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Abstract: In this study, a land-based marine closed mesocosm (LMCM) experiment
was performed to objectively assess the initial stability of an artificial ecosystem
experiment against biological and non-biological factors when evaluating ecosystem
risk assessment. Changes in the CV (coefficient of value) amplitude were used as data
to analyze the stability of the experimental system.The CV of the experimental variables
in the LMCM groups (200, 400, 600, and 1,000 L) was maintained within the range of
20-30% for the abiotic variables in this study. However, the difference in CV amplitude
in biological factors such as chlorophyll-a, phytoplankton, and zooplankton was high
in the 600 L and 1,000 L LMCM groups. This result was interpreted as occurring due
to the lack of control over biological variables at the beginning of the experiment.
In addition, according to the ANOVA results, significant differences were found in
biological contents such as COD (chemical oxygen demand), chlorophyll-a, phosphate,
and zooplankton in the CV values between the LMCM groups (p< 0.05). In this study, the
stabilization of biological variables was necessary to to control and maintain the rate of
changes in initial biological variables except for controllable water quality and nutrients.
However, given the complexity of the eco-physiological activities of large-scale LMCMs
and organisms in the experimental group, it was difficult to do. In conclusion, artificial
ecosystem experiments as a scientific tool can distinguish biological and non-biological
factors and compare and analyze clear endpoints. Therefore, it is deemed necessary to
establish research objectives, select content that can maintain stability, and introduce
standardized analysis techniques that can objectively interpret the experimental results.
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Objective marine ecosystem risk assessment tool using mesocosm
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Fig. 1. Schematic description of the land-based marine closed mesocosm (LMCM) system.
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Objective marine ecosystem risk assessment tool using mesocosm

Table 1. Descriptive statistics of the experimental parameters in each LMCM* group

Variables LMCM (L) Mean+SD** N Ranges CV (%)
200 24.88+0.07 44 22.66-28.27 0.3
400 25.14£0.08 44 23.11-28.99 0.3
Temperature (°C)
600 25.52+0.21 44 23.24-29.61 0.8
1,000 25.88+0.12 44 23.35-30.42 0.5
200 29.03+0.54 44 25.36-30.94 19
. 400 29.83x1.04 44 26.89-30.49 35
Salinity (psu)
600 28.57+0.59 44 23.98-30.41 2.1
1,000 2891113 44 24.75-30.45 3.9
200 8.05+£0.04 44 775-8.33 0.5
H 400 788x0.07 44 755-8.05 0.9
P 600 786+0.05 44 755-8.22 0.6
1,000 791+£0.08 44 753-8.25 1.0
200 6.49+0.06 44 5.69-6.93 0.9
400 6.11+£0.14 44 4.97-6.72 2.2
DO*** (mg L)
600 6.02+£1.09 44 5.13-6.47 1.1
1,000 5.74+£0.05 44 5.08-6.20 1.0
200 3.61£0.70 44 1.20-720 194
400 3.82+0.21 44 0.90-8.50 5.5
COD*** (mg L)
600 3.80+0.17 44 0.95-8.35 4.4
1,000 4.67x0.61 44 1.60-9.55 13.1
200 3.10£1.59 44 1.51-4.69 513
400 3.52+1.18 44 0.64-5.79 33.6
Chl hyll- L!
orophyll-a ug L) 600 2.65+0.72 44 0.50-6.33 270
1,000 3.18%£2.03 44 0.34-8.09 63.8

*LMCM is an abbreviation for Land-based marine closed mesocosm.
**All data in this table is expressed mean + standard deviation.
***DO and COD are abbreviations for dissolved oxygen and chemical oxygen in seawater, respectively.

stom A¥zx7] LMCM 15 H Adztz o] vhEAd 9 < +2.0 {92 & Aol7F Yeh x| gttt Teur A9
A 7@ oARE Ak cve 24212 LMCM # 712y T SAE #e] #ele A7 SAYEEE ta
wjujeh A 2)H 47] 9] e A SAE gho 2 Attt 2ol g Hletl, =2 A& 4%, LMCM 727 &
o} B3 A7 SR A LIMCM AR IEE S48 600 L2} 1,000 L AR L5l A -2 4 2 2fo]7} 2
49 HE e dPE4HEA (one-way ANOVA)S A Aoz BAEQGon &4 E 400L IFNA S3
Al5to] H] W sFl et o] |AL =2 AR A 9] COD &

20002t 1,000 AETFNA 242 1.20~7.20mg L't

1.60~9.55mg L' &2 A@ 7|7 Fet S HEo] E AL
A 2 YeRh A8 713 B2t chlorophyll-a= 200 L 1550l

A 1.51~4.69 ug L™, 1,000 L 15114 0.34~8.09 ug L' 2

ARA717E T LMCM 159 e el 24 &332 H| W2 2 55 2}o]2 W rh(Table 1).

E9] HHE2 Table 17} 20] =51QIch A2} 7+ 4 2 A7olA FFAF= dREYoM da, A da
JIF] Hdt 2, B pH, DO, COD 52 g7 291 9 opd g AA0] e Wt 7o Aol AA] St
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Table 2. Descriptive statistics of the nutrients and marine organism biomass in each LMCM* group

Variables LMCM (L) Mean+SD** N Ranges CV (%)
200 8.01£1.52 44 5.73-92.66 18.9
. 400 706+0.65 44 4.81-29.66 9.2
Ammonium (uM)
600 777+0.65 44 6.93-42.71 8.4
1,000 720%+0.65 44 2.62-13.36 9.0
200 0.46+0.07 44 0.07-1.00 15.2
. 400 0.45+£0.04 44 0.05-0.78 8.6
Nitrite (M)
600 0.49+0.07 44 0.10-1.09 14.5
1,000 0.53+0.11 44 0.13-0.93 20.9
200 2.82+£1.05 44 0.42-11.03 370
. 400 2.10+£0.42 44 0.08-8.70 20.2
Nitrate (uM)
600 1.97+0.59 44 0.29-6.17 30.0
1,000 2.11£1.09 44 0.52-6.60 517
200 5.80+0.83 44 0.95-9.76 14.3
400 727+0.26 44 0.52-11.91 3.6
Phosphate (uM)
600 10.02+£2.75 44 0.42-13.61 274
1,000 5.25+2.00 44 0.22-9.24 38.1
200 188270 12 3-499 141.9
400 586+ 1073 12 12-1,030 126.2
Phytoplankt s L' '
ytoplankton (cells L) 600 14432 12 13-41 135.5
1,000 32+50 12 7-68 121.9
200 1312 44 2-32 89.3
) r 400 47+44 44 17-115 85.2
Zooplankton (inds. m™)
600 124£115 44 7-346 71.8
1,000 95+ 96 44 21-330 100.2
*LMCM is an abbreviation for Land-based marine closed mesocosm.
**All data in this table is expressed mean + standard deviation.
T QA Q1] Bt s AP IR uhet oha 2} AR AEE H AT (Table 2).

o1& E9+d], 200 L 1FNA 2.11+1.09 yMZ 71 W
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EZYIE dEF2 400 L AP IFNA 58641073 cells
L2 71 wekon 600 L2t 1,000 L LFOA W Fhol
A=A FEELAE /MAlG= 600Le} 1,000L 1
FolA ZH2F 124 +115 inds. m ™Y} 95 £965 inds. m 0.2
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2 BAn9ith AYelEd =H7F0 A 2 4o AL
1,000L ZIollA Blaa] 2 2olE KA oH, AEEda
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Fig. 2. Coefficients of variation (CVs) of chlorophyll-a, nutrients, and zooplankton variables in the replicated land-based marine closed me-
socosm (LMCM) groups during the experiment. COD, chemical oxygen demand; and Chl-a, chlorophyll-a in seawater.

dE tha FiRol H9led|, dryoby A,
& 9 QAN Q19] cv gk AgAzte] A
R e

8 LL] V IS 30%S Z1okA] groem LMCM A
= & Zpol & Ho|z] gkotot. 18y 714
=]

o ml o
[
i
_>,:

o2 |
Hs EA4o & 9FE = chlorophyll-a, F4TY, <14t
ZYJE U EEEZAJE =70 cv 2 o

o A2

o, =
chlorophyll-a¥} -fAFRH H-5 S el-& Hc}iﬂ- F20] LMCM LEA AtiA e g w2 ghol AH&H
2 AFollA L, A&, pH, DO 22 HIAESH & %tk 3] COD, chlorophyll-a 5=, YoM A4, 91

http://www.koseb.org 93



| I
Korean J. Environ. Biol. 39(1) : 88-99 (2021)

150

100 [

CV values (%)

50

200 - 00 200-L @ 400-L

[ 600-L M 1000-L

Experimental factors

Fig. 3. Differences in coefficients of variation (CVs) of the experimental factors in each land-based marine closed mesocosm group. Temp.,
temperature; Sal., salinity; DO, dissolved oxygen; COD, chemical oxygen demand; and Chl-a, chlorophyll-a in seawater.
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Fig. 4. Metabolic responses and adaption of general marine organisms to sudden changes in various environmental stresses.
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9] EAI o] "I 4 ATt (Carpenter 1996; Raygosa-
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A AtEE o] B et fARRE e Bl E6] £ <
ToA SEL AEELIE AEF A=2TEH ALtd
CV 32 4oz 27k & 6001, 1,000L LMCM 1
FolAl 22 121.9~141.9%2} 71.8~100.2% =2 =7
AFEE] O] Kraufvelin (1999) 2] At FARE H3FS B
=1, ]3¢t A= mesocosm®] TFE7T F5E AJ7Ho]
73Tl whet = A4S 7Fe] HolEE, patch 4, A=
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159 chlorophyll-a®t SE=EFAE A= W= Al
Zrol Zapetel whet FEishA A EloH, SEEDA
E NEZ g A chlorophyll-a HEA| 7| B} 1
T A% =A UEETh o]9 22 chlorophyll-a (& 4]

ET2E)% FE=ETAE A=Y 44 (peak) 7+ 2L
ol = SHFAYENAA A AAEALRE 12} 4B (S5 FA T
Aol Aol A BEE= AP Hold] »8-3F
|28’ 5 spel Ao = SfAEITh (Sommer et al. 2007).
ojof A7 AFAEL H+FRe| HfH 5 AL
2t AL QY 5 4R BAESH aQlE cv
o] ¥ E FolA 4 74 249 o
H =SA A’ e are] AT AW
A &oh=t] EytAolafal A Qs3I (Parent and Morin
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H 9o dFARE SHOHA d
Aol A A e 4o Halo] tigt =359
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A7 9 A fAIE fIRE 202 47124 of
A W (HAE ) AEETLEY 172 A
2IX717] 91t BT Bt Bog Ao g wy
c.
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SHA R 2 Q514 2EH A0 LEH JELS
of whet tha 2fo| & Holut A A 9lujsh= FE=

Mo 4

S~

=
o
ol
bl
rr
)

Ju =
b oox no

96 ©2021. Korean Society of Environmental Biology.

oAU 5/ RGO BH] ATl EEet: g2 Helrt
(Yoon 2021). ]9} Z-2 ¥1-g3-2 A=} CV X Z}o| & =0]
+ A= vehd Aol 13y 2k oA siSEE
(53] #AA8EE ot F)Y A8 2ol 7MA = &7
0] Yol A thefstA Jag=]7] wfZe] LMCM A3 %
7] 135t A A AEC] HA, Y5 E hArEsol o
St AR HRE FHot E Mt & Y-

- 1—
8% TES o 2T W ash Qe

A7 ABYNA AT HGRSE o sho

2 o] 2] o] WFEIOIFO B, mesocosm T}
MBS ko FUAE Dol FAT B A &
QI v ek, TefL AESH Aol olela 1 A
ol Aolgl o] Bel Al A 4de] 7|5-S A
ofshit] F2a 7912 710l Gttt AurH oz A
Bo1d wat wEAge] £on2 AU 9L 1At
S s T BAES ARl AFHoR
A1 = @ 7t Q1th(Pratt and Browers 1992; Yoon and Park

2012), E8 4827 A ARH L MRS 440
& 757 Hside A 2ot AEAE A
SspA wIgelA] ook EqEAR @A 0 Ho
5t7]olli= 1] &oF3Ith (De Lafontaine and Legget 1987).
AR AFAE2 mesocosm®] e+ E8-S QoA+
7|12H 0w A, R, A d4d/do] F-H| = o

[SRrep]
Ax]olof TS Zxstgst], @A 02 100% A+
dE o glou AFSH FEE 4 Sle R

Al2'lS /4ot AQFSFIT (Yang and Jeong 2011).

B Ao AEsHA Q919 BT HE HHe =
2 600L2} 1,000L9] HE7F £ LMCM 1504 T2 5]

et o]t Welo] @ @9le FR(EE Hu|)r} &
mesocosm HollA 7He) A& 7 7He] =7]

AA 9 Ao o7, AT A
A &4 Wyoz FEE

CV 4HE g2 ol-83l 5/ 4EA

% o
GRS

i

ir o
P

S,
—rv‘-‘m>~

15] A|AH O] H]|
L2 Aol =
Al Z7] BAgst
47}kl o] & A
U LMCM 29

Q3

=2

15

~

2 oE
oX I
llo o
O‘:‘l

l, offt

o
38,
o

Lo
k)

v

g



512 2}90et. olol 3 AT AL ABTE T8} 4
729 919) 3744 1A (B, W, et
2 A48T Y B BT A0 A7t
L 5t 2o 1T A A AHS E-8-51o]
TEZAof Aot ARt =484 (endpoint)E HHY
73, YA HAsid 7 A A4S Al
ShA] A2t A x7] «Hdete A2/ /HAgEst
8215 Alo7} 7HestH, §EE AR T1E WollA A4t
AR 9] PP SHEE B3t AWHRI FIEt o] Fo]
Ao 2 TrE ok

il

Ml
o
_lO]l

g 2

Agdoz wedd E7an AT A
gesy adst NAEsE gele Lol Yoke
endpoint= B BAS 4= Qe A=A 47 o H A
JZAS SAAZ = Q= source? FF E= A7
2 QgAE AL el v AR 1g ] 4, ARFS A
4 W AR S AP o= SAsh] flt mESt
9 24 7ol £elo] Waw 2o N I <)
SAEA ATl APx7] B Mo HdA4E
SR e W AREe] 4T WS 9
L 2 240 dig o ge B} 977l Bag ol

o o9

2 Aol A= sl Al s BT Al BE5HA, H]
AETA ale) digh QIFAENAl AR 27] PEAS
A o 2 ooty 9lol 54 715t s HAS wlxA
= (LMCM) A&EE &Pkt sAS(Ccv) el 1= ¥
She 499 oA B Ag 2 AREsgInh B olto
Al LMCM 15 (200, 400, 600, 1,000L) W HIA-E5H2] 4
o] tigt Cv FH2 20~30% HI 2 A E At 19
U AE4a AEEHIE 4 53 ER T2 B
sH4 9219] cv %= 1tol= 600L2} 1,000 L LMCM 15
ol A FA EAE AT o]9F T2 A= AY 2710 A
oA WMol Tt Ao]7} Kol AR 2 o= oA
oF. T3 ANOVA 24 =™, LMCM “14& ZF CV gt
AESHA 13t AdtE AAUGFEAA Fgt 2po]
Ht (p<0.05). & AtollA BE8HH §i4-o] QHy
3= LMCM 159 27|19 15 Y B2 -4 2st

4 5 BHYL AN 1 £ U JFG 422 A

ol =

N

1
=
=
©

—
=

il

Objective marine ecosystem risk assessment tool using mesocosm
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