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Abstract: Under the backdrop of global warming, extreme weather events such as typhoons and storms are increasingly
complicating the ecological processes in subtropical reservoirs. Based on five years of continuous monitoring data from 2019

to 2023 at Shanmei Reservoir in Fujian, we explored the response characteristics and mechanisms of algal blooms and high
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pH events to different rainfall-related meteorological conditions. The results show that algal blooms typically occurred from
April to August, with filamentous cyanobacteria being the dominant species in terms of abundance. The maximum number of
days per year with pH exceeding 9 reached 139, primarily occurring from April to August. The thermal stratification
intensity in the euphotic layer (temperature difference per meter = 0.20 C ) , the number of non-rainy days within 7 days
(fewer than 4 rainy days within 7 days), and total nitrogen (less than 1.80 mg/L) significantly contributed to the
dominance of cyanobacterial abundance. Significant factors, including the thermal stratification intensity in the euphotic
layer (temperature difference per meter = 0.15 °C), the number of non-rain days within 7 days (more than 7 non-rain
days) and total phosphorus ( = 0.034 mg/L) were key to pH increase (higher than 9). These results reveal the intrinsic
relationships between meteorological conditions, cyanobacteria, and pH, and identify the meteorological and environmental
threshold values when cyanobacterial dominance occurs and pH exceeds 9, thereby providing scientific basis for developing
water quality management and protection strategies for urban drinking-water reservoirs in the golden triangle of southern

Fujian Province under future climate change scenarios.
Key Words: cyanobacterial bloom; subtropical reservoir; pH; thermal stratification; euphotic layer
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Fig.1 Map of sampling locations in Shanmei Reservoir
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0.7 mmFLAR ) s B S5 AKARE (0 PRl 7 vk I 5 R R AR 0 I SR ER 2 iR ) L L BRI AT BB
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Table 1 Classification criteria for algal bloom levels based on algae cell density
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Algal bloom Algal cell Algal bloom Algal bloom Algal cell Algal bloom
level density/ (4~/L) characteristics level density/ (/L) characteristics
I 0 — 2.0x10° Jok e v 5.0x10"— 1.0x10° rh gk e
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Fig.2 Trends of algal bloom risk and algae relative abundance in Shanmei Reservoir from 2019 to 2023
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Table 2 Days of each month with pH>9 in Shanmei Reservoir

Ay 1 H 2 1 3H 4 A 5H 6 H 7H 8 A 9 A 104 11H 124 Hit
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
2019 0 0 0 14 27 30 30 25 13 0 0 0 139
2020 0 0 1 16 28 30 31 3 0 0 0 0 109
2021 0 0 0 5 8 13 15 0 0 0 0 0 41
2022 0 0 0 0 0 0 17 28 1 0 0 0 46
2023 0 0 10 22 31 25 21 8 16 3 0 0 136
F-44 Mean 0 0 2 11 19 20 23 13 6 1 0 0 94

2019 47 % 2023 AR IE], Lt 56K FERRAF pH H SRR RE 5 139 1109 41 46 Fil 136 d(F£2) . HHr,
2019 4FF1 2023 4E11) pH #HARE O™ H, L HEAE S HE 8 A4 A= 7 AMIEL, &H4H pH KT 9 KA
¥i#id 20 d,

SRR pH 5ERAEY RAEEA KR A W 3 E < 0.2 if ,pH 584 & 3
IEAHK (n=74, r=0.722, P=0.000) , 7E@E#AY BN = 0.2 i, BEAEY RS pH HCKAARE (n=
14, r=0.013, P=0.096) (& 3) ; 7EEGE IR 2£<0.2 C/m I, pH 5B YR B EIEMH X (n=40, r=0.724,
P=0.000) , HLOtZ2H2£=0.2 C/m B, pH 53 EY & B 1EM X (n=48, r=0.335, P=0.020) , 7E##HA
YR <0.2 I, pH ST RA LR R B E(P=0.492) 11 B YL E = 0.2 1), pH S & 7
FHHMK(n=14, r=-0.661, P=0.010) , WHEALY w7 LSRN EHSCER R EE (P>0.05);pH 57 HN
TCRETH KRB K B A B (P>0.05) ; 7E EOEZ IR 22<0.2 °C/m I WA a5 5 7 H N JCRE R K0
KRRANEZE(P=0.888) , FOLJZ 2 =0.2 C/m B, WE#AYE S S 7 HNTCRENRER Z AAHX (n=
48, r=-0.341, P=0.018) .

2.2 WEHEFE N LS pH X EFREE A I LY

WE TR PR SR BT FIBEHLARAR AT (18] 4) 4508 R . BOBZ IR 25 7 B N JCRE I R A B2 K
TR U W B O B BB N , EEOEEREZE = 0.20 C/m B EEEFE & OF I ERT
0.20(n=49) ; 7F EOLJZ R 22 =0.038 C/m B, JTCREFN R =5 d, BB 5 LN 0.36(n=12)

KA pH AP A3 M RBEHLER AR AT (18] 4) Z5 R R, BOGZ IR 2E syt 7 H NG KA %
i FEBE R LU G /K pH M FEZIKSIH R, EEOLEIR22=0.15 C/m B, H 7 HNTERE K% =7 d,pH
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Fig.3 The relationships among rainfall meteorological conditions, pH and algae biomass in Shanmei Reservoir

Il 7 H N R RN i FIJC I K%K The rainfall and the number of non-rain days within 7 days
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Fig.4 Decision tree analysis and random forest analysis of cyanobacterial relative abundance and pH in Shanmei Reservoir
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KSR RVE /KA (K 3h I S HURIE S ABIFSE R, 1 56 /K RS 1 R A0 2 Hh IR AE BB R B R
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PREE TR BT, TR G AR T AG 5P H, P, LSRR EEDLZ IR 2EAE 0.20 C/m LA B g3

http ; //www.ecologica.cn



8 xR 45 %

WA 7 pH
g M m AR - Rk
2 aal L PZ0.494 |- o
‘Tg - = - P=0.22
g Ve P=0.086 oy
S w2208 WemiE [ L
£ i
S FURRKE - — ek L =076
F sormme | —P=0947 FORERE [ L
2 mmrm [ TERERIFA |
-0.5 -0.25 0 0.25 0.5 -0.2 0 0.2 0.4 0.6
{1123 Estimate
e T B To e T R E
0.307%* 0328%7 -0.230*
0.505%** EE S 0.436%** [
pH i e 5 L
ﬂ N
0.450%%* 0250 0.350%%*
LR PRI

X?/df=091 P=049 GFI=0.96 CFI=1.00

E5 J"N&EMRSEBEMENFEERERYMLEKELSZEYE SILH pH HEZEF
Fig.5 The generalized linear mixed model and structural equation model showing the significant variables for cyanobacterial relative

biomass and pH in Shanmei Reservoir

* P<0.05; #* P<0.01; *=* P<0.001
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RN F CRERLRBENE 1) 1—4 d) 2 B &R s E Y, S0, 7R Fm H M B R, TRk R
AN H BRI FIVE R, K K IR AK 3h 1228 Ak, S 800 A s /Y Yang %5 A (2016) POV 8 A8
KI,4 A2 10 AW H PB4 m/s AHBEN R 20 mm 955000, & FE2OE BKENIE L, AT
SR FEKEEESCZ Y EWIE] (n =49, EHGJZIR22=0.20 C/m) , B R 4 52 0 5 m i 8 F 5
Foo 767 H N IR K %<4 d 5T (n=20,%8 6—8 H ), WG E B & HFIE N 0.55—0.84 , I A
FRAIG, W S (VAU T 1.8 me/L B, W 1 (5 P (IR B T 0.84) . i —Fl&E LR, 7 HIN
TR KA =4 d(n=29,3 1 4—9 A 28 1), Wi £ & HOEHIE N 0.20—0.53 , F B iR 21 (4 H—
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9 H) BUOCEAKIRARA , W5 0 & ek, AR R B, B T SR S SO B K R o 3R R B A
I, S S | R IR P O SR 04 AR BT A VA A A e R AR A Y AR
FE R B RS S 7 BN TR RN R B O 2 K IR B A OG 11 95 7K P2 TC R I R ARGE K, 1A K
Z B E IR S AT 4) , S EOE R KRR, 28)5 51 T 2K TR A AR, A5 1T e (2 E Mo T 2R
GHEFREL FECE R A YR N, SRR E WIE (6—8 H ) BYTCRKETE K BBV, KA FEF =, Ot
HRE 055 , 150 FH L 2 K 20 22 bR 0 35 v 2 v TR RMERO R PR35 i) el 280190 IR 1, 2 M ] 22 4R ek A U

BEZ I 1 A R P W ORI F K A v Z S A , 5 BOK M R e 2k - & 2 AR Ak, AT T i3 K AR pH |
O REGR FE AE A 2 S RO AR I RSRSS . ABFFE R, B R R B N2 S BOK A FEGR B W55 , T
AR F R 3, U R 2R, SR R R R R OGS S ) Sl s E A EM,
TR 7K AR T CO, T FE , ELIE R R XU 45 [ R BRI A SR BE 2 1 CO, B/K M H S8 pH A IR, SR,
AR LI, AR T H MR RECE IS T KR pH Wil fETH R 2 KT 9, FRillE e M i = 18 mm H
EOLZRZE = 0.28 C/m AT o PSS T , AUK R SR E SR R, 8O T 20 HL i, 11 H B2
3 J2 R 23R ) T BE AN e W B S KR pHL Y EDER IR G AR MR R &R T d
WA 4 d B HLRERT & =18 mm, L1 SE7K PR A K AR R pH 1 AU 3575

re TR 2T IR B I R E D (5 A B 8 ) K AOL IsR E Ar i, e B s IR S it & E R, =
FoKMAH COMRBEEREAT, M5 1AL pH FH& . 7 B P TCRERI AR O R, RGHE &3/ BRI T2 i co, 5
IKURFR)Z B IR T pH BT R, S IR 28 RO IR R KA 3 2 A s SR, B R B D IR LT, B
JEI TR R, B RRZE RN X R DG Z KRS 2 A, BB Z K ATR A s AR i
GFRK S I AR SR B B 0 L IR A B B A AR AR il e A R ) R
FHXFH 5
3.3 RIS BE—BT A E R OK AR DR it

K PE RS AR ) R B IN E 2O IR KB ) KR CE SRR S 2 R B2, B ETA KR
FVE TR AR SR A 0 T2 B4, IS AR AR R 1) 3 A1 Y0 P32 ' R B K SCOK 3 7 BRI e AR
HEK PR FLECAS S i 5 22 R W AR /K )2 P 43 A BR R S K AR R S e i 1 43 A O 2R TRD r FR 2 Sk B 6 7
K FE KA SRR A3, Jin 45N (2023) 107 R B, 9 14 80RO 6 35 RS 8 30ep B A i i) s ) I
PP AERRAS e LR | T SR Uty ) AR A e 4 ) 8 R RS I S A (TSIe = 50 Z24h, g FRkas) R T
A 2 (TSIe = 60—70, & B FRARAS) o 2023 4F 1L 67K FE i i /K A2 1 7™ A% B 5 i JL AR 1Y 22 1) 35 8 2 i
FRE G o, BARSF A2 AR S L 2023 4R 7 ) I 2 T2 2 K MR e 28 =R B A AR R R R e Sk
TP A A 52022 AF 7 H A F B O AR TR B RO A | WEAT R A 52021 4F 7 A I AR
PFp BRI NZ H B /TR R NBREE 2020 4 7 H A R BE O SR 32 B R AR S )N A R
MO EEE , #E—20 X L 2020—2023 4F 7 A AAHDCEHE & 9L, B S W T 7E 2023 4 7 A E W EE IR G 20K
W 2S5 ECR A ZE Kk TORE TN B SR ER 7F 2020—2023 4R 1) 7 H Bl Z AR AIG, 2 AR R W &
WA, B ARSI R 2 2023 4F 7 H 14 JCRE I R0 225 350 4 503 B B A1, (A5 08 12 5 O R IR
JE T OB B K 5 RN 3 R 205 i AN (SR R 1 AR R ok 2 O b8 1 /KA Ul LG, iR 35 m 1 ARt fir, 3R 2
KR R BT =, e Se R L RIVE R, LS8k PR 220K 5 o = B 0 — 2D 38, Se Al K Mk 5 7 o
JEAKARIRAS . X AT RE- 5 1L 367K P 22 4R 5 e d e e 3R 7 A 6, A R BT B T R RS RE 1 0 A

R 22 1) F 2 IR BIK SOK B F7 2 B M R K K 2R 9 & 78 3R ARG, > — T K JEE (4 K 7 i B
(A ) T i K S R A 5 53— 5 TR PR B 7K A 0 Bl A, £ 5 M SR A ) 1 ) W BRA L A o, it — 205
Maj 2 A AP R 5 . DRI, 3 B A A A 20 Bl 5% 1L SEZK R 9 7K Bl R B X 1 ik A RS
SR SR RIS K 7K A 28 R BE TR 3 2K A [ R A
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4 Zig

ASBIFSE SR 1 X 7K PR i 2 R L) T AL e S M ) B | R AR R AR AR A R Sl
TN TS50 T ek e 0 0 SRS A B AR 0 Ar , R A 7 i S B 2 B T A Y 2 1 e K AR B P A K
LA PRIR Y CHERER, T8 30T ) =y BRI T A KK R (1l SEOK % ) JE SR 5 AR R I, B 1 AR O3 2 FRE R
SRR ERZEA pH B pLHI FEAE . 15 H LU S5

(D) FERTRZET (4 H 2 8 ), L Se oK PR 5 e 1) 6 Bk 4R KURS: &1 pHL R)IE R 28 i K 3R 2K pH
WY AR R ARG, U HAE EDBRIR G IR (EDER R 25< 0.2 C/m) XA R,

(2) HEBEAZIOUZ M LAY R OCH T 32 Y 5K pH 52 3 IEARSC ; (H 24 5 5 o8 A= 4
HILHFZIE , R)ZK pH OB R RS pH Z 8] (A DG VR 138 [m] I B3 T 4 A9 189 fim 23 1 2 BRI 3R
JE KA pH,

(3) EOGZ IS Z SR 7 H P JCRE T R E L K e TR e 2 O 28 0 0 1 B o FERK A pHL GBI 7
XK ORGP 3 0 SO R R R DA K T ) TR K A e 4 3R R (AN BRI ) 1 43 A 4 5] 5 b 5 ) R
A SRR pH

(4) AW (EDGRIR2E 7 H N ICRER R SR T B 20 3R 27K 4K pH 728 W38 B TR 1] 520 1
FOGR KRS B AR Y it o L W IR ARG (B 7 H N JCRE I KA W5 e AR Y i 5 L B R R
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