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Abstract: In April 2011, field investigation and laboratory nutrient enrichment incubation experiments were carried out to
study the phytoplankton ecology and the possible nutrient limitation to the phytoplankton growth, in adjacent sea of Guanhe

Estuary. A total of 68 species were identified during the investigation, of which 61 species were Bacillariophyta and the first
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dominant species was Skeletonema costatum. The phytoplankton cell density at each station ranged from 0. 84X10° to 2. 25x
10° ind/L, with an average value of 1.54%10° ind/L. The amounts of species at each station ranged from 29 to 39 and were
averaged to be 35. Chlorophyll a concentrations ranged from 2. 66 to 6. 67 pg/L and were averaged to be 3.89ug/L, and
high values were mainly found at inshore stations. The calculated Shannon-Wiener index ranged from 2. 60 to 3.79 with an
average value of 3. 20, which showed that, during the sampling period the ecological environment in the study area was
basically suitable for the phytoplankton growth. Concentrations of phosphate and nitrite measured during the investigation
were in the range of 0.35 to 0.90 pwmol/L and 1.57 to 3.93 pmol/L and were averaged to be 0.58 and 3. 08 pwmol/L,
respectively, and both the two nutrients generally showed higher concentrations at inshore stations than at offshore stations.
At the same time, the concentrations of ammonium, ranged from 3. 14 to 5.43 pmol/L and were averaged to be 3. 95 umol/
L, seemed to show an opposite trend that higher concentrations were generally observed at offshore stations rather than at
inshore stations. The concentrations of nitrate at each station ranged from 31.21 to 37.00 pwmol/L and averaged to be at
34.55 pmol/L, and these high concentrations resulted in high N/P ratios of 42 to 112 for the study areas. Concentrations
of chlorophyll @ and phosphate were significantly and linearly correlated (R*=0.80), while such relationship was not
observed for the two parameters of chlorophyll and DIN ( nitrate + nitrite + ammonium ). In the phosphate-enriched
incubations, the addition of phosphate stimulated its uptake rates in the three groups, i. e. , Blank, +P, and ++P with rate
values of 0.36, 0.43, and 0.51d™", respectively. The uptake rates of nitrate and nitrite were also elevated, although not as
evident as that of phosphate. During these incubations, ammonium concentrations showed an increasing trend, probably
ascribed to the release of phytoplankton. The addition of phosphate also enhanced the phytoplankton growth, with the
chlorophyll a peak values of 77.24, 90.57, 96.49 pg/L, respectively, for the three experimental groups at the end of
incubations. During the incubation of nitrate enrichment, the addition of nitrate failed to promote its own uptake rates, with
rates values of 0.39, 0.049, 0.025d™" for the three groups. And in these nitrate-enriched experiments, the variation curves
of phosphate concentrations were similar, suggesting that the addition of nitrate also did not promote the phosphate uptakes.
The concentration of nitrite increased because phytoplankton could release nitrite, and nitrite concentrations did not increase
in groups of P addition might be due to the absence of N, and the released nitrite could be used for the growth of
phytoplankton. The ammonium concentration was also roughly increased. The addition of nitrate did not promote
phytoplankton growth, with the chlorophyll @ peak value of 72.31 and 69. 62 wg/L, respectively, for the groups of +N and
++N at the end of incubations, which were lower than that of the blank. These results of nutrient enrichment incubation
experiments showed that the growth of phytoplankton was P-limited rather than N-limited, in adjacent sea of Guanhe Estuary

in spring.
Key Words:; Guanhe Estuary; phytoplankton; phosphate; nitrate
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Fig.1 Sampling Locations
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664nm 752nm P T 43I0 RSB A, 4% N R A

Chla = 11.85E,,~1.54 E,~0.08 E,

M2 ER a 0608 pe/L. N E SRZE 750nm KA IE IS FROGAE, B E BN FOBR E,5, FIELMHE.,

PRSI T T HS05 3 v, B JZ WK ZFLAE R 100wm 119 97 248 U8 H 558 R U V7 3 A 4 1 B i+
P IRAGEEA S A SL B EROI AR LA T 1 I U 9 AR MR AR AR T L A s e R
B AR I AP AR TR A9 Smmol/L NaH, PO, ¥ EK 0. 4 mol/L NaNO, ¥, {875 5% 3 i R 15 A i
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Table 1 The design of experimental groups

S g i Smmol/ L. NaH, PO, A%/ mL 0.4 mol/L NaNO; {AF%L/mL
Experimental groups Volumes of Smmol/L NaH, PO, added Volumes of 0.4 mol/L NaNO; added
X} Blank - -
+P 0.75 -
+4P 1.00 -
+N — 0.75
++N — 1.00

FIRsLg N 23 H 22:00 JF45 2 28 H 11:00 &5, Wi FRid B RS 4F . BRUCRAEAT e sh B IR0, LUK
JKAEIRAT, JF DG IR T 0 25 H i [ SR 6 R, BE 37 1 9% 92 50 i I e 2 8 £ #4045 NO,-N NO,-N NH,-N |
PO,-P FIMH4R R a, IR 2,
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Table 2 Records of In situ experiments

SRAF I (8] SRAEAF/mL TR K °C JEHR /I
Sampling time Sampling volumes Water temperature Sunlight intensity
22.00, 23rd 300 16.7 -
11:00, 24th 300 17.8 720x10?
2200, 24th 300 16.8 -
11:00, 25th 300 17.1 740x10?
22.00, 25th 300 16.2 -
11:00, 26th 200 17.6 680%102
2200, 26th 200 16.5 -
11:00, 27th 200 17.4 680x10?
11:00, 28th 200 17.6 590x10?

1.2 Hdasbrg

1.2.1 Shannon-Weaver ZFMEFEEL (H) FMEFEFRE (V) IHHBEAL R0 .

e 3 el =)

Ao, S RS RN BB n, SR | R ER AR Y B B BE L, R AE RS B AL BB N Ry B A )
W,
1.2.2 EHRIBARBGEF LT AR ED
In %
NO
t—t,
e AW N, N, 53R e (LR R 6 (REAR ) I 208 TR ER IR
2 #RE5it
2.1 VRUFEYI AR

B VAT L e IR IR 6 1] 24 Bl 36 J& 68 Fir, Hoh ik ] 29 J&@ 61 Ff, (5 SR E%01 89.71%
R R R ERBE 25 2 A LA AT A SE T VRN SR T )45 A 1l Rl 1 7 D0 AT A0 o IS 2 B B Vs 25 4
o G S, AN E (Y =0.02) 3 15 A SRS b B 453 ( Skeletonema
costatum) , VK] 8L B2 KT 35 ( Asterionellopsis glacialis ) ¥ Z2 & 3 ( Nitzschia longissima ) 22 J|Hh 22 & ( Pseuo-
Nitschia pungens) . 1 H 22 & ¥ ( Nitzschia closterium ) . W & MR 4 % ( Rhizosolenia setigera ) | F} ¥ ¥4 5 ¥
( Campylosira cymbelliformis) , #4333k 0.53 0. 21 ,0. 083 ,0. 080 0. 076 ,0.059 0. 056,

BV AT I WA A E RE VLN 0. 84X 10°—2.25x10° AN/L, B{E K 1. 54x10° /L, #2764
29—39 Fft | (B A 35 Filr, = RN AN IR A X IEOR A, #1022 S BV 10 o AR MK A SRR AE ; TR A A 1
ZREEFEECR B R 2. 60—3. 79, 391H 0 3. 20, 2 3 A6 AR R 11 = BUARHAIE 76 T A R A 5 467 Hh KA HSO1
A HS02 P i ZREVEFE A T 2 13 Z 18] J8 TR Eis e, Hou sl I SRS B0 T 3 fn 4 Z 0], )8 TiF
TR AR DO SR W 38 EOR AR 1 AR, IR IR I M 2R 3R a WREEVE LR 2. 66—6. 67 pg/L, - YI{E N
3. 89 g/ L, AR S BT R AN IR AR AE (T 2)

2.2 AWREFRER RS AT SR PR AR ) ) BRI

Vi v B TRk VAR X Y L 0. 35—0. 90mol/L, “F- 4418 2 0. 58wmol/L, , V. fiff 12 £h ik JE 15 il 4
1. 57—3. 93 wmol/ L, “F-HA{E A 3. 08 umol/ L, W4 25 43 A1 41 HAT I 5 2 A VAR (R R AE 5 B 3 vk BE Y [ R 3. 14—
5. 43 umol/ L, F-¥I{E K 3. 95 wmol /L, FHoA3 A5 W 23T B AR A NAE 5 5 AR 5 16 JEAE 31, 2—37. 00 umol/ L 22 8] 254k,
F-HIME N 34. 55 wmol/ L, FEA I3 R/ LEGEARL, 22 AW R (K 2) .
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T LAFE 1 A5 20 T) 11 4 3T 15 48 JC AL &L ( DIN = NO,-N+NO,-N+NH, -N ) ¢ J3 7™ 5 ffw 25 , 2498 11 00 25 4 o
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B2 EAOMEEEREZFENEE R SRS HERE a IR Wi THRE REE NP LB/
Fig.2 Distribution of phytoplankton abundance, number of phytoplankton species, Shannon-Wiener index, chlorophyll a, phosphate,

nitrate, nitrite, ammonium concentration and N/P ratios in surface water of adjacent sea of Guanhe Estuary
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B3 FiFEMEE a SEREMTNENEX
Fig.3 The lineal relationship between chlorophyll a and phosphate or DIN concentration
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SR, T BN IR MR S, B 0B IR S 5532 5050, R T H AR, 2 B /K A4 g 37 46
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0.36.0.43.0.51d7" i P JG 2t T P A B AW ; 5 BLIRIBSE , P9 S 0 AR A1 F T A R 5 A0 ST A o %) W AL, ¢
ERUR L T IR WA A R SR L SR i TSR K SRR R T ORANE I s B T, HLE E AR
SL ARG FEAR Y, 5 AN KA I AT I B30 B B DL BRI S B, AT S BSR4 S
M2 a YR X B R KA T K S 77. 24 pg/L, i +P A HI++P M2 a W B B KA 3 510 90. 57
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16 N IS RS2 s AR ER W 1AV FE 19 35. 14 .89. 11 ,108. 86 wmol/L 43 [ B 1 2 45 R J5 14 6. 21
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Fig.4 Changes of phosphate, nitrate, nitrite, ammonium and chlorophyll @ concentration during P enrichment incubations
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