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Modeling the effect of nutrient enrichment on the plankton population: Validation
using mesocosm experiment data
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Abstract : Responses of plankton populations to nutrient enrichment in mesocosm experiments in Shihwa lake were
simulated using FVCOM. Dissoloved oxygen module was added to the FVCOM to simulate impacts of its
decreased levels. The ecological model included the major components of the pelagic ecosystem including nutrients,
phytoplankton (pico-, nano-, micro-), zooplankton (two groups of protozoa, mesozooplankton), particulate organic
matter, dissolved organic matter and bacteria, and was calibrated using trophodynamic data collected from
Gyeonggi Bay and Shihwa Lake. The model was able to reproduce major responses of plankton populations to
nutrient enrichment, including phytoplankton of different size groups, change of dominance of protozoa from
<20 um oligotrichs to scuticociliates, and reponses to bacteria and low levels of dissolved oxygen in water column

of the mesocosms.

Keywords : FVCOM, ecological modeling, nutrient enrichment, mesocosm, Shihwa Lake
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Fig. 1. Flow diagram showing the structure of the ecological model
of FVCOM.
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Fig. 2. Schematic process of DO dynamics.
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RSP = ((1 ~FCD )—~—~D~Q~—-—BM)A OCRxP, (4)
; »KHR,+DO" " e

+ Z(KVZ)A OCRx Z.+Y (Kr,) AOCR % B,
b

sod
D=
SOD = == ®)
NIT = AONT x K;NH, (6)
HRSP = AOCR x K;;DOC ™
where
DO : dissolved oxygen concentration
PN, : preference for ammonium uptake by algal group
p (0<PN,<1)
GR, : growth rate of algae
AOCR :DO to carbon ratio in heterotrophic
respiration
p,z, b :algal-, zooplankton- and bacteria group

index, respectively
P, Z, B, : algal-,

concentration, respectively

zooplankton-  and  bacteria  group

K, : reaeration coefficient

DO, : DO saturation concentration

FCD,  :fraction of basal metabolism exuded as DOC

KHR, :half-saturation constant of DO for DOC
excretion by algal group p

BM, : basal metabolism (respiration and excretion) rate
of algal group p

Kr, : respiration rate of zooplankton group z

Kr, : respiration rate of bacteria group b

sod : sediment oxygen demand

AZ : layer thickness

AONT :mass of DO consumed per unit mass of

ammonium nitrogen nitrified

Kyt : nitrification rate

NH, : concentration of ammonium nitrogen
DOC : dissolved organic carbon concentration
Kir : heterotrophic respiration rate
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£ : mortality rate

& : basal mortality rate

DOcgr @ DO criteria for mortality

K : motality rate coefficient
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Fig. 4. Model domain.
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Fig. 5. Simplified flow diagram showing the structure of the ecological
model for this study.
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Table 1. Initial condition for the water quality and biological state

variables
Parameter Unit Case A Case B
NO, mg N L' 7.60 x 107 847 x 10°
Nutsient NH, mgNL" 031 x 107223 x 107

Sio, mg SiL" 3.67x 10" 423 x 10"
PO, mgP L' 2.14x10° 132 x 10°

Dissolved Oxygen mg O, L' 7.0 7.0
Picoplankton mg C L™ 9.80 x 107" 4.10 x 10°
Phytoplankton Nanoplankton mg C L™ 2.58 x 10° 1.52 x 10°
Micorplankton mg C L™ 7.48 x 10° 5.07 x 10°

Protozoa 1 mg C L™ 9.18 x 107*5.71 x 107

Zooplankton Protozoa2 mg C L™ 9.18 x 10° 5.71 x 10™*
Meso-zoo mgCL™" 1.78 x 107" 1.03 x 10™

Bacteria mg C L™ 147 x 107 1.47 x 10”"
DON  mgNL" 337x10" 2.81 x 10°

DOM DOC  mgCL™" 474 x10" 415 x 10’
DOP mg P L™ 237 x 107 7.05 x 107

N mgNL' 1.77x10" 278 x 10™

Si mg SiL™" 9.05x 107" 1.33 x 10°

Detritus . y )
C mg C L™ 9.87 x 107" 1.46 x 10

p mgPL" 558x%x10°348 %107

o179 Bl 0.19 peC g S A-E-3te] 5kl
20 zm "] 9FS] W14 2. ZF-(protozoa 1)2} scuticociliates (protozoa
2)9] WA Fuli= ZH2) 2,322 gm’ cell ' 7} 6,283 g’ cell ' 2
SAEcEZE AT BAaES 7L7—} 441 pgC  cell '3}
1,194 pgC cell'2 283190t} TS EZHAES] 27| A
A 7Rl A 253w SR s aE AAZ
A<l 1?1 61.9 : 18.7(Choi, 2010)~ A galo] AEZe
&) Ao 2 HE SlsIgict. v lote] AR A
A% ZE] Lee and Fuhrman(1987)2] W3k k1 19.8 foC cell”
< AHEERSITE Belel] ARl =2 Al5-E Table 290 A
skich 712 A7k 9 DO, 9 AlFE By
= &ato] A4l

3. 21 & E9
QAL FUSA B AT (Case AP FFAE H7H

2 (Case Byell theh 5419} 2= Ax} AADS Fig. 6]
A, Fig. 60l gl gt i 27t AlA =3l ot

Q1910 & . A=710] £AFALS 7 MASPonE 1
AN BZT} A]Z2] 2polE LFERFA] ekghe), Wl

= A 23852 Al gsto]l RAE 2dE Hyl=
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Table 2. Main parameters used for FVCOM simulation of mesocosm experiments

=& Ef Al (Mesocosm) A& A& 363

Parameter Definition Value Unit Reference
CHL2C chlorophyll to carbon ratio 0.40 - Bowie et al., 1985
R P, respiration rate for picoplankton 0.10 day" Kim et al., 2010
R P, respiration rate for nanoplankton 0.05 day™ Kim et al., 2010
R P, respiration rate for microplankton 0.05 day Kim et al., 2010
UMAX, maximum growth rate for picoplankton 099 day Bierman and Dolan, 1981
UMAX, maximum growth rate for nanoplankton 1.50 day™ Bierman and Dolan, 1981
UMAX; maximum growth rate for microplankton 350 day Bierman and Dolan, 1981
UBMAX maximum growth rate for bacteria 10.5 day calibrated
MPD, mortality rate for picoplankton 046 day Shen, 2006
MPD, mortality rate for nanoplankton 046 day" Shen, 2006
MPD; mortality rate for microplankton 046 day" Shen, 2006
R Z, respiration rate for protozoa 1 0.05 day™ Kim et al., 2010
R 7, respiration rate for protozoa 2 0.05 day Kim et al., 2010
R Z, respiration rate for mesozooplankton 0.05 day" Kim et al., 2010
G_MAX, maximum grazing rate of ptotozoa 1 on bacteria 100  day™ calibrated
G MAX, maximum grazing rate of ptotozoa 2 on bacteria 350 day Hamilton and Preslan, 1970
G MAX; maximum grazing rate of mesozooplankton on phytoplankton 02 day Yang et al., 2010
R B bacteria respiration rate half saturation constant for nitrogen 0.05 day Shen, 2006
KHN uptake for algae 0.01 mgL™” Cerco and Cole, 1994
KHORp, half saturation constant of DO for oxic respiration 0.5 mgL” Cerco and Cole, 1994
KT, temperature influence coefficient on reaeration 1.024 - Thomann and Mueller, 1987
(KD min oxigen exchange coefficient 0.60 mday Hydroscience Inc., 1971
DO, DO criteria for mortality 448 mgL™” calibrated
k mortality rate coefficient 2.00 - calibrated

7} 58] AlRtel whE Wist 543 AT ES] £ o) AEEG T ARl A= GRS A Aot Fast
= & Adsta glvka A AEe 3t Ao R FetELh 1 o) A AIZHE vl A
A717F 2> 20 pm) A EEFIES AAshs 27(Gaudy

31 AEEETE HE et al., 1996; Gretchen et al., 2003; Li et al, 2008; Yang et al.,
A3 717 F U271 Case A)SF YA A7 15 20107} A& 07 Haskela A7 5 3 A8
Case B) 7t9] xfol= AEZHIEANA 71 FEsH Yet 52 1717} 20~30 gm ©]3E I 4 A EZHAES F2
Wk G4 "7 (Case Bl 283 v|4 A EEHT A 213517] W&o th(Sherr and Sherr, 1994; ¥} %, 2003;

ol AP T oF 597 FAsHA ke, o] F-

Yang et al., 2008). ¥48-5=2] A2 ¥ AE %7] 20 um

FUA T SoHIHA AEE el mhE AR A vIRke] NI R (Protozoa 1)2] /g7l mah Sm|a A&
27F vebdth i A7 izt AeEdae =0l wAM Hashs A dERgth Sra 4
Z719F FAkA ot fashs e Bl 9 T e AES oF AAEE ESHH] et A7t s}t
ool 9 FEEHAEY BT AR HEERA - 2 F= skl

=0 A Wzt Tad & v F e 24w, 7]

T Al Told AEEY Y sEEdaEl] a4 32 SEEEIAE HS

AEELTE B 60~70% oS AR Qe HoR Hizs @A 7 T P AT Al e AR

BFS] S ok AT, 2005; Yang et al., 2008, 2010). 124} TH T
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Fig. 6. Comparison of modeling results and mesocosm experiment data(Cases A and B).
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: propotionality constant = 3.933 in MKS unit

: weighted velocity over a cross-section
: weighted depth over a cross-section
: wind-induced reaeration

:constant for temperature adjustment of DO

reaeration rate

: chloride concentration in ppt (= S/1.80655)
: velocity, width and depth of the k, vertical

layer, respectively

: width at the free surface
:wind speed in m sec’ at 10 m above water

surface

: oxygen exchange coefficient
: water surface area

: water volume
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: minimum respiration rate of DOC

: constant relating respiration of DOC to algal

biomass

:effect of temperature on mineralization of

dissolved organic matter
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