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FE, i 2 S H0K T A0 e 5 (T) . £
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. 3878 Shannon-Wiener 22 FEETE 5, J Fn
Pielou 2] FE$8 U, d F 7~ Margalef & JE 8 %%,
S FRIRFE S PR IEL, P, R i M EL(N,)
HEAE(N) B EAE(N/N)
123 %it 4 # iz il Excel 2019 F1 Origin
2021 FATH T A2 I . R SPSS 26.0 XF 4%
TR AT TE S PER 59, 45 & IR A HoJr 2555
PRI, R R ANOVA J5 2253 2 1] 22 54,
2z W Wilcoxon #: Fl A5 55 (P 41 =z 6] ) Fl
Kruskal-Wallis £ 56 (22 240 2 1] ) 43 A1 41 0] 22 S5k .
K HI Canoco 5.0 XL F PR YA SEAE L ot
N 53 HT(DCA), DCA KT 4 B}, BRI X R 73 Hr
(CCA) KSR BT AR Y FNIABE R 2 (] 1) ¢
% ; DCA/NTF 3 HF, N ¥E #8904 43 #1 (RDA);
DCA 4T 3 ~ 4 Z[a], PiF s frse A e
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2.1 RHEMIFIERL AT L E i
Yy 158 Fh (AR Fp . A8 R, R RERM), #IET 6
1764 J8. fEWAIEERZ, 42 8 116 F, L BFhE
B 73.42%; W ¥ 17 J& 36 A, 5 M b2 By
22.78%. H:H, A B W& (Chaetoceros) Fh 25 £,
L 19 B, 5 RAEEEY 12.03%; RIS R
(Rhizosolenia) F)ii Z W 3 J& (Protoperidinium) , 3
g 10 F, 45 b7 BANRELAY 6.33%:; HiAth 61 J& B
FB/INT 10 F . E AL BRI 130 Fh,
HoAEEE 99 Fh . B 25 Fhy K ALK BT IEHE )
111 Flr, Ho ke 80 Fr, F8E 26 Bl w5 1 e
FhEHOE HAE 95% 2247, T DLizeifs duk 7 i A 4 3
VR R A . B ZE S, N I e
YIFh K i %, h 88 Ff, Set /b, b 36 Fl; & 2
Sy Wi E VR IEAR M) PP 2 ie 2, S 80 Ffr, Sq fic /b,
Sy 21 F(E 2),

2.2 SRFEMMEERE WK 3 PR, fEEEM
A, S i LR EAE Y FE ¥ R, e
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ARRING FEFIRTE P<0.05 K25 B E (ab/c: B
Zalbfc's &),

Fa) B A, 7091 4.33x10° 4Ll 0.60%10°
ALY FEZET O, B EIR WY O F
(15.07%10° 4~-L ") 5 T4AZR(7.06x10° ~L)
2.3 RFEMRER AR I A B
FhZ AR PR A e 3 2 (3R 2) A3 Fh 13 R, SR il
7 ¥ (Achnanthes catenate) Ny & — L ' Fp
(Y=0.123), 40N 13.28x10° 4~-L7, F R FEE
1 14.71%, HF= 5 i RAE B IAE S, 2543 (8.63%10°
ALY, AXUAE Ss i for R R R de . 42k 3)
dFh 10 Ff, AR B (Rhizosolenia alata) N5—
PEFAFN (¥=0.109), AMLF B 4.62x10° 4L, 5
SVEBEY 10.89%, 3= B A KB BAE Sy i fir
(1.78x10° ~-L™"), Fe/IME H BLAE S 257 (0.003%
10°A4S-LY) o BRI, = 72530 3 VA del ik e g 34
OB HEAh, & ZE SR R B O LR
T 0.02, {HE I H BURAR, Rk P 35Fh, ansk
R 5E B (A, catenate) R P Bl B 4% B (S, costa-
tum) %
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*2 EFFEMMBEMRLEE

RN AMIEREE/(x10° AL FREEA% IR i

KEEIEBENitzschia longissima 2.14 2.38 1 0.024

B 1 22 Nitzschia closterium 2.88 3.19 1 0.032
RFIZETE 3 Pseudo-nitzschia pungens 2.84 3.15 1 0.032
S ¥ Pseudo-nitzschia delicatissima 4.72 5.23 1 0.052
HERMFEHEA. catenate 13.28 14.71 0.83 0.123
R Skeletonema. sp 3.57 3.69 0.83 0.033

R B 253 Skeletonema costatum 6.92 7.67 1 0.077
#1%E¥ Chaetoceros. spp 9.12 10.10 1 0.101

% [ B Chaetoceros lorenzianus 4.6 472 1 0.047

I ANAEBE Leptocylindrus danicus 2.97 3.29 1 0.033
[RIVEF 45 3% Thalassiosira rotula 6.31 7.00 1 0.070

H A BT B Asterionella japonica 474 5.26 1 0.053
HEEHEMelosira. sp 3.22 3.57 0.83 0.030

®3 EFFZIEMMBMHRMEBE
PEFFh YA FERE/(x10° A~-L7) FBE & /% AR PeFEE
RFNPIZZIEHP. pungens 1.10 2.61 1 0.026
T PIZEIVIEP. delicatissima 1.00 237 1 0.024
FAREWER. alata 4.62 10.89 1 0.109
FAEHC. spp 3.78 8.92 0.83 0.074
JF A E ¥ Chaetoceros decipiens 1.47 3.47 0.67 0.023
Ji T 1 B34 Chaetoceros compressus 1.52 3.60 0.83 0.030
B fi B ¥ Chaetoceros siamense 238 5.63 0.83 0.047
FHEYMBEL. danicus 1.62 3.81 1 0.038
HAEEM. sp 10.14 23.93 0.17 0.040
/INERE Chlorella.spp 0.98 2.3 1 0.023
24 GEFEYREELMIEYR VT EEET 25 FFEYMSIMERFHEXMES
e M W) RE V% 45 A FE B 1 4 Y %, Shannon- 2,51 IREE-FHSARAE =R EEEUK

Wiener ZHPEHE B AR Ry 2.08 ~ 5.16, ¥9{E
N A4, s fE B ZER S, whii, FefiR(E
TEATRIN S W7, 7K 5 22 4 T I 75 Y- 15 etk
#5. Pielou I HEETE 0.47 ~ 0.82 Z[IAEAL, 3
{64 0.70, 5] EEF B (N IAEE 2201 S,
137, FARAE AR 1 S, 3, K R 2 b T4 05
Yerp 5 Yk 25 . Margalef 3= & & 15 5028 1635
9 1.26 ~ 4.45, B{E R 3.13, S A E N S, vl
137, FAIRAR H BRAE A 20 S 3, KR 2 4b T PG
Yk 4. 2 Wilcoxon B Fl#S % 1 Kruskal-Wallis
WA U, 45 0V i R 00 B9 2 400 H O 2 2 57
(EZ NI

MBS TR L 3% 4, 22 Wilcoxon Bk FITAG 46, B
S. COD. BODs, NO;-N #1 DIP(P>0.05) LA 4F, H:
IR 55 R F A 2 . Hid, T(P<
0.01). pH(P<0.05) 1 NH;-N(P<0.01) i) 5 Z= % (i
3 T4 25, DO(P<0.01) 1 NO,-N(P<0.05) 114
ABPERES TEZE, KRG I8 KK T
PR

252 THRHSH (RDA)  EHUEF & T80
A7 BUATR = 20%, FL 28D HC— AU 057 (1) A = B
T 1% By 10 Fh 7R I 4 W 3E 4T 2% 8 $O6) B 43
BT =26, B BEAC B 430 R 1.7 R0 2.3, /N T 3, 2R
FHICAR AR R A ) =F B 5 R R - 1A 7
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A - ZAEEREA (H) = R (@) B - ZRVERE (H) - R (9)
o 5 EEFEH o YA EFE ¥
SERT =~ FRERE ) 5.0 < 500 IR () 145
550 T N, {45 B A 140
9 451 ~ W40t {
14.0 —% 13.5
4.0} T s sl S
&35t i 35> O {30 =
I S =30 =
| — {30%£ &5t i 128
E\ 2.5¢ e E\ e Py
=20t 12.5 4B T 207 A
: ' = 1. .
ﬁ 151 _2'0"4' ﬁ 5 1.5 #
5 1.0t T o Lop I
=1 2 | . o | = B — 4 ~ .
= 05¢ 13 = 05 T T s
R ol— : : : : —11.0 N0 : : :
S, S, S S, S, S, S, S, S S, S, S
pIEA i
K4 HZ3(A)MEZB)IFIAEY RS SR 5
F4 ZUEEFEEKFER TR
2% vE-
W

BRG] FIH BENEE| FEIE
T/C 29.0~31.5 30.3%* 24.8~263 25 5%
pH 8.11 ~8.28 8.24% 8.20 ~ 8.26 8.3
S /%o 32.5~35.1 345 32.5~36.5 345
DO/(mg-L™) 7.31~8.79 7.79%%* 7.87 ~8.15 8.01%*
COD/(mg-L™) 0.25 ~ 0.82 0.50 0.29 ~ 0.52 0.40
BOD;s /(mg-L™") 1.38~2.53 1.86 130 ~2.52 1.87
NO,-N/(mg-L™") 0.0008 ~ 0.0046 0.001 8* 0.0011~0.0106 0.004 7*
NO;-N/(mg-L™") 0.0004 ~ 0.0447 0.0172 0.0032 ~0.0846 0.0360
NH;-N/(mg-L™) 0.0393 ~0.0645 0.047 2% 0.0121 ~0.0720 0.032 2%%*
DIP /(mg-L™") 0.0028 ~ 0.0073 0.0047 0.0009 ~ 0.0117 0.0049

T **FI/RP<0.01; *F /R P<0.05,

RDA HE/F7 ([ 5), HAC L 5,

R T ET 5 AR LA F, 4 Monte
Carlo & e K; %, 45 R £ B, E 2 COD(F=15.2,
P=0.002), DO(F=12.0, P=0.002). NO;-N(F=9.3,
P=0.002). S(F=6.5, P=0.012)F1 NO,-N(F=3.5,
P=0.028)iX 5 MFREE R FIA 2 0 K, JEsmm 5
L FTEWAEY) F 1) EL IR 7 4 7% NH;-
N(F=8.9, P=0.002), COD(F=3.5, P=0.002) . S(F=
5.1, P=0.002). NO;-N(F=4.0, P=0.002)F1 pH(F=
2.9, P=0.012)3X 5 P EREE ATk B B KT, &5
Wi A& AR IR 2 1) E 2R R 1

Kl 5 KW, BRI HFF Y g PR
— HER, SHERFAHECR, TR
3 SR RNEEEE (T rotula) . WY

#: (P. delicatissima) . P}7 404 (L. danicus) . 57
XA B ¥ (C. lorenzianus) . L& 2% % (S. costa-
tum), 5 DO, pH, BODs % IF M ¢, 5 NH3-N,
DIP, NO,-N. S fll NO;-N £ A 55 5 22/
BR#E(C. sp.), 5 T Hl COD 2 5AHG; 58 =240 fE
BB (S sp.) . FATEE(C. spp.). #EMR 55 (4.
catenate) Fl H A< F #1- 3¢ (4. japonica), 5 T, COD
HIEMG ., Z&FMH Y FEE P TES —
SRR, W R 32 R dE A BB (C spp.).
5 ZE L 3 (P. delicatissima) | 55 [ B ¥ (C.
lorenzianus) . F} 7% MAE 3 (L. danicus) . 92425
JE B (P. pungens), 5 T, DO £ 1A, 5 NO,-N,
NO;-N F1 DIP 2 AHE; 2 2 h/Nk i (C. sp.),
5 COD. BODs, NH;-N 2 EMI¢, 5 pH, S £ 11
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A 10 DOThal B 10f Cha
BOD,
s D LeplChal s
w (@)
— «a
on o0
S —
~ Skd ~
~ ~
5 NH,-N” 0 5
DIP Mel
Cha4
-1.0k S . -1.0k ] .
-1.0 1.0 -1.0 1.0

Axis 1 (62.69%)

Axis 1 (48.39%)

K5 HFE(A)MAFEB)LHFI Y FE S5 N 51 RDA HEF

R 5 T RDA HEFBUFFEYFENRD

R GBS R GBS
Achl etk Skel T AR
Rhil AV Thal [V
Cha it et Astl H A AP
Chal 95 WA B3 Psel EREEVE 52
Cha2 L AR Pse2 IRHNIZE T
Cha3 Ji T F B Lepl FHA 2R
Cha4 Pie S EEY Chl JNER
Ske BB Mel EHEEE

AEIG; 5 =R AR AR B (R alata) | % BB
(C. siamense) . Jii 101 f1 BB (C. compressus) . FF5&
1 B (C. decipiens), 5 pH. S IEAIX, 5 COD,
BODs. NH;-N £ A%,

SEIRL R, REE 1 AE = 0 AT R A Sk VR U A
PR Vs S 40 rhle =22 5T ikVE FH, RDA o Brdl SR 3
B, S. pH. DO, COD, NO,-N, NO;-N fil NH;-N
S A PRI YT T4 S5 R ) SRR B I -
3 i
31 RIFEMBEEER ARG REN,
T T R S AT R PR AR ) 3 158 B, R
R AR T, O F s, W 3 RS R
f9.96.20%, HAWT 1AL 5 A B, TSP i AEL )
RETE A AR B A2 S 2R A e - R e A, 55 At g 1
MITEIAE DI REE ST s R — B0 ), T =
VT3 YA P i AT P S0 728 A %) O 5 A 34 2 fT

PR MBI A ) X R A7 SR AR A 1, T 3 1
IR 7 1 W PRI A D RV A5 1) LA B8 ) I 2R ik
g I W PE A ) B S PR O, PR R DR AN
RERE K A4 4 BB AR (R TR AR D R AR, B0 1 P
PR . AR TR IR ) R
BN 100 4L AR B A0 gk
T RS S5 O SRAE i B AE 10° S m
FEAT o TEBERLRE A B A& B, R AR /N V7 i AR ) e
L2 TRIAR B, AU ER ke, 4 R 2250 i
MRS HER/INT 77 pmeo SRAE S iR AR P A 2
B, FES PRSI BRI ACR & T MR T
FRAEEL 30320 M UR K SRAE it 9 e = B I HH e 2k
By T 2 00 A0 XRAE i, BT LARAE Ty 20T e R
BOZ S WA ) B R S AT R Y
S

ST T T A T R AR A 2% AR
W, 18 AL h HA 5 R s,
S5 b/ BT - W S N/ & L R = I e
B, I AEE AW N, B EH L
Tl EER I 7EHE (A. catenate) , TR AIRERH, H &
ZLLL 6~ 20 MRHRIE S R, B E RSP R A
P, #ER Hh 52 35 (A. catenate) TEARE MR E N 5 F
TE RCEE R, 2 &R N 2.5 mg- L' B, BER R
SR (A. catenate) ERAGFHUERAL . — W T 7 gk
MR ICER KP4 40 T AR MRS, FER i 728 (4.
catenate) URHARIE S 8L 2 i 58 A0 2 — 3
Mo AR5 — RSP R 3 (R alata), E
FREAZ, IEL RN — LR F, B e
SECN S g YAT 11 K 40830 TR S Y A A A B, B A
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2023 4

(R. alata) % 7K PR35 A8 A () BEURCRE B2 AN 5, 5
S R FIEMIELR, 5 T, COD fil pH £ % it
MXKR, GARVR D AEREE R alata)
FE A A BRI
32 FiHEMEENZH#M Shannon-Wiener
Z VAR BT T HIWr B VR 4540 0 2 22 B 1, VR iF
A ) TP 2S00 22 5 A B 50, (R, HF s 45
PRI A0, 375) B8 BUH T IR RE S 2 75 LA
R, £ 5 AR E R, BEE S5 iRa e, 4
BRGMITTILRE RsRE . AR5 R %M, &
Z K VLTI R BRI G 1. J R D RS EIAE 4
Bk 4.44. 0.73 F1 3.33, & Z&41 01 K 3.84. 0.67
2.93, VLB I R A ) Z AR, AR
F 5, BHE A e RE A, R ARG
FHeRE S

ZEAXTELIE 2 FnE 4 WTLAR B, B &Y
PS5 BRI A KRB . PIETE S, A7
KRG, R Z A M BIE R B S, W7, BR
BEEs A7 AN EIAL T 55 R KO, (H R Tk e (2
A7 H 99.12% ) i A S 850 i kv T HAth v
O, izt i F & R BURAR, 2. B—
PR AT, 23 BV A5 e By AR e
PO BT B M TE W (4. catenate) I FETE 5 LA
14.71%, & Z=HARE # (R, alata) W =F B &7 LL R
10.89%, &5 | E i Ik AR PR FE B0 S F & 5 2K
AL FABAR R JE R . =W ARHEAVIR . IEZ4RAE
B, 4 HZ 10 HZiRIFRZ, m 1 Az 3 A
11 7% 12 A RREFEE, S, s AR T HAb s 17
NP, 32 N A mi i, B 220500 109 17 i
T FIEL 2R BN B R T
W, RS AR 2R 2 | B, T

RSSO Y e X U T
TEUEAE ) B AN S i 2 = T AR, S, uhifv
Z KGN TR, IR R R &, E
A WZEY N Bl HAF AR 345), BEE R e 1
K, AR BRI B AR B o S, b7 B R 2 i g A
BAHZEAK, HA R M E TR ZE, 50X
i AR R 2 S S LA AR S, B ZE A
KPR TA T, EREREE RN, S, WY
Se Ui {37 JC i M 25 7 (P=0.805) . S, fifi 4b LK
U Ry =378 5 VBV 20 L, Se sl 22 T2 10

L EPUIE SN . AT OIS, U
PRIV A R B A] o BT ] DA S SRR b 3 |
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Phytoplankton community characteristics and environmental

factors in the coastal waters of Sanya Bay

ZHAO Qian'***, WANG Xinghua’, WANG Meng'***’, LI Gele’, WANG Hui’, YIN Angi'***
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Sanya, Hainan 572019, China)

Abstract: In order to understand the characteristics of phytoplankton community structure and its factors
influencing the environment in the coastal waters of Sanya Bay, water sampling surveys were carried out at six
stations in summer and winter of 2021. The surveys showed that a total of 158 species of phytoplankton
belonging to 6 phyla and 64 genera were identified at the six stations, mainly composed of diatoms and
dinoflagellates. The average abundance of phytoplankton in summer was 15.07x10° cells/L, which was much
higher than that in winter; 18 species were dominant throughout the year, and the dominant species in summer
and winter were Pseudo-nitzschia pungens, Pseudo-nitzschia delicatissima, Leptocylindrus danicus,
Chaetoceros spp. and Melosira sp.. The mean values of diversity index, evenness index, richness index of
phytoplankton communities at each station in summer and winter were 4.44, 0.73, 3.33 and 3.84, 0.67, 2.93,
respectively. The Kruskal Wallis test showed that the seasonal and spatial variation of phytoplankton in the sea
were obvious, and the succession pattern of dominant species in summer and winter was as follows:
Achnanthes catenate-Rhizosolenia alata at the S; station (109.37°E, 18.29°N) and S4 station (109.48°E,
18.21°N) in the reclamation state were significantly different from those at the S4(109.48°E, 18.27°N) under the
shallow bridge, and the species richness and diversity at the S; and Sq stations were lower than those at the S,
station. The RDA analysis showed that the environmental factors affecting the distribution of phytoplankton
communities were mainly salinity (S), acidity (pH), dissolved oxygen (DO), chemical oxygen demand (COD),
nitrite nitrogen (NO,-N), nitrate nitrogen (NOs-N) and ammonia nitrogen (NH;3-N). In general, the
phytoplankton communities in the coastal waters of Sanya Bay in 2021 was high in diversity, and complex and
stable in the structure, and the water body was in a nutrient-poor state. These surveys can provide basic
information for the protection and management of the marine ecosystem in this coastal waters.

Keywords: phytoplankton; community structure; environmental factor; Sanya Bay
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