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1) 3 AR X BB E T RAEU AL, T SRR 5 2R

BEWEI o s@ ik o A il AR R R RN R, HHS
@(ﬂ: VL5 HE & “#(Dynamic Energy Budget, DEB)

i 58 S (Marianne et al, 2009), #5377 3T R W75
E’J%/I\{Zliﬁiﬁ*ﬁ’ﬂo 3 AR A 5 BT LAAS S8 T
AFE AT R, WA RRG = w22 4k,
A J5 T X F5 B 75 1 I A 530 B 3 9 A PR 1t R A 4
AREHfS

1 #REFE
1.1 RiEHE

FVHTE(37°01'~37°09'N, 122°24'~122°35'E)fii T
IR B R v it 23R E L J7 22 00 1 SR A /K 3k
Z—, FEHEAE, B CCTR OB DRI TE 11.5 km,
KVEDE 7.5 km, WFFLK 90 km, HALN 144 km?,
MBI 2°C~26°C, 4FFHKEN 13°C; IHNERE
ALK, SEREREE N 31.76; HOGIRETIEOE K
208.4 h, 4E 1 RE T 800 mm(E 415 77— T, 1988).

S FE % JH VS 7 X (High Zone, HZ). "W IX
(Medium Zone, MZ). {KIX(Low Zone, LZ)&%H T
3ARAERS, EIX: 37°8'33.47"N, 122°37'59.22"E;
X . 37°8'37.44"N, 122°36'30.98"E ; ik X .
37°09'52.88"N, 122°35'10.06"E, Hv, & IXKIE
23.4m, WHEK, N 03m/s LA IXKKE 20 m,
T HE R, N 0.25m/s i ; RIXKIE 16.7 m,
BN, A 0.1 m/s ZEA7 . Fr AR I GPS
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Fig.1 The sampling points of Sanggou Bay
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Fig.2 Conceptual diagram of the kelp growth model
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1.3 HEEFE

T3 B 7 A2 A (Ngrowen) FH BV 1 (Ggrown) 5

WP 2 A T (resp) R A 422 (Exerp) Z 25 TRAE
Ngrowtn =G —resp—Eg,

o, PRIAE FH (resp) EER H Jorgensen 45(2008)

KT AE R A
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HABAIRIER 1.02,
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Ty P A R SR T i 3 Yk B B O )l 1E S A AT, T LA
K FH AR 1R BR % (Radach et al, 1993):

T-T, )
f(T)=exp| 2.3x u
Tx _Topt

AT, Tope A1 T 43 AR AT Az 4 1) il I 5
I FEE A SR 5 2 TS Top I, o= T (Gl EE AR 250 FR) 5
M T> Top B, T Toan R AR IR R

TR 7E R R B R T O A VR R Z 2], Ak
A FIHPR B GRERTE, 1994), WL, SelEmBeR M
Steele 220G AR B B L il 28 (Steele et al, 1962):

-
f(1)=- ! xe[ ']
opt

K, o AVEHE IR, | N BRI
T A ' R R

TADL 7R A 22 5 DG KR B A8k . i T N
SR, WA G S A WK TR, B DAL
(AR T AN BRI A WK 2 AL, W FEAR R
FrEE A KOKEARTE FE, BT KRG,
AR PR ER K B2 . IR (2L IR ()R AR
1k, H Beer 233 (Parsons et al, 1990)% /K

I =1, xexp(—ka)

Ao, 1o KRR, kK AWOERE, Z N
KZBRIE

I FE I DX KA B 400 G 2B 7 Al B 1K i i
JERE K WAL TS R Ak | R DL TR
i, FRREXT KA R B sl o X PP AR A 5| 1) i
JRUTB ) PR TR RS kAR EZH R . Suzuki
SE(2008)TE B AFHH TPM 5 k Z AR,
SEARAKANT

k = 0.0484 x TPM +0.0243

ARIRT k5 TPM Z MK FR, FIFHA R
ZIf TPM (e AR, F— 2 Rk Z YR R A
MRS AL I o

S BE R ] PR A H A, AN B DA — KA B — it %)
SRR AR R, NS 25 I X 2 H P34
O, [T E % A A s H R IS K, 24 A
) H BRI A AR AR R R ST 2016~2017
RS, THE TR H R H R KA R 9 H
B H REE 5 I EAR 8 S0 A% S ya) T8 e Bl H R KB
T R a8, — RS- 34998 4 T O JGER 52 40301k 550 .
385 pmol/m*ss.

- H it SO BB A S

| _ FRI K (155 H R x 550 + 1 I K x 385)

o BT K x 24

BRI SR RS B0, 2 Martins 55
(2002 #5452 20 o4 18 R A 19 Sk a3

f =1 [ S_Sopt Jm
(S) Sx - Sopl

K, S WEGEAKEREE, Y S< S, S=Shin(1F
1EAE K R BE I AZ 1 B /ME) , mE2.55 S= S,
S=Suax (P LA R BET 32 Y B K AH), me2.

TR A K B2 R i i 2 7 SRR BR A, VT AR Y
AWELL(N/PYE 12~16 I, EFRER ) BT I,
K, N/P <12, f(NP)=f(N); 12<N/P<16, f(NP)=1;
N/P> 16, f(NP)=f(P)(Martins et al, 2002),

AT NE IR ER B SCRF A A 1R R W 5l
2o IR, PR e A K G T M N R BE , TiAS
TR, HRYE Michaelis-Menten(Nip — Nimin)
KT

f (N): Nint _ Nimin
K.+ N. N

q int ~ ' Vimin
S, Nine 1 Nigyin 7332 TR N TS N 3532
RN B N TR, Koo N A H] Ak
ES 8
MR PO4-P YW B 1 AR IEAFT 5 K [T
T BEAR A A K BEAR Y P A 3S I S 23 TN (Jorgensen
&, 2008),

ﬂn Pinl < Pimax ’ f (P)Zi 5 im% Pint2 Pimax’ f (P):l

A, Pin Ml Piax 73BT AR PL4ESF
KA RITTG R AT RS P&t

A AR TS N P S IR & B (Niy, P YT
T2 K TR AT )5 R R (o) 2 R D AR 5 3R ER ()
(G

o= ximax — Xim vaax X xext
Ximax - Ximin Kx +X ext
V= Xint X Ggrowth

A, XK N B P; Vi I N ECP EFRER
KT 5 Ky oA N Bk P 7R R I i) 2 A0 e 45
Xext WHEKFIHL N 5 P B FREb & i

T A e TG R SR 5 | RS Y 0 L IR 55
5 Y SR 0 S B R s, Bk IR R T AR B O R
0 B EE T FRAE K A B0 o R TV T A B A
K4, MR R AR AR — R A R, YIRS
HABR AU, W AR R IR ARG, Al
LR E ST, (R AR, ART
flFHCHL, J& T —FEAAPLRI(LL et al, 2007), 7E
4 FLAHT, W AR RPN L, 22 )5 B K I
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FERIANBITE R, RAS RS R RIEEE T, 5 A MR

BEERK, LUGRERERIRZ(L et al, 2007; Mizuta et al,

2003). Zi AT, ARAEEEHT (14 il TR (Top0) S K

(R BE (T Z IR 25 (B A AR A, A5 I R 2 ) 7
Evelp = Emax X ptT )

K, Top MW RGE A KR, T MR Z
R BE M A (E, P o400 REMAHIRIIE, B 1.05,
Enmax AT i AR L

R R AL (2009) X T K E S THEA B &L
A, ATRERAFTEN AT TR ILARF SN ER, 5
P KES TEIMER — 25, AUF5E T
Origin 9.0 #AX RS 4 K5 T HE 2 /A ik
TREHE, Ml KES TESMAN:

L= exp[m(Dleoé-zg)/s.as]

Krf, LoREHRKE, DW i T8,
1.4 RETEREH R

BRI 3 RS AR AR N SRR
i (Nipes Pine, pmol/g), YT E(DW, g). Nip(t).
Pine(t) . DW(t):

Nip (1) = Ny (0= dt) + o5 —7x
Pue () =Ry (t—dt)+ @ —7p
DW(t) = DW(t - dt) + Ny,

B PR AR AR S T IR (A Niwe F1 Po IOIRUAE, R
A ZUR TN B A 28 TP & i A T 8
B E 4y H (% DW) 7k (£ &%, 2009), Zhang %5
016)i5E 1 HiEH TN N 1.51%, Zrtfafifs
Nin=1071 pmol/g. X555 (2017) M & i TP K
0.218%, £yl AN PL=70.32 pmol/g.

5 1l PR 4 (Forcing functions) R A AN AL 1, &
SRR AR AN R GRS I SR AR Rl pR AR AR T LU
SR T 5 1) R AR Bt s () AR AR, AR S R G B AS K
A AR AL FN I . KR T(C). JGHR I(umol/m*s) .
KPR N F i New(pmol/L)( 55 NH3-N Fil NO3-N), /K
ARH ) PO3-P & HE Pog(umol/L) . 7K A4 v Uk, ke i
TPM (mg/L) A 15 5 1) 56 ) RS, AR AN [7] B 220 %) S
(EE AN
1.5 HEGHSEH

BRI 5 22 ANE AR (R 1), 5 EFRERRIK
THFEAHICSHON 114>, W AR R FER S 8 3 1,
R KRB S S8 8 A, BRI R BB S
K S TRVE Ve DX S B 5 25 SR BAH 56 3Gk o

MRS R AR, By 5~10C, 45
B IEA IR, EIRVEEATE 12~13CESA (kN
e 1992, B RASAE 1994) B PRI A K B
MREE Tope N 12°C, Tin A 0.5C, Tinax A 20C

PR Q201 DA SRR ERBE T A7 XF NL P E S
AR R, RS 3 I, PRI B T R
WIS . PRARAR(1958) 42 i, FhEEh 29~32 Fifi'H
MR I, 3 San M 3, 3R B S i 40, 5
TEERFE S BN 30, 5KAEAR (1995)BERE B Lope T R 252~
396 pmol/m*>s, Duarte %£(2003)%F T oy AYBEE(E K
491.4 pmol/m™s, L TE 1, N 350 pmol/m™s.

RYEIL T (2013) % N, P EFREh i sh 7
FRERIATTE . I Vinanos « Vimaxsttas Vinaxpos 73514
10.28 . 52.63. 8.58 pmol/g-h, Z&BAf7 #2351 K
246.72.1263.12.205.92 pmol/g-d, ¥F 1 ) Knos Knia
Kpos 23514 29.02. 169.49. 6.01 pmol/L, N & AT
HIY 2.4%, 1.3%73 51 Nimax FI1 Niin» 20 B H55 LA
RIZRE A 1714 umoIN/gDW F1 300 pmoIN/gDW
(Mizuta et al, 1992) o Pimax F1 Pynin PEHL 171 pumolP/gDW F1
30 umolP/gDW (Mizuta et al, 2003) . Ko il Ryaooc S EUH
HUH EPA(1985)Ff i A TR AL IE .

TR — R, 1 AJFIRINAGRER, 42
T B IR K2, AT o A 2 SRR A (R R AE
50 cm ZEAKZE, B, #EEEZ R 0.5 m,

k¥ 77 (2016) I 2t ¥ 77 7 1 H A= 4 3 3830 [ 78
(0.15~0.75)/d =z i), AR SCHR S si AL e B 0.6/d
ST B B KA R R BT RS A RS R A AT R
WAEREANFEAH A, AR BE 29 196 cm, 2.0 em/d
SRR B KM 2 (Mlizuta et al, 2003; Li et al, 2007),
A2 F K (4.0 £ 0.9) gwt/d (Suzuki et al, 2008), 454
DL B AT A e T, BRI E AT L2 0.006/d, fEUE
[ — V5 AT A 1 TR H— 2, E4E 0.006 2N By,
T AR R TR N SO U LR 1.

1.6 REMERIEBIT

TE AT A 4 B A BAE Al AR A i e md L, A
Al PR AL AR I Stella Architect 1.4.3 FH%E R
K BH, HT Stella B8 5 H T AR K ABAL 3 A
R 3), Hr, BRI E ARG E2EK N 0.04 d,
R 77 A (] AR K Ry 220 do DAV T
G I I) g v, (RIX 11 A 15 B, PIX 11 A 24 |,
X120 7 H, &L AR B E AN R A R
EREITRET . &L o KX T EOW) WG
E5r %1 0.5 g, 0.45g. 0.25 g,



SRR RNV FRIA AR A K AR B

35

x1 BHEERKREGTHSHSNE
Tab.l Parameters of growth model of kelp (Saccharina japonica)
2R E L ZHUH 275 SCHk
Parameter Description Units Value Reference
YE A VE RN B < SR
fg DL TR [ d! 0.6  WkIFIFEQ016)
Maximum growth rate at T,
| I M 5 3 g 5o JERE(1995)
ot Optimum light intensity for photosynthesis H Duarte %(2003)
1 2 4
. ; . 475(1962)
T, Fofi A KRB Optimum t ture f th C 2 UE
- EAKIEE Optimum temperature for grow 355 (1992)
< VB RE A A
Too  CREEESEROLER . C 20 HEZE%(1962)
Upper temperature tolerance limit at which growth ceases
VB RE A A
T A TR B AR A IR Y R BR o . c 05 %4 (1962)
Lower temperature tolerance limit at which growth ceases
ARARARAE(1958)
it A KR Opti linity f th ¥ N 30
Sopt Feid K ERE Optimum salinity for grow one 2011
A 1 2 R T A ()
Shax FLERWREWRNARE J& None 40 ZfhiE(2011)
Upper salinity tolerance limit at which growth ceases
A 1 I R T A ()
Sun {?Eﬁiﬁgﬁ.mfgﬂﬁfxmﬂi/{\fﬁ . % None 3 F RO
Lower salinity tolerance limit at which growth ceases
Rmaxoc 20 CHe KK 3% Maximum respiration rate at 20°C d! 0.015 EPA(1985)
RTFES N SRR oK 71 ] 2 e
Nimin . . ) . . IN-gd 300 RIZR5E; EPA(1985
Minimum internal quota (subsistence quota) for nitrogen Hmot N-gdw BRAE ( )
Q‘?:El /;Q‘EE:‘ e BT PB=N -
N TR KCASDTA R N1 5 N 2 wmol N-gdw ' 1714 Mizuta %(1992)
Internal quota of free nitrogen for maximum growth
TEAL N 1A R A % -
. 250 EPA(1985
s Nitrogen half-saturation constant for growth pmol N-gdw ( )
Vianvos  NO3-N 5 KWK # K Maximum nitrate uptake rate pmol NOy-gdw™'-d™'  246.72  IL#IF(2013)
Vinasnn,  NHg-N 5 KIGHE R Maximum ammonium uptake rate  pmol NH,-gdw '-d™! 1263 JL#ZF(2013)
NO;-N F 10 FI W % ,1 T
K . 29 TRIRGER (2013
NOs Half-saturation constant for uptake of nitrate pmol NOy'L HHIF( )
NH,-N {100 R i % 0 ey
K . 169.49 W5y (2013
N Half-saturation constant for uptake of ammonium pmol NHy L HHIF( )
Y . 3% RREE it W p A &r
Pimax kil ai, pmol PO, gdw™ 171 Mizuta %£(2003)
Internal quota of free phosphorus for maximum growth
PRI ES P IR oK o o
Pimin - . X . 1 PO, gd 30 Mizuta %5(2003
Minimum internal quota(subsistence quota) for phosphorus Hmo 4 8aW izuta %5 ( )
Viaxpo, PO4-P I KIKGHE % Maximum phosphorus uptake rate  pmol PO,-gdw '-d”! 205.92 TEIIE(2013)
PO,-P 1100 A A K -1 s
Keo, : 1 POsL 6.01  ILIIF(2013
PO Half-saturation constant for uptake of phosphorus pmol PO, HHIF( )
Enmax W f KA 2% Maximum erosion rate of kelp d! 0.006 Li %£(2007)
z Wy FFH VR E Depth for kelp culture m 0.5  FREIRE

HRESH

2.1 IRESEIME

4 R E . B ORIX 2016 4F 11 H 3 2017

A6 HRYPREESCIE, BARIEE | $R52 . TPM, EJf

Hh(E A NHi-N | iR NO3-N, BEREh PO -P). 7E
VRN, X (O W B T b L BIX L KR
FIRE R AR SRR, 5 — 7 X AR
FEREIX M, R, KA R A v Bt HoAh
X35 1
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i S O p<t_ak ._>Lm§. Consumed N
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External P 1 p  VPmax Knm, ) \ EXternal 3 V' NOgmax
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Fig.3 Flow chart of kelp growth model based on Stella software

SR DX B SR SR A A ) A SR S B A B
N2, AR E RS mA KR, B Tk
TR A ol BA KR, &5 vl Ae s soia
SIS RN, W FRAEAE P AR, DT AR
A ELZEIET (Sies et al, 1993), &l 5 A5 RIE i
5o 1 pRIBIC A i 4 g ol AR IR 12°C,
MW K IR A 15°C ety , Mt 1A R i
WEEARKEE, MERIBEES, 238 7IEE
ARREE, 3 AFRREZEE TS, 5 HhaZEf ik 8]
12°C, FifiJ5 IR B TF AR RS B T, Wbty AR K 1 R il
YERInGE, E 3 6 A ) 22 4 & S il Wk 45

FrHH DX Sk 1) 8 SRR T A KR E 20 E
BRMER, E SRR ANAE — R L R T SR A
i, R R IR AE W) S SR A AR R M T SR X 3 1Y)
IKAE e, A AR B TR ERAME LAEATE Y, R BRI 7K
TRAE = D) AR 2 KR PSR D, A AE K
PRI ) P AR, U LA A 0 A K S
WRAEE 5 s, f(P)IEFETE 0.8~0.9, f (N)WEER
FETE 0.54~0.75, & 7 Fiw f (NP ETE 0.54~1,
SRR E N P IREEARMC, (HEDTRAA B it
N PATSSR AT LA I AR KT 2L, IS T KK
HONL PSR B R A

FINVERIRGR AR AL, BEAWET,
HZR RN KAE, K2 T M o K B 5 5 38 43 77 58

KR LA e R . B R R ot Rg i T
FIHBYERE KR WD, 7T W Y6400 nm~750 nm)ff)
MEE R T 58%, KA 42% )% IR BB & v g BT
FIFHHEAT G A VE ] (Ferreira et al, 1989), i BT 197
U VT R 43 ) B) 3 A RS, DR 2 i
W2, PEEE e 5

FUNVE IR U B 32 oA, BRI A K
B R 30, XA A BRI H /N, Hh B R ] R AL
f (SPREFTE 0.91~0.96 HH. % T A R
AR R R A BRI RN, AERTRLRG bt ] 2
s J3E 3 — BB PR 28 X ity A K s, T X —4F
b AR RS, N, R REK R, R
AR AR S, IR X T R A A W R R e
TR RURG EER R B AN AT Sk i AR IR R 2

BEERKEMESINE

e I DO K R R T R S S R
TEOANFE 8. & 10 Frs . MASEIEIA: & il 2k 5 gy 5
I Y H A S ISR T, R R ] LA By LR DL L 9 7
AFAEE FRRKEAK, & B IR EH K
T EHAAE SR 7E SLMME AR E IR 22T N, REASHK
T BB AN ] [X sty i) — A BRI . 1B 9 a1
R T — st 300 B | 198 000 {5 0 {1 Iy 1 0
M, 5 y=x et A IA 451 R 40514 0.936..0.963
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Fig.4 Time-series environmental valriables in HZ, MZ, LZ of Sanggou Bay 2016~2017
A: ¥, B: #:JF, C: TPM, D:NH;-N, E:NO;-N, F:PO}-P
A: Temperature, B: Salinity, C: TPM, D: NH;-N, E: NO3-N, F: PO -P
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Abstract
important primary producer in the marine ecosystem and is also cultured under long-line in coastal
northern China. The aim of this work was to develop an individual growth model capable of simulating
the growth of the large-scale raft-cultured kelp in the north of China. The model can provide data support,

Saccharina japonica is a major economically important brown macroalgae. It is an

to some extent, to northern kelp farming. The key processes for kelp growth and its relationship with
environmental parameters were analyzed, using the Sanggou Bay aquaculture zone as the study area. We
used the visualization model software STELLA, which simulated and predicted the growth of the length
and dry weight of kelp. The individual growth model basic framework was Ngrowih = Ggrowth—T€S0—Exeip,
where, net growth was defined as gross growth minus respiration and erosion consumption. The gross
growth of kelp was defined as a function of light, temperature, salinity, and internal nutrient (N and P)
content in kelp, whereas the light parameters were obtained from the Sanggou Bay meteorological records,
and salinity, temperature, and nutrient (N and P) measurements were observed at the site in Sanggou Bay.
According to the model simulated results, model predictions are well within the observed results. The
individual growth model simulated the length results and measured values of the kelp, with the fitting
degree R in the high, medium, and low zones as 0.936, whereas dry weight simulated results and
measured values of the kelp had fitting degree R in the high, medium, and low zones as 0.963. According
to the results, the model can accurately reflect the true growth process of kelp. A reliable individual
growth model is the basis for the assessment of aquaculture carrying capacity. In addition, the individual
growth model may provide a scientific foundation for aquaculture spatial planning and management.
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