol 555 0] AARE0] 5783 AlewAd-= Aok il -2leh
AEQlImetE F-R=al glrk
HRSEFIES Fol tigh 74
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Agar hardening

0.5% Potassium permanganate
0.5% Oxalic acid

@ Protargol powder
‘ Hydroquinone solution
— - slaining _iar 5% Sodium thiosulfate

Isopropyl alcohol series
M - (30-50-70-95-100-100%)
ounting Xylene (100-100-100%)

Fig. 2. Schematic drawing of Quantitative Protargol Staining (QPS) procedure.

2t HE 1 o] a7t o] A e,

= GAo] ;‘%HZ] Lot AHA 0= FpEo] HFEAE ol Aot

Z520] AlG BIFS50A]gE Z0] LB glo] Aol I71H(<20 #m, 20-50 #m, 50-100 #m, > 100 gm)= ARF

T Wl Ak A A= 7F 27) 70 JiAla-et fadt Ho =] BAE s 4= Ath(Kim er al., 2021).
Ty Fw] Al A ARG EEIES] AHSH] Ae] WA Eej o= ofo g dAqtxEo| sfddlor & &
Aol

A RFEFTE] F A= A (cells LR Eg FA0HATE wof] wheba] e JAlw 1g C L) 02 gHitsto]
LR ]7| & Rk, ZiAl-0] A dit= Alazo] 27171 are]=#] oh= whio] Qlo], Ae] 9 Aje]oha] AhmAof wht g
AIAES AFESE | e R}, A RLFO] (YA A|A 0] 7|6keh L2E Al Este] dolof Holo] 271E S7ste] Al
(pm’)y& 75 5 AR SF 18H80.19 pg #m (Putt and Stoecker, 1989)2 Z-85}] 3hARRIC G547 0] o=
7o) A A-S 719 &, H3HA] carbon (pg)=444.5+0.053 lorica volume ( xm?)°l| 2J3f EFARIAFS AXISEATL QTh Verity
and Langdon, 1984).

5, MO2Zatg & AAlStA HE

[ ==

A2 ste]| whg ST EA o] Hsto] Higt A5 fol] 4~22] ¥izlo]| HIZhRt sfolEe] TR ot A ald
7 Utk AR S ETAE ol FEARF = 20 Hdlo] /It F-50] Hol ZetE|e] glom, o] T &
TR AR E YePd o g2 gy «“AE5HA 2| fingerprint)” 2.2 AFE]7| %= 5 thModigh e al., 2003). 53], 4]
= T2 ol 77 F s e ollA OH‘IT-’] SHIE melshr] flolf A=at4 2| B S (biological indicator) 2] w2 AR = -H-E

Aol FHI EAS o] 8517k oFIrth(Kato and Taniguchi, 1993).
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Fig. 3. Variation of optimal smoothing curves on sampling interval days based on daily monitoring data (442 days) of
tintinnids in Jangmok Bay from Aug. 2008 to Nov. 2009.
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BB AR SYAE YEMED7] 20 1m)S o851 541 5 molq S20 8 1935) To o] AT T, 4
GRSl 34 22 ARS 1ATT 22 1PE ARE i Bktto] 9ol
AwF0] 49, F52 Asio], Aol THE 18] Bouin §o] HEBEI} 10%, SHHEA] HEE 197} HE 2

Z}7} nlg] Yols S2hAE (300 ml -871)ell S5 278 W=t Montagnes and Lynn, 1987). 5, A|2£2] 413t
J =, AE s Ul FUe= HERITE Bouin 890 % YAH AlREe A

oA = @5 717Kzt HEE o] 25491 &-go] 7Fs st
TSRO AT BT, A150] Hal Aol REEA] Aot gl 7l o] Fe AH = Algsiorete g, o] o= HER

A5 F, B A 7gSHA] al AR ofl A-aL Zp o] sl 25 o frAFsHAl A5t Al Al = 2Htsto] YAl

Sfod, ﬂ]—rdﬂ'(Sedgewwk Rafter Counting Chamber) Hoﬂ iEil =25 7% HZEt A 92 § o]
Sedgwick Rafter Al 1|7 200 (10 x 20)Hl 7}2] 70 7Fsho 2 thiR9] T2 541 Al57t sAlofl 7Fsolt.
A|aEe] 2717} 2ot At ARt FHIA EAS s ] Yeiie el SRt Qo AlsE Aot e H e E

[ Bouin fixation ]

[ NaClO bleaching ]

Protargol impregnating

1

[ Hydroquinone developing ]

1]

Staining quallty checking

/ N\

[ Sodium thiosulphate fixation ]

[ Dehydration, clearing, mounting ]

Fig. 4. Diagram of the optimized protargol staining (modified from Ji and Wang, 2018).



o2l 7, AvZelig 9 okdn] 202 1ila(400-10009)5tel 4 Hel P S W 2 Skl 7 4 9k

AT 9= F0] 5782 Aol e AR G FE ko] T 712 RS WalstoloF itk AdAlkEke] A¢-
ARE g njole w0 Wop Sejols Fehro] il AriZeras Be the Betein) A B vt Mokl
H2E2 M §401 10 54 B ofel 1] S0l EH a1 21t 7 o] o g 43
542 Pl Ans meeks Qe Sojo] dalsle] 14ohuiae Paelob it S5 v 918 R0 2
o 9IS 12 DT A and Wang2018) T 4110 15 1 A1l £ 505 g 4.
Heg TR EhE AH(QPS)S Bl FEATHALE A1 & 4 Ik QPS WO R A7Lelol SRS ALe 7 et
dn7 o g FEAN AGE Al AARIE QPS F7HE-2 2THIE(400-10008]) 2] FHEE ook, FE-2 o] &
A glo] G7H 02 B 4= lo] g0l o] 7Hs et E S A AL QrkFig. 2). 12U, QPS 9] %, GHE
¥} 22, Pan er al(2013)2) A2 we} RS SrhdslatE e AT} AshEo] 9] AAIS0] QPS AlR B4
of ofel2-& AL Uk

FZdT ogte] eli= 2| = 1, o= F2F3(agglutinated lorica) Y 8™ % (hyaline lorica) .2 25 K(Fig. 5).
ol FAY ol Zd FAto] ’iQI7F wizt A s ARof whe Al e, wj3te] SRef HiRELo] el et m7t FHO| 7
Yot alA] Fhzo et F2 TRt S5] FR(He] A ol vt JE Hske S5 o] =8 S7do] H AL Qi

ARR JHo) E2iQls AR ar collar membranelles) 2] 7o)l whel, A T 11&, 7843 Oligotrichia) 2} =]
2hA T3 Choelotrichida) 2 725! QITHFig. 6). 7HFEHA R F= W a](tail) 2] f-Fof =t 27t gle 152 WA
S(Strombidiidae), 71215 7HA] 1! Q= A5 A3 AT F(Tontoniidae) O 2 E7JITE E9], RIARFO| 9= o]
- sk 22t o] 187]0] £o 7 2 £0] HR7F AIAE Bl JATk(Liu er al. 2015). We]ARE5E S H(girdle
kinety)©] ¥ Fof| wet47]10] £ 0 = 251 QIthFig. 7). HHHol| Ziteka Rof B]s AR d o] Fok= 4lskA] of.om, 7}
589t B EA] AV H(somatic kinety) 2] Bl Boll wH} Z(genus) @] E771 2 Th(Fig. 8).

Collar membranelles
- \\\‘*\\QLW t//ff? ;\w\/& J Wi,

i [
\.l\"‘:

Fig. 5. Lorica morphology of aggulutinated (A) and hyaline (B) tintinnids.
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= ol Edoke R FO AT O F5H2 FHH 072 Edok= TS Aelote] o FHIE 7R =
115 4= QIth(Kim and Choi, 2016; Kim and Lee, 2016).

) o=
=gy 1§\

Fig. 6. Lateral view of generalized features, illustrating some diagnostic ciliary arrangements of Oligotrichia (A) and
Choelotrichia (B) ; CM, collar membranelles; BM, buccal menbranelles; GK, girdle kinety; VK, ventral kinety; SK, somatic kinety.

Fig. 8. Lateral (A-C) and aboral (D&E) views of generalized features, illustrating arrangements of somatic kinety (SK);
Rimostobilidium (A), Pelagostrobilidium (B), Strombidinopsis (C), Leegaardiella (D), and Lohmaniel/a (E).
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Fig. 9. Relationships between number of ciliate species (tintinnids and oligotrichs) and ciliate abundances from collected data
in Jangmok Bay from July 2006 to June 2007.
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Table 1. List of seqencing primers

Primer name Sequence (5" — 3") Characters Reference
EUKA AAC CTG GTT GAT CCT GCC AGT Forward (Medline et al., 1988)
EUKB TGA TCC TTC TGC AGG TTC ACC TAC Reverse (Medline et al., 1988)
Pro930 GGT TAA AAA GCT CGT AGT Forward (Gong et al., 2007)

NSR951 TTG GYR AAT GCT TTC GC Reverse (Wuyts et al., 2004)

NSF1419 ATA ACA GGT CTG TGA TGC CC Forward (Wuyts et al., 2004)
ITSI1 TCC GTA GGT GAA CCT GCG G Forward (White et al., 1990)
ITS4 TCC TCC GCT TAT TGA TAT GC Reverse (White et al., 1990)
rev2 ACG ATC GAT TTG CAC GTC AG Reverse (Sonnenberg et al., 2007)
rev4 GTT AGA CTY CTT GGT CCG TG Reverse (Sonnenberg et al., 2007)
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