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Abstract: Harmful algal blooms (HABs) caused by Phaeocystis globosa pose a severe threat to marine
ecosystems and coastal economic activities. Based on field surveys of a P. globosa bloom in Guangzhou waters
of the Pearl River Estuary from December 2024 to February 2025, this study simultaneously measured
chlorophyll a, abundance, and key environmental factors. It examined the entire process of bloom occurrence,

development, and decay, analyzing trends in P. globosa abundance and bloom area during the event.
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Correlation analysis and generalized additive models (GAM) were employed to quantify the influence of each

factor on the bloom's emergence and decay. Results indicate that the red tide outbreak in Guangzhou waters

comprised five distinct phases: pre-outbreak, sustained outbreak, decline phase, decay phase, and extinction

phase. During the bloom stage, the maximum average abundance of P. globosa reached 398000x 10* ind/L, and

the maximum bloom area reached 7.4 km’. In the decay stage, the maximum abundance of P. globosa decreased

to 317x10" ind/L. Salinity, PO43_, COD and NH4+ are the primary drivers influencing the abundance of P.

globosa. The pairwise interactions between COD-NH,, NO; -NH,, and NO; -salinity also reveal synergistic

effects and nonlinear relationships among multiple physicochemical factors. Future efforts should continue

long-term monitoring of algal blooms while intensifying research on the impacts of climate change and

biological factors. This comprehensive understanding of bloom mechanisms will provide statistical foundations

and scientific references for early warning systems targeting P. globosa blooms in the Pearl River Estuary.
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Fig. 1 Remote sensing images of red tide investigation(a. b)and monitoring sties(c)

=1 REMESZEER Si0,”)., M4t% a(Chla). #+h(ammonium, NH," ).
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12H28H 10:55—16:42 REKE 0.5.13.8
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Tab.2 Testing methods for marine environmental factors
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Fig. 2 Changes in Average density of Phaeocystis globosa and red tide area during the red tide period
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Tab.3 Monitoring results of environmental factors in Guangzhou
sea area in November 2024

LSS &

izl

T/C 27.75(252~31.2)
AP/kpa 101.3(101.09 ~ 101.52)
SST/C 26.07(25 ~29)
Salinity 4.29(0 ~ 12.25)

pH 7.96(7.15 ~ 8.48)

DO/mg-L” 6.75(5.58 ~ 8.16)

PO, /mgL™ 0.051(0.025 ~0.075)
CoD 1.27(0.78 ~ 1.84)
Si0;* /mg'L” 1.46(0.96 ~ 2.12)

NO, /mg-L”' 0.147(0.118 ~ 0.165)
NH,'/mg-L™ 0.13(0.052 ~ 0.22)
NO; /mg-L” 0.33(0.18 ~ 0.42)
Chla/ug L™ 1.19(0.85 ~ 1.45)
E 4.9(3.76 ~ 6.62)
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Chl a ¥ J S 1 T 7K v 7 WA ) B £ 1)
BTG AR, Hnd 23 AR fb T 1] 42 s e o ) A 9 2o
FREO AR W25 R R, TE AR R R R,
BRIZ A7 3 5 45 X3, Chl a VR EE IR 10 pg/L.
TETRMA R AT (2024 4E 12 F 28 H & 2025 4 1
A3 ), AR AP K R AR I P e 5 (5] 2) o
5 R B, Chl a ¥k B o 52 30 P 0 | ) 9 8 34
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T P R BRI A B B R R A S TR G
PRI, R SR TP 4 0 R W A K
WA 15 °C ~ 27 °C KB, AR AR R %
6], S 11.06 °C ~23.73 C(#] 4a), Bl BAL T
2024 4 11 H AR, APES 11 AAH AR
AR K., SST Ky 8.96 °C ~ 1933 C, Wl B & T
2024 4 11 A AH LS IIME (25 °C ~ 29 °C, £ 3)
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Fig. 3 The variation of chlorophyll a concentration
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Fig.4 Changes in environmental factors and eutrophication index during the red tide period
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2024 4F 12 A 29 H —31 H pH & #] 9.04 ~ 9.09,
5 H WL B AH e, pH B 2 T (& 4a) . COD
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-1.0
s Z
1 #3RR p< 0.05; *#387R p< 0.01; ***FK/R p< 0.001

Note: * indicates p < 0.05; ** indicates p < 0.01; *** indicates p < 0.001
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Fig. 5 Correlation heatmap between the density of P. globosa and Chlorophyll a and environmental factors
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Tab.4 Multi-environmental factor GAM model fitting parameters

piRiEl vt A i (EDF) % [ 1 B (Ref df) F P
s(Salinity.log) 1.00 1.00 133.54 <0.001***
s(PO,.log) 1.00 1.00 22.28 <0.001***
s(COD.log) 2.93 3.68 23.83 <0.001***
s(NH,.log) 4.58 5.64 4.96 <0.001%**
s(T.log) 2.74 3.46 3.53 0.016*
s(NOs.log) 3.33 4.22 2.75 0.025%

H: *FR p< 0.05; #*FIR p< 0.01; ***FKIR p< 0.001
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Fig. 6 Effects of multiple environmental factors on the density of P. globosa
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Tab.5 Fitting parameters of the GAM model for the interaction of influencing factors and the density of P. globosa
FEHT I it B M EEEDF 7% [ Ref.df F p
ti(COD.log,NH,.log) 3.58 16 1.26 <0.001***
ti(NH,.1og,NOs.log) 1.76 16 0.66 <0.001%**
ti(Salinity.log,NOs.log) 1.49 16 0.84 <0.001%**

#3388 p< 0.05; **+ 38R p< 0.01; ***FIR p< 0.001
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Fig. 7 Three-dimensional effects of factors influencing the density of P. globosa
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