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Phytoplankton community and environmental characteristics in the coastal
waters of Nanao Island, Shantou, Guangdong™
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Institute of Hydrobiology, Jinan University, Guangzhou 510632, China

PAbstract) Phytoplankton is a major producer in marine ecosystems and its community structure is closely related to water
quality. An investigation of the phytoplankton community and the water environment in the coastal waters of Nanao Island,
was performed in January (winter) and April (spring), 2018. Seventy-four species of phytoplankton were identified in winter;
these were mainly diatoms. The dominant species was Paralia sulcata. The average density of phytoplankton was (3.45 + 1.59)
x 10* cells/L. Eighty species of phytoplankton were identified in spring; these were mainly diatoms and dinoflagellates. The
dominant species was Nitzschia closterium. The average density of phytoplankton was (5.23 + 6.02) x 10* cells/L. The density
and species composition of phytoplankton in spring was higher than that in winter, and there was a clear seasonal variation in
the dominant species. The density of phytoplankton was the highest in Qingao Bay (S11) in winter and spring, whereas the
cultivation area of Gracilaria lemaneiformis (S7) had a relatively low density. S11 was seriously affected by human activity. G.
lemaneiformis cultivation had an obvious inhibitory effect on phytoplankton growth. Redundancy analysis revealed that the
main environmental factors affecting the phytoplankton community structure in the coastal waters of Nanao Island were total
nitrogen (TN) and water temperature (WT) in winter and reactive phosphate (PO, ™-P), nitrite (NO3-N), and ammonium
(NH:-N) in spring. This study showed that the phytoplankton community structure and environmental factors in the coastal
waters of Nanao Island are significantly different depending on the season and region. The distribution characteristics of
phytoplankton were closely related to the nutrient content of the coastal waters. Some of the sampling sites were affected by
human activity. Water quality indicators and phytoplankton abundance were high, showing a trend of eutrophication.
Therefore, it is necessary to strengthen the island environment, improve tourism management, control the discharge of
domestic sewage, and protect the offshore environment of the island.
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Fig. 1 Sampling stations in Nanao Island.
F1 FEERESER
Table 1 Information of the sampling sites in Nanao Island
FFEu AL FERE Z R 13
Sampling station Information of sampling site Longitude (E)  Latitude (N)
.l UL 1V RSB, R A S s 2325007
Near the Port Authority of Qianjiang Bay, with a large number of boats around
S2 AT VLT [ % 6 Je) T TRV AN 355 W 1000 32 o 3/ 75 48§, Neear Nanao Marine Environmental Monitoring Station 116°59'44" 23°25'09"
S3 T TR AT T RS R S BRE AT, A /D B HEE5E Near Nanao Island Pier, with few boats around 116°56'30" 23°26'02"
S4 KM PRI 2 7 B8 Near the coastal waters of the Dahouao 116°58"35" 23°27'47"
o5 JFILMEAEEL R L i H R A 00T 2300714
Near the shores of Houjiang Bay, with more fishing rafts and fishing boats around
S6 T T bR & R k fFUT 75 3% Near the coastal waters of Nanao navigation mark management station 117°1'31" 23°26'43"
S7 VIR T 20 4% 55 X The area of Gracilaria lemaneiformis cultivation in Shenao Bay 117°6'20" 23°29'05"
S8 AR T i D128 FE Bl IX. The area of shellfish cultivation in the shores of Jinyin Island 117°6'59" 23°29'00"
S9 AW VS T 2 9 % The coastal waters of Zhugidu Bay 117°7'18" 23°27'40"
S10 TR ST 52 31 Near the coastal waters of Qingao Bay 117°7'57" 23°26'36"
PRSI WA TS K B LR MU Ak s 363
Near the coastal waters of Qingao Bay, with wastewater from Jiuxiao Village flowing into ocean
sy EUNEE S LTI, A R A U esagr 26

Near the Yunao Bay, with a large number of boats around
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12 HmAEESLE
5 120 pumfL AR 7 Ui A2 0 P 78 i K 36 2 A2 3 I, Kk
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YRS A MBI SR K 88 F R 2R ED LKEE,
SR % AR B S B R e, TR % TR A DTE JE e
45 %30 mL, TR A 8. ik B FH 0.1 mL
FHEICHE 75 9 56 B 4485 (OLYMPUS BX51) (200x) T #E47.
i FHZE LG 52 1B BH B (SD) |, YSIZE T fig /K i 2 HAL)
EKIE (WT) | pHIH . 75 #4% (Dissolved oxygen, DO) . #h i
(Salinity) ; K41 L& JZKM & BA (TN) | 4
(NO-N) | WAl (NO-N) | &k (NHI-N) | it
(TP) . W HERERAL (POI-P) | WEHERERR AL (SiO3-Si) LI
gk #Ka(Chl-a) , BARNE K ikS % QBEFHA M) (GB/T
12763.4-2007) Al CHEFFENE KAL) (GB17378.3-1998) .
1.3 HESEITE S
TF WEARL ) B V% 45 M R AE 32 FR AR B H8 50 (Y) 20 hr, Bk
PPEEY > 0.0249 3 3 N H Rl I CANOCO4. 5% 7 i
WY FEESHREER T LItk ZRiETICR P (Redundancy
analysis, RDA) ; i H{Google Earth ProflArcGIS 10.4%F ¥ {v
V| V7 U AR R U 235 AR RV B BRL 1 1 S TR AR R AT 22 5 A
T &I FHExcel 20163472 il 4 FRALIH 74 2 5K AL
JJ2 (6] 14 72 Sk {d H SPSS 25.014 B PR 2 7 2% 40 W7 e AT A 36 .

5 RS

2.1 INIEYHAE

2.1.1 HRERFHESH A ZRKIREIIE 1532 C, &
FIAKIRF4E K247 C, FFKEV T4 2 (P<0.01,
F=389.512, N=123); &% FFEEVIE D 5429.94
32.61, HZERAEATFHNN (P <0.01, F=38.074, N=23);
REGHEZEpHE R AL E (P> 005, F=1652, N=23), &
ZEMH L F AL 47 F DO & W Y EH 4351

R2 BHRIEKELEFTREEFHEN

25% X B 55
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8.03. 6.70, HBIHL TR BRAL (P < 0.01, F=24235, N=
23); ME (P <005 F=16492, N=23) 4tk (P<005, F
=58768, N=23) . i £k (P <0.05, F=39916, N=23) . &
LA (P<0.05, F=161.133, N=23) | iH 4wtk (P <0.05,
F=9735, N=23) X W EHTHZE; WiHRE (P<0.05, F
=266.455, N=23) . Bk (P <0.05, F=11444, N=23) fIi&
PERERER (P < 0.05, F=12.569, N =23) & R 2L T &
7 X ZRNHEFRR R (P> 0.05, F=0274, N
=23) (2).

L7, VAR B AT TO I BARE s LA A
T PR B TR Sh7E 1 B 1 VT (S1, S2. S3) Ab#A, HiAthulhfvr
. B, BRSNS A B BEEEST, S84
1% THLALENE S RIEETG (S1, S2) . Ak 1X (S7) &%
I%; T PEWRIR Eh Mk BEAE ST, S84 (&12) . Wox M, J4isE
B 5 U1 2K 5% B R AR A A AR R USR] A e A S
IR E IR ER O E B0, BB NS Ak /K T, DIS T 38 o ik
EAE W CE F2 30 BT DR AT LA B R 2 e A SR B 4 1)
N AT G KRS FRER 25 F B2 . B e A O ML AL L TG Tk
iR b S 25 N BT BB T4 2SR AE B0 R RN, B T
A, PRI A R b, T S 2 B L R AR Y.

24 ZEN/PE 7E 1 5 j SR (S1. S2., S3) b# s B 5
N/PEH I B AR X2 E & THS (K2). £ZFN/P
L [ E 7.21-58.43, SE44{H 4121.24 + 16.11, 75 Z=N/PH I Bl 7F
3.09-14.46, SE-HI{H #8.08 + 1.43; W5 &, H4N/P < 8Hf, X
TR WA 1 A BT, 2YN/P > 301, IR IR A9 AR K
ARz BIBERR . A A B E IR IR N B A ZROKIRN/P
SEEME RIS, UL TR A A A K 32 B VR A 1 B il
212 KRBES 275 TOHL UM T [ 4 25.39-47.15
wmol/L, 7% P4 R £ 4 4.21-13.58 umol/L; F 2=, JCHL AU E
#74.21-13.58 pmol/L, {HPEBE IR £5°70.21-0.84 pmol/L (5£2) .
2 2 L 0T RV K TR 0 A = DU 2T AR OK T A
(GB 3097-1997) , % 2= I 530 52 Vg UK T REB e A5 5 —
TR KK BB, 7R s 8 ARG B R R K R B SRR

Table 2 Variations of environmental factors in the coastal waters in Nanao Island

IE T 472 (1H ) Winter (January) # 7= (45 ) Spring (April)
Environmental factor Ju [ Range Mean + SD i [l Range Mean + SD
WT (0/°C) 13.90-16.6 15.32+0.88 23.10-27.80 2477 +1.32
Salinity 28.6-31.11 29.94 +£0.83 29.24-33.70 32.61 +1.17
pH 7.08-8.07 7.95+0.27 7.90-8.20 8.06 +0.08
DO (p/mgL") 7.24-8.50 8.03+0.32 5.11-8.67 6.70 + 0.84
TN (p/umolL'l) 30.49-113.42 60.45 £26.11 8.42-59.92 24.61 £13.19
NH; -N (p/umolL™) 2.22-6.84 434+ 1.54 0.69-0.97 0.77 £0.08
NOi-N (p/umolL") 22.15-40.76 27.35+5.08 2.44-10.31 483+2.09
NO;-N (p/p.molL'l) 0.15-1.68 0.71 £0.54 0.90-3.86 2.07+0.77
DIN (p/umolL™) 25.39-47.15 32.40 +5.89 4.21-13.58 7.67+2.65
TP (p/umolL") 2.91-17.21 748+ 4.14 2.3222771 15.95 4 7.20
PO; -P (p/l,LmOlL‘l) 0.30-1.54 0.98 +0.44 0.21-0.84 0.52+0.21
SiO?¥-Si (p/umolL™) 17.39-30.33 22.05 +3.66 29.39-125.82 50.32 £26.20
Chl-a (p/ugL™) 1.11-4.23 2.61 = 1.08 0.62-3.90 233+ 1.43

WT: 7Kii; DO: KM% ; TN: Bl NHi-N: Z%; NO:-N: i %; NO:-N: WAY % ; DIN: Al iFvE HLA; TP: Si; POI-P: i TEME IR L ; SiO3-Si: i

iR %h; Chl-a: M4t FKa.

WT: Water temperature; DO: Dissolved oxygen; TN: Total nitrogen; NH;-N: Ammonium nitrogen; NO;-N: Nitrate nitrogen; NO>-N: Nitrite nitrogen; DIN:
Dissolved inorganic nitrogen; TP: Total phosphorus; PO;-P: Soluble reactive phosphorus; SiO;-Si: Reactive silicate;Chl-a: Chlorophyll a.
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Fig. 2 Horizontal distribution of nutrient concentrations (umol/L) and N/P in the coastal waters in Nanao Island. TN: Total nitrogen; TP: Total
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Table 3 Phytoplankton dominant species in Nanao Island
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FIS1285 oA 3 A7 (S1-S7) TRIFAHY - i (K3) . & s
ZESIF L) F B Yk Bl i e, FTREZ T A JLE A AR
W5 KA ST & TR RS 5 £ 5, Fetizad
AR FL A A5 3 67 57 5 I B RS R TR X, R R £,

AR T RS TG g, AR B TR A R
W BT R & iR e, B A RN ARSI, AT RE
IR 3 2 v 9 R R T RV R 9 DX RN R A EE RN B
BEORA. ST IR AR Ak 55 X, V7 WA 4 3 1 /. TR i e
i WOK AR PR AR P AR TR N PR SRSk, Ll T
TR A A B 4 e e A0 B 98 AR 3 18 0 1) O 94.42%
FN1.88%, 7 2 fif: 88 1 HH 8 AF 0 =F BE 43 531 47 88.68 % 119.41%.
i P BB AE X T ZE N AR LB . ([E4) . & ZE BLAE I
hi# (Paralia sulcata) MIXT =88 e s #2278 i H 22 E o

Y] R A Fh A2 BE LA (P1%) WL () BT
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Fig. 3 Horizontal distribution of phytoplankton abundance (10*cells/L) in the coastal waters in Nanao Island.
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Fig. 4 Relative abundance of main dominant phytoplankton species in Nanao Island in winter (WI) and spring (SP).
R4 ERLZHEYABMEHEEFRDASITER
Table 4 Summary of RDA on dominant species and environmental factors in Nanao Island
N , W — B 085 AH 6 P Z 84 43 He Cumulative percentage variance (P/%) VSRR AT A
.ﬁj@ i ﬁ AEGE Species-environment L RaiE e Wy Fih— B 585 AH e Sum of all ~ Sum of all canonical
ime Axe Eigenvalue . : B . . f -
correlation Of species date Of species-environment relation ~ eigenvalue eigenvalue
1 0.405 0.922 40.5 55.5 1.000 0.730
KT 2 0.182 0.839 58.7 80.4
Winter 3 0.089 0.781 67.7 927
4 0.050 0.739 72.6 99.5
1 0.460 0.977 46.0 50.8 1.000 0.906
HE 2 0.191 0.971 65.1 71.9
Spring 3 0.104 0.959 75.5 834
4 0.090 0.940 84.5 93.3
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Fig. 5 RDA triplot of phytoplankton and environmental factors in winter (A)
and in Spring (B) in Nanao Island. P1-P12 indicate dominant species in Table 2.
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