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Temporal and Spatial Distribution of

Planktonic Ciliates in Masan Bay

Jae—-Do Lee
Department of Oceanography, Graduate school, Pukyong National University
Abstract

In order to wunderstand® the temporal and spatial distribution of
planktonic ciliates, this study was carried out in Masan Bay from April
2004 to Feburary 2006 and several abiotic and biotic factors were
measured. FKor this study, planktonic ciliates were 'divided into three
groups, tintinnds, oligotrichs and Mesodinium rubrum. 7 .,genera and 20
species (excepted~unknown. species) of tintinnids«were encounterd, and
the dominant species of-tintinnids were -Futintinnus tubulosus, Favella
taraikanesis, Helicostomella longa, Helicostomella subulata, Tintinnopsis
tubulosoides and Amphorellopsis sp. Total planktonic ciliate abundance
and carbon biomass were means of 3.44x10° cells L' and 853 1gC Lfl,
respectively, and the abundance and carbon biomass were higher in the
inner stations than in the outer stations. The ciliate abundances in the
inner stations were mostly occupied with M. rubrum, and in the middle
and outer stations occupied with oligotrich and tintinnid, respectively.

The mean contributions of tintinnids, oligitrichs and Mesodinium



rubrum to the total ciliate abundance (carbon biomass) were 38.6%
(66.4%), 34.0% (22.7%) and 27.3% (11.0%), respectively.

Planktonic ciliates were not correlated with physical and chemical
factors, but were positively correlated with phytoplankton and
autotrophic nanoflagellate. Additionally, M. rubrum was correlated with
biological factors except heterotrophic nanoflagellate (HNF). while
planktonic ciliates increased in abundance, zooplankton decreased from
April to July 2004. The means of the estimated grazing impact by
planktonic ciliates on_bacteria, nanoflagellates and phytoplankton were
137 % d', 506°% d' and 315 % d'. This studysuggests that in
Masan Bay the prey abundance to be a potentially. important factor for
determining 'the abundance and distribution of plaktonic ciliates, and that

their importance might ‘vary seasonally and among the sites.
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Figure 1. A map showing sampling stations in Masan Bay.
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Figure 2. Map showing sampling stations from inner to outer area. A
(station 1 and 2), B (station 3, 4 and 5) and C (station 6, 7)



Table 1. Latitude, longitude and depth of sampling stations in Masan Bay.

Stations Latitude (E) Longitude (N) Depth (m)
1 35° 7 43 4% 128° 35" 9.71~ 6
2 35° 9’ -38.22" 128° 35" 49.98" 11
3 35° 6" 0.43" 128° 36" 47.48" 13
4 35° 8’ 112.55" 128° 40’ 53.40" 6
5 35% 6" 35.08" 128° 40" 25.56" 18
6 35° 41-26.63" 128° 39" 1.45" 135
7 35° 2" 51.33" 128% 43°-13.77" 315
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C : Chlorophyll a = 11.85 Egy — 1.54 Egsiz — 0.08 Egso
v (m¢) : volume of acetone

V (m¢) : volume of filtered water
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Figure 7. Temporal variations of chlorophyll a concentrations at St. 1 in Masan
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Table 2. Variations in the species number of tintinnids during the study period.
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Table 3. Occurrence list of tintinnids at surface layer in Masan Bay during the study.

2004

2005

2006

Apr. May Jul.

Aug.

Oct.

Nov. Jan. Feb. Apr. May

Jul.

Aug.

Oct.

Nov.

Jan.

Feb.

Amphorellopsis sp.
Codonellopsis morchella
C. nipponica
Eutintinnus lusus—undae
E. tubulosus
Eutintinnus sp.
Favella ehrenberggii
F. taraikaensis
Helicostomella longa
H. subulata
Stenosemella nivalis
Tintinnopsis baltica
. beroidea
butschlii

. corniger

kofoidi

lohmanni

parva

radix

rapa

. tocantinensis

. tubulosoides
Tintinnopsis sp.1
Tintinnopsis sp.2

SIS RIS R R

*

* *
* * *
5

* * *
* * *
* * *
*

3k

E

K

K

K

K

* *

*

* * *
x
3k
* * * *
3
* *
3k
* *
x
K
* * * *
* *
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Table 4. Occurrence list of tintinnids at middle layer in

Masan Bay during the study.

2004

2005

2006

Apr. May Jul.

Aug.

Oct.

Nov. Jan. Feb. Apr. May

Jul.

Aug.

Oct.

Nov.

Jan.

Feb.

Amphorellopsis sp.
Codonellopsis morchella
C. nipponica
Eutintinnus lusus—undae
E. tubulosus
Eutintinnus sp.
Favella ehrenberggii
F. taraikaensis
Helicostomella longa
H. subulata
Stenosemella nivalis
Tintinnopsis baltica
. beroidea
butschlii

. corniger

kofoidi

lohmanni

parva

radix

rapa

. tocantinensis

. tubulosoides
Tintinnopsis sp.1
Tintinnopsis sp.2

SIS RIS R R

*

* * *
* *

* *

* * *

%

* * *

* ES

* * *

*

*

*

* *
x
3k
* * * *
* *
%
3
3k
K
x
K
* * * *
* * *

*
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Table 5. Occurrence list of tintinnids at bottom layer in Masan Bay during the study.

2004 2005 2006

Apr. May Jul. Aug. Oct. Nov. Jan. Feb. Aug. Oct. Nov. Jan. Feb.
Amphorellopsis sp. * * * * %
Codonellopsis morchella * * %
C. nipponica ® B B
Eutintinnus lusus—undae * *
E. tubulosus ® ® * * * * * B
Eutintinnus sp.
Favella ehrenberggii * *
F. taraikaensis * * % %
Helicostomella longa ® * * * * B %
H. subulata * * * B ®
Stenosemella nivalis * * B
Tintinnopsis baltica * %
T. beroidea * * € %
T. butschlii * * %
T. corniger %
T. kofoidi
T. lohmanni * * * * * * * * *
T. parva * % %
T. radix * % % * «
T. rapa
T. tocantinensis * * *
T. tubulosoides ® * * * * * * * * * * B
Tintinnopsis sp.1 * * * B % *
Tintinnopsis sp.2 * * * * * * %
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Table 6. Species diversity index (H'), Richness index (d) and Evenness index (J’') at each station during the study.

Layer Station Number of species Total cells Diversity(H') Richness(d) Evenness(J’)
1 10 27,288 1.56 0.88 0.68
2 16 11,2131 1.09 1.29 0.39
3 14 12,838 1.96 1.37 0.74
Surface 4 13 13,322 1.65 1.26 0.64
5 16 14,086 1.65 1.57 0.60
6 14 1,0736 2.08 1.40 0.79
7 13 7,000 1.88 1.36 0.73
1 17 53,769 2.00 1.47 0.71
2 15 49,724 1.79 1.29 0.66
3 14 18,765 2.21 1.32 0.84
Middle 4 16 19,913 2.34 1.52 0.84
5 15 21,821 1.80 1.40 0.66
6 12 8,725 2.09 1.21 0.84
7 11 5,238 1.90 1.17 0.79
1 15 29,343 1.88 1.36 0.70
2 12 8,949 2.10 1.21 0.85
3 10 3,038 1.75 1.12 0.76
Bottom 4 16 3,690 2.30 1.65 0.83
5 15 11,605 2.33 1.50 0.86
6 15 4,948 2.43 1.65 0.90
7 14 2,793 2.43 1.64 0.92
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Figure 21. Dominant species of tintinnids in the study area.

A : Helicostomella subulata, B : Tintinnopsis tubulosoides
C : Favella taraikanesis,

D : Helicostomella longa
E : Amphorellopsis sp.

F © Eutintinnus tubulosus
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Figure 26. Temporal variations of Tintinnopsis tubulosoides in tintinnids during

the study area.
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Figure 27. Temporal variations of Amphorellopsis sp. in tintinnids during the

study area.
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(2) 2E 5 (Oligotrichs)

ARRE 5ot gl Adshe TFaE FolA Y I 94
E5o] 23l (Montagnes and Lynn 1991) AR F& oF3t A EH o7 o
Fo]A oFo] Aol w9 s Foz dHA 9th (Song and Phyllis
1998). A7 2RF FAHS 0~17.3 (F 1.17) x10° cells L 'H 9
2 Yewt F#FAEFY A Al =& EdEFE By AR FE
2720051 2 20061l 1.92x10° cells L9} 3.60x10” cells L& =4

vtk FA1(20059 2 2006)el 0.37x10° cells L9k 0.68x10° cells L=
A Yelsth SHAIE AL EAl w3 FAd ¢ 5AS Bt
(Figure 28).

AAE S Al T G M ks Edskiey A 19

ARAAA 5, 6, 283 1] F27 AZA thx 2L AHFS BT

2005 FAlolE BE AR nEA = AT HIrt (Figure 28).
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28. Temporal and spatial variations in the abundance of oligotrchs in

Bay during the study.
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(7}) 2BF (< 30mm)
30um olste] AVIE 4Rl AEFO FHEFS 041~17.04 (B 0.58)
x10” cells L "9 2 vebygth 53] 20054 49l b A&z vas)A
e AHAA Hets Ao® eyt BH 15 AYe A ZHe

FZoA 10" cells L o]4¢] gho] ZA T} e £33 H3lE 33
o Al i 1.23x10° cells L'o]al £ i 023x10° cells L' A&

0.28x10° cells L& Y} FZeA 30 o3t A7E 7F ARF9
=dFol T AZod vlasA oF 4u] o] =2 AHIS HIth

(Figures 29~35).

(W) AEF (30um~50mm)
2717F 30~50pme] AEF= 0~7.39 (Ht 0.43)x10° cells L 'H$ = 1}
Ebstth 2004 4€9] WS A A 29 &5 HHA FH 5Y T3

A 7.18x10° cells L '3 7.839x10° cells L '& E} A7)0 H|&A] w]$ =2
ol Z2AEQom AutHoR A} AV o FZoA =S HIHS K
Gt v A ZALZ)ZE Eot 30~50ume] AR T EA(4,59)0 HIHSHA

=zdstder A0, 289 =d &0l Hdadhs BA¥FS B (Figures

29~35).

(th Z2EF (> 50um)
50im ©] el AEFE 0~9.86 (Hit 0.16)x10° cells L' H 9= hEbRE
30um ©13Fe} 30~50um Z7)e) A wmel AMA o ul$ Hloks)
Atk EA 20059 22 A 19 F3olA 9.86x10° cells L2 713
2 & Bom 50m olsh ARFES] 3 WUsE Ay F35

A
HA s Bk AN 50m o] A7E Tkl AR

Hir

EE !
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i
rlo

=
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B

J{m

= ZEAA AR G 553 aadA we o g

Aoltt (Figures 29~35).
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Figure 29. Temporal and spatial variations in the abundance of size

fractionated oligotrichs at St. 1 in Masan Bay.
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Figure 30. Temporal and spatial variations

fractionated oligotrichs at St. 2 in Masan Bay.
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Figure 31. Temporal and spatial variations in the abundance of size
fractionated oligotrichs at St. 3 in Masan Bay.
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32. Temporal and spatial variations in the abundance of

fractionated oligotrichs at St. 4 in Masan Bay.

_55_

o8

06

(7T B[99 L0 1<) 2oURpUNg Y

size



2004 2005 2006
Apr. May Jul. Aug Oct. Nov. Jan. Feb. Apr. May Jul. Aug Oct. Nov. Jan. Feb.
I 1 L 1 I L L L L L L L L L 1

Depth {m)
(1819 0 Tx) douEpUNG Yy

== 50 zm

Figure 33. Temporal and spatial variations in the abundance of size

fractionated oligotrichs at St. 5 in Masan Bay.
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Figure 34. Temporal and spatial variations in the abundance of size

fractionated oligotrichs at St. 6 in Masan Bay.
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Figure 35. Temporal and spatial variations in the abundance of size

fractionated oligotrichs at St. 7 in Masan Bay.
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(3) Mesodinium rubrum

74 AERRY 77 5 stdold, 3 T89S 2 e M.
rubrume SHA R ZF(cryptophycean algae)® 4 WH-sAZFo} &

%
AAAS 2 9den e §59, A e a7 v A

Aol 4 49 (Taylor et al. 1971)o A HAZxE A3t sHAo tAH
T A RwIHsHA A4S ok (Lindholm, 1985). 53] 37} b4«
2 Aol A F7Ighel AA ALHAHow EFEIU(Sieburth et al
1978; Lindholm et al. 1988). 12]3L M. rubrum AA|dl =70 §lS #| 2
T ANE Axurt adEe GAAA ALaaHE FIHAA T o
FE Fo] FHAS Al ZAH e AEd ¥ = TE Ue o=
& %t (Horstmann 1981).

(3t 0.94)x10% cells L 'e] Hgl2 vebwte

¥/
AME SdF2 dutge=w FA9 sHAld] =7 =&t

==

1 =
2005 7€ AA 19 mEolA 61.7<10° cells L2 714 =2 Zd o=z

et vlad S AJe A =dek M. rubrum©] 915 A

o

o R
2
| )
rlo

=2
o[Nt
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Figure 36. Temporal and spatial variations in the abundance of Mesodinium

rubrum in Masan Bay during the study.
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o) Hek

(Gismervik et al., 1996; Stibor-et al., 2004; Vadstein et al., 2004).
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EHE 27 r=0.284(P<0.01)E %<

J

=

- 3184 a3 AAAA

7t 9

it

—
fite)

el

%0

;OH
o

—
fite)

agl

S
&

1402 epg,

#io] 5

¥

rubrum= T(r=0.254, P<0.01)3} 2]

o)
T
ﬁo
B

Folde w

a7l el

[e)

L

-0.729, P<0.01),

g WAk x£417)
a4z

J

&

=

%

¥

o

Ao M. rubrum

A

0.649, P<0.01)¢ 6(r=0.694,
P<0.01)

e e

(2004) ¢}
-0:290, P<0.01)x}¢]

A(r
—-0.710,

3
=

o

=
S

+
-0.674, P<0.01), A .3

0.527, P<0:05) 1l A

Zr16Q @

A7F o Ao Z ZALE AT (Tables 7~14).

et Kim

0.274, P<0.01)<}
P<0.01),

-0.379, P<0.0)%, =]
-0.661,

AAEE BREEH 20

0.581, P<0.05)3 AH 3(r
4(r

-0.869, P<0.01)°ll A

A (r

B2 M. rubrume IE(r
ST}
44

1(r

P<0.01)o. 2
(r

B2 4= 9lQlt} (Tables 7~14).
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Table 7. Pearson’s correlation coefficient between planktonic ciliates and environmental factors in Masan Bay.

Total Cliliate  Tintinnids _Oligotrichs e %%“i?éﬁ‘s om M. rubrum
Temperature 0.284%** 0.254%**
Salinity -0.379%* —0.2945%* -0.290%*
Dissolved Oxygen
pH
Secchi Disc —0.274% % -0.189%* -0.267%%*
POC 0.274%*
DOC
Silicate(Si)
Phosphate(OP)
Nitrite(NO2)
Nitrate(NO3) 0.288**
NH

*xP<0.01, *P<0.05
(POC : Particulated Organic Carbon, DOC : Dissolved Organic Carbon, M. rubrum : Mesodinium rubrum)
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Table 8. Pearson’s

correlation coefficient between planktonic ciliates and

environmental factors at St.l

in Masan Bay.

Oligotrichs

Total Cliliate Tintinnids Oligotrichs

<30/m

30~50m >50m

M. rubrum

Temperature
Salinity
Dissolved Oxygen
pH

Secchi Disc
POC

DOC
Silicate(Si)
Phosphate(OP)
Nitrite(NO2)
Nitrate(NO3)
NH

0.554%
-0.504%

-0.544*

0.707%%

0.640%*

0.572%

0.611%

-0.544*

0.531% 0.637%*

0.981*

-0.531*
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Table 9. Pearson’s

correlation coefficient between

planktonic

ciliates and environmental

factors at St.2

in Masan Bay.

Total Cliliate

Tintinnids

Oligotrichs

Oligotrichs

<30/m

30~50m

>50m

M. rubrum

Temperature
Salinity
Dissolved Oxygen
pH

Secchi Disc
POC

DOC
Silicate(Si)
Phosphate(OP)
Nitrite(NO2)
Nitrate(NO3)
NH

—0.6843x

=0.6745%x*

0.519%

-0.525%
0.529%

0.520%
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Table 10. Pearson’s

correlation coefficient between planktonic  ciliates and environmental factors at St.3

in Masan Bay.

Total Cliliate  Tintinnids Oligotrichs o 031(1)%(;%;;15 Som M. rubrum
Temperature 0.518% 0.627*
Salinity =0.729%3
Dissolved Oxygen
pH
Secchi Disc =0.638%: 0.510% 0.536%*
POC 0.810x:
DOC
Silicate(Si) =0.747xx
Phosphate(OP) =(.569%
Nitrite(NO2)
Nitrate(NO3)
NH

_66_



Table 11. Pearson’s correlation coefficient between planktonic ciliates and environmental factors at St4 in Masan Bay.

Oligotrichs
<30um 30~50m >50m

Total Cliliate Tintinnids Oligotrichs M. rubrum

Temperature 0.649s:

Salinity -0.527 =0.661 3 -0.518*
Dissolved Oxygen
pH

Secchi Disc

POC 0.552+
DOC
Silicate(Si) =0.579%
Phosphate(OP)
Nitrite(NO2)
Nitrate(NO3) 0.550%
NH
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Table 12. Pearson’s

correlation coefficient between planktonic ciliates and environmental factors at St.5

in Masan Bay.

Oligotrichs

Total Cliliate Tintinnids Oligotrichs

<30/m

30~50m >50m

M. rubrum

Temperature
Salinity
Dissolved Oxygen
pH

Secchi Disc
POC

DOC
Silicate(Si)
Phosphate(OP)
Nitrite(NO2)
Nitrate(NO3)
NH

0.538x

0.752x:
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Table 13. Pearson’s

correlation coefficient between planktonic  ciliates and environmental factors at St.6

in Masan Bay.

Oligotrichs

Total Cliliate Tintinnids Oligotrichs

<30/m

30~50m

>50m

M. rubrum

Temperature
Salinity
Dissolved Oxygen
pH

Secchi Disc
POC

DOC
Silicate(Si)
Phosphate(OP)
Nitrite(NO2)
Nitrate(NO3)
NH

0.694::
=0.710%*

=(0.539%
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Table 14. Pearson’s

correlation coefficient between planktonic  ciliates and environmental factors at St.7

in Masan Bay.

Oligotrichs

Total Cliliate Tintinnids Oligotrichs

<30/m

30~50m

>50m

M. rubrum

Temperature
Salinity
Dissolved Oxygen
pH

Secchi Disc
POC

DOC
Silicate(Si)
Phosphate(OP)
Nitrite(NO2)
Nitrate(NO3)
NH

0.556%
=0.869%*

0.535% 0.792xx*

0.561*

0.671 53

0.613x

0.720%:
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AEs g ZaaA

.

B, ARSF 183 Mesodinium

o] =29 A+ A EZ(biomass)

o

5

o] &3t

KeX
=

7+

rubrumo. 2 Zt

o

bl ot

)

b vl w4

)

el

7§ A = 2}

579
BHE FFEAEFE=0564, P<001)¢ M. rubrum(r

kR

S

Uz

oF

A

}

~

ZAH]

0.349, P<0.01)=%

S|
=

T 5ol A

XS 1 At} (Table, 15).

)

flgl,

R (r=0.491, P<0.01) ¢} &<

S|
=

=
o

283 M. rubrum9

H At (Table

Z-a#kol

o FjA =7}

3}
P23 == M. rubrum°] {4

_io

¢ AEZF(r=0362, P<O.0DE oi

Hm
A4S B}t (Table 18). =3 =

o =z
TS

0.554, P<0.01) gL

—a(r=

A 2 &-a(<20m) 9 3 4o

/2)1—

s}

A5 Hgtt (Tables 15~18).

(2003) <]
(r=0.860, P<0.01), 2279 AEHFY} HA542-a (r

et al.

Takashi

0.900, P<0.01)%} wj-$-
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ES AHAS B ol WA FHdA AE AV HAEESEAE

o] 4 (Sieburth et al., 1978)3t+= 7Z4& ¥ Y& Takashi et al
(2003)9] Aol Al EF L@ o] ARF(<30m)7F 338k 10m o3kl 2]
EZHIES A (cf. Jonsson, 1987; Rassoulzadegan et al., 1988)3}™
A ARFAAA ZEE ves AR 2 A A ZTAA FF
ARF 8% AE4-a(=0564, P<0.01), FEAHEF] A=F} <
22x-q (r=0514, P<0.01), &3 M. rubrum WAF<} 924 -a(<20um)
(r=0.496, P<0.01), M. rubrum® AEHIN HHF1-a(<20mm) (T=0.515,
P<0.01) ¢t Fod daAds BAo B dATodA-E¥9 A3 Takashi
et al. (2003)9] A+ A= tE FFE BT ok AT =™

2

FF PR ARRY A4S B AR F A FEHERI 475
= AAS N &386 %) AET WS 664 %) 7] T Aoz B
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Table 15. Pearson’s correlation coefficient between planktonic ciliates and chlorophyll @ in the Masan Bay during the study.

Abundance vs: Chlorophyll a

Biomass vs. Chlorophyll a

TC Tintinnids Oligotrichs M. rubrum TC Tintinnids Oligotrichs M. rubrum
Chlorophyll a (Total) 0.601** 0.564** -0.162 0.349** 0.496** 0.491** -0.056 0.133
n=111 111 111 111 111 111 111 111
Chlorophyll a (>20/m) 0.432%* 0.524%* -0.114 0.118 0.250% 0.444** -0.037 0.172
n=111 111 111 111 111 111 111 111
Chlorophyll a (<20/m) 0.584#* 0.410%* -0.161 0.496%* 0.601 ** 0.370%* -0.058 0.038
n=111 111 111 112 111 111 111 111

*xP<0.01, *P<0.05

n = number of data sets; TC = Total ciliate
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Table 16. Pearson’s correlation coefficient between planktonic ciliates and chlorophyll a at surface layer in Masan Bay during the

study.

Surface Layer

Abundance vs. Chlorophyll a

Biomass vs. Chlorophyll a

TC Tintinnids Oligotrichs M. rubrum TC Tintinnids Oligotrichs M. rubrum
Chlorophyll a (Total) 0.601** 0.564** -0:162 0.349** 0.509** 0.514** -0.062 0.344**
n=112 112 112 112 112 112 112 112
Chlorophyll a (>20/m) 0.432%* 0.524** -0.114 0.118 0.277%* 0.463** -0.035 0.095
n=112 112 112 112 112 112 112 112
Chlorophyll a (<20/m) 0.584#* 0.410%* -0.161 0.496** 0.602%* 0.389#* -0.072 0.515%*
n=112 112 112 112 112 112 112 112
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Table 17. Pearson’s correlation coefficient between planktonic ciliates and chlorophyll a at middle layer in Masan Bay during the

study.

Middle Layer

Abundance vs. Chlorophyll a

Biomass vs. Chlorophyll a

TC Tintinnids Oligotrichs M. rubrum TC Tintinnids Oligotrichs M. rubrum
Chlorophyll a (Total) 0.281** 0.373%* -0.097 -0.040 0.061 0.071 -0.032 -0.009
n=112 112 112 112 112 112 112 112
Chlorophyll a (>20/m) 0.097 0.136 -0.059 0.008 0.026 0.012 0.059 0.025
n=112 112 112 112 112 112 112 112
Chlorophyll a (<20ym) 0.296** 0.388** -0.085 -0.057 0.061 0.083 -0.081 -0.028
n=112 112 112 112 112 112 112 112
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Table 18. Pearson’s correlation coefficient between planktonic ciliates and chlorophyll a at bottom layer in Masan Bay during the

study.

Bottom Layer

Abundance vs. Chlorophyll a

Biomass vs. Chlorophyll a

TC Tintinnids Oligotrichs M. rubrum TC Tintinnids Oligotrichs M. rubrum
Chlorophyll a (Total) 0.398** 0.554** 0.019 -0.032 0.349** 0.362** 0.056 -0.018
n=112 112 112 112 112 112 112 112
Chlorophyll a (>20m) 0.374%* 0.520** -0.006 0.007 0.315%* 0.306%* 0.107 0.025
n=112 112 112 112 112 112 112 112
Chlorophyll a (<20/m) 0.316%* 0.440** 0.033 -0.055 0.287%* 0.313%* 0.002 -0.047
n=112 112 112 112 112 112 112 112
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Figure 37. Monthly variations in abundance of total ciliates and zooplankton in Masan Bay during the study.
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¥ % Eutintinnus  tubulosus(100x10° cells L', >55%), Tintinnopsis
sp.2(<40um)(25%) 18]l Tintinnopsis tubulosoides(22%)+= W= 3l & ol
&3t A 20141 10° cells L o] 4o Wgl2 £XaAth o8 FEAR
e A9 Y WA EF(r=0.620, P<0.05)9 A4S Btk vaF 9
= g AA bdAE FEHELYF AU EF@=0.551, P<0.05)9k w kg
FEdol veb o, A 7oA Helicostomella longa(44%)7y &3
FAE(r=0.765, P<OODT W9 e FHAS BT vy g 8
I 9] oM FFARF/ ASsts HolBEo] vhEA YER

ARFE 20059 49(EZ) Z717F 30mm ©)dkel AR

g

.ﬁ.
A 10°~10% cells L'2 a2 283 ngon, A3t 448< 93%
2 et ols FA0 AR F(K30m) S T4 9 Y 1A EF(r=0.384,
P<0.05)9ke] Al A v FEE o2 FAEH.

M. rubrume 8% 13 2014 10° _cells L' o] o w =dagict. M.
rubrum3 3k ureElgolzt zZtzE AA 1(=0.855, P<00DI A A
2(r=0586, P<Q.05)°1x =S daAdS Btk T3 M. rubrumBol FA
St 2F 2 4 23R Z F(cryptomonas)(r=0.310, P<0.05)¢} =] k3l

IS BT AEAAEA ] sE g A= e M. rubrume W
=(.

= g9gd AH 2(r=0.648, P<0.0D)eF A 3(r=0.636, P<0.01)ol A HH 3k
AL E 7HA = AoR2 YESY. ol M. rubrume] & XA S

EREGAE & YolAEE F8Y Ao B,

Gonzales et al, (1990)8] AF-olAl uvrg g olo st H o3&
S
oF utgg]ole] wld EAUL 0~206 % d' (FiF 137 % dH=E

t} (Table 19). Sherr et al. (1991)2] Aol A Chlorella®] W3t Ht o

g g Aeshel APEE MaARF U TGS P 24
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Table 19. Grazing impact of planktonic ciliates on bacteria, flagellates and phytoplankton in Masan Bay. Unit: % da3f1

St.1 St.2 St.3 St.4 St.5 St.6 St.7
I 66.9 547 911 55,5 93,0 151 139
YIOPRIEOR 1 (9,64~ 225) (0~487) 0~79.0) (3.36~76.3) (0~65.9) (0~5823) (0~50.6)
Flagellates 115 80.2 283 346 434 26.4 %6.6
(ANF + HNF) | (3.36~610) (0~619) (0~99.8) (4.32~97.4) (0~ 194) (0~145) (0~144)
Heterotrophic 2.88 2.40 0.96 0.96 0.96 0.72 0.72
bacteria (0~96) (0~206) (0~3.36) (0~3.36) (0<2.88) (0~2.40) (0~2.16)
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Appendix 1. Abundance of ciliates at St. 1 during the study.
Laver | Ciliates 2002 2006
Apr. May Jul. Aug. Oct. Nov. Jan. Feb. Apr. May Jul. Aug. Oct. Nov. Jan. Feb.

Tintinnids 32 1144 5060 2957 234 0 136 2882 198 100 0 3733 82 160 4525 6044
Oligotrichs 1083 278 70 1826 106 899 509 824 6482 902 234 990 1567 1440 2990 318

> M. rubrum 414 649 25090 87 0 2698 102 59 1187 24850 61719 53029 165 800 81 0
Total 1529 2072 30221 4870 340 3597 747 3765 7846 25852 61953 57752 1814 2400 7596 6362

Tintinnids 667 4387 18937 12101 447 0 60 2733 1967 323 405 1917 1670 625 1508 6257
Oligotrichs 3750 558 1602 168 0 92 1148 11263 1660 404 81 667 2386 625 635 79

M M. rubrum 333 718 0 168 0 31 0 1159 6025 0 0 417 80 1172 0 0
Total 4750 5663 20539 12437 447 123 1208 15155 9652 727 486 3000 4135 2422 2143 6337

Tintinnids 80 975 469 5077 337 31 31 2928 1293 1653 938 536 854 323 808 13010

B Oligotrichs 643 569 2110 154 0 1779 2598 1733 5560 2273 117 1875 932 1859 242 0
M. rubrum 80 406 0 0 0 31 0 299 6013 0 59 89 0 646 0 0

Total 803 1950 2579 5231 337 1840 2629 4960 12866 3926 1113 2500 1786 2828 1051 13010

M. rubrum : Mesodinium rubrum
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Appendix 2. Abundance of ciliates at St. 2 during the study.

Laver | Ciliates |t 2002 2006
Apr. May Jul. Aug. Oct. Nov. Jan. Feb. Apr. May Jul. Aug. Oct. Nov. Jan. Feb.
Tintinnids 31 833 100073 2521 71 51 0 1437 129 634 571 3035 560 245 808 1131
Oligotrichs 5296 216 1658 569 94 256 1317 1257 14807 1163 490 623 1160 1224 808 162
> M. rubrum 735 556 151 813 0 2045 476 60 2446 317 245 21868 0 245 81 0
Total 6061 1605 101882 3903 165 2352 1793 2754 17382 2114 1306 25525 1720 1714 1697 1293
Tintinnids 237 6263 29959 4141 42 51 0 1092 128 0 574 1131 162 165 1680 4103
Oligotrichs 7652 1503 1317 166 83 256 283 780 1787 909 128 323 404 1072 880 0
M M. rubrum 79 0 0 0 0 0 0 0 1596 0 0 646 0 82 0 0
Total 7968 7766 31276 4306 125 307 283 1872 3511 909 702 2,101 566 1320 2560 4103
Tintinnids 0 2850 651 79 85 257 63 660 0 119 44 184 81 159 400 3254
B Oligotrichs 739 1346 163 0 0 360 1384 900 1582 297 267 306 162 1113 80 476
M. rubrum 0 0 0 0 0 0 0 0 63 238 0 0 0 0 0 0
Total 739 4196 814 79 85 617 1447 1560 1646 653 311 490 242 1272 480 3730
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Appendix 3. Abundance of ciliates at St. 3 during the study.

Laver | Ciliates |t 2002 2006
Apr. May Jul. Aug. Oct. Nov. Jan. Feb. Apr. May Jul. Aug. Oct. Nov. Jan. Feb.
Tintinnids 121 155 2797 2051 89 0 92 586 0 201 2122 1972 475 82 720 1374
Oligotrichs 1028 93 2253 1966 89 1331 739 469 17298 2213 1224 2604 1030 1061 880 808
> M. rubrum 272 93 233 171 0 847 0 59 1660 805 5469 7179 713 245 0 81
Total 1421 342 5283 4188 178 2177 832 1113 = 18957 3219 8816 11755 2218 1388 1600 2263
Tintinnids 79 351 4780 1610 151 0 0 2196 626 0 1013 2020 404 232 947 4400
Oligotrichs 315 1404 0 161 0 483 478 235 2317 1732 0 646 323 232 473 0
M M. rubrum 0 0 0 0 0 121 359 0 939 0 1266 2263 0 0 0 0
Total 393 1754 4780 1771 151 604 837 2431 3883 1732 2278 4929 727 464 1420 4400
Tintinnids 0 167 78 466 138 157 0 177 64 60 1054 30 82 82 0 485
B Oligotrichs 1089 167 155 0 23 63 534 707 1716 1905 124 30 490 247 239 162
M. rubrum 272 0 0 0 0 31 0 59 0 0 0 0 0 0 0 0
Total 1361 333 233 466 161 251 534 943 1780 1964 1178 59 571 330 239 646
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Appendix 4. Abundance of ciliates at St. 4 during the study.

Laver | Ciliates |t 2002 2006
Apr. May Jul. Aug. Oct. Nov. Jan. Feb. Apr. May Jul. Aug. Oct. Nov. Jan. Feb.

Tintinnids 188 0 3657 2941 209 244 58 0 370 0 3287 851 167 320 237 794
Oligotrichs 63 377 1590 1634 93 1161 1981 673 12690 3947 8016 1547 417 880 473 1190

> M. rubrum 125 346 3021 2288 209 5377 466 61 1478 709 6253 4720 83 3360 868 159
Total 376 723 8268 6863 512 6782 2505 735 . 14538 4656 17556 7118 667 4560 1578 2143
Tintinnids 2125 2086 5037 4160 420 0 59 398 625 0 485 156 577 716 159 2880
Oligotrichs 163 232 0 0 Y5 1283 473 159 6188 1901 485 313 247 477 239 240

M M. rubrum 82 232 0 0 0 0 59 80 375 0 2505 0 82 477 0 80
Total 2370 2549 5037 4160 444 1283 591 637 7188 1901 3475 469 907 1670 398 3200
Tintinnids 324 501 1192 501 405 60 0 588 243 60 458 79 485 242 238 3313

B Oligotrichs 567 585 0 0 0 1082 534 1824 1761 1620 125 238 404 1051 475 727
M. rubrum 0 0 0 0 0 60 59 294 182 0 0 0 81 162 158 0

Total 891 1086 1192 501 405 1202 593 2706 2186 1680 583 317 970 1455 871 4040
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Appendix 5. Abundance of ciliates at St. 5 during the study.

Laver | Ciliates |t 2002 2006
Apr. May Jul. Aug. Oct. Nov. Jan. Feb. Apr. May Jul. Aug. Oct. Nov. Jan. Feb.
Tintinnids 243 698 8242 984 0 154 0 709 385 0 356 640 400 323 0 952
Oligotrichs 6633 1649 1051 378 49 924 1007 4016 9167 5092 1956 2400 1360 121 82 476
> M. rubrum 1217 127 242 1362 0 359 604 413 3974 613 1956 1120 80 202 163 0
Total 8093 2474 9535 2724 49 1437 1611 5138 13526 5706 4267 4160 1840 646 245 1429
Tintinnids 2462 7641 2746 1497 114 126 0 1376 2020 0 168 490 317 385 160 2320
Oligotrichs 7846 637 76 0 0 50 68 306 2265 2437 0 82 0 154 320 640
M M. rubrum 0 159 0 0 0 0 0 0 612 0 842 735 0 308 0 0
Total 10308 8437 2822 1497 114 176 68 1682 4898 2437 1011 1306 317 846 480 2960
Tintinnids 2021 3100 230 970 373 206 0 886 667 119 495 392 170 360 0 1616
B Oligotrichs 3109 3100 461 0 0 515 247 1476 2,000 1067 330 863 681 280 716 162
M. rubrum 0 326 0 0 0 0 0 0 133 0 0 0 0 0 0 0
Total 5130 6527 691 970 373 722 247 2362 2800 1186 825 1255 851 640 716 1778
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Appendix 6. Abundance of ciliates at St. 6 during the study.

Layer | Ciliates 2004 2005 2006
Apr. May Jul. Aug. Oct. Nov. Jan. Feb. Apr. May Jul. Aug. Oct. Nov. Jan. Feb.
Tintinnids 154 64 2462 2189 230 213 0 420 186 0 2021 1277 789 82 0 649
Oligotrichs 1201 1734 238 151 92 2878 508 900 14814 2004 253 1916 1262 735 159 243
> M. rubrum 4620 418 0 226 23 373 218 300 0 364 1937 399 237 0 80 0
Total 5975 2216 2701 2566 345 3465 726~ 1620 . 15000 2368 4211 3593 2288 816 239 892
Tintinnids 626 162 2587 1753 44 0 0 763 477 82 62 1532 0 0 0 956
Oligotrichs 5476 1215 0 0 44 128 78 0 750 735 124 255 163 234 82 478
M M. rubrum 391 0 0 0 0 51 0 0 682 0 0 170 0 0 0 159
Total 6493 1377 2587 1753 88 180 78 763 1909 816 186 1957 163 234 82 1594
Tintinnids 684 330 810 797 44 130 0 600 192 181 158 625 158 0 0 240
B Oligotrichs 1823 660 0 0 0 78 301 300 256 484 158 859 238 160 82 160
M. rubrum 0 0 0 0 0 0 0 60 0 60 0 0 0 80 0 0
Total 2507 989 810 797 44 207 301 960 448 726 316 1484 396 240 82 400
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Appendix 7. Abundance of ciliates at St. 7 during the study.

Laver | Ciliates |t 2002 2006
Apr. May Jul. Aug. Oct. Nov. Jan. Feb. Apr. May Jul. Aug. Oct. Nov. Jan. Feb.

Tintinnids 303 178 726 3250 24 61 0 194 126 0 310 1417 250 0 0 162
Oligotrichs 5030 5202 403 731 71 611 683 194 11799 2907 1473 1583 333 315 558 323

> M. rubrum 2848 143 81 2681 0 183 62 194 1381 62 465 500 0 157 159 81
Total 8182 5523 1210 6663 95 855 745 582 13305 2969 2248 3500 583 472 717 566
Tintinnids 390 772 782 1677 43 51 0 160 248 0 0 635 79 0 0 400
Oligotrichs 3433 850 0 0 0 359 237 640 497 954 583 159 236 306 160 400

M M. rubrum 390 0 0 0 0 0 59 160 83 0 167 79 79 0 0 160
Total 4214 1622 782 1677 43 411 296 960 828 954 750 873 394 306 160 960
Tintinnids 365 424 72 313 120 0 0 181 118 0 80 404 0 81 159 475

B Oligotrichs 877 255 72 0 0 125 301 361 473 240 120 0 709 404 159 0
M. rubrum 292 0 0 0 0 63 60 60 0 0 0 0 0 0 0 0

Total 1534 679 145 313 120 188 361 602 592 240 200 404 709 485 317 475
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Appendix 8. Pearson’s correlation coefficient between planktonic ciliates and biological factor in Masan Bay.

Total Cliliate  Tintinnids Oligotrichs - O;)gfst‘;;;‘s' Som M. rubrum

Chlorophyll a (Total) 0.601 53 0.564#: 0.349+:
Chlorophyll a (>20um) 0.432x3 0524

Chlorophyll a (<20.m) 0.584 3 0.41 03 0.496+:
Phytoplankton 0.407+: 0.458+:
Diatom 0.290x: 0.228+ 0.222:x
Dinoflagellates 0.296:
Others 0.437xx 0.696x*
HNF —0.226+ =0.192:

ANF 0.290x: 0.431#:¢
HB 0.227 0.237:
AB 0.191* 0.193:

*%P<0.01, *P<0.05
(ANF : Autotrophic nanoflagellates, HNF : Heterotrophic nanoflagellates, AB : Autotrophic bacteria, HB : Heterotrophic bacteria,

M. rubrum - Mesodinium rubrum)
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Appendix 9. Pearson’s correlation coefficient between.-planktonic ciliates and biological factor at St.1 in Masan Bay.

Total Cliliate  Tintinnids Oligotrichs = O;)gfstf)l;;‘s' Som M. rubrum
Chlorophyll a (Total) 0.636%: 0.644:
Chlorophyll a (>20um)
Chlorophyll a (<20um) 0.616%* 0.618*
Phytoplankton 0.538= 0.546+
Diatom
Dinoflagellates 0.541=
Others 0.657x 0.693*
HNF
ANF
HB 0.557x 0.555
AB 0.532: 0.515%*
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Appendix 10. Pearson’s correlation coefficient between-planktonic ciliates and-hiological factor at St.2 in Masan Bay.

Total Cliliate  Tintinnids Oligotrichs = O;)gfstf)l;;‘s' Som M. rubrum

Chlorophyll a (Total) 0.719%x* 0.767+x = = i - -
Chlorophyll a (>20xm) 0.589: 0.644x - = % - -
Chlorophyll a (<20um) 0.773%x 0.7975 - | = - -
Phytoplankton - N - - - - 0.571=
Diatom - = o o = -

Dinoflagellates - B - i 5 - 0.891 #:
Others - = - = i - -
HNF - - - - - - -
ANF - = - - - - 0.573x
HB - - - - - - -
AB . - - - - - 0.781%*
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Appendix 11. Pearson’s correlation coefficient between-planktonic ciliates and-hiological factor at St.3 in Masan Bay.

Total Cliliate  Tintinnids Oligotrichs = O;)gfstf)l;;‘s' Som M. rubrum
Chlorophyll a (Total) 0.805%%
Chlorophyll a (>20um) 0.672x: 0.519*
Chlorophyll a (<20um) 0.680: 0.588:
Phytoplankton 0.600% 0.501
Diatom 0.568*
Dinoflagellates
Others (0.888x*
HNF
ANF
HB
AB 0.568: 0.571*
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Appendix 12. Pearson’s correlation coefficient between-planktonic ciliates and-hiological factor at St.4 in Masan Bay.

Oligotrichs-
<30um 30~50um >50m

Total Cliliate Tintinnids Oligotrichs M. rubrum

Chlorophyll a (Total) 0.551
Chlorophyll a (>20xm) 0.535%
Chlorophyll a (<20um)
Phytoplankton 0.63 7% 0.500%
Diatom 0.617x

Dinoflagellates
Others 0.663+: 0.514x 0.975%: 0.575%
HNF
ANF
HB
AB
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Appendix 13. Pearson’s correlation coefficient between-planktonic ciliates and-hiological factor at St.5 in Masan Bay.

Oligotrichs-
<30um 30~50um >50m

Total Cliliate Tintinnids Oligotrichs M. rubrum

Chlorophyll a (Total)
Chlorophyll a (>20um)
Chlorophyll a (<20um)
Phytoplankton

Diatom
Dinoflagellates

Others

HNF

ANF

HB

AB 0.645%:
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Appendix 14. Pearson’s correlation coefficient between-planktonic ciliates and-hiological factor at St.6 in Masan Bay.

Total Cliliate  Tintinnids Oligotrichs = O;)gfstf)l;;‘s' Som M. rubrum
Chlorophyll a (Total)
Chlorophyll a (>20xm) 0.540
Chlorophyll a (<20um)
Phytoplankton 0.5713
Diatom 0.519x
Dinoflagellates
Others 0.545%
HNF
ANF 0.536
HB
AB 0.512%
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Appendix 15. Pearson’s correlation coefficient between-planktonic ciliates and-hiological factor at St.7 in Masan Bay.

Total Cliliate  Tintinnids Oligotrichs = O;)gfstf)l;;‘s' Som M. rubrum
Chlorophyll a (Total) 0.829
Chlorophyll a (>20.m) 0.850x: 0.543+
Chlorophyll a (<20um) 0.656%
Phytoplankton 0.907x: 0.597x
Diatom 0.910x: 0.600+
Dinoflagellates
Others
HNF 0.834x:#
ANF 0.653:
HB
AB 0.552

- 116 -



	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 연구 해역 및 조사 정점
	2. 물리·화학적 환경 요인
	3. 생물학적 요인
	가. 엽록소-a
	나. 부유성 섬모류의 출현량 및 탄소량

	4. 통계분석
	가. 종 다양성 지수
	나. 상관분석


	Ⅲ. 결과 및 토의
	1. 물리·화학적 환경 요인
	가. 수온
	나. 염분
	다. 용존산소

	2. 생물학적 요인
	가. 엽록소-a
	나. 부유성 섬모류의 출현량
	다. 분류군별 출현량
	(1) 유종섬모류(Tintinnids)
	(2) 소모류(Oligotrichs)
	(3) Mesodinium rubrum


	3. 부유성 섬모류의 환경 및 생물요인과의 연관성
	가. 물리·화학적 요인과의 상관관계
	나. 생물학적 요인과의 상관관계
	(1) 엽록소-a
	(2) 먹이생물 군집과의 관계
	(3) 상위포식자와 부유성 섬모류와의 관계

	다. 미세생물먹이망에서 부유성 섬모류의 역할


	Ⅳ. 결론
	국문요약
	참고문헌
	감사의 글
	Appendix


