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Changes in Planktonic Communities and Environmental Factors
between Open Versus Closed Artificial Marine Microcosms

Seung Won Jung*® and Don-Hyug Kang'

Library of Marine Samples, Korea Institute of Ocean Science & Technology, Geoje 53201, Korea
'"Maritime Security Research Center, Korea Institute of Ocean Science & Technology, Ansan 15627, Korea

Abstract - To understand differences of environmental factors and planktonic communities in
closed (CS) versus open (OS) enclosed experimental systems, we performed a study on a 100-L in-
door-type artificial marine microcosm. For environmental factors, including water temperature,
dissolved inorganic phosphorus, and dissolved silica, there were no significant differences between
CS and OS; however, salinity was higher in CS than that of OS due to the evaporation effect. The
concentration of dissolved oxygen and dissolved inorganic nitrogen was lower in CS than in OS.
The abundance of phytoplankton was lower in CS than in OS. However, abundance of autotro-
phic nanoflagellates and heterotrophic bacteria varied inversely with that of phytoplankton abun-
dances. In particular, the abundance of heterotrophic nanoflagellates and ciliates increased with
bacterial growth after a time lag. Therefore, environmental factors and planktonic communities
in CS gradually changed over time and characterized a different artificial ecosystem than in OS.

Key words: plankton communities, environmental factors, closed indoor microcosm, open indoor

microcosm

M = o] 71 AFZHEHAES o83t HAFstH AHAFol =
2 AF}E £&3F 4 QrH(Kim 2001). 0|3 e AF
AT E+= H2AYE A (artificial or enclosed experimental Ao Mol ARt Ao 7te BAZANA AdL &
ecosystem) A= AAYEA L FAISHA ThEo] AF &= T A B oy AY H=7F 27] wZell XP%’%*EM]

Ho =S B4 91e ZUST 1 29 RAS AAY o U 4 ATE 6L AT S Aok ATAYAL
B= fA5te], 54 <l o3t AeA Wsks uofd 4 A7) wek 1 m’ o]3te] 2% AFTAEA (microcosm), 1
Aok E3 T2 THO AEE HEFH R ALY, UA]9 m’'~1,000 m’2] %3 AZAE A (mesocosm), 1,000 m” ©]A4F

o] & A YENA (macrocosm)= =1, 2% A-FAYE

‘—E—ZEE AT " A% = AFA A =23
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AL, HE AFAHAE T4 D v o] A A 1
| 3} 1t} (Grice and Reeve 1982). &
3t A2 2l FAE A (out-door enclosed experiment)= A&
o 3 Sol 9 B0 NSA S W vk Ay
011’%‘15}{74] (in-door enclosed experiment)= H|Z= AYE] A ]
A ABA AR YA S5 U B 5o 82
o] % AT AR} golste] Ao AT A R
o Aol Ert. o]2gt AFAEHAE ©]&3t =
w obue Il E SAE U BRG] et A
o] Wke AlF 5 thokst Hofol| A 2851 9ich(Kang et
al. 2005; Kang and Kim 2006; Kim et al. 2006; Jung et al.
2008, 2010a, 2010b, 2012; 2013; Yang and Jeong 2011).
ABAAL 7R ARl A 9 oael 24,
B, A 13E 5 718 #AY sdo] a5ttt &,
QB ANONA AT $7 o], 23k ARbAfef 207}
£ E@sto] ofe] QUTAZL FReok s, AF Sl el
7H] FE2 S457] Al ARE 7 AFst = AFA
A9 12U 7|59 G 32 ook stk (Lalli 1990).
JHu, giREEY B34 AFAE A (pelagic enclosed ex-
perimental ecosystem)+ =2|Z 02 FHIA T HEH o]
52l 5 3% 5 4244 ULt AE| el
EZ AFAEA W - oFo ESo] FAste F7|7F A
B A AQUAALL Folrt WAHT. B A2 19999 T2
AFATE(E AL Is s EFolA 5um
FES 7H= AR AZAHAE AZste] Hf4E =

oN

ool mZi
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ol shglou, A7 @4 Ao e oF AES0
A A F2teo] QR 2RE 59 fFjo] AT
(KORDI 2000). ZL2ju}, Y57ollA A5 =51 539
ASAHA AFolM= 5 +A7E AF9 2flz o &
Zo] Hgsto] QF A 9F e aclo] fARE XS
3t AFE7F QT (Jung er al. 2010a, 2012). kAl k<] ol
SAEHA dFe A 5o BgE & e #Hed
AEQol W A2 S 7183 ol T A 2 Lr'L:,T(Z«]]Z]-)o]
Zasith & A4t HAA4T AT ASAEHAY X}OP‘*
< qtste] FF & d3AEol A3 EHA dFE
?—E}C’ﬂ UoAA 712ARE AlFStLA AolA <7 °H-r—4
ol fle JAB Y d&54< 97 7t FuEHe Y
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43, Z2kel ABAUACNA BARAT Bl LABA
Mg Telsio] 1 Aol ST,
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Fig. 1. Schematic diagram of the indoor-microcosm used (radius: 0.5 m, depth: 0.51 m). The box of shaded gray color indicate to use the ap-
paratuses used in the open system (OS) at inflow and outflow of velocity of 200Ld .



Changes in Planktonic Ecosystem between Open and Closed Indoor-microcosms 405

FUEA e T LHE(CS, closed system)d} sj=7}
Fr&she 8 E A (0S8, open system) O 2 TS AT
0S9] AF4A3f<4> (NS, natural seawater) 35<= 2l A&Eut
9] s AFVHA AFHUNRE A&How FFT 5= 9l
L 4 e AXE Z, 10 um filter2 33 o1t 2 oA
(ultra violet) & 2 HFdto] &7 AEo] FFEA &L 7%
& AABpE 2001 day FEFHES Sk Agxd F
LTl 50uEm s (12112, light : dark cycle), 4222 20°C
£ FA R o, A9 #43 S} Y& Aeed FA
(Automatic circulation system)E A|2}3t4] 30 rpm o2 44|
£ 25519 AE-2 3719 microcosme 31U ASIE
GHls AR R sttt AA7IZHE & 159 B¢t 24
Az A0 2 e 9 n|AaEL HSE B9
t}.

2.37489 BA

34 8Ql F #2,pH, 98, §&44a e
7] (YSI, model 556)% o] &3}o] Q1 ZAYH

F714 4 (A4 +obdAE + g Yol FEE 245
A Aed 4 ARE GFF 44X =2 Aist &, o33
34> 300 mL < A 5}o] scintillation vialo] 23 —80°C
oA ¥ Husigth o] 5 drYotE: SAsty] gt Al
BE o3t 34> 50 mLojl 8N 34F 100 L& ¥ —80°C
oA WE BT ¥EF vt Al Y¥ARF
£47] (Quaatro, Bran Luebbe co.)E ©]&3 A3}t &2
< AE dgto 3~43] FEEAT FE 4 AR (Wako
CSK standard solution) £4-& 3] E4x729] AlZ=E
=3

3.54 A8 24

Chlorophyll-a % £4-2 Z+Z+e] QAFAH A oA A4
= A& 300mLE GF/F oA 2 o33t &, oA S 90%
OFA|E (acetone)oll o] PLo)Al 24A7F o]} Husto
chlorophyll-a& &3} th. &% chlorophyll-ax= 333
LA (Turner 10 AU A FFEE S35t 522 AA4lst
% Th (Humphrey and Jeffrey 1997). AEZFHIE 2 423
AAG S4L 200mLe] A 25 F5 (Lugol’s) LN =
HAFTEE 2%7F HEE 1T T, 2447 FAAA A<
2 W3 50mLE SZAAY. 55H A|EE 100~300 uL
£ Sedgwick Rafter counting chamber®] £33 & 33314
u] 7 (Axio Imager. A2, Carl zeiss)3to| A 7HAE A5 &
RO A2 gatettt. €l7F YA+ (heterotrophic

bacteria)®] & 7NA59 £ 0.2 um black membrane & 2
MEZES B2 &, 4 6-diaminidino-2-phynylindiole (DAPI)
2 lpg mL™'2 At §3En| A (Axioplan, Zeiss, Ger-
many) 2.2 |43} T} (Porter and Feig 1980). Heterotrophic
nanoflagellates (HNF)$} autotrophic nanoflagellates (ANF)+=
25% = FEFYLH|3}0] = (buffered glutaraldehyde)Z2 ZF%
T 1%=2 114 ¥, 1 um black membrane©. 2 A L5 2
%, primuline &2 FA & FFAn| Aol A 242} 513~556
nm (FITC filter, emission wavelength), 417~477 nm (DAPI
filter)E ©]-§-5tof A <=3}t (Caron 1983). BF7FE FAl w3}
HNFQ| & WA= dn 739 A9 AlofelA F A|z4=7t
712y 600 E 3007 o]/ Algste] 1o st Aokt
AA Alopso] diFste FES SHtsto] ARE A&t

et

4.¥0]8 £4

AHE R AYF AR AL} Aol A e agd
o = e Aol AR A (ono-way
ANOVA) 4% sttt ol #22 Apol& Kol gl
RS2 Scheffe AFF 242 AAISHATH E3F H A7
M A NN B8l 9 maede] Aol
gto}sl7] 9181e] Pearson A4 (correlation) H4]-2 A A5}
AT ARO] LA SPSS(v. 18) FA H7|AE ARSI

a28]3 pHe| ¥3}= Fig. 2 ¥ Table
2 APAY O &7 A 20°C W2 F4
o] CSE B 2030+037°CE HPoH, OSE 1984+
0.15°C& Eo,CSet OS Woll Al =9 zpol7t AL glglth
(ANOVA, p>0.05). &2 CSollA A8 A2} A| H 32.73
psuol A Ad F7 A] 33.12psu(H 32.92+0.13 psu)E A
A} Z71e BH, OSollA g8 9F a4 FF (NS, ¥
Tt 32.27+0.25psw)oll whEh i 32.27+0.26 psu= CSETH
o odHo wgthH(ANOVA, p<0.001). £E44AL CSo|
27] B 739mg L 'olA AR} st A & A
mg L2 HH 6.15+£0.62mg LS ¥l ¥, OSol|A]
Z7Fo] ¥s} glo] W 7.57+0.18mg L HYE By
£ £ 9] Bistel JARSHA CSollA Haf 3HAast
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Fig. 2. Changes in concentrations of water temperature (WT), salinity, dissolved oxygen (DO), and pH in the closed system (CS) and open
system (OS). Mean error bars are depicted in the 95% confidence points for each top and bottom points in a box plot. Each top and
bottom point of closed circles is depicted in the 99% and 1% confidence, respectively. In the each box plot, midline inside the box in-

dicate the mean value. NS, natural seawater.

Table 1. Differences in the biotic and abiotic factors between the closed and open microcosm system

Factor CS oS NS F-value
WT (°C) 20.30£0.37 20.18£0.15 20.08£0.18 N.S.
Sal. (psu) 32.92+0.13" 3227+026° 3227+025° 44.06*
DO (mg L_l) 6.15+0.62° 7.57+0.18" 7.36+0.06" 61.89*
Abiotic factor pH 7.93+0.09° 8.41+0.15" 8.04+0.01 93.59*
DIN (uM) 457+0.08" 5.33+0.46" 5.06+0.46" 15.20%
DIP (uM) 0.06+£0.03 0.06+£0.01 0.07+0.00 N.S.
DSi (uM) 3.04+0.46 2.98+0.22 2.97+0.06 N.S.
Chl-a(pg L ) 9.03+0.71° 22.83+9.72° 0.00+0.00° 54.79*
Phytoplankton (X 10° cell% mL~ ) 349+1.65° 5.42+0.32° 0.00£0.00° 119.93*
Biotic factor ANF (X 10%cells mL” ) . . 3.44+1.04" . 181 0.53E 0.00+ 0.00Z 97.65%
Heterotrophic bacteria (X 10" cells mL ) 12.186+5.49 7.36£0.78 0.00£0.00 55.07*
HNF (x 10” cells mL™") 7.56+2.83" 1.94+0.40° 0.00+0.00° 85.07*
Ciliate (cells rnL_]) 28.03+8.26" 26.77+2.17" 0.00£0.00" 154.49*

Data represent means = SD from duplicate independent assays. Results were analyzed by one-way ANOVA and Scheffe’s post hoc tests. Letters (a, b, and
¢) indicate significant differences among experimental groups (*: p<0.001). WT, water temperature; SAL., Salinity; DO, dissolved oxygen; DIN, dissolved
inorganic nitrogen; DIP, dissolved inorganic phosphorus; DSi, dissolved silica; Chl-a, chlorophyll-a; ANF, autotrophic nanoflagellate; HNF, heterotrophic

nanoflagellate; N.S., no significance.

Fig.3 @ Table 14 7PE} SEF7AL
443 uMofl A 231 470 WME 2 Zpo] glo] A E AE Hhd,
OsoA= 27| F7keteh7h oA Fashs S Eloh
olz o o FEFV|EAY T HIlel 2 A4

AE 7HA 2 AAch(r=0.704, p<0.01). CSOI A 2] =57
9 FEE A7) GAH e Frtstthrt Aastid
WA OSolA] et 2 ¥t glo] 2718 =E FAISHE ¢
Atk 08l FHH= Adeo == HE 089 §&F

71919) =] wishe} AlgH

AN F3ig M-S HolA] ¢

gt

L O35
= TaY

2 E3 ANF

S 7
=

Holil A= et B
#+ 007 uMY] =2 2yt %é &4 Lzl s oS
7t W 3044021 pM
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AL Hth(r=0.529, p<0.05).
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Fig. 3. Changes in concentrations of dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP), and dissolved silica (DSi)
in the closed system (CS) and open system (OS). Mean error bars are depicted in the 95% confidence points for each top and bottom
points in a box plot. Each top and bottom point of closed circles is depicted in the 99% and 1% confidence, respectively. In the each
box plot, midline inside the box indicate the mean value. NS, natural seawater.
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Fig. 4. Changes in concentration of chlorophyll a and abundances of phytoplankton and autotrophic nano flagellates (ANF) in the closed sys-
tem (CS) and open system (OS).

2 zpo]E Ho|il 99t} (Fig. 4, Table 1). CSOA micro- 22 235% 107 cells mL ™ol A] 5.53x10° cells mL™'& 27}
size |42 AEEFAE 4= AP 27]0 481%10° SFATH 0SolA A EZFaE 9 ANFO| 7fA|e] Wshe=
cells mL™'o]| 4] Az} Zraste] AF 2 Ao 143%10° CSoA A42] Wt} vitfe= S . Chloro-

= o
cells mL™'& WERAE ¥HA, nano-size ©5+¢] ANF 714 phyll-a &= OSOlA F7kste FA= BH2H, CSOf|A]
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Fig. 5. Changes in abundances of total heterotrophic bacteria (HB), heterotrophic nano flagellates (HNF), and ciliates in the closed system (CS)

and open system (OS).
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AE Ao e Aragat J Al 4R Ao whE A
& 4] Ao whE Hsket detEh

AEEFIEY A% Adadozs dutdor A
ol & % HE 5 4 Utk (e.g. Howarth 1988). 74 %

)

SE 4% A FFL

|
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=2 =2

ol ofsh 74]—'—1‘1 %
°“‘§Tr—4 HoE ZP"“’HTQ} &9 Zol7} IA] Gt
Jung er al. (2015)2] AU &7 QAFAYeHA Aol SlolA 7H
HE d3AHAE nadE2LY 2 Wt glol 27 AE
o] ALHog FAHAD v, HHF AZAHA A
2P EFe] EH9 Aot B AS wEE + 4
Ak AESTILE 28 F 96% oS AA 5t SRS
T8 AR FEFV e} &4 HAFHL A
Jg oA 2 ZpolE HolA| Fh=tl, L olfr= HAF A
TF7F SASHA] Eoto] GUHERS LnlshA] Zehglct
Ao B3 AEETIE <Y AsH vHEE 4
HQl ANF= 1943t s ool A Zm]2(pico-) R m]4
£ 3. (nano-phytoplankton)s-°] 4% %A= o] ok
= 2317} Qlth(Berman et al. 1984; Azov 1986; Kimor et al.
1987; Bonin et al. 1989; Herut et al. 2000). 53] Kress and
Herut 2001)9] &% QA AFolA Qo] AlFtagle
2 288 uf, ANFY| 4% 25o] tE AEEF3E <4
Ho} grhe A7 239t fAksH
EF7F FAlRES SR A A A= 2
Ho|z| ¢ksront, Hg S A=A A ‘%%%EE
717k oAAIE ol o) w27 Zvket AAT RS of
NEBYaET JYAR AUIN ABEYRE S
A AN 7|8 H oz T ee ¢ 4 At
O] Kress et al. (2005)9] FFFF 71 24 AFAHA
AFoldsh a0 A3kE Uehieleh Ao E Hi
PAle) WES AT W, ARG BA % 44
Aol A%e ol Taof wet. et Re) AulAt
HNF&} A m2o0] A7k Zpo]E Fo] Z71S 5191, bacteria
7 4% ul, 20125 0] Z4steh oleh 2 HNF 9 4
B33 BAGPARUS ENGE e ABAHA Aol
A JFE L QT (Kress er al. 2005; Jung er al. 2010a, 2012,
2013; Baek et al. 2014).
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