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Distribution of phytoplankton and its relationship with environmental factors in

the Qinzhou Bay in spring and summer

LUO Xin,LAN Wenlu " ,LI Tianshen, LI Mingmin
Marine Environmental Monitoring Center of Guangxi ,Beihai 536000, China

Abstract: Qinzhou Bay (108.46—108.75°E, 21.54—21.87°N), located at the middle coast of Guangxi Province, is a
semi—enclosed lageniform bay. As one of the most important marine economic bases on the south coast of China, Qinzhou
Bay plays a significant role in numerous marine industries, which involve port transportation, coastal tourism, and marine
aquaculture and fisheries, among others. In recent years, along with rapid economic development and a denser human
population, many environmental problems have arisen and seriously threaten both the marine ecosystem and economic
sustainable development, such as eutrophication, red tides, and the decrease of coastal wetlands, among others.
Phytoplankton, as is well known, is very sensitive to regional environmental change and plays a key role as a primary
producer in the marine ecosystem.However,there is little research regarding the effects of variable environmental factors on
phytoplankton communities in Qinzhou Bay. In 2013, to determine the relationship between marine exploitation and
phytoplankton communities, we conducted a spring ( March) and summer ( July) survey in Qinzhou Bay. Cluster and
canonical correspondence analysis (CCA) were applied. The results were as follows: 3 phyla, 45 genera, and 115 species
were classified during the entire year in Qinzhou Bay, including 100 diatom species, 14 dinoflagellate species, and 1
cyanobacteria species.The warm water species dominated phytoplankton communities in both spring and summer, although
we observed a substantial change in community structure between the seasons. The results of CCA showed that suspended

substance, pH, salinity, and nutrients were the main environmental factors that affected the distribution of phytoplankton.
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Under the influence of different runoff and water mass, most of the phytoplankton communities in spring were easily

clustered into similar communities; however, those in summer tended to be more varied.

Key Words: Qinzhou Bay ; phytoplankton ; ecological group ;canonical correspondence analysis
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RIS TP B DAY P R 6 A S A SRt bl 1 S

1 #MR57FE

11 RS XS R

2013 4FFEZE(3 A) MEZE(T A)  FEMIBIESL (108.46—108.75°F ,21.54—21.87°N) X PR IiFAt 4 %55 H
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Fig.1 Horizontal distribution of sample stations
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2.1 FREEIR 00 53 A REAIE B TR 1 25 S

B NIRRT YME N 18.5°C , e i i 1 BLAE S8 5 ¥ 7 (20.4°C) , B AIAE HH BLAE S6 5 i i ( 16.
7C) . ERBEEYIE R 24.6, e (H HIAE S13 53507 (30.1) , FeAIRE(E B BLAE S2 S uhhi(16.1)

B2 AR KIREIAME N 29.4°C , B ( H BLAE S10 S 3567 (31.8°C) , A IR AH ¥ AE S7 S 347 (27.
0°C) . FREEFIIEN 8.0, Fe i fE N BUAE S12 Sulifi (22.4)  FMRAELH BUAE S1 S 3607(0.2) . /KIRTER EM
Ze s () 25 A/ N A T I NV KRB ARSI N /K A 55 1 A0 AT RRAIE 3 8 0] 255 (1) 2 S5 300 2 22 0 VB T ] ¥
FB S s A a3 (K 2) .

B ISR ICHLACT-BE R 25.8x10 mg/L, Fe (B 1 IAE S1 535647 (87.2x10 mg/L) , AR {H
BAE S12 537 (2.6x10 7 mg/L) o W AR ICHLBEF-IIE N 9.4x107 mg/L, e i {H H BUAE S4 5064 (16.9x107°
mg/L) , FeRAA (E HBLAE S11 5357.(0.4x10 7 mg/L)

B2 RIS ICHLEE MR 60.0x10 7 mg/ L, Fe i {E HELAE S1 53547 (79.2x10 7 mg/ L) , Fe AR {E H
PUAE S13 S Uk 7 (38.6x10 " mg/L) . ¥ i TCALBEFEII{E N 16.1x107 mg/L, e i (B BLAE S6 5347 ( 36.3%
107 mg/L) , S fIRAE HBLTE S12 S35 07 (1.1x10 mg/L) o I TOAIL RN e JC AR 7 7 1~ 25 7 40 522 0 T Tt
] V85 11 32 R I ) o A a5 (181 3)

FE WA ZE2 MK BT I PR B Bl F- AT ST REAS ¢ R, AR 25 SR AN 3R 1, BRZKUR \pH I 48 I R S LI
FAEBE L LIS N AR EE N T E B E 22 5 (P<0.05) , Hih KR B2 Y) M A
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Fig.2 Horizontal distribution of temperature and salinity
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Table 1 Environmental variables( Mean+SD) in different seasons

HEE S 4L Environmental variables #7 Sping 5 7 Summer P

JKTE Depth/m 4.7+2.5 6.0+3.1 0.251
JKIE Temp/°C 18.5+1.1 29.4+1.7 0.000
#hHE Sal 24.6+5.2 8.0+7.8 0.000
pH 7.920.3 7.6%0.5 0.191
BTFEY) SS/ (mg/L) 13.6+4.9 23.5+14.2 0.031
12T i COD/ (mg/L) 1.1£0.4 1.9x0.2 0.000
R4 DO/ (mg/L) 7.00.7 7.0+0.8 0.913
WA#TRE DSi/ (107 mg/L) 6.6+6.1 18.1£4.2 0.000
AR ICHLEE DIP/ (103 mg/L) 9.4+11.2 16.1£12.9 0.156
WAL DIN/ (102 mg/L) 25.8+25.0 60.1+14.0 0.000
AW N/P 154.8+173.1 241.7+339.9 0.420

Abu ; abundance, FpF ; Temp : temperarure , KR ;Sal ; salinity, F2NE ;SS:suspended substance, BIREY ;COD ; chemical oxygen demand, I e ;
DO :dissovled oxygen, % it %A ; DS : dissovles silicon , #fiftfik ; DIP ; dissovled inorganic phosphorus , % i JEHLEE ; DIN ; dissovled inorganic nitrogen , ¥ i TG
LA
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Fig.3 Horizontal distribution of tdissovled inorganic nitrogen and phosphorus

2.2 FhIRAH ML A SR SO

2013 AFF P BN S TR I A 0 ISR T 3 171 45 J& 36 115 Ff, FFIFIEEY 2 17 35 & 79
Pl Hor ke ] 28 J& 68 B, i BRI 86.19% , HEN] 7 J&@ 11 Fl, 5 AR EEAY 13.9%; 7 3 1] 38 J& 74
i, FCrRESET T 31 U8 63 B, o5 SRR ISEY 85.19%, I 6 J& 10 Bl o5 SRR SEY 13.5% , FIA I HE

AR T AR 4 365 R K o3 A R R, T LUK RO T8 A R A ) R i DO RS RE - (1) TROK 2R 1 E 3k
WA, WA AR T AR RN 220045 T30 R i N A4 1 K88 3 B 22 8 8 ( NVitzschia sp.) , LA RAHE
P ( Navicula sp.) i # ( Cyanophyta ) 55 5 (2) B il I 2 288 . )OI A IRER 28T  FE s R B A,
AR T AT R M, GN 2R 55432 I B ( Pseudonitzschia delicatissima) (A $Z5 I ¥ ( Pseudonitzschia pungens) .
B W ( Thalassiosira nordenskioldii) R H 3 ( Prorocentrum sp.) %55 (3) B | AP | & G S A& T,
T 5 ROAZE 2 Y 3l A AR LU e 3t | A 6 T I i 2% B ( Skeletonema costatum) T E &K ¥ ( BiddulpHia sinensis) |
A0 FC XU 3 ( Ditylum brightwellii) R} 2 44 3 ( Leptocylindrus danicus) 55 5 (4) I HGH KR 0 TR&E R W =,
BEAL ER L EE S K AT HE AN, I B0 THNE W, A0 4545 56 15 57 3 ( Coscinodiscus radiatus) 78 FURAE B
( Rhizosolenia imbricata) FLHR 4 ¥ ( Rhizosolenia robusta) 1% 31 & ¥ ¥ ( BiddulpHia mobiliensis ) #1% B¢ ffi & 3
( Chaetoceros densus) %5,
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2013 SRS B R TRIR B IE 11 Fp, HBRHREF 6 Fh, 58 5 0 i s e 3B e (V=
0.070) , F B 5 FF I ) S A FE Y 18.1% , H O A [RAURB 3 (Y=0.069) . E A LHF 7 i, A OB B0
P (Y=0.078) , F 5 5 TR B E ) 14.5% , oo i 2588 (Y =0.064) , A2 15 UA i FOW
B P e MR 3 N AR RF (£ 2) .

K2 HMNEBZHEVREMRADE

Table 2 The dominant species and dominace of phytoplankton in Qinzhou Bay

= DL FEEH T/ % P (Y)
Season Dominant species Percentage of abundance Dominace
7 Spring SRR E Coscinodiscus radiatus 18.1 0.070
Ai XU Ditylum brightwellii 11.3 0.069
W UHE S Thalassiosira nordenskisldii 16.4 0.063
ZZIWE Nitzschia sp. 6.8 0.032
R B &I BiddulpHia sinensis 6.1 0.024
LB Chaetoceros sp. 4.1 0.013
K2 Summer MG XU Ditylum brightwellii 14.5 0.078
B 458 Skeletonema costatum 10.5 0.064
rhAE &I BiddulpHia sinensis 15.6 0.048
MR Prorocentrum micans 8.9 0.041
FEICMGLBE Thalassionema nitzschioides 10.8 0.039
SRS Ceratium furca 10.6 0.033
SV Nitzschia sp. 5.8 0.031

2.3 EEFH LRSS
F2 RS PRI Y A 4.0x10° A4 /L, S MR AR BUAE 58 B VR 40CVT T BRI Y ST 53447 (400 4~/
L), e i AR M R A= A Y ST S 307 (9.6X10°N/L) o 5 R 1 AN SR e AE 4 = FE AR, O s 1
FRE B SV T A T R TR A A A
B2 GO TR Y R 12.1x10° 4 /L SR8 H B AE 5P B 1 ma 30 %) S4 535407 (800 4~/L) , i
PR IR BT 38 A VD BT 9 S12 45385 (41.2x10°A/L) o 28 B I WA ) 3 FE AR, BTSN E e,
AR S TR Pl S T 16 25 0 B T i i A A A (1 4) |
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Fig.4 Horizontal distribution of abundance
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K2 HONE TR Y P 2R B0 2.4 B AR R BUAE SN AEAR A S7 S ol 67 (1.7) , SR {8 I AE
FRIGRIB S3 F Ui (3.1) o WAZETT () A8 BOOME Bk I m T 250 Rl S 31, (0 434 JC B LA
(Kl5),

A ZE VR WA Y REVE S BT BEAS « K630, TR 85 R an 3k 3, HEMTRIFEY FEE MK a
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Fig.5 Horizontal distribution of diversity
R3 BHESHHSFETVUER
Table 3 Environmental variables ( Mean+SD) in different seasons

BTS20 Environmental variables #7 Sping H 2 Summer P

FBE Abu/(1034~/1) 4.5£2.7 8.7+3.5 0.000

LR 2.30.4 2.4x0.4 0.946

143 a Chla/(pg/L) 1.9+1.0 8.3£9.6 0.033

2.4 FRIFHEY) SAER TR

PEIUE H M R BRI YRR S (R Y=0.005) 43591 5 46 0 3885 PR 1 1 47 78 X6k 1 40 #7 ( CCA
Canonical Correspondence Analysis) HEFF : FEZEI 11 M e R P RS REH 56— (P=0.045) 14
A (P=0.019) $ 5 W E P22 7 (P<0.05) , RAHEF 2 R IRAIE 1Y ; HZEEEL T 14 DR, 56— Sl 458 4h
PISERER P R 400 3 22 5 (P>0.05)  HEIP S5 SR AT (5,

BIRY) (MEE R B Correlated-Weight, CW =0.7423) . pH(CW =-0.7220) $hJF (CW =-0.7103) % it fik
(CW=0.6911) FEAFICHLEE(CW =0.6341) FNAMEICHLA(CW =0.5498 ) J& 500 5 2% 2 B VR WEAR W) Fh 25 531 1)
TR T, BEY 9 N IREE K AT fif BE VR E AR P FE v S AR T 1Y 52.7% , 5 — TR S Al i R -BR B A
KRB BN 0.955 F110.902 , F43 BIfEEE T 27.4%F1 15.3% B4 FpAR i 300 11 Fp 1= 2090 5 0 263088
SRR EPS G e

HRTEIFEYI RS (4 |, EHEHIE A B B <Chaetoceros decipiens> A [ BE B HK A B 75
FEm AP AR B A E TR AR BIR Y RNE SRR B R A DG I S AR E a Eh UK IR S R IE
ARG AL T ORI (ZETE B A ) D015 e (TR WA sz 8 55 T 0 v . LAl 1% 38 ( Meelosira: sulcata ) 1% FG
Z2 I ( Nitzschia lorenziana ) W5 Fr A W38 KT I0 . & CBE (18 6)
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E 6 HZFIZFHFEWHESNERETFZHEE CCAHFE
Fig.6 CCA ordination of main phytoplankton species with environmatal variables in spring
spl JFEAAEPE Chaetoceros decipiens ; sp2 i G 3 Ditylum brightwellii ; sp3 . RS RITT 3 Coscinodiscus radiatus ; sp4 : W Chaetoceros sp.;
sp5 L HA AW Melosira sulcata ;spﬁ;%ﬂéfgﬁ Nitzschia sp. ;sp7:‘2% [CZEIE 3 Nitzschia lorenziana ;5p8: A TBFE Chaetoceros densus ;sp9: B

HEWE Thalassiosira nordenskioeldii ;sp10 ; P& IE 3 BiddulpHia sinensis ;sp11 FHEH Navicula sp.

2.5 RIS LG 22 57
Ko7 AN Rl (S B WA ) 2 B X 21T RIS T ( Cluster Analysis) , RIS RANE 7, fEIE IR Z
b o R AR A= Rl 230 73 S AN TR ZERE ARV T B R T SRR KAt B (1 8)

0r 0

BF e
» 20 20 +
k=
E 40 40
£
60 60
=
ZE 80 30 |
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Vi Sample

E7 &ubGLFEEEREELS T
Fig.7 Cluster analysis of different phytoplankton samples

FRBR T IME A B A C DUSN, FEF IR TR v RIS I, R B Bt o A, Horp 2R
A BRI C 735 RER -3t P 9 SR A AR (LA RE (ARIUBE 72 51 71.3% \51.2% (48.7% H1 45.4% ) A T D uliftf

v o) S A A 22 AR BOR (R B /N T 40.0%) (181 8, %) .
SLZE R b L ) PF AR AT B M SR O AR . o 2R3 DB F AT G 305 BB SR W AR DL (A
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Fig.8 Horizontal distribution of different phytoplankton groups
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3 Wig

3.1 FRIAEY AR LRI R AR

B TR RIS 2 AR AR 3 LU H g, A 1 200 5 1 A0 B, 31X -5 D AR B BIF ST 45 R A —
BB RN PR IR S SR L P YRIAL IR I K A A5 2SR R R B U T 22
St T T X 52 AR UL IR 38R B, PRI A S AR /NS AT B R i R A R T, NI AR T
JIN R TS5 52 P G K S W S0, 7 0 AL A AR P R A ) A e o B, I A TR BN
15 M 3ol 5 LR R PR P RSl 7 30T P A, AV R PR R B U S B S I g, R 22 Ao, HLAHR 22
IR TN (& 4)  BORIEHEERIED B 7 H 25 BHE A AR A, T A3 2 B0 i
VEEIRER T 2 T I B T R 2R B TR T F AL, AR AR A 2R ORI E AR A 2 |
WA ERT

B ARV 1 USRS 3 A PLER A FOBUR B A AR G AT 2
W T A R P T R AR AT A BT R AR A R IR B (R D) AT
TR R LAVANE 2 e s A R O R ) RN G i o PN i e ALY S I Gl N
SR AR T b BRI (R RN . WA, EFHMN BRI FERE S TER (K
3) X AT AE S L RKIR T R R K B IR Eh SR IR Y R A G S10 53 5L 1 4 I 5
B S BIPRI Y E R 72.1% , S BT IR 2 BV AR BRI, DAY B B0 2 RV BB R LR B
Fm T2 R R 3 3% 55 1 R K R R PR B E R A7 0 (181 5) 12,
3.2 TR S I T OE R

ThHE EWIIE A4 pH M SR 3R a SEERIFE N 7R AICHE B S B o T2 TOUAE 02 100 8 T s 19 A e 4
LRI BRI AL T AR R XS R R DA RS R IR A A R A A
I KPR OG0 IR 5 A Ak 252 0 35 S A G RT3 R W A5 8 W O 5 v YR T AL 2 B B T AT
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(K 4) K6 rhiFPmi 4R a YRR FARSCHRIZE R S WA -2, CCA 3R &2 2 A
RN LRI R B TEY) pH BRI SRR, Hoh 2 T SRR B A RO R 0
TP TRCHIETE O I K b 5 pH FIER B 2 B0 A IE AR OC (181 6) s 41 1T B9 2808 e A o 2 2R IR0K
FIRURC AR , T 53 A5 B3] ST (450 B2 I, b2 e MR A B 15 /1T 6 S8 A VS 01 LU e | K S e mig AN
R AEHE Y B P 58 ) B SR SR AL A R S B IE RO (181 6)

H 7 FEARBFIRI SRR PR A B2, 1X 0] BEIR K R 1 TR e A A A S B3R = AR (U RFAIE 5 36
BRI PR — 20 6, B EZRRAF A0 T O PRS0 3= B0 0 A FRE 5 3B A 0RT pH S5 3158
T B IEAR , 58 R R WAL 7 A S PR N 7 BB SR SG IS R P R i 3, B
TR 2SI B BT AT AR 8 SRRl A T, 035 = s 22 B TOUP2 10 kg , o e ARG g 23 Af
FAE, 5 BB AR L RO PREE R ek 325 T AP A R AN AT R
3.3 TRURRELPIRE R 0 s R e B

23 () 5 R PR 2 3 T A A A 2 U A B R A I T A 2 — NIRRT B AR A R G AR AR S R
R AR ARG 5 RO VS T B (3 Y] RV VR R RV 52 A AR IR RS R Z ) K
SRR A ) A3 0 B AT R R R B O R B T RSP R R S50 52 B K A | 2K S
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