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Analysis of the Lower Trophic Level of the Northern East China Sea
Ecosystem based on the NEMURO Model
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The NEMURO model is aimed to efficiently understand the interaction among factors of lower trophic level
of amarine ecosystem, using data on solar radiation and sea water temperature. In this study, we analyzed the
seasona pattern of nutrients and planktons, and estimated productivity and biomass of planktons from 2002 to
2005. Nutrients (NOs, NH,, and Si(OH),) which were used by phytoplankton showed a high concentration
before the bloom of phytoplankton. Nutrients (DON, PON, and Opal) which were a byproduct of phytoplankton
showed a high concentration in the same period as the bloom of phytoplankton. Both phytoplankton and zoop-
lankton had two peaks in March and August. Estimated phytoplankton biomass from the NEMURO model
showed a similar pattern with observed chlorophyll a concentrations. Biomasses of phytoplankton were bigger
than those of zooplankton. Annua mean biomasses of small and large phytoplankton were estimated at 30.961
and 14.070 ug I respectively. Annual mean biomass of predatory zooplankton was greater than those of small
and large zooplankton.
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Fig. 1. Food web diagram of the 11 state variables represented in the NEMURO model showing the key processes and the flows of nitrogen
and silica. Solid arrows indicate nitrogen flows and dashed arrows indicate silicon. Dotted arrows represent the exchange or sinking of the

materials between the modeled box below the mixed layer depth (Ki

sh et al., 2007; Rose et al., 2007).
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Table 1. Parameters used for the NEMURO model in the northern East China Sea. Values in bold are calibrated values that differ from those
reported in Kishi et al. (2007) and Megrey et al. (2007).

Parameter Description Value Unit

Small Phytoplankton (PS)
loptS Optimum light intensity 0.15 lymint
VmaxS M aximum photosynthetic rate at 0 °C 0.4xd2s* sect
KNOsS Half saturation constant for NO; 1.0e-06 molNI*
KNH.S Half saturation constant for NH, 0.1e-06 molNI*
) NH4 inhibition rate 1.5e+06 (moINI%)?
kGppS Temperature coefficient for photosynthetic rate 0.0693 °ct
MorPS0 Mortality rate at 0 °C 0.67708 (moINI*)*day™
KMorPS Temperature coefficient for mortality 0.0693 °ct
ResPSO Respiration rate at 0 °C 3.4722e-07 sec?
KResPS Temperature coefficient for respiration 0.0693 °ct
YS Ratio of extracellular excretion to photosynthesis 0.135 No dimension

Large Phytoplankton (PL)
loptL Optimum light intensity 0.15 lymin?
VmaxL Maximum photosynthetic rate at 0 °C 0.8xd2s* sec?
KNOsL Half saturation constant for NO; 3.0e-06 molNI*
KNH.L Half saturation constant for NH, 0.3e-06 molNI*
KSIiL Half saturation constant for Si 6.0e-06 molSil*
L NH4 inhibition rate 1.5e+06 (molINI%)?
kGppL Temperature coefficient for photosynthetic rate 0.0693 °ct
MorPLO Mortality rate at 0 °C 0.3356 (moINI"*)*day™
KMorPL Temperature coefficient for mortality 0.0693 °ct
ResPLO Respiration rate at 0 °C 3.472222e-07 sec’?
KResPL Temperature coefficient for respiration 0.0693 °ct
yL Ratio of extracellular excretion to photosynthesis 0.135 No dimension

Small Zooplankton (ZS)
GRmaxSps Maximum rate of grazing PSat 0 °C 0.4xd2s* sec?
kGraS Temperature coefficient for grazing 0.0693 °ct
AS Iviev constant 14 (moINI%)?
pPS2zs* Threshold value for grazing PS 0.043e-06 molNI*
AlphaZzS Assimilation efficiency 0.7 No dimension
BetaZS Growth efficiency 0.3 No dimension
MorZSs0o Mortality rate at 0 °C 0.677 (molINI*)*day™
KMorzSs Temperature coefficient for mortality 0.0693 °ct
Large Zooplankton (ZL)

GRmaxL ps Maximum rate of grazing PSat 0 °C 0.1xd2s* sec?
GRmaxLpl Maximum rate of grazing PL at 0 °C 0.4xd2s* sec?
GRmaxL zs Maximum rate of grazing ZSat 0 °C 0.4xd2s* sec?
kGralL Temperature coefficient for grazing/predation 0.0693 °ct
AL Iviev constant 14 (molINI%)?
pPS2zL* Threshold value for grazing PS 4.0e-08 molNI*
PL2ZL* Threshold value for grazing PL 4.0e-08 molNI*
75271 * Threshold value for grazing ZS 4.0e-08 molNI*
AlphazL Assimilation efficiency 0.7 No dimension
BetaZL Growth efficiency 0.3 No dimension
MorZLO Mortality rate at 0 °C 0.677 (moINI"*)*sec?
KMorzZL Temperature coefficient for mortality 0.0693 °ct
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Table 1. Continued
Parameter Description Value Unit
Predatory Zooplankton (ZP)
GRmaxPpl Maximum rate of grazing PL at 0 °C 0.2xd2s? sec?
GRmaxPzs Maximum rate of grazing ZSat 0 °C 0.2xd2s? sec?t
GRmaxPz| Maximum rate of grazing ZL at 0°C 0.2xd2s? sec?
kGraP Temperature coefficient for grazing/predation 0.0693 °ct
AP Ivlev constant 14 (moINI%)?
PL2ZP* Threshold value for grazing PL 4.0e-08 molNI*
ZS2ZP* Threshold value for grazing ZS 4.0e-08 molNI*
ZL2ZP* Threshold value for grazing ZL 4.0e-08 molNI*
yPL Preference coefficient for PL 4.605e+06 (moINI%)?
yZS Preference coefficient for ZS 3.01e+06 (moINI%)?
AlphazP Assimilation efficiency 0.7 No dimension
BetazP Growth efficiency 0.3 No dimension
MorZPO Mortality rate at 0 °C 0.677 (moINI"*)*sec?
KMorzP Temperature coefficient for mortality 0.0693 °ct
Other parameters
Nit0 NH4 nitrification rate at 0 °C 0.34722e-06 sect
KNit Temperature coefficient for nitrification 0.0693 °ct
VP2NO PON decomposition rateto NH, at 0 °C 1.1574e-06 sec?
KP2N PON temperature coefficient for decomposition to NH4 0.0693 °ct
VP2D0 PON decomposition Rateto DON at 0 °C 1.1574e-06 sec?
KP2D PON temperature coefficient for decomposition to DON 0.0693 °ct
VD2NO DON decomposition Rate to NH, at 0 °C 2.3148e-06 sec?
KD2N DON temperature coefficient for decomposition to NH,4 0.0693 °ct
V0230 Opal decomposition Rate to Silicate at 0 °C 1.1574e-06 sec?t
KO2S Opal temperature coefficient for decomposition to Silicate 0.0693 °ct
RSIN Si/N ratio 20 mol SimolN*
RCN CIN ratio 6.625 molCmoIN*
setVPON Settling velocity of PON 4.6296e-04 ms*
setVOpal Settling velocity of Opal 4.6296e-04 ms*?
TNOd Nitrate Concentraion in the Deep Layer 25.0e-06 molNI*
SiOH.d Silicate Concentraion in the Deep Layer 35.0e-06 molSil*
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Fig. 2. Location of the study area in the northern East China Sea.

Circles are the coastal environment monitoring stations. Squares are
the serial oceanographic observation stations.
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Fig. 3. Predicted nutrient concentrations for four year smulationsin
the northern East China Sea.
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SItH(Fig. 4). 28 A EZHAELS 397 8o S 312
u, o] 713t 583} 1080 AYAFo] Wkttt OF A EEEAES
197} 7€l itAS siolom, AAlEe] Wekd A7l 489
102013t} thE AEZFIAEL 48 AEZF = H|5lo]
492 AAF Aav) T35 Yot 28 AEZFAES 8¥
3} 5] Z47F A A HA AAAEES eI O 2
EZHaE] A AR 428 AEZHIER 3 g oA
78l YR o, 34 AR 108 YEFTHFg. 4(9)).
FEIHAEST AEIHIAEY AR AAlEe] =2 A7)t
A F 28] YERTE 428 FEEFIESY A 587 1199
SU71E 7150, 297} gge] AAFo] W2 AI71E Bk &
o) T Fd7l= 1golglen, 8del 7P v IS K
At U3 ¥48 SEZPIEL A8al= viE vepgon,
O3 297} ggel Sul7|E Belon, 593 1196 w2 A
22 T 248 FEZHAEY 9= gEgen 3 @ =2
393} 990 Fi7]E 7o, 623} 1080 W AAIZS 7}
Feh, AAEo] =& T 7] FollA £ T U TEE
FAEL] 75 8¥ollon, EAHL 9golirt. A YA

Yebd Al71E tiEe 52, 2192 69 ©ISIth(Fig. 4(b)).

AMEEHAES| AFX|Qf B FHX| Al0|2] 2HA|

= oo A& FRed ad FE 200200 8¥o]
71 erom, 2003d0llE 283} 590 %3k
on oo FE7} AR FEHE B 1190] 7Y Wit
=3 Fr e g9 Fid gk =7t §lsl
oug FE3t AFAFTE & AUk 20052 He- A 5

o] v, g¥ef| 2= a%l 57 =3t NEMURO 22
FAgt AEELAES] BAFE FAdzo] ol vERs o,
2002455 20053714] 58 F4:5k, 8€ell HUghs Bk o
T 712 Bt A= FEET g 559 FHI AEZYIEY
AR AR thE2A9, AdREe] swle 200530] 7

N
1o
%
2
rr
(a3
e



B4 528l el NEMURORSe] oJst skl el 24 21

5 5
= - =
g4 4 =
2 K
4] P
£ 3 . 3 s
3 . s
g . §
=2 o o o o 2 8
< fe)
8§ poo © oo © oPRo oPoo  © o 8
1 . 00 e o [SXe) 0Op0 OL® pt
] e e} o =
= 4 Co OcC o sle s O 1=
£ - [}
= . - -

o 0

13 656 7 9111 36 7 911 367 911 3 5 7 91
2002 2008 2004 2005

Time (month)

Fig. 5. Time series of Chl-a concentration in the northern East China
Sea from 2002 to 2005. Open circles are phytoplankton biomass.
Closed circles are Chl-a concentration.
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Fig. 6. Monthly averages of Chl-a concentration from 2002 to 2005
in the northern East China Sea. Open circles are phytoplankton biomass.
Closed circles are Chl-a concentration.

Absigitt. 2004 293} 2005 593} 1190l A1=x] 9}
H|5zelSitkFig. 5). A5E S22 askg 74€ 4
E QAo A= 0591(P<0.05)% -2l8k3iTh.
2002356 20053717 P59 S22 a FR €7 9,
NEMURO X2 % ¥ AEZFIE YAFS] €93+ 3E Fg.
67} o] Yehigltt. 98¢ S22 a ¥ 5¥0| vl 8¢
o] Eokowm, F4H AEETHIES] L YAF GA] 5€0]
w1 ggo] okt BUlS Sl FgE AEEHIES] AAE
= 3

1

f
T
H

AR 78RS BOITH(Fig. 6). ©] & Ale]] AJeAlg—== 0.991 (P<0.01)
2 FATH R olF {33t

S -AEETIES MuE PiBLl £

Table 2= REE F49 & AEZHIEY €97 YAZFES
Ueld Aolt) 48 AEEZIAESY AAF HE HIAE
20.976~46.056 pg | 0]l o, A+ A= 30.938 ug 17°]8]
th oy A ESH I =] A HE HelE 9.830-20.964 ug o]
or, A AT 14.058 ug 1 01t FEZFAEL 2
EEZIE vlsle] W2 AAFS 7T T EEHIE Aol
AL A, 01, 232 Folgler, A MFHE &
L 2.200~3.097 ug 1%, thES 4.286~7.821ug I, 183 E2
o] 9= 9515-12.763 ug I+ Afo] AT,

NEMURO E2-& AREsle] & AEZEHTES] s 54
31 tH(Table 3). 48 A EZFI% PAEEe] W% M= 8457~
43435 mgmday’o]H], e AE-ZF=ES 4055-32140mg miday™
Aotk AEEHTES] W Ak 4232 - 20666 mgm?
day’], &S 11.102 mg m?day ©] it} SEZ#a =] Ak
2 A= 482 0.385~2.154 mg miday?, tE 2 0.989~
6.754mgmday?, 12|31 EA1E 2] 79+ 0.449-2.911 mgmday™
AtolGith SEEHIES] AW A U, 4, 289
s=olglom, 71 7k 712} 2473 mg m2day?, 1.182 mg m2day™,
1.111 mg m2day'& A EZH3E0] AT AAEFRTE ol

AEZ = At WA A v)(PIB raio)s 23S
182.80] 3L th&-& 197.20130th. FEZH =S A PIB vl
2%, U8, T2 o= gho] Zlom, 11 1%t PIB Bl 7h
7} 1115, 108.8, 27.4°1t}. ZHIEL] AFT PIB Bl= 552
goEo| AEZYggENT} oF 1.6~7.24] ZGHTH(Table 4).

d
1

Table 2. Monthly and annual mean biomass (g I ™) of phytoplankton and zooplankton in the northern East China Sea from 2002 to 2005

Month Small Phytoplankton Large Phytoplankton Small Zooplankton Large Zooplankton Predatory Zooplankton
Jan. 33.464 17.622 2.377 7.448 12.047
Feb. 31.316 15.152 2.273 6.119 11.027
Mar. 34.807 13.534 2711 5.873 11.590
Apr. 23.564 9.825 2.635 4.277 9.860
May 21.126 11.527 2.463 4.564 9.518
Jun. 20.971 13.387 2.228 5.113 10.023
Jul. 33.315 20.972 2.205 7.830 11.981
Aug. 45.864 17.883 2.713 7.180 12.748
Sep. 32.463 10.912 2.873 5.076 10.408
Oct. 30.497 9.960 3.095 5.031 9.553
Nov. 30.901 11.749 2.753 5.614 9.709
Dec. 33.239 16.318 2578 6.013 11.220

Mean 30.961 14.070 2575 5.928 10.807




22 o3

9]

Table 3. Daily mean production (mg mday™) of phytoplankton and zooplankton in the northern East China Sea from 2002 to 2005

Month Small Phytoplankton Large Phytoplankton Small Zooplankton Large Zooplankton Predatory Zooplankton
Jan. 8.715 5.244 0.385 1.203 0.496
Feb. 8.457 4.427 0.382 0.997 0.449
Mar. 10.524 4.055 0.522 0.989 0.490
Apr. 15.915 7.692 1.162 1.666 1.018
May 24.765 15.127 1.724 3.129 1.723
Jun. 32.812 25.221 2.154 5.201 2711
Jul. 43.435 32.140 1.933 6.754 2911
Aug. 42.605 16.514 1.601 4.007 1.702
Sep. 23.275 7.646 1.324 2.008 1.015
Oct. 14.935 4.655 1.955 1.233 0.607
Nov. 12.583 4.964 0.704 1.229 0.549
Dec. 9.976 5.539 0.482 1.264 0.515
Mean 20.666 11.102 1111 2473 1.182
Table 4. The annual P/B ratio of phytoplankton and zooplankton in the northern East China Sea from 2002 to 2005
Small Phytoplankton Large Phytoplankton Small Zooplankton Large Zooplankton Predatory Zooplankton
182.8 197.2 1115 108.8 274
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= E3AE A A7)eh sdE 73t 8dollnh. AEEdA
o] AHA SR o] fsh= YYIS é‘%&—ﬂli,] tfebgo] U}
ERE] o] el i‘% FSEE YERgleH, EEaES WiER
el 99 ER9AE P A71eE 548 A7]el =&
EEE EM 707 §X€rt. NEMURO RS Fato] 573
APdA Ms= % =3 e EFTET I
AZ1AQ1 EARES WHdsA °*°E°U szl st F
= T slrh. a9
&8 WEHSlE NEMURO RS l% l Ao Y
A HHE A Hojux] o] uliel], 49 A9E AA 54
§F YA skl vt ofele Ao AR A7)
C}(Hashioka and Yamanaka, 2007; Kishi et al., 2007; Megrey
al., 2007)
AtellA A
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T2 A HES A dell

] o

wg° E‘iiﬂﬂi FREYIE oA AREIAESN FAP A
Aol 2 A1717} 28] Uhekgtek. o] Ark= o] F(2004)e0 O

AEZe}aEe WS} fAkel, 71(1972)7 4:(2002)0] ol% &
oM E BEZHAEC] 7, 890l 7P FRslth= o] d A A
b AXgict A} (2004)# AAA 2 oj2 o] Erza)
E9| o] HE olFE PFLoR AT FREFAE 1)

A Z@sTR= Buel 94 }oﬂu}(sm and Suh, 1993).

AEELAET TEEFAR Wi AN IUAT NETF
2] Pl AP LT, 2935} )Y HEEYAES
217} 893} 789 By Sglov], Bst £43 FEEYAE
& HEEYAEY hIAAYIs @A @ @ % 893 ol
A DI A, e 0w BN R

= 4% TEEY _:LLC 1ol ABAFo] s23kaL, 88o] Wk
oY HEEPAEs HOIR she &% TEEEAES HESY
A= oy OITOH =AY AARe] SRR le®
et 18l 49 FEEdEl] AR e 249
sT=EdA=Y *Mabl =R A7l Sar, Sk A=
ortt. o)l= &y} FAY EEIggE0] 4% EREIIJES
Hol 2 57] ujizolet Yztet.

20021%-E] 20051714 el Helellx] A5 S22 ad
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A Y HEE AEE FlsARt, 7
s v Okﬁ“D}(Flg 5). 015 /\}018] FHEAE A
7} 0.591(P<0.05)%, 2|8 ¥AIE B3ivt. 4
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Table 5. Comparison of P/B ratios of phytoplankton and zooplankton
Location  Eastern Bering Sea Central Pacific Subarctic Pacific Baltic Sea East Sea
Phytoplankton 70 (Spring) 687.506 (pre-CRS)
105 (Summer/Autumn) 724172 (post-CRS)
Small 60 194.36 129.575
Large 42.34
Zooplankton 5.546
Small 48.91 214.29
Large 825
copepods 6
Predatory
Mysiids 6
Euphausiids 55 2.555
Pteropods 2.555
Amphipods 35 2.555
Sergestid shrimp 2.555
Chaetognaths 2.555
Oth. Lg. Zoop. 2.555
Salps 9
Ctenophores 4
Jellyfish 0.88 3
Reference Triteset al. (1999) Cox et al. (2002) Aydin et al. (2003, 2005) Harvy et al. (2003) Zhangand Yoon (2003)
Table 5. Continued
Phytoplankton gg; Emggg g 239.0 243572 231
Small 182.8
Large 197.2
Zooplankton 45 32
Small 8.4 8.4 1115
Large ;&?4(&?(% 12)) 5.147 108.8
copepods
Predatory 274
Mysiids
Euphausiids i’gﬁ:::: !’a?jrl\jletl; 5.000
Pteropods
Amphipods
Sergestid shrimp
Chaetognaths
Oth. Lg. Zoop.
Salps
Ctenophores
Jellyfish 3.433 5.011
Reference Bundy (2004) Erfan(gnOgSF;ltcher Cheun%za(?g;ltcher Paul)c/: r?zgn(gihgztle?szego (21)993) This study
7 A7k o] & /\]-O],] A= A5 0.991(P<0.01)  NEMURO REE 573t PIB Bl 2} Ja) vlold 58, A
2, Feido] w2 21 o= et b NEMURO B9 &, AFE 53 Hedsto] 7152 *@EH@@ g mis gels|
T2 3 AARS Advlss Ags] whgehA xete] AR S1sl S8k (Parsons et al., 1984). ¥ & A EEHAEY]
o] WMEE olZa) oAt BarHel AWNES T wedst AR P/B i Ecopathh S 5 u A7) 22 (Poloving,
o] B4 319 BAESE 24 £ S Aow A7t J71 1984; Christensen and Pauly, 1992)¢] 98 #}8 =2 &-go] 753
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Zo M= FAATE HE5E e WAFS eI T2 E

FAE] F$ ole FeS Holx] i) SNt FEEH

B HIE Aoy 43, U3, £43 FAR eRkch
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