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Fig.1 Fish farming structure layout and sampling stations in Hailing Bay, Guangdong Province
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Tab.2 Seasonal phytoplankton composition in Hailing Bay in 2019

N . £Z= Winter #Z% Spring FkZE Autumn
Fh2 Species - - -
J& Genera i Species J& Genera Fifr Species J& Genera F Species
ik Bacillariophyta 26 58 11 16 20 48
FI 38 Pyrrophyta 3 8 2 4 6 12
¥ Cyanophyta 2 2 - - 1 3
St Total 31 68 13 20 27 63

x3 BREZEFEYLEM
Tab.3 Dominant species of phytoplankton in Hailing Bay , Guangdong Province

B (3 RRCER S R A S R
S% . Dominant . Average abundance/ Percent in total Dominant
casons ormart species (cells/L) abundance/ % (Y)
Y055 W55 Thalassiosira subtilis 0.170 x10°? 24.93 0.15
{6 G B8 Thalassiothrix frauenfeldii 0.061 x10° 9.03 0.06
£ Z% Winter Fr il B 4535 Skeletonema costatum 0.069 x 10° 10. 16 0.03
FHTHZEIE B Pseudo-nitzschia delicatissima 0.025 x 10° 3.68 0.03
B [C R 57 38 Coscinodiscus jonesianus 0.025 x10° 3.68 0.02
£ Spri Y055 453 Thalassiosira subtilis 3.72 x10° 46.64 0.47
pring il B 453 Skeletonema costatum 3.13 x10° 39.21 0.18
il B 453 Skeletonema costatum 3.63 x10* 63.70 0.53
3 QB3 Thalassiothrix frauenfeldii 4.41 x 103 7.74 0.08
R T EE Chaetoceros affinis 3.71 x10° 6.51 0.06
FZ Autumn e . 5
T 25 : Skeletonema tropicum 109 x 10° ) ]
PHF 251 Skelet trog 5.09 x10 8.92 0.05
FEGINZEIEBE Pseudo-nitzschia delicatissima 2.19 x10° 3.84 0.04
M43 Thalassionema nitzschioides 1.90 x 103 3.33 0.03
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Fig.2 Abundance of phytoplankton at different
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sampling stations in the Hailing Bay,

Guangdong Province
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22 5 3 (P <0.05) , WASEREL SRR 524 A
R AR, b 5 WS RR L IR S5
e T ESFRE(P<0.05) , "AAS =S Fifk
S (P <0.05) , HFEMGEIE MAE I X 15
B R WA pH TR R W dR s, AR IR EL
TSR AR A2 B AE N Ui e AR, 5 L B v i 22 5%
BE(P<0.05), fEBKZE, MR X A KR
JE pH B IR UKL DL S B RR A ML T
U Sorblie HL 2% 7 3, AR AR O s IR T B i %
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XoP I B VS VR e A ) 5 PR B IR AT U AR 4y
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Fig.3 The nMDS of phytoplankton communitiesin Hailing Bay, Guangdong Province
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Fig.4 Biodiversity index and evenness index of phytoplankton in Hailing Bay, Guangdong Province
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Tab.4 Main parameters for water quality in HailingBay , Guangdong Province

Z R K ¥ Parameters

1y frE W KR e B4R BT
Seasons Stations SD/m T/C S DO/ (mg/L) pH
s FEl ~4 1.69 +0.89 18.39 +0.02" 31.25 +1.08" 8.30 +0.23" 7.83 £0.27"
W*imer iS5 ~8 1.40 +0.29 18.64 £0.24° 32.09 +0. 13" 8.83 +0. 44" 8.11 +0.03"
TiE9 ~12 1.55+0.39 18.53 £0.13**  33.71 0. 14° 8.67 +0.16™  8.15 +0.09"
ns Fiil ~4 1.45+0.26"  27.70 £0.22 22.53 +0.55°¢ 4.10 +0.28" 7.87 £0.02"
Spring TS ~8 1.30 £0.08"  27.60 £0.29 24.93 +0.05" 3.88 £0.26" 7.86 £0.04"
TiE9 ~12 2.18 £0.5° 27.38 £0.25 26.83 +0.99° 5.00 0. 64" 8.12 £0.11%
il ~4 1.19 +0.06 23.83 +0.10° 25.43 +1.78" 5.65+0.11 8.04 £0.07¢
A?fnn FiESs ~8 1.26 +0.13 24.10 +0.23" 29.31 +£0.70" 5.85£0.25 8.17 £0.02"
TiE9 ~ 12 1.24 £0.11 24.53 +0.05° 30.72 £0.38° 6.11 +0.60 8.29 +0.06°
ZHHF Parameters
R, W e N 2 ELE LR
I TR, Rt AA B e BT AT RUEL
= (AT NO. -/ NO. -/ NH, */ P03/ T A Lo Ly] EEpiIk7]
Seasons  Stations 2 3 4 4 COD/ TPM/ POM/
(mg/L) (mg/L) (mg/L) (my]—‘) (mg/L) (mg/L) (mg/L)
FHF1~4  0.08+0.01*°  1.41+0.26°  0.004 3 +£0.0007*°  0.06 0.0l 0.67+0.09  49.66 £3.47"  9.08 +0.50
X7
W*imer hiFS ~8  0.04£0.01°  0.58+0.18°  0.0025+0.0007"  0.06£0.02 0.67£0.40  51.71 £2.45®  9.18 +0.61
THF9~12  0.08+0.01°  0.92+0.17°  0.003 4 +0.001 7> 0.07 +0.01 0.60 £0.12  55.48 +2.99° 9.75 £0.45
- Fif1~4  0.12£0.02°  1.06+0.17*  0.200 8 +0.018" 0.07 £0.03 0.15+0.02  50.15+7.48  12.90 +3.49
%f S ~8  0.11 £0.01°  1.17 £0.15° 0.19 0. 026 0.08+0.02  0.13+£0.01 48.95+2.10  13.40 +0.91
Spring
THF9~12  0.06+0.01>  0.87 £0.10" 0.11 +0.075" 0.06 £0.01 0.12+0.04  50.95+2.44 13.95 +1.81
" FiE1~4  0.05+0.01 0.29 +0.05* 0.035 +0.015" 0.04 +0.01 2.15+0.42  50.70 +4.44>  15.80 +0.85"
Autun;n 5 ~8  0.04+0.002  0.29 +0.07" 0.019 +0.01" 0.03 +0.01 1.63£0.54  61.2511.73"  19.10 +4.08"
TUE9~12  0.04 £0.02 0.11 £0.03" 0.05 +0. 026 0.02 +0.01 2.19+0.28  81.85+3.39°  26.40 +0.85"

T EARTOAR R PR R PP EL B 25 R B3 (P <0.05) ¢

Notes: Means with different letters denote significant differences at P <0.05.

B WA AL I R A S B 0.04 ~
0.18 mg/L, 34 (0.14 £0.05) mg/L, i T
FRLA 7, RDA 45 5% R %0 6 16 6 25 X g s v
TR S B . R UK LR BN 0
WHIBACR B R TR B
KB B A% BETE R U IR AR T A K R
TAERMBRER R A IE T s T 4515 X R T 125
SKOKAETT RS 12 53 M , 5 TR 20 55 1 e 3 5
Wi 2 LT i PR e R A W S 200 555 90
TR B 2 B0 R B P, —F R 2 A
o5 2 X AR S Y 85. 25% , DEE i T H Al
[ 5 4 22 FIAK ZR A 1L, 2 W B 5 b L il i
WEHIY I 5 T UM 22 A, ATBE & th T b s
A v P SR K ST X 40 35 90 R v U B A%
KRR

FrIIHESE E 1987 AFFk TR X AF & 15 1 X 1Y
TS R RIE R AT RS A EESMEE
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ST LSRR AR ) A AR . A Y A 45 2R
BIRER T B BRI, it & R R th 22
BB I 2855 B 30 4F IS W B T N TS K
IR AR A, A TR 5 3 5 A
FRABIIEP LI, /A B n A8 LU IR 3 &
Sy E T AR T AR R R A
SRR B BT R A AT IR R, T R R
FIZETE B 22T 55 A % B /K 3811
PR, 3 SE R 2 1 R B BEA o 1 b a] 5w
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B. mob indicated Biddulphia mobiliensis; B. obt indicated Biddulphia obtusa; B. reg indicated Biddulphia regia; B. sin indicated Biddulphia
sinensis; C. aff indicated Chaetoceros affinis; C. ast indicated Coscinodiscus asteromphalus; C. con indicated Coscinodiscus concinnus; C. cur
indicated Chaetoceros curvisetus; C. deb indicated Chaetoceros debilis; C. dec indicated Chaetoceros decipiens; C. fur indicated Ceratium furca;
C. fus indicated Ceratium fusus; C. gig indicated Coscinodiscus gigas; C. jon indicated Coscinodiscus jonesianus; C. lor indicated Chaetoceros
lorenzianus ; C. mac indicated Ceratium macroceros; C. tri indicated Ceratium tripos; D. sol indicated Ditylum sol; F. oce indicated Fragilaria
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N. lon indicated Nitzschia longissima; N. lor indicated Nitzschia lorenziana; N. pao indicated Nitzschia paradoxa; O. max indicated
Oscillatoria maxima; P. aff indicated Pleurosigma affine; P. del indicated Nitzschia delicatissima; P. dep indicated Peridinium depressum; P.
for indicated Pleurosigma formosum; P. pel indicated Pleurosigma pelagicum; R. ala indicated Rhizosolenia alata; R. del indicated
Rhizosolenia delicatula; R. fra indicated Rhizosolenia fragilissima; R. set indicated Rhizosolenia setigera; R. sty indicated Rhizosolenia
styliformis; S. cos indicated Skeletonema costatum; S. del indicated Schroederella delicatula; S. pal indicated Stephanopyxis palmeriana; S. tha
indicated Streptothece thamesis; S. tro indicated Skeletonema tropicum; T. ery indicated Trichodesmium erythraeum; T. fra indicated
Thalassiothrix frauenfeldii; T. lon indicated Thalassiothrix longissima; T. nit indicated Thalassionema nitzschioides; T. sub indicated
Thalassiosira subtilis; T. thi indicated Trichodesmium thiebautii.
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Fig.5 RDA ordination of phytoplankton community composition and environmental factors in Hailing Bay
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Structure characteristics of phytoplankton community and the relationship
with environmental factors in cage fish farming area in Hailing Bay

SU Jiagi'*, ZHU Changbo'*, ZHANG Bo'*, CHEN Suwen'?, LI Ting'*

(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculiure and Rural Affairs,
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, Guangdong,China;
2. Guangdong Provincial Key Laboratory of Fishery Ecology and Environment, South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, Guangdong,China)

Abstract ; In order to study the impacts to phytoplankton caused by fish cage farming activities, three seasonal
investigations ( winter, spring and autumn) on phytoplankton community and environmental factors in the
Hailing Bay were carried out. In total, 171 phytoplankton species were detected, with 76 species of diatom
belonging to 29 genera, followed by dinoflagellates represented by 16 taxas (8 genera) , blue-green algae by 4
taxa (2 genera). The range ofphytoplankton density was 22 — 3. 054 x 10° cells/L, which ranked as:
autumn > spring > winter. In general, the phytoplankton density in the outer bay was higher than that in the
inner bay except in spring. Themain dominant species were Thalassiosira subtilis and Thalassiothrix
Jfrauenfeldii in winter, T. subtilis and Skeletonema costatum in spring, S. costatum, and T. frauenfeldii in
autumn. The range of Shannon-Wiener diversity index (H')were 1.44 =4.11, 0.66 —2.39 and 1.62 -3. 10
in winter, spring and autumn. Redundancy analysis suggested that the main variables affecting the dominant
species were water salinity and pH in winter, ammonia ( NH,-N) and pH in spring, dissolved oxygenand
nitrate (NO;-N) in autumn. Under the influence of different runoff and aquaculture activity, most of the
phytoplankton communities in autumn were easily clustered into similar communities; however, those in spring
tended to be more varied. Close relationshipwas found among the results of cluster analysis of stations on
phytoplankton community structures and environmentalfactors.

Key words: Hailing Bay; phytoplankton; cluster analysis; fish cage farm activity ; environmental factor
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