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Fig. 1 Sampling stations in coastal water of the northern
Nan’ao Island
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(One way ANOVA) pH (P<0.05)
, P<0.05 R (P<0.05) DIN
LAP AP (P>0.05),
s F R 12.34£2.37umol/L  DIP
(P<0.05), 6 , DIP
5 (0.12umol/L)  SiOs-Si 5 ,
27.05umol/L, 3 6
2.1 (P<0.05) N/P DIP
1 ) 3 6 , 3 27.7£5.7 5
(P<0.05), (P<0.05), 34.1+£9.6, P
x1 AREAMERSIEECETFHER
Tab. 1  Variations of environmental parameters in the coastal water of Nan’ao Island in March, May, and June 2016
3 5 6
+S.D. +S.D. +S.D.
T(°C) 14.10—14.90 14.41+0.23 25.00—25.80 25.45+0.24 28.30—30.80 29.34+0.89
S(PSU) 31.00—31.20 31.15+0.05 29.80—31.90 30.72+0.78 24.50—28.90 26.46+1.26
DO(mgO,/L) 6.44—8.40 7.39+0.58 6.45—7.73 6.81+0.36 8.64—10.44 9.47+0.58
pH 7.09—7.38 7.26+0.09 8.05—8.12 8.07+0.02 7.89—8.30 8.22+0.11
DIN(pumol/L) 10.47—16.79 12.78+1.98 9.57—20.20 12.55+2.55 7.19—18.16 11.65+2.59
DIP(umol/L) 0.38—0.73 0.49+0.10 0.27—0.49 0.38+0.06 - -
Si05-Si(pmol/L) 7.42—16.08 11.11+2.44 16.92—27.05 21.06£3.02 3.03—21.96 14.08+4.81
DON(pmol/L) 3.88—22.59 13.96+1.45 0—16.60 3.80+5.86 0—11.34 3.99+3.32
DOP(umol/L) 0.18—0.71 0.35+0.14 0.11—0.46 0.25+0.09 0.28—0.45 0.38+0.06
DIN/DIP 16.7—38.2 26.9+6.0 22.9—53.2 34.149.2 - -
e ; T , S. , DO. , pH. , DIN. , DIP. , SiOs-Si. , DON.
, DOP. , DIN/DIP.
DON 3 5 (P<0.05), 6 (
(P<0.05) DIN TDN 2), 3 6
3 50% 80% , DIN (P>0.05) 5 s DO
N DOP (P<0.05), DIP
, 3 3 5 (P<0.05)(  2) DIP
, DOP TDP 40% R 6 , DOP (P>0.05),
P (P<0.01)

F2 2016 F5 ARSI EEXIBIEMEFRLE

Tab. 2  Variations of environmental parameters in the coastal water of Nan’ao Island in different aquaculture areas in May, 2016

+S.D.
G ) (GA ) (A ) N )
T(°C) 25.15+0.21 25.40£0.00 25.63+0.15 25.48+0.28
S(PSU) 31.90+0.008 30.00:0.00 30.73£0.81 30.66+0.65
DO(mg0,/L) 7.57+0.23° 6.70+0.04° 6.56+0.10° 6.73+0.17°
pH 8.07+0.01 8.05+0.01 8.06+0.01 8.11+0.01
DIN(umol/L) 12.06+0.32 12.05£1.38 11.08+1.45 13.03+3.63
DIP(umol/L) 0.34+0.048" 0.31+0.04* 0.44+0.05° 0.40+0.03°
SiO;-Si(umol/L) 17.77£1.20 21.90+5.07 23.04+2.95 20.68+0.83
DON(umol/L) 2.08+2.95 - 7.76+8.35 4.38+4.97
DOP(umol/L) 0.16+0.07 0.25+0.07 0.27+0.06 0.27+0.11
ab , DIP ,
;e ;T ,S. , DO. , pH. , DIN. , DIP. , Si0;-Si. , DON.
, DOP. , DIN/DIP.
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2.2 a (GA ) chla 25.26£6.91 26.36+
2 ,3 chla 7.70ng/L, (16.31£3.36pg/L)(P<
1.64+1.45png/L, 5 3.79+1.81pg/L. 6 0.05) chla ,chla
20.85+7.37ug/L(P<0.05) 5 , (R*=0.82, n=40, P<0.01),  DIP
(G ) chla 0.91+0.90pg/L, (R*=-0.67, n=40, P<0.01), ,
(P<0.05); 6 , DIP chl a 69.1% (P<0.01)
23.487°
3N8 2 \) GA A
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Fig. 2 Distribution of Chl a in the coastal waters of Nan’ao Island in (a) March, (b) May and (c) June, 2016 (unit: pg/L)
:G. , GA. LA ,N.
2.3 60.6%  38.7% 6 ,
3 , LAP 6.06— pico- LAP ,
145.19nmol/(L-h), 74.38+44.69nmol/(L-h), 44.5%
LAP ( 3 5 2.4
, LAP (P<0.01), AP 3 56
628.84+457.29nmol/(L-h), LAP 16.11£9.24  92.78+60.44 149.01£118.85nmol/
(P<0.05) 6 , LAP (L-h) AP 3 5
666.34+412.36nmol/(L-h), 5 (P<0.01), (P>0.05)(
(P>0.05), LAP 5) AP 5 6
(P>0.05) (P<0.01)
LAP chl a , AP (P 0.05)
(R*=0.52, n=40, P<0.01; R*=0.52, n=40, AP chl a (R*=0.44,
P<0.01), DIP (R*=-0.50, n=40, n=40, P<0.01),  DIP (R*=-0.58,
P<0.01) , DIP n=40, P<0.01) 3 ,
LAP , LAP DIP AP (R*=0.320, P<0.05)
33.7% (P<0.01) 5 , DIP AP 36.3%
LAP , 3 , AP
, , LAP 37.5% 45.2%( ©6) 5 6 , nano-
( 4 ,3 nano- pico- LAP AP , AP 72.2%
57.1% 31.5% 5 ,nano- pico- LAP 77.7%
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Fig. 3 Distribution of leucine amino peptide activities in the coastal waters of Nan’ao Island in (a) March, (b) May and (c) June, 2016
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Fig. 4 Percentages of leucine amino peptide activities in different-sized fractions
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Fig. 5 Distribution of alkaline phosphatase activities in the coastal waters of Nan’ao Island in March (a), May (b) and June (c), 2016
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NUTRIENT COMPETITION BETWEEN MACROALGAE GRACILARIA
LEMANEIFORMIS AND PHYTOPLANKTON IN COASTAL WATERS OF
NAN’AO ISLAND, GUANGDONG

HUANG Yin-Shuang"®, OU Lin-Jian"?, YANG Yu-Feng”*

(1. Research Center for Harmful Algae and Marine Biology, Guangzhou 510632, China; 2. Institute of Hydrobiology, Jinan University,
Guangzhou 510632, China; 3. Key Laboratory of Aquatic Eutrophication and Control of Harmful Algal Blooms of Guangdong Higher
Education Institutes, Guangzhou 510632, China)

Abstract
lemaneiformis in China. To explore the possible effect of culture of G lemaneiformis on algal blooms, field investigations

The coastal area of Nan’ao Island, Guangdong, is one of the most important cultural base of Gracilaria

were conducted at different functional cultural zones in this area in March, May and June, 2016. The changes in nutrient
contents and compositions were compared before and after the cultivation of G. lemaneiformis and the utilization of organic
nutrients by phytoplankton in different-sized fractions were determined through analysis of extracellular enzyme
hydrolysis. Results show that the concentration of dissolved inorganic nutrient was low, thus the water quality of the
studied area was good. The concentration of dissolved inorganic phosphorus (DIP) decreased with the increase of the
phytoplankton biomass from spring to summer, which in turn changed the studied area into a phosphorus-limited area
finally. In May, the DIP concentrations in G. lemaneiformis mono-culture zone and G. lemaneiformis abalone co-culture
zones were significantly lower than that in abalone mono-culture and non-culture zone. Furthermore, compared with any of
the other zones, the chlorophyll a (chl a) concentration was significantly lower whereas the activities of leucine amino
peptidase (LAP) and alkaline phosphatase (AP) were much higher in the G lemaneiformis mono-culture zone, suggesting
that the phytoplankton in this zone suffered from much more nutrient stress. Moreever, chl a content in G. lemaneiformis
mono-culture zone increased rapidly after the harvest of G. lemaneiformis. All these results indicate that G. lemaneiformis
might inhibit phytoplankton growth by nutrient competition, especially in phosphorus, and thus may depress harmful algal
blooms from happening.

Key words
Nan’ao island

Gracilaria lemaneiformis, phytoplankton; nutrient; leucine amino peptidase; alkaline phosphatase;
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