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WE: 1 RTGYD ST ST I Y BEA S MREIE, T 2019 4F 2 AR 11 AXHZM T R A, S iimie i it i
SIS 2R . AR IER I 109 My, g 1mE, 7 81 f. KMFWINHBMASME, LZF0
BTN RIR B #E(Trichodesmium thiebautii) A WFREBE(T. erythraeum) s E AT BE(Asterionella notata)s, KEMFEF N
EHF LR BE(Thalassionema nitzschioides) 7122 4N #E (Leptocylindrus danicus) 155 K B (Chaetoceros lorenzianus). %Z5{F
TR )3 B [(5.2746.14)x107 cells/L]2 5 m T KZE[(1.56£1.40)x 105 cells/L]. VFIFAEMIREE AT X B2 WMRR EE . L%
PR 750N . ARl (LR i R ARV 1 2 REVE AR B 3 S0 B HR O =5 & AR BT I E 0000 3.15. 0.71 1.36 A1 3.28
0.75. 1.77. I, EFERE NIRRT T FIr RS SRR S, YIMEONEE, BRSMEREE.
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doi: 10.11926/jtsb.4572

Phytoplankton Community and Its Influencing Factors in Xuande Islands
of Xisha Sea Area

LIU Xiaohong', SHI Jun?

(1. Sansha Marine Environmental Monitoring Central Station, State Oceanic Administration, Haikou 570311, China; 2. Haikou Marine Environmental

Monitoring Central Station, State Oceanic Administration, Haikou 570311, China)

Abstract: In order to understand the characteristics of phytoplankton community structure in Xisha Xuande
Islands, the phytoplankton community composition and environmental factors sampled in February and
November 2019 were analyzed. The results showed that 109 species of phytoplankton were found during the two
voyages, among which Bacillariophyta were the most with 81 species. The dominant species varied between
winter and autumn, Trichodesmium thiebautii, T. erythraeum, Asterionella notata, etc. were the dominant in
winter, and did Thalassionema nitzschioides, Leptous danicus and Chaetoceros lorenzianus were in autumn. The
average abundance of phytoplankton in winter [(5.27+6.14)x107 cells/L] was significantly higher than that in
autumn [(1.56+1.40)x10° cells/L]. The structure of phytoplankton community was mainly affected by nitrite,
salinity and other environmental factors. The average of Shannon-Wiener diversity index (H'), Pielou evenness
index (J') and Margalef richness index (d') in winter and autumn were 3.15, 0.71, 1.36 and 3.28, 0.75, 1.77,
respectively. As a whole, these indicated that phytoplankton community in Xuande Islands had high diversity and
rich species, as well as complex and stable community structure in winter and autumn.

Key words: Xuande Islands of Xisha; Phytoplankton; Environmental factor; Community structure
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Fig. 1 Map of sampling stations (S1-S10)
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R B REAE IR SR, Wit RERE
AKEE0.5 m)iEAT I e ST,
1.3 HIEEAN 5 b

THE S I IRV 2 e R R ()
B TR E(d) A S LR (), ELBTHIT 5 DX A )
TEYIRETE 45K . R CANOCO 4.5 B85
VIR AR FIR B R 34T 2 e geit 40 A . Al SPSS
20.0 FAFHEAT Tukey B2 25 FiE MR YE 4T

Shannon-Weaver % FEVEFRE0): 7iP,. log, P >
i=1

Margalef £ & JE 5 5(?Y: d=(S-1)/logoN; Pielous ¥J
SIFEEFRHEA: J=H'NlogsS, A, S NFIEEL; Pi=ni/N,
n N § NIRRT N O IR A AR

AT 2 AR A EHBIYoe i, y=Pxf, A,
SiNE | MDRRAE &S AL LR s PO i
Tl 25 sl S A S B Ee s, DL Y>0.02 7R AR
2V LI

AL Y=0.01 HLAES w7 (1 B =50% )
FEERE A, WA R A MR AT log(et DR JE, M
HI CANOCO 4.5 B X Wt 70 it sk e AH 0 0 R 2
ER A2 AP e i Wl e o vE < a1 W S K/ & A
AT 23RS B 73 #T(detrended correspondence analysis,

DCA)Z ] 4 /ANHEFF 3l i B B RAE<3, ok T
4% H1(redundancy analysis, RDA)ZE AR 3147 HE
¥4

2 SR

2.1 FRARK DA

BB B BT IR A AR R 2 ML B 3
SRR 109 MyFliEtayn, HET 31145 )8, H
TEFEEMR I 2, 34 J& 81 Fl, B FhEEH) 74.31%;
FE 8 J& 24 Fh, 7 S MP2RE 20.02%; HEHE 3 J&
4, 5 EFEEN 3.67%. H, DUEEER AT
FEENAREE, S 13, (HEFREUT 16.88%.
KSR IVTFUAAEY) 77 Bl REEE ST R, HA
ZERPNRAL 74.03%; FHIE 16 Bl (AR
20.78%; WEEE 4 FP, (HATEEPIREL 5.19%. B
WA IR DU IEY) 79 B, BEEE 63 Fh, S FEA
FhAEL 79.75%; HE 13 Flt, (G RKZR PP 4L 16.45%;
W 3, KRR MIEEL 3.80%. 4ZE S6 I S9
SRR BRI SR 22, D 30 M, ST /b, 9T A
FKZE S3 uhhr i shF ik %, Jv 29 B, S4 ubfir
B, 12 A 2).
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Fig. 2 Number of phytoplankton species

A2, VFUFHE YA M FE N (0.04~21.06)%
107 cells/L, “F-#J8(5.27+£6.14)x107 cells/L. S10 ¥}
RLE A F B B, O 21.06x107 cells/L, Horr,
B IR B (Trichodesmium thiebautii) KEFRE,
RRE XML 2 — S4 WAL Y+ B
%, 790.04x107 cells/L. #kZ=, SEMANEFEN
(0.29~4.86)x10° cells/L, “F-¥4°M(1.56£1.40)x10° cells/L;

V-V R ) 3 T e v il A [R)RE HE ILAE S10, N 4.86x
10° cells/L; VFIEME )+ FE H AR HIAE S6 ihhr, H
0.29x10° cells/L (B 3).
2.2 AP S BIEEBTREOTYY

AR A LGB AFN 7 Fl, 53590 I8 Tk
FMEAIEECR ). Horp, BB R NIIE, &
OREHEAE 1 HHAF0.203), THFEEN 2.18x
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Fig. 3 Phytoplankton abundance

107 cells/L, EFEEMN 28.93%; ZLiFHE#(Tricho-
desmium erythraeum) V& 2 PL#EFH(0.108), ~FIF
FE 0.89%107 cells/L, i FLE 13.56%. FKZ=1
BRI JBIEEER, 22 TGS (Thalassionema
nitzschioides) B 45 %5 L %4 (0.463), ~F ¥ FEH
0.72x10° cells/L, 5 F LN 46.29%. ZZF=HILH

R AU KRB L

Table 1 Dominant phytoplankton species composition in winter and autumn

S10

HHfE

m 3% Cyanobacteria m H! i Dinoflagellate m fif:# Diatom

6
k2= Autumn

AL = E Cells abundance (< 10° cells/L

S1

S2 83 S4 S5 S6 S7 S8 S9 S10

Station

bR L 2T ¥ (Asterionella notata)~ IV 45 3
(Cerataulina zhongshaensis) SERBRRIE B (Clima-
cosphenia moniligera)~ 3% J¥ ¥ (Nitzschia longi-
ssima)~ 1k WUE B (Amphisolenia bidentata) 1.1
WEHEMG KR BEAKTYA LI, ERBK
IR

'ﬁﬁié“ﬁ’ | N%@ Winter 7?](@ Autumn

Dominant species Y (107 cells/L) % f1% Y (105 cells/L) % I
FRERFHE Asterionella notata 0.055 0.45 6.81 80
R Cerataulina zhongshaensis 0.035 0.29 4.35 80
FIKAEM Chaetoceros lorenzianus 0.040 0.26 4.47 90 0.064 0.12 7.14 90
DYREELIL#EE Climacosphenia moniligera 0.029 0.31 4.12 70
FYEAEE Leptocylindrus danicus 0.043 0.11 5.41 80
KEEW#E Nitzschia longissima 0.025 0.13 2.45 100
ZHELEHE Thalassionema nitzschioides 0.463 0.72 46.29 100
ZNXUEHE Amphisolenia bidentata 0.025 0.20 3.09 80
AR EHE Trichodesmium erythraeum 0.108 0.89 13.56 80
BRICHEM T thiebautii 0.203 2.18 28.93 70

Y ARG N PSR £ R B

Y: Dominance index; N: Mean cell abundance; f: Frequency of dominant species.

PN B HAN TR, A
VI HAL Ty 5004 1.94~3.95 £l 0.40~0.86, PN
3.15+0.64 1 0.71+0.13; FKZ=5 514 1.62~4.09 1
0.36~0.93, “F-31y 3.284+0.72 A1 0.75+0.17 (% 2). %
K78 6 UL AIAKE 10 SINALIFIFE I HA T
Ab T BACAK- A1, FAth Sl (7 77 W AR D P b 3 AT A
B8] I ZE T IR AE ) P 2R 3 B R A (a7 1E
W E 2 R (P<0.05), AZFEVFIFEY) d7H 0.47~1.82,
N 1.3620.44; FKZEN 1.00~2.25, PN 1.77+

0.33, ULEARKZ=IF I YIF B A L A =155 .
2.3 FFBEAFE

MFE 3 R IL, B B AT A = AR R 1)
RS Sk RN R EhAT AR B35 2 5 (P<0.01), %
ERAFAE 2 2 F(P<0.05), HARIREL R R & MK
A BEB . AT TSR LA R
FHER, KELHERAB164.30£87.81)F T K=
(32.92+27.47), HAZEFTA SN KSR B LY
KT 32, N 78.01~370.17.
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Table 2 analysis of phytoplankton community parameters in winter and autumn.

B on 4% Winter ZE Autumn
Station H J d' H J d'
1 2.43 0.86 0.47 3.72 0.82 1.82
2 3.63 0.75 1.82 3.39 0.76 1.77
3 3.35 0.71 1.49 3.23 0.66 225
4 3.38 0.78 1.27 2.94 0.82 1.00
5 3.95 0.80 1.75 3.57 0.84 1.75
6 1.94 0.40 1.60 4.09 0.93 1.94
7 3.52 0.73 1.55 3.91 0.85 2.17
8 2.79 0.62 1.23 3.83 0.89 1.59
9 3.74 0.76 1.64 2.48 0.56 1.73
10 2.80 0.72 0.73 1.62 0.36 1.68
*F-$4 Mean 3.15 0.71 1.36 3.28 0.75 1.77
bR % Standard deviation 0.64 0.13 0.44 0.72 0.17 0.33
H': ZFAEIREG J: YIS EREG a0 F 5 R
H": Shannon-Wiener diversity index; J" Pielou evenness index; d": Margalef richness index.
3 AMKEREATR T AN
Table 3 Changes in surface environmental factors in winter and autumn
WA T %7 Winter = Autumn
Environmental factor JuHl Range ¥4 Average Ju[ Range V45 Average
L% Temperature ('C) 26.9~27.5 27.1+0.20 27.0~27.2 27.1+0.10
R Salinity 33.5~33.9 33.6+0.1"" 34.3~34.4 34.4+0.00™
B4 DO 6.09~7.23 6.63+0.37 6.33~6.84 6.50+0.15
Chl a (ug/L) 0.09~0.29 0.21+0.08™ 0.12~0.49 0.35+0.11™
NO,™ (umol/L) 0.03~0.07 0.05+0.01 0.01~0.34 0.06+0.10
NO;~ (umol/L) 1.29~11.93 4.30+3.19™ 0.02~2.06 0.59+0.64™
NH4* (umol/L)) 0.46~0.94 0.78+0.14" 0.36~0.90 0.61+0.18"
PO4* (umol/L) 0.01~0.09 0.03+0.02 0.01~0.10 0.05+0.03
DIN:DIP 78.01~370.17 164.30+87.81™" 9.10~90.05 32.92427.47"

**: P<0.01; *: P<0.05

2.4 FIFHEYBEESHERFHIRER

BRI MR AR S 8 N IR
B[R 71T RDA fE e fr, @ REW (A 4): &ZF
RDA HEF B, 8 MNILAEEE T IRt ) AL 2 (1
70.44%, H P ANFEFF FlRRHEAE 535019 0.291 £110.187,
IIPIRRRE T 29.14%F1 47 87% A AL &; 2= RDA
HeF B, 8 AN SLfRRE T IR i) B AR B 1) 73.22%,
HIPEANHE P Rl R AEAE 23 704 0.340 F10.234, 735
fRRE T 33.96%F1 57.38% I AR &, FANTIR
355 PRl A R oHE 1 Al ) (90 A G R BB KT 0.95, 1%
L S B T R SR TR R AR

A A ET 5 NIEIZ D TR T, 7EAZEM
PORE 25 Fdr, 8 MNIRIEIR 7 1 AG 56 45 IR 3 R ik 2]
B REEHR AR 7888 E K

-, 43 A WS ER 2h(F=1.9, P=0.018)Fl1 & & (F=2.4,
P=0.010), XUt B &= IFIFEY BV S5 A 25—
IRBE R 75, SRR Ak A £ P 2 5 M AK AT
VIBRTE SR ) AN .

IR RIIRES R T RDA HEFF R (K 4),
AFIFIEY) FEEPEE - =RIR, S5H5
HrAHEXR, fJRaN=3 B RaRFE%RK
WEME. MRMmER. KERE. MEMEE. R
FIHZE T BRTUARE E S MR LA N/P 2 1EAH
K, SEERREFMIG; AR K AR B
FIRMEBE. VRS R B, SR
TEHE I A EES O LBEIR £h A DO A 28
SREFEHAMERE. AN, SR, 2R
EESEEMILE R IEMX, 5B DO
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Fig. 4 Ordination diagram of RDA based on main phytoplankton species and environmental factors in winter and autumn. T: Temperature; S: Salinity;

DO: Dissolved oxygen; NO»-N: Nitrite; NO3-N: Nitrate; NH;-N: Ammonia nitrogen; PO4-P: Inorganic phosphate; N/P: Rate of nitrogen to phosphorus;

An: Asterionella notata; Cz: Cerataulina zhongshaensis; Cs: Chaetoceros sp.; Cf: C. femur var. fermur; Cl: C. lorenzianus; Cn: C. nipponica; Cp: C. peruvianus;

Ca: C. aurivillii; Cm: Climacosphenia moniligera; Ij: Ishtnia japonica; Nis: Nitzschia spp.; NI: N. longissima; Pp: Pseudo-nitzschia pungens; Pd: P.

delicatissima; Rla: Rhizosolenia alata f. gracillima; Rs: R. styliformis; Ra: R. alata f. alata; Rc: R. calcar-avis; Ab: Amphisolenia bidentata; La: Lyngbya

adherens; Te: Trichodesmium erythraeum; Tt: T. thiebautii; Cpe: Cerataulina pelagica; Ld: Leptocylindrus danicus; Nas: Navicula spp.; Nc: N. closterium;

Tn: Thalassionema nitzschioides.
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DR AT 7045 AT . KT 40 M - 2
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WY BEE R BT AR D, AT G 2 R e
fi S LY OLE VG /o B B 8 M % X 1 o DAL 470 ) A
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(AR, (HHER A B AR, 5 AR E N Y.
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