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Fig. 1 Distribution of study area and monitoring stations
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“+” represents the stations of Daya Bay Marine Biology Research Station,
Chinese Academy of Sciences; “ A” represents the stations of South
China Sea Environmental Monitoring Center, State

Oceanic Administration
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Table 1 Basic information of survey data
b3 P ] SEINIE L SRR B 57
o RS B e S VS T A 199948 H4H 10 S3. S4. S5, S6. S7. S8, S9. S10, S11., S12
20004E7H22H 10 S3.S4. S5. S6. S7. S8. S9. S10, S11. S12
20014E8 H9H 12 S1.S2. S3.S4. S5. S6. S7. S8. S9. S10, S11. S12
20024E8 HOH 12 S1.S2. S3.S4. S5. S6. S7. S8. S9. S10, S11. S12
200348 A 27H 12 S1.S2. S3.S4. S5. S6. S7. S8. S9. S10, S11. S12
EER A 20044E7H 18 19 8 D1, D2, D4, D7. D9, D12, D14, D16
FREEE .
20054E7H29H 8 H3H 12 D1. D2, D4, D5, D7, D9, D11, D12, D14, D15, D16, D17
20064E8 H29H 9 H 1 H 12 D1. D2, D4, D5, D7, D9, D11, D12, D14, D15, D16, D17
20074E8 H 12-13 H 12 D1. D2, D4, D5, D7, D9, D11, D12, D14, D15, D16, D17
200848 428 —31H 12 D1. D2, D4, D5, D7, D9, D11, D12, D14, D15, D16, D17
20094E8 H2-6H 12 D1. D2, D4, D5, D7, D9, D11, D12, D14, D15, D16, D17
20104E8 H29H ZE9H 1H 12 D1. D2, D4, D5, D7, D9, D11, D12, D14, D15, D16, D17
D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12,
2011478124 27H 18 D13, D14, D15, D16, D17, DI8
; D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12,
201248314 -19H 18 D13, D14, D15, D16, D17, DI8
D1, D2, D3. D4, D5, D6, D7, D8, D9, D10, D11, D12,
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o H o
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Fig. 2 Long-term changes of environmental variables in the Daya Bay in summer between 1999 and 2017
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Table 2 Results of the Mann-Kendall test for detection of long-term changes in the environmental

factors and the phytoplankton community structure

ZH(HE) Hfy SSUNFESGIN ] FHE B gHE BEM(Pp)
REE(T) C 26.25~30.50 28.33 19 -2.10 <0.05
HES) 27.82~33.87 31.53 19 2.17 <0.05
THLA MR (DIN) ng/L 26.54~203.21 73.16 19 0.98 >0.05
TEHLBER HE (DIP) ng/L 1.86~17.79 8.00 19 0.42 >0.05
AW (DIN : DIP) 5.85~85.46 30.75 19 0.21 >0.05
SEJE (Total) 10° cells/m’ 7.22~3 605.27 471.85 19 224 <0.05
fif# 2 (DIAT) 10° cells/m’ 5.46~3 581.99 468.24 19 2.17 <0.05
1 &R 4 (Cha-sp.) 10° cells/m’ 0.01~259.54 30.29 19 0.56 >0.05
[ER] 7 34J8 7 E (Cos-sp.) 10° cells/m’ 0.03~2.47 0.34 19 231 <0.05
J675 55 138 - B2 (Lau-bo) 10° cells/m’ 0~129.24 7.23 16 1.76 <0.05
FH I BT (Pse-de) 10° cells/m’ 0.01~1579.22 201.91 19 2.03 <0.05
I # 7 2 (Pse-pu) 10° cells/m’ 0~14.61 2.44 17 —0.87 >0.05
HE 38 2 (Rhi-sp.) 10° cells/m’ 0.08~11.79 227 19 0.56 >0.05
eh ) 4 B (Ske-co) 10° cells/m’ 0.17~2 692.95 186.33 19 2.03 <0.05
FOWR I 359 T B2 (Ste-pa) 10° cells/m’ 0~0.35 0.04 10 -1.61 >0.05
FIHH 3B (Str-th) 10° cells/m’ 0~1.70 0.17 11 3.58 <0.01
FIGIGLHF B (Tha-ni) 10° cells/m’ 0~178.41 11.00 19 1.87 <0.05
RIGHEE# T B (Tha-fr) 10° cells/m’ 0.23~210.05 17.11 18 0.30 >0.05
FH ¥ B2 (DINO) 10* cells/m’ 3.30~218.05 3471 19 2.73 <0.05
S5 90 Ff B (Cer-br) 10* cells/m’ 0~1.55 0.19 9 -2.04 <0.05
S #EFEE (Cer-fur) 10* cells/m’ 0.14~115.13 15.38 19 3.15 <0.01
YRS 3 (Cer-fus) 10* cells/m’ 0.10~6.01 1.60 19 —0.63 >0.05
KA HEE R (Cer-ma) 10* cells/m’ 0~8.29 1.74 18 2.12 <0.05
XA (Cer-tr) 10* cells/m’ 0~7.41 1.47 11 -0.93 >0.05
B 2% (Din-ca) 10* cells/m’ 0~6.59 0.80 17 0.78 >0.05
ROt FE (Noc-sc) 10* cells/m® 0~2.67 0.71 14 —-0.66 >0.05
J 22 FH ) = BE (Pro-sp.) 10* cells/m’ 0.17~13.65 1.88 19 1.26 >0.05
H 0.79~3.88 2.36 19 -2.10 <0.05
J 0.17~0.75 0.50 19 -1.89 <0.05

17.79 pg/L), HAWAE {5y DIP ¥R FE#F 1.86~13.87 ug/L (8] 1 2015 4 K DIN : DIP {8 1 B8 KR BE -+, 4
U 3. DIN:DIPfH MK AL B A B3 (p>  JilikF] 58.32+30.08 F1 85.46+42.58,

0.05), W LI M E /R flifb At b (16 DAEXT 3.2 ZHFEYEEEMKETL

e, AT LLUE 3 19992017 4 10] H A DRy (2000 4E . 3.2.1 RIS AL

2007 4. 2009 4EF1 2014 4F) 1Y DIN : DIP fH7E 16 LLF, 19992017 4= 8] K W 78 & 2= 3L % 52 PR i A
HAAE(3 Y DIN : DIP {E347E 16 LA I, Hop g 2011 4F 611 81 J@ 332 Fh, Hrh M i 2 19 W it 3 (S5 )8
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Fig.3 Long-term changes of phytoplankton species number in

the Daya Bay in summer between 1999 and 2017
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19992017 4F- R ME 175 B 2= 7 e A 49y 110 38 o ) 4F P
AR B UL AR 3, O T T Ui AR ) D0 B o o S R
Z, YJm TRk S A ST 2E, b ik i e A i B
I %, LA e R ER 2 E NE RE g B Y Fh 2K
P, ik e R 22 55 O 22 8 3 ( Pseudonitzschia delic-
atissima). ") A5 B ZEIE L B AR LR .
55 Oh 22 1 8 SR RO V8 ¥ BB — A 4 ol i A0 6 e
R, FEUR R i AR R SR I M A, B A
e A A | D4R A % ( Ceratium fusus). = X )
¥ ( Ceratium trichoceors). K ff ff ¥ ( Ceratium macro-
ceros) FAE MR 7 78 HL 3% 3 ( Scrippsiella trochoidea), H:
o SR L IR AR, 7E 2014 AR O 3R R, )
IRy T DS — L S o AP A TR RO B 4R PR Ak,
(EDN S R a7 S s 3 e W SR R o N N
3.2.3 PRIFAEY A

Mann-Kendall £ 5 45 3 7, ¥ WA 9 5 =6 B
Tl o =F B R P o R S R LB b T A (p<0.05)
(3R 2)o IFUFAEY) S B R RE B F B2 1Y 4F bR A2 L 1
AR B AARL, 3% 2 1 R T A 4 ek o B 4
XS I B, B ATHE 19992011 4F [ 4 B oA 38 K U
2y, WAE 2000 4F | 2005 £F 1 2008 45 = B2 1 B ok
i B 4 i, o rp 7R 2008 4F it g R R KB T (1.78+

2.22) 10" cells/m’, {H B AR B Z L HA W] W, 3212
Ab T 8RR o AE 20112017 4F ] B 3 3 AwE 3
FE R R LT, REREFE A B 2011 4R (1.44+
3.48) x10° cells/m® I+ F+ & 2017 4F 9 ( 3.58+2.39) x
10 cells/m’,  HF 38 3= FE AE 1999-2007 4F 0] A8 4k #4 # A
WY, =F B2 Ak T 8AOK -, 78 20072017 4F =F B2 2 81
S AT, R 2007 4F%(4.33£5.19) x10¢ cells/m’
TFE 2017 9(2.18+3.84)x10° cells/m* (K] 4a & 4¢ ).
19992017 4[] 1 Ui AF W) 2 B = B2 o7 LU AR PR A2 4k 1
7N, Tk R AR T 69.92%~99.82% 2 ], -1 {H
H95.20%; A= BE (7 L — AL T 10% DA 5 AT
FKEE G IR T 1%, o T84k B #5003
i, G AR B S AE O BT S B R RS i B A,
2014 4R B 1 L3k 30%(1&] 4d).

AW FEFN 2T 5 Bh KW 77 WA ) 32 B R
HF LS B F R AR AR S O (E 5,
FEIHZE Y e EJE R LT R (p<0.05), HE
JE b O (E R 37.11%, R RS 55— Fh .
U A% e 3 R R T A (p<0.05), HEFE B
b7 B BIME S 19.36%, S KIS S — L #ofp, 5
7 EEFE 2011-2017 4 A M 52 B i 35 T ke 34, i ik 49
F] 22 559 O 25T o 2 B O b4 T R 3, sk 100 B T S 4
R v 2% A TR 32 55 P 22 01 B Rk 1R IX 5 — 1
PR R, XM EEEREE LB (p<
0.05), H:7E FH 3 v iy =5 B2 o T 5 R I 3 T R e
(p<0.05), H1 1999 4EHY 11.71% T+ & 2016 4E 1) 85.59%,
7 F B o 8 4 X P
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Mann-Kendall ¥ 5 2% 3 B 7, 77 IF A8 ) £ #E 1 45
B(H) 2 E TRGEE(p<0.05), ¥4 B H ()
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(& 6),
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B — 25, Hr o6 A R R O R IR R R
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Fig.4 Long-term changes of phytoplankton groups abundance in the Daya Bay in summer between 1999 and 2017
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Long-term changes of phytoplankton community structure with relation to
environmental factors in the Daya Bay in summer

Yang Xi"*?, LiKaizhi*, Tan Yehui®, Lii Yihua'?*?

(1. South China Sea Environmental Monitoring Center, State Oceanic Administration, Guangzhou 510300, China; 2. Key Laboratory of
Marine Environmental Survey Technology and Application, Ministry of Natural Resources, Guangzhou 510300, China; 3. Nansha Islands
Coral Reef Ecosystem National Observation and Research Station, Guangzhou 510300, China; 4. South China Sea Institute of Oceanology,
Chinese Academy of Sciences, Guangzhou 510301, China)

Abstract: Long-term changes of phytoplankton community structure with relation to environmental factors in the
Daya Bay in summer between 1999 and 2017 were investigated. The results showed that seawater temperature
showed a significant decreasing trend, while salinity increased significantly. During the period 2008 to 2017, the
dissolved inorganic nitrogen (DIN) annual mean concentration increased by 72.73% relative to 1999 to 2007. Trend
of phytoplankton species number and dominant species were not significant, Pseudonitzschia delicatissima was
overwhelmingly dominant followed by Skeletonema costatum. The abundance of total phytoplankton, diatoms,
dinoflagellates, and some dominant species (Pseudonitzschia delicatissima, Skeletonema costatum, Ceratium furca)
significantly increased during the study period in the Daya Bay. Species diversity and evenness indices showed
downward trends. The analysis showed that the increased DIN concentration induced by human activities and sea-
water temperature and salinity changes were the main reasons for long-term changes of phytoplankton community

structure in the Daya Bay in summer.

Key words: Daya Bay; phytoplankton; long-term changes; nutrients
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