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The relationship between nutrients and phytoplankton community structure in
northern Beibu Gulf

WANG Fu-jing"?, LIN Yuan-shao®?, CAO Wen-ging"?, ZHANG Wen-jing"?, ZHENG Lian-ming"?,
YANG Wei-di*?, WANG Yu-jie'?

1. College of Ocean and Earth Science, Xiamen University, Xiamen 361005, China;
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Abstract: Phytoplankton community and nutrient concentration in the northern Beibu Gulf in April and August 2011 were
investigated. In this research, 312 phytoplankton taxa were identified, which belonged to four phyla and 78 genera, with
Bacillariophyta being the main group. The dominant species were Thalassiosira subtilis, Leptocylindrus danicus, Bacillaria
paradoxa, and Pseudonitzschia pungens in spring, and Thalassiosira sp. in summer. Phytoplankton community in northern
Beibu Gulf could be divided into two natural groups in spring (sprl & spr2) and three in summer (suml, sum2 & sum3). N/P
ratio was in a relatively high level in the study area, and most of the waters were phosphorus limitated which resulted from
diatom blossom. Chaetoceros debilis was the dominant species of group sprl and had significant correlation with nutrient in
spring, except for ammonium. Bacillaria paradoxa was the dominant species of group sum3 and had significant correlation
with phosphate in summer, but, it was uncorrelated with any environmental factors as the dominant species of group spr2 in
spring. Phosphate was transported to northern Beibu Gulf through the Qiongzhou Strait corridor water, and silicate was input
by land runoff.
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Fig. 2 Horizontal distribution of net phytoplankton cell abundance in northern Beibu Gulf in spring (a) and summer (b) of

2011
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Tab. 1 Spearman rank correlation of net phytoplankton cell abundance, species number and surface environmental
factors in northern Beibu Gulf

T S NO3 POT Sio3” N/P
[(x10*  -m™) 0.592" -0.695"
-0.484"
1(x10* -m™®) 0.599" -0.684™
-0.459"
/(x10*  -m3) —0.457*
-0.703" 0.471"
:T ;S ;** (p<0.01); * (p<0.05)
43.63x10*  -m, 4.44%;
(Thalassiosira subtilis) , (Pseudonitzschia pungens)
, (0~ , (0.08~275.00)x
2246.67)x10* -m>, 401.95x10* -m3, 10 -m?, 22.99x10* -m3,
40.94%; 2.34% ,
, (0~ (0~262500.00)x10* -m~3, 22525.37x
5500.00)x10* -m~, 289.19x10* -m73, 10 -m7, 94.04%
29.45%;
(Bacillaria paradoxa) ,
, (0~334.55)x10*  -m’®, ( 2

FT 2 JEEREILER 2011 EFESEME MM B FHARR

Tab. 2 Dominant phytoplankton species composition in northern Beibu Gulf in spring and summer of 2011

Y N/(x10* -m®) f % Y N/(x10*  -m™%) f %
(Thalassiosira subtilis) 0.351 401.95 0.86 40.94 — — — —
(Leptocylindrus danicus) 0.224 289.19 0.76 29.45 — — — —
(Bacillaria paradoxa) 0.042 43.63 0.95 4.44 — — — —
(Pseudonitzschia pungens) 0.023 22.99 1.00 2.34 — — — —
(Thalassiosira sp.) — — — — 0.582 22525.37 0.62 94.04
1Y N i f ; %
2.2 CCA
( 4), sprl
, 22 , , Spr2
, 40 ; sum3 ;
( 3 One-Way ANOSIM suml )
, r>0.5( r=0.64, ; sum2 ,
r=0.771) p<0.01, CCA
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Fig. 3 Diagram of cluster analysis based on sampling sites in northern Beibu Gulf in spring (a) and summer (b) of 2011

4 2011 () () -  CCA

Fig. 4 Ordination diagram of CCA based on sampling sites and environmental variables in northern Beibu Gulf in spring (a) and
summer (b) of 2011
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5 2011 (a) (b)

Fig. 5 Horizontal distribution of surface temperature in northern Beibu Gulf in spring (a) and summer (b) of 2011

6 2011 (a) (b)

Fig. 6 Horizontal distribution of surface salinity in northern Beibu Gulf in spring (a) and summer (b) of 2011

( , 2002; , 2013)
(DIN) :
(csi=2umol-L ™ coi=
1pmol-L™; ¢p=0.1umol-L ™),
Justi¢ et al, 1995

Justi¢  (1995)
Si . P>22, DIN : P>22, ;
DIN : P<10, Si : DIN>1,
; Si : P<10, Si : DIN>1,

24

(Dufréne et al, 1997)
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7 2011
a NOg; b. NO;; c. NO3; d. NO3; e. NH;; f. NH;; g. PO;~; h. PO} i. Si0g j.
Fig. 7 Horizontal distribution of surface nutrients in northern Beibu Gulf in spring and summer of 2011
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Tab. 3 The range of variation and average value of surface environmental factors in northern Beibu Gulf in spring
and summer of 2011

/I'C 20.0~22.6 21.8+0.7 29.0~31.0 30.4+0.5

%o 32.1~32.9 32.5+0.2 29.3~33.1 31.9+1.1
Covon/(Mol-L7Y) ND-2.19 0.38+0.62 0.03~1.53 0.21+0.34
C(Nox)/(pmolL’l) 0.10~37.88 5.94+10.82 ND~12.52 1.26+2.80
Couoy/ (Hmol-L ™) 0.42~2.09 1.01%0.37 0.27~4.00 0.91+0.85
Cpory/(umol-L ™) ND-~0.27 0.04£0.07 ND~0.11 0.030.03
Csios/(umol-L ™) ND~10.68 1.84+2.89 ND~5.70 1.70£1.69
N:P 36.43~1573.56 279.77+368.31 11.24~1358.33 153.26+291.72
Si: N 0.01~4.56 0.73£1.20 0.06~15.64 2.02+3.50
Si:P 1.07~780.69 100.72+182.43 3.12~570.31 121.94+165.32

:ND

%4 2011 AL ENE LA T 5 4 IR B T A BB

Tab. 4 The limiting factors of nutrients and dominant groups in northern Beibu Gulf in spring and summer of 2011

( ) ( )
HBO1 (88.3%) (81.4%)
HBO3 (98.2%) (62.6%)
HBO4 (72.4%) (99.8%)
HBO5 (50.1%) (99.8%)
HB12 (99.5%) (88.1%)
HB14 (99.2%) (80.5%)
HB16 (91.9%) (99.9%)
HB17 (86.1%) (99.5%)
HB18 (85.2%) (99.9%)
HB19 (50.2%) (99.8%)
HB21 (99.2%) (76.1%)
HB23 (99.4%) (61.0%)
HB24 (99.1%) (85.1%)
HB26 (94.6%) — (86.2%)
HB28 (68.7%) — (98.8%)
HB29 (63.1%) (99.9%)
HB30 (88.7%) (96.3%)
HB32 (99.1%) — (97.4%)
HB35 — (98.5%) (74.8%)
HB38 — (99.5%) (99.9%)
HB40 (58.6%) (99.7%)
(Chaetoceros abnormis) ,
( , 1984); - CCA
(Guinardia flaccida) , ,  Spearman ,
1 ( 1 L
2004),
(Dufréne et al, v ,
1997) Y=0.02 ,
: ( CCA , spearman
, 2010)

, ( 8 5): , sprl



81

8 2011 (@ (b)
a.l ;2 ;3 4
;10 ;11
b. 1 ;2 ;3 ;4
9 ; 10 ;11
;17 ;18 ;19
;25 ; 26 ;27
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Fig. 8 Ordination diagram of CCA based on species and environmental variables in northern Beibu Gulf in 2011
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Tab.5 Spearman rank correlation of phytoplankton characteristic species abundance and surface environmental factors
T S NO, NO;3 NH4* PO~ SiOz™ Si/N Si/P
(Bacteriastrum varians) 0496
(Ceratium fusus) -0.515"
(Chaetoceros debilis) -0.581"" 0.654™ 0.591" 0.765"  0.447"
(Pseudonitzschia pungens) ~0.438
(Rhizosolenia alata) 0.534" -0.476" -0.598" -0.487" 0.464"
(Rhizosolenia cochlea) 0.519"
(Amphisolenia bidentata) -0.525"  0.583"
(Asterionella japonica) -0.472"
(Bacillaria paradoxa) 0.518" -0.503"  -0.644"
(Chaetoceros curvisetus) -0.543" -0.536" -0.475"
(Chaetoceros debilis) 0.475" -0.506" -0.514"
(Chaetoceros distans) ~ —0.445" -0.474"
(Chaetoceros pseudocurvisetus) 0.521"
Climacodium biconcavum —0.478" 0.542"
(Coscinodiscus centralis) 0.563" -0.584""
(Hemiaulus hauckii) -0.590"  0.767"
(Lauderia annulata) -0.483"
(Leptocylindrus danicus) -0.517"
(Navicula gregaria) 0.750" -0.669™ 0.683"  0.707"
(Nitzschia longissima v. reversa) 0-441 0616 ~0.566" -0661
(Pseudo-nitzschia delicatissima) ~0.553 ~0.459
(Pseudonitzschia pungens) -0.690" -0.620" -0.587""
(Rhizosolenia alata f. gracillima) ~0.521 0539 ~0.481
(Rhizosolenia hyalina) 0.464" -0.522"
(Skeletonema costatum) 0.505" -0.478"  -0.602"
(Thalassiosira sp. ) 0.710" -0.708™ 0.554™  0.496"
(Trichodesmium sp. ) —0.440"

o (p<0.01), *

(p<0.05),
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(Rhizosolenia alata) - spearman
(Rhizosolenia cochlea) ; Spr2 ( 8 5),

(Chaetoceros debilis) , '

_ ( 4 , suml '
(Navicula gregaria) ;

; sum2
: , (Hemiaulus

hauckii) (Amphisolenia bidentata) , (
(Rhizosolenia alata f. gracillima) 9),
, ; sum3 ,

, (Nitzschia .
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(8 9)
9 (@ b) (c d)

a c ;bod:
Fig. 9 Horizontal distribution of Chaetoceros debilis and Bacillaria paradoxa in northern Beibu Gulf in spring (a, ¢) and summer (b, d) of 2011
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