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22°40.2'ND 1 S3(114°36'E, 22°40 .8’ NV #ATE F & HHillE pH. KR B A SV e br. [F B
INE SR . WA W 1. AR 1 55 BUIN & 5250 F /K, F 200 pm 45 76
kg, DABR 2 KAV S T4, ) 20L ¥ PE ¥

N 114°30’ 114° 40’ 114°50'E B N o
22°50° - - ¥ FHREEEL, 1 O T, RS [ B S2 56 545 46 5 & B
H%I'Se’jn £ i : ?‘%ﬁﬁ”’
yang
~ S 1.3 MEREIRI
g =3 Y ax ¥ RAE K REZY 355 150 mL B9 PE A, LR
a0k . j'”% 53 Huidong RIFIHEYHEE D BEFR X 5, JE I NP+ SiFe 4 T
- 9l & RN TE 3 7 3 B Ik JE 7 2 R S 2 BT ok
Longgang " g S BESLRE B30 10 £, Hrb P T E N 100 15, H K
ST o EHiE N.P.Si i%%z}};f (g 38 n Ko o B9 7E D
Dalajia = Redfield {H A0 T » XT38 4 2 0 B 0, %
22307 _ Sampiing S F Ay T 0 7 B8 ] o T 5 T ST T2 AR e A
' Fl. #33 All-But-One 77 =561 % ik 7 4l 9: 86 (&
1 RIBR A rn R D, LRV 3 4TAT. FREKEHIKRE 26
Fig.1  Sempling Stations in the Daya Bay + 1T, I FIAEE IR R EL 2 10 L:14 D, 250 55
B3 T, LU G T RN R A e s
1.2 REEHE it 563, 1y 1) 5 % ) 2 /K 2 BTV A 42 pHL T 9:00
IKFERIREETE B 9:00~10:00 HEAT, AN uE 5 ~18:00 H AT BRI EE. 18:00~19:00 Hf

KIREAKFE OKIK0.5~1m) > FH 0.22 pm IEEEE B AL AR 0.22 pm 2 SEUREE 150 mL /K 4% (1 i 43
Wedemt 2k 3%, W IR R K FE R S0 mL, IIA 1mL S %,0 C FRAF. MG MK 10 mL 1A
71, 53 B 3 47 OC A ARFE ] TG E TR Eh il . OF 0.1 mLE 5 0 CHRIREER TEFRLEST.

Fz1 KUZTEZEFENERRAIEFZEMETEZIT
Tab.1 Design of enrichment experiment for growth limiting nutrients of phytoplankton in the Daya Bay

SRR PN H,PO; —P NH; - N Sic™ - Si Fe*t EDTA
Treatments  Additive elements  /(umol*L™" /(pmol-L™1 /(pmol* L™ /(mol* L™ /(pmol*L™"
NP N, P 40 60 - - -
NSi N, Si - 60 60 - -
PSi P.Si 40 - 60 - -
AF (&) N, P, Si 40 60 60 - -
AE N, P, Si:Fe 40 60 60 0.8 -
All N, P, Si» Fe- EDTA 40 60 60 0.8 0.8

X B 4E Control - - - - — _
L BPHE AR E R RLIRE; “— "R AR,

Note: The date is the last concentration of experimental nutrients; “—” means no addition.
1.4 SWAHE FRVRIG, B BRI, 4 A I B A 3 AR T LA

WIEFACRH YSI-55 B A A GEED &, pH (DIND « % fi# T AL (DIP) FI¥ iR TEALEE (DSD 5 (X35
KA PHB-1 BMEH# X pH/ORP it (L =fF51(%  RH3*EE LACHA QUICKCHEMSS500 i 51 43 #7 i
JOME, MR Lilgrs ZDS10 B R e B MR E AT
TR ARG AT S FFCE SRR BT, 8 1.5 REEH
TAEE 4 d W5EHL M43 a R 98 EAR 40 eot 1.5.1 HBFEH BHRLAMNSHERMEN G A1
FEvk s 7, {3 %% 5 HITACHI F-4500, & 3 KK FD R Z L 2 Bk
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Tab.2 Initial physicochemical and environmental factor values of the sampling stations

i 1 BE/C DIN/ (umol* L™ DIP /(umol* L™ DSi/Gmol:L™D

Station pH  DO/(mg'L™" Temperature YTSD YTSD 7“11 SD Chla/(ug"L™
si 8.08 6.59 26.70 9.11+1.68 0.73+0.05 8.47+3.53 0.81
2 7.97 6.25 27.23 14.72+6.19 0.78+0.07 7.84+3.32 0.66
S3 8.02 6.26 27.03 19.31+3.40 0.62+0.05 10.61+2.50 0.77

1.5.2 HEXSHE LRWRESLEEETLLE 2.
MR B I, AR b e 3h ok BRI I B,
B ML 1100 1x 2541, 13:00~16:00 F B FE &
THE S, 14100 15 2 5 ={E 60 000 Ixo  SEK: 3 (8] HY
JCHR TR, AT DL R IR AR KRR

F UG pH E EL R HE, S2 56 #1811 pH fEE
RNk, LAl L5 H ) pH (5 &, BT 77

7
6
Zys
S g
X g4
= E 3
o 3
= 2
| SR
0
9:00 10:00  11:00  12:00  13:00

T RN, WA T KR 0O, TR K AR Y
pH {18 n, ¥ {5 A& i 0.06. DO A4 4 1H A
6.25~6.59 mg /L, 418 W] 2 22 57, S5 W1 &) DO
E2ICTHE R, £ ES 2 RERIHEK,
MAESE 3 RIFUA T B, 5K 438 a W EEE 1
AL —HL

14:00 15:00 16:00 17:00 18:00

[ 4] Time

2 SRR HIAIP A e AR AL ]

Fig.2 Variation of mean illuminance during experiment
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e, WA LA EH — M E LM E TR n EAEE R,
R AN & AT HE 2H 2 8] 22 BN K, AT DL e 7%
T IR 2 EE R R ] 810,
WHRAFAE SR #1170 25, FI FH SPSS 12.0 40 #T %
1) One-way ANOVA V53] 4% iR R 3047 22
B E ST, KA Duncan’ s 2 H HUEE N & L5
H 56 IR 2 (R T B EL R (P<0.05) . 1T A
SR A2 All-But-One 725, 401 5 35250 40 5 %0 HR
HEREZES, UWHALAPIIR I E R LR ED
B 1PN BRI T E s a0 R ZE RN, WA g
R R 1 T FE A IR HE T EE
1.6.2 =m/MBREIE  MHIE Licbig &/NEN, HY
(A KL P F AT B /N ORI B L R 5. Hecky
2 LU0 e 300 3 Sf 25 5 60 R WA 38 R L 96 S0 8 s O o

B SC R ML R . AT FUE I 0 & 77
F W A 2 PR Al MR IR 2 SR B R . B
SEHFER I T FR I Y PR o R -2,

WR A ) F SN ()42 72 h B ) 3, NWPL S
TLERH 1 RIRFEAE = TR IR + W) 2k P 24
RJIE 1 REOREZ LR fE . EFRTTRIER
I 1) DA SR 1 IR B P A B ATROEE 5 mT 45, [R] I 2
HEBR B 1 28 o 5% A fR 2R i o TR W T R 3 R T
P, LB AF.AE 1 All 3 4 N.P.Si 3 ff7C & #0450

2 ZRE5H

2.1 FHFEMEMENTURRGITENHAE
TR A AR LA AR 3 a IR AL
T, Hah RE 3. W46 4% 30K BEAH DA ST
o, 5% 0.81 pg /s S3 WK, h 0.77 pg s 2 ik
54 0.66 pg /L. 7545 I, Bk 2 uiff PSi.AF 4
2R3 a M T All 441, HoR 2 ANl i il 1)
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HILFE All 41, ST 3520 2.29 pg /L, S3 3554 6.00 pg /
L-

S1 3 NP.NSi. AF. AE. All 5 NS HMH 485 a
WRES 3 RIEBH R B3N (P<0.05) , &RIKE
I HIEF]1.56 pg /1-1.70 pg 1.:2.04 pg /1..2.10 pg /L
H12.29 pg /L, BT AL (0.51 pg /L) &t 3~4 &,
PSi A48 38 2 W R RIG I A E, A
0.84 pg /L- S3 %l NP.PSi~AF-.All 4 > 5240 4 i &
RIREHHERKIEN (P<0.05) , & iRk &5 5
4 5.53 pg 1.25.41 pg 1..5.39 pg /L F1 6.00 pg /L
BN A (1,01 pg D IGIN T 6 f5. S2 ¥l PSi.AF.
All 3 NSRRI 4% 3% a BIIRIE BA BT N, 43 )ik
F5.29 pg L..4.42 pg /L 1 3.75 pg /L, (A 53 FEZH
b, EEFEMZER (P<0.05) -

2.50
T, 2.00
1.50
1.00
0.50
0.00

<L)

Chl a/(ug

6.00
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2.00

Chla/(ug+ L)

0.00
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by
=3
=3
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B1d A2d E3d

3 HERATER o WELL
FRARKAFEEEZR <0.05

Fig.3 Temporal variation of chlorophyll a in experimental

groups
The different letters denote significant differences (’<0.05)
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BT RN ERMEFAHE, 2 WA 3
R PSi- AF 2 i &x 223 2 5 0 A AH LL A 2 2 1
ZE5t, 83 MR 2 KAV All SR AL R E =
55 55 3 K NP-PSi~AE-All 4 A5 X BAH 2 &M%
Z5t;S1 W 2 RIS IR S All SER A H
BEMEESR, % 3 K5 NP.NSi.AF-AE £4% 4 5%t
WHEEBREMZER. ATXHXAMNE All-But-
One t%, 56 REM T4 B, vT LA S2 s &
TLEAZBHITTE, KA NP.NSi FHRME A TH
HENBAFTREZS . XA 2T
TR, T PS4 B S LA S BAERER
EW—H. BRI RE 2 AR T TR, S3 uk
BECE M PR AL I B BT o 0 3 10 S 560 A X
STHHAMESHENREE. AE AR BRWIAFINT
BT E, (BT INABIT FE T LS B AR DT E , B
DA— 5043 W% T 35 A Re A i, BRI TR )
AR, S1 i Al HTESR 2 RIFECE I T B3
HZER, WHRINM T RZ2 D H — MR & T 2
MIAEK, 456 % 3 K NP-NSI.AF.AE 550 T &
T 3% Y S0 A1 23 35 R BE AR N 0 IR IR B =
S, AT LLH) E E 2 S iR HIT
2.2 EFTEHRKERREITEHE

i RN — PR 7 70 3 ORI F T L3 AN A
[ (% 3). Sl ik NI 72 h A H TR ICHE % 5 Kk 2
0.76 pmol /(L+h> [3# Z35 [{ 0.11 ~ 0.76pmol /(L +
W 15 Si 7t F W CIE 2 5 K 0.63 pmol /(Lo b, 75 H
0.03~0.63 pmol / (L*h) , B NP 4% T R AR AP,
HAb & HIBF TR, PSI A RIR EHRARA 23.34 pmol /
L. A3 05 P 0 EAE L5 45 o) B 8 K i 3 &
&, Hrh pSi A& KR &L F] 25.07 pmol /L, P T
R AHIBOE R 0,50 pmol /(Leh) . L AF.
AE-All 3 H B E R P R L B RN ILE
H N, 494 94 hy H k2 P, £49°4 107 hs S5 FER 1
B SLZAA 114 h. HEEXALRIFARREVH ST 3
A& FH AR, D5 24 5% 70 38 2 I 3 Redfield HLAH 10 %
FHITTRAEIN, Br DX AN 45 B I A se/E 0 H e 1)
FEKYE. BEEEERKRE LSRR
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Tab.3 Nutrients depletion rate of the test stations n=2; X = SDs pmol /(L*B)
245 S1 S2 S3
Treatment N P Si N P* Si N P* Si
Cont 0.13+0.02 0.01+£0.00 0.07+0.03 0.07+0.03 0.01+0.00 0.05+0.02 0.12+£0.02 0.01£0.00 0.03£0.00

NP 0.74+0.04 0.33£0.10 0.04£0.02 0.77£0.19
0.32+£0.14
PSi 0.16£0.08 0.50+0.13 0.51£0.10 0.02+0.00
0.42+0.04 0.62£0.05 0.77+0.06
0.54£0.12 0.76+0.03
All 0.76£0.03 0.35+0.04 0.63£0.07 0.77+0.04

NSi 0.44+0.02 0.01£0.00 0.53+0.11

AF 0.71+0.01
AE 0.75£0.03 0.38+0.01

0.83+0.00 0.05£0.01 0.59+0.06 0.83+£0.00 0.06+0.01
0.01£0.00 0.50+0.03 0.23£0.06 0.01+0.00 0.51+0.07
0.83+0.00 0.59+0.04 0.11+£0.02 0.83£0.00 0.69+0.13
0.83£0.00 0.64+0.02 0.46£0.10 0.83+0.00 0.67+0.01
0.83+0.00 0.55+0.05 0.24+£0.01 0.83+0.00 0.61+0.06
0.83+0.00 0.73+0.02 0.48+£0.02 0.83+£0.00 0.62+0.04

i % ZRTE 48 h W&

Note: * denote depletion rate in 48 h.

S2 3l BARAHXT TAJRMERMT 100 58 P T
R H R A S N BT RIAE 48 h WHER, H
Wik Ze k] T 0.83 pmol /(Leh), N.Si TH HAH K
m AR A N BB KRR E LR T
0.77 pmol /IL+h), I HAH 4 4 N BB Z 2k 3
7 0.76 pmol /(Leb EA_F.. Si 7T 3% A WRSCiE 2t A
1KLL, F @ 924 0.7 pmol /(Leh) D EH 0.01 ~
0.73 pmol /(L+h) 1. FEFFTTRABRMISL R NF N
P @48 h) N (96 b .Si (105 h) , ff 2 Al (1 B TC 5%

S3 Ui P L H AL 48 h WHAER, P i K
24 0.83 pmol /(L) , BT P L HE & T N.Si T
10 B INE M AR, L RiEE AN E P
JLRMMEE. BT BT RAER, N.Si TR A A R
R NTTRBRERKNEET 43.73 pmol L, X 5
R ETEARRER&SE —EWXR. FFEETER
AR O 2 B = A 0.59 pmol / (L+ b, HoR % 4135
8T 0.50 pmol / L+ b, 437 176 h ¥8X . Si TTHEM
ORI 2 552 5 0 0.69 pmol /(L+h) , ¥ Ik T 3 19
A 4 HEBBGEEEE] T 0.60 pmol / (Lh)
PAE, 4 111h #E R
2.3 EDTA 5 Fe £/ E3kRE HH{ER

L E A EDTA NN, X E/EHEE S
Bon R BT EH S B AR AR BUOE , 18 S2 BT AR
Wi, 5 3 K AEAI M4 5% o MR EIRE
7N 1.94 pg 1.3.75 pg /L; £E S3 ufi, 55 3 R bk
250 2.13 pg /L.6.00 pg /L, ZHIBR. EBH
TR Bh TR I I N 1 S 38 41 7R 48 I EDTA 143 2.
TESTCRIMAR AT, S1.82 #1 83 3 All 414 AF
MR o WEEHA T W B3I, H RN in{E A
0.24 pg /L, T ZBE Z 73 5130 T 0.05 pmol /(L
R 10,02 pmol /(Leh) - BoRAE A K AR BRI

H, x5 Byod[lsjﬂ/ﬂﬁﬁ%%%*ﬁo
3 it

31 MAERTERAHRASTMRASEHEER a
REHERFETEHESR

PGV R E IR IR HIH IR 2 ANE R Tk Sk
FITE 77 b U R EU A O AN e S e S B ) E 5 BRI
. —RBEIHCHIE F7 TR RRIG — R IR
Pyl LAVE W — 38908 R AR AF EE R AR A . A
s, BREIEE FRT R AUEM EE R RN EFRY
FR) &8 VB R IUR MR OE A B AR bR A R
SRAE K S B 140 2 5 36 ) P T2 9 0 00 1 ok g A
PR ANE 37 70 3 I FE N (8] ) 58 5 P A 77 145 & 0T 51
RAZVE B R 8 TR ER R . X P 70 M T i AL &5
REEFHEME. FIFAMER a RERKEIFED
WAL HEAT PR BIMETT R 2 BT A3 1, ST 3578 I
LRSI A AR B, SRR S 45 R
2 PR R R, TR R E 57 T8 3R BAR N (8] 20 A7 5 e
T TC 3 L S50 18] 28 A AR R N B T 3R A O B
I, sy as RIFAT 2 . S3 T 43 Bt 4 FAH
—B, W Sk, B E % T ER R R SR IR
A REB TR & TRV ITE 10 a3, 757E
48 h WHEAER, BT J A BRIl LA (25 T 2 il 4%
RIRZA AT AL RE R BRI G T R, B 2 )
BERIPRHITC 3. X — 45 R AT DLl i F L% Jo 31 W
Wrid A3 2 5 FRARRE, BLARBE TR AL 48 h Wi
HIEF|T 0.83 prmol /Leb » B HEETT R MR FH &
B aAER T 0.77 pmol /Leh) F1 0.73 pmol /L
‘b, RITEVFIE R A K b, 438 a IR 2%
SR . EVEE 77703 BRI A 7 9% mT LA
HAHAN T, AR M5 SR AT E
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Fig.4 Seasonal circumfluence of Daya Bay
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Nutrient factors limiting phytoplankton production of Daya Bay in spring

WANG Xiao-wei’?, LI Chun-hou!, LI Zhan-dong!, LIN Lin!"3, SHEN Nan-nan!'?

(1.South China Sea Fisheries Research Institute; Chinese Academy of Fishery Sciences; Key Laboratory of Fishery Ecology Environ-
ment, Ministry of Agriculture, Guangzhou 510300, China: 2.Guangdong Ocean University, Zhanjiang 524088 China: 3.Shanghai
Fisheries University> Shanghai 200090, China)

Abstract: Daya Bay a rapidly urbanizing area, received anthropogenic nutrient loading. Some researches
showed the primary limitation nutrient in Daya Bay was experiencing the transition from N-limit to P-limit.
Changes in nutrient regime could have negative ecological effects on the bay. Phytoplankton nutrient limita-
tion was studied during spring (April 2006 . Seven factorial nutrient enrichment experiments were carried
out in various locations in the bay including outer middle inter of the bay. The experiments included addi-
tions of nitrogen (N, phosphorus (P and silicate (S at a mole ratio of 16N: 10P: 16Si; additions of iron
(Fe) and a synthetic chelator ethylenediaminetetraacetic acid (EDTA) . The water was sampled from 3 sta-
tions and the experiment period was 3 days. To evaluate the nutrient limitation patterns, time series of
chlorophyll a concentrations were analyzed using one-way ANOVA model and ranking method and the ap-
parent nutrients depletion time were estimated. The two ways could explain each other. According to deple-
tion time sequence results, phosphorus was running out in 48 h at St.3 and St.2 revealing that phytoplank-
ton was limited by phosphorus at St.2 and St.3. At St. 1, nitrogen depletion time (94 h) was faster than the
others (P depletion time 107 h and Si depletion time 114 h) . As the phosphorus deviation the Redfield ratio
by 10 times; the result showed that N-limitation was not so determinate. For the analysis results of chloro-
phyll a concentrations; St.1 was N-limitation obviously. For St.2, the chlorophyll a analysis results showed
P and Si co-limited. Compared with the depletion time sequence; because each nutrient had a high bioavail-
ability; the phytoplankton grew well in every experiment unit at the station. As for chlorophyll a concentra-
tion, the variance between experiment units and control unit was not so significant. The analysis results of
chlorophyll a concentrations at St.3 accorded with that of depletion time sequence. Iron had a positive effect
on depletion rates of nitrogen. At St.1 and St.3, compared with AF and All units> the depletion rates in-
creased by 0.05 pmol N /(L*h> and 0.02 pmol N (L*h; respectively. And when iron and phosphate were
added in at one time; it’ s necessary to add EDTA to prevent phosphate sedimentation from shaping. Our
study showed that there exists a spatial variation in the phytoplankton limitation patterns, generally P-limit-
ed at the bottom and middle of the bay and N-limited outer of the bay. The tidal current of regional differ-
ence in Daya Bay may be the main cause. [Journal of Fishery Sciences of China,2007,14 (5):836 —842 ]
Key words: Daya bay: phytoplankton: nutrition limitation: nutrient enrichment experiment
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