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On the ecological amplitude of nitrate of Alexandrium tamarense at different

initial phosphate concentrations in laboratory cultures
WEN Shiyong' ,SONG Lili*,LONG Hua’, YU Jun®, GAO Shugang' ,ZHAO Dongzhi'* "

1 National Marine Environmental Monitoring Center, Dalian 116023, China

2 Marine Monitoring & Forecasting Center of Zhejiang Province , Hangzhou 310012, China

Abstract; The ecological amplitude of nitrate of algae can be defined in terms of the range of nitrate conditions under which
it is able to grow and reproduce. It usually consists of the optimum nitrate concentrations, the optimum growth range of
nitrate concentrations and the tolerance range of nitrate concentrations. In order to calculate the ecological amplitude of
nitrate during algal growth, the relationship between nitrate concentration and the cell density, and that between nitrate
concentration and maximum specific growth rate of Alexandrium tamarense were analyzed at three different fixed initial
phosphate concentrations [ 0.48 wmol/L (low-P), 0.97 pmol/L (medium-P) and 1.45 pmol/L (high-P) ] in laboratory
cultures. The experiments were carried out in three independent batch cultures respectively. The cell density and the
specific growth rate were assessed as the response parameters. A nitrate tolerance model of algal growth was established
following Shelford’s law of tolerance and using the experimental data. The resulis show that; (1) in low-P, medium-P, and

high-P-grown cultures, both the cell density and the specific growth rate of A. tamarense increased when C, < C, & and

Nopt

then decreased when C,= C (2) the nitrate tolerance model was consistent with Shelford’s law of tolerance; (3) the

Nopt 5

optimum nitrate concentrations in low-P, medium-P, and high-P grown cultures were 30.36, 62.07 and 77. 85 pmol/L,
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respectively; the optimum growth ranges of nitrate concentrations were 18.30—42.42, 37.71—86.43 and 41.52—114. 18
pmol/L, respectively, and the tolerance ranges of nitrate concentrations were 6.24—54.48 | 13.35—110.79 and 5. 19—
150.51 pmol/L, respectively. The results suggest that the ecological amplitude of nitrate during algal growth depended on

the initial phosphate concentrations.

Key Words: Alexandrium tamarense; ecological amplitude of nitrate; optimum nitrate concentrations; optimum growth

range of nitrate concentrations; tolerance range of nitrate concentrations

A 25 SRR IR BT 7 i B, i B A ) A LA BB 8 A A7 1 PR S5 A8 AL R E ) B ey B (R A S 7
(BOPRT A2 T BRAN 1B ) =Z ] 90 [l b 98 288 A 0 80 ) 48 BT A7 A — 1 i 52 91 BT, RIAE 7R — D A eI
W BE TR R MR B 7 SR AT B TR B v R B 2 ) P9 L BV R E AR, SRAE S A AR 1) E B R AR
SRR B K B AR B AR KW UGS BAE KU R R BRI A K AU 2 FREER B RRR, AN
[ FREE S5 A T 2 2 K i A A A T s

FE I 7 LK (Alexandrium tamarense) ] 12 434 T SR W358, 2 — o] 7= Az i 28 R 9B M DL 35 (PSP)
T Y R R R R R A e I L A A R YO R g A B A e S R R A 2 B
WERBR (A SRR R RS Msgm . H T, B IR 507 LR ] 1Y 5C R AR P AE L
NPT s A R AR 3 7 1L R A0 L 2R R R A A R AL A AT ) — Ty
Fr ARSI D LK g RS R LA o7 LS v R A R AR R I 2 R BT AR R B (£
2 M B FRAIKT) 5 AR K B FRER MR BEAH 22 A T 2R A R A 78 33 B0 AR 28 MR — RO B S S F Y
SERBEATRENE ST SHER | A B E R R A AR T8 B

A SCWESE H 22 2% b [EHE K OK BUARME rh Bk B 1Y 58 B8 T 230 F AR ACIR B I 78 TR Eh vk B | AR 41 52
5545 S A Shelford i 52 Mg A, N7 3835 Iy LU 8 AR K A AU SRR RS, 28 = 40) o0 3 3 W LR e A= Ky
RAR , T2 A A A A AR SCAR S i — 2 W5 B8 B W g LU RSB 2R ) ) 2 AR ML RN B T S ik 2

AR
1 ##

1.1 SRt
1.1.1 ¥ SRR

S T FH AP S I 07 LK Alexandrium tamarense F E S U PR3 Wi oo B 3L 322 8 b R A7 A TR
F(25+1)°C ERFE(30+1)PSU JEIRSRIE L4 58. 5 wmol Y& m™ s (B ) WIRE I 12 h 112 h AR5 9%
VT, RiFRWRBR T RE AN Na,Sio, 4h, AT ER 5 2 8532 W ic 7 A [F) 5288 F N 1096 7K 442 BR
Harrison Bt 77 B il o
1.1.2  SEEMRBEMS s

FEN TR AR B Z MO TR /2 15373 09 HAB B4y, 28 5 AR 3 v B IR AR Bbm v ) il vk i
By FLE [ SERE (NaH, PO, -2H,0) AL IAH 2351 9 0. 48 pumol/ LOAKHE , —28/K %) .0.97 wmol/L( 8, — =
FKJET) A1 1. 45 pwmol/L (i W, UK L) 258 T, & R IRV e e Wk FE TS . b 43 3] L NaNO,
NaH, PO, 1E R R FIBEIR , Hk FEH SR 1 A0 B2 3 e il
1.1.3 SEgnk

SRS, B AL TR E A R B BRI A TR S AR R R IR RN, ITAE 5 5L 6 R R A [ PR SRR R AT
3—4 d TR R LA R 37 45 A 58 A8 X6 e 2 AR K IR 52 R, SI2 565 R Ak o 50 A U 1 Ak T ) 5 0
(2000 t/min 10 min) , ARG T REFRIL N THEKIEVE 3 K, BN FEY R 500 A~/ mL BB 5%
FEAHAFEA BRI 2000 mL 5572 AY 3000 mL IR P HEAT 85 3R, BEASCRE 2 AT RER, A B
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24 hIRURE (75 BB BEAA A R B DTREAR T, : OCAE BURE T ZRE B R 1), 0. 5 mL 53R Wi 76 S el T 4
HA 3 W TPRUE IR ZZ RN T 15% O B0 - S (E D SCRa 45 2R . 15 37 8] S e o A — A~ AR S 3
BOoREid R AR R AT IO AL B

R1 EIBERIREREERLH

Table 1 Concentration gradient of nitrogen (N) and phosphorous (P)
B A 0.48 pwmol/ LOUIKBREIE)  BAUWIEH 0.97 wmol/LOTBAEIE) BN 1.45 pmol/ L BBEIE)

Cp=0.48 pmol/L €p=0.97 pmol/L Cp=1.45 pmol/L
(Low-P) (Medium-P) (High-P)
FIKEE Cy/ (mol/L) FWE Cy/ (pumol/L) FIE Cy( pmol/L)
1 0.48 0.97 1.45
2 4.84 9.68 14.52
3 9.68 19.36 29.04
4 14.52 29.04 43.56
5 19.36 38.72 58.08
6 24.20 48.40 72.60
7 29.04 58.08 87.12
8 33.88 67.76 101. 64
9 38.72 77.44 116. 16
10 43.56 87.12 130. 68
51 450 2 S 53 4HSLH

1.2 FdlEsadrS5ab e
1.2.1 AR

FES R T P BONERR R, BT AL 3 U, Ja AR AT R 14 34 (B P IR S4B SR 24 R 1) 8 2 A i 2%
BE 05k | AR AT IR SRA R RS A bR, B 1 mL WA T B S LB PN AR B, 22 1) 48 i 2% -85 SR el
] ¢ PBER AR R
1.2.2 fRHAKR

MR AT (1) FIAZ(2) 0 B R 55 T R K I AE R DL N/P R AR bR e K LB AE K
BRI AR, Ll R A K R-N/P S R,

4N
= Nae )
A w FREEER AR () N FoRBEEAME (/L) 0 FoR BRI ERIE (d) .
/'Lmax :maX(M’l5#’27“’9“’/6””’/‘1',71) (2)

K TR BRI AR AERKE(T),
1.2.3  Seite#srth

K BRI 3R J7 2293 M (One-Way ANOVA analysis ) XA [A] 35 55 2545 1 40 i 25 B 8L L0 A A 38 iR R
Fo AR R 24 5 2 A T T
2 BER55H
2.1 IEFGG T LR e A K R

SN 1 R T N €8 1R N Y = 7 O o N N = WG S R R i 2 1 0 o - 0= (B 4 (1 7 75
ST FEBE R BEVE RN 3 IS0 Dy LR BEAE AR B R 29. 04 wmol/L 258 T, 35 4t MU K508 31 e R AE
1776x10* 4~/ Ly /INF LR BE B, 5 200 M 5 B v 32 15 3 R I 3 15 K (ANOV A, P<0. 05) 5 KT LAk EE R
20 BB E VAR B8 0 ST S 08N (ANOVA , P<0.01)  [RlREHD | 78 [ 5 iR i e if 1R B 451 F , B5 3530 5 1
KEELERIRE A 58.08 wmol/L 2514, S ML AA B B KAEH 4094 x 107 cells/L;/INT AR BE | 358 240 Hf 450
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e RE AN I 3 K (ANOVA, P<0.05) ; KT BL UK B, 98 40 it %5 il 260 e 528 190 34 o Jse T 8 =8 D /s
(ANOVA,P<0.01), TEE & SRk ah vk B2 T, 38 3030 0 L K BEAE B B0 87. 12 pmol/L 4544 F, 48
UHGE B KAB N 6891 x 1014~/ Ly /NTF- I U 2, 98 41 i 5 I e J5 184 T 3 KT 8 25 4% K (ANOVA |, P<0. 05) ;
KT IR AR S5 20 R Bvie 2 A 335 B i 8 208/ (ANOVA L P<0.01) (T 1)

2000

& (.484
= @~ 4.840
= 1500 ' —A- 9680
- - 14.520

= - 19.360

X 1000 | O 24:200

2 -0~ 29.040

Sl -4~ 33.880
3 -7 38.720
S 500 | 43560
Q

1 1 1 1 1 1 1

1
0 2 4 6 8 10 12 14
}53% I} 1) Culture time/d

: 7000 [=10:
4000 - 0.968 i - 1452 oy
5 -0-9.680 S 6000 L @ 14520
~ —A-19.360 ~ —A-29.040
< | —¥29.040 <+ - 43.560
= 3000 438720 S 5000 o 58080
X -0+ 48.400 S -0 72.600
2 -0~ 58.080 2 5 4000 - _o-87.120
F'Z 2000 F -&67.760 gz —4-101.640
5 o 77.440 5 3000 F g 116.160
= ~+87.120 = ~<+ 130.680
© 1000 L O 2000 -
1000 ~
O C 1 " i 1 1 1 1 1 1 1 1 0 E -8-9-0-9% " 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 24
43I} A Culture time/d ;3 W} A Culture time/d
E1 BEEAREBRSRESE T RIS WL KSR E RN
Fig.1 Cell density of Alexandrium tamarense in various N concentrations under different fixed initial phosphate concentrations
2.2 IEE T LR A K Y AT 52 AR Y

HRAE A3 (1) AF(2) Fl Shelford i 32 ¥ B, 78 OriginLab 7.5 V-5 Tl BRI (& 2) 15 34 W 9%
ST BER R M A AR UMk BE 2 [ 5 AR WA AR T (3 ) R U AE A [RIB26 1F R IS | (K 2) .

Table 2 The parameters value of Equation (3) under various batch cultures conditions based on OriginLab 7.5 software-platform

%2 ET OriginLab 7.5 RE-FETHMERE(3) ERREFFHTHEXSY

|37, = i

a b Ny pmol/L) o i %Z’H
Culture conditions
2.71 1.31 30.36 12.06 EileA A7 JCA
4.17 1.14 62.07 24.36 [ A T
6.99 2.68 77.85 36.33 & B AT

-(N=-N_)°’
/‘Lmax =a+ b X exp(<2"lﬂ> (3)
2 X0

U TR RO LA AR (A7) 5N R AR E (pmol/L) ;N s 1l L AR KA Fe

WIE (umol/L) ;o FRBEERI EINTZIE 50,0 HSEL
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4.5
L9173
;; [}
E40p )
3
= 2 $
K :
#HE 35¢
23 t
-K 17
& £
E 30}
5
=
0 1 1 1 1 1 ]
0 10 20 30 40 50
BRI
Nitrate concentrations/(umol/L)
55r 101
ik .
z z
I3} ]
B S
= e
%5 s0f %% of
ok B e
X A
HE H =
23 22
K a @
45 8
o g 1§ E
£ E ¢
Z 5
s =
4 O 1 1 1 1 1 ] 7 % % % 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100 120 140
Nitrate concentrations/(umol/L) Nitrate concentrations/(umol/L)

B2 EEREBEHKETEDLRLUXERALERKERS NIRENREXFH#E

Fig.2 Maximum specific growth rate of Alexandrium tamarense as a function of N concentrations under different fixed initial phosphate concentrations

2.3 B DT IR A AR E R IA
2.3.1 HRAERNRERWKE

B KA ERIR R AE L E IR A A SO T, B A KA F i AR KARAS . AR Y Shelford it
ZAEE AR (3) AT, XA (3) R—Br A, FHCN 0 Ab A 5 RIR 5K He A 4 838 B B R AE, T2 6
o7 ) SR B B e A K R AR Rk B, RIS

d#"ma,x
dN

o FR B R R AR KR () s N RN E R EE (pmol/L) .

FRAE A (4) 15285 B Py LR AR ARl | b W A e B 25 1 R A B LR R I (N, ) 23310 30, 36,62. 07
77.85 pmol/L(F£2),
2.3.2 ERAERKMEEHEAEKER

P AE K P RS B K R S A KR B A KR A B RO B e . B b i 2890 25 FL AR RS 1Y)
b HA K, FERGE BARKEE N, A K G AKX, #4E Shelford Mif 32 E 8, Rid HAK
T LAY PR e AR KA B KR RS B AR R VE A 2 A (1 3) o TR B e AR R BT, B LA R
it 7 ZRL VAR 388 RT3 R, s 2 A AKX UM B P A 31038 07 1) 40 Sk LA R R AR R i — K, FE L
ARG HRE LR ML L 250w W R I ) — 8 80 (P,) |, 35 500 oz 1) 280k B B A R0 i A e L 1Y)
TRR(N,) o [FlEH, B2 A fR N B AN 1 43 5005 R LA K AR 28— WM, 78 LA OB S Rk
KR b, Zo RSN MZ ) 75— A8 5P, ), 35 00N i 0 BV R0 H AR KT F A ERR(N,) .

=0 (4)
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AR DL B, XA (3) Sk o 4k, B
dZM Hmax - ----- dptmax /dN
N -0 (5) s A A ]

" hy T —
L Ly e e e L i S e L E%ﬁ(ﬁm&f—}—»{\i&‘m%
I 2 BB B RSP T IR o o 00 i e 0L

\ o ‘ W | B T i
3 B A KT L4300 R = 1 : P

ROE H A KT FIAY PR . - ]
Nigsra g rm =Nop =0 (6) = %
FOBEHAE R HAY LR
Nigern g i =Nop +0 (7)
FUE T KA, ;
Ny —0—N,, +0 (8) : 3 3 3
AXPSHIE LG AK(3) M, NEoN N/(HEOI/L) Na o Ns
HRAE 30 (8) FIZ 2 AT LAAS B BE 330 [y 11 KB e AR
Wi B R B A O T RO U R A K LAY ) B3 AMRREROAMILELTRAL NS
18.30—42.42 37.71—86. 43 F141.52—114. 18 }Lmol/ Fig.3 The nitrate ecological amplitude effect curve of algal growth
L(£ 3 PI7R) o

#3 BEETEBEHREEFGETEDRTIRLXENREEEKEEMRESE
Table 3 The optimum growth range of nitrate concentrations and the tolerance range of nitrate concentrations of A. tamarenseunder different

initial phosphate concentrations

Rid HA KT/ pmol /L RS (M 3ZBREE ) / wmol/L .
. I AT
The optimum growth ranges The tolerance ranges of ..
. . . . Culture conditions
of nitrate concentrations nitrate concentrations
18.30—42.42 6.24—54.48 iR
37.71—86.43 13.35—110.79 i
41.52—114.18 5.19—150. 51 1

2.3.3  EERAERKM AN Z

—Be— AR A SR AR T 4o Z NP BEVERRAE T — A A AR 0 A S IR X R R R [ w20,
u+20 ] (u AL I A D Fa AT ik B 5 KR BT I (R PR BE R F-MA) |, B, R E 20 (3) , il A 3 328 A K iy
R 32 B L b PR R sz A AR g ik =k

A2 T R Nigzrm =Ny =20 (9)
A AZ PR Niz 1 =N, +20 (10)
ST e 25 N, -20—N,,+20 (11)

ANAXPSHIE L E A (3) M,

MRIGAF (1) N2 2 T LAAS B35 F g L R BA | Wi M s WA A 1 T 1) R0 52 PR 1Rl 31 6. 24—
54.48 13.35—110.79 #15.19—150.52 pmol/L( % 3 li7~) .
3 itig

R BEE IR ER PO I AR A B R A SR T i ) SRR R Y L A A [ E (R — W AR T B R A T
PIAFAE— RO I Dy LR A K I S B (e R N, ) o SRR (Cy) <, I, BE2 2 1L
FE K AR AR C B9 RN ; 2 C\>C,, I, B 8 MR R L AR RO R BB € A K
BN R AR AN ) C ERAM T D IR B R A, R E IR C R IF P A A M THEAER, X
G FE Shelford i 32 HEE S —E0M 02 L LA, N [RIBES ff ViR FE o 5 200 L 2 R R LG A R AT 3
RIS , P56 20 2 PR AR B A e A 3 A A S Lk 32 ) 8 DT K, 3 D o Wl 0 ok 2 4 1 A M) T i 26
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B XA 5 A AR 5T 2 6 85 30 10 5 1L R 5 A 2 A S5 e At — g 0

ANF(3) R (4) 8 F AT B3 Dy 1L KA [ ARw | Pl | = A I T A e Rk B 43 301 R 30. 36
62.07 pwmol/L Fl177.85 wmol/L, RUIEIRAEAFEFRELM T M ERAER WA R — D REEE, X 5 G
A it B — 4 5 A A TR A SR A T S AR A I, o A A 25 PR 4 T A7 B BE T R o O R — B
TRAk B 20 VTR ARIARSE Y Y 40 SIAE B B AV 41 wmol/ L(£/2 S5 373 ) SCU6 A1 ¥ 5 PEAS 21 1Y
I ERAE N 1765 wmol/L, Wang Fl Hsieh"*' 78 [ & B LA HE N 10 pmol/ L S5 5250 25 14 F e P45 21 (1 fe £
RN 264 wmol/ L, A1 AR TEE BB IGVR B 41 wmol/L(£/2 5373 ) S L4045 10 T 8 MEAS 21 1Y
BAERMREE A 882 wmol/ L, X EELE IR FA AR B Z5 1, A0 (8) i 2 A3 2 Y 7 2 AR H | h B A0 s i 2%
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