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Current status and future trend prediction of phytoplankton abundance
of Shanmei Reservoir in Fujian Province
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Abstract ;[ Objective] Phytoplankton play an important role in indicating water quality and are usually used to reflect water pollution
and eutrophication. Shanmei Reservoir, situated in Quanzhou, Fujian Province, serves as a vital source of drinking water,and its water
quality is linked to the health of residents in Quanzhou and Jinmen,as well as the socio-economic development of the region. Previous
studies on Shanmei Reservoir have focused on the spatial and temporal distribution of pollutants. However, the seasonal variations in
phytoplankton and their driving factors remain inadequately understood. In addition, the ongoing global climate change significantly
influences primary productivity, phytoplankton biomass,and community succession in lakes and reservoirs. Nonetheless, the trends in
phytoplankton abundance in Shanmei Reservoir, particularly under the combined effects of global warming and anthropogenic
influences, are not yet well defined. Building upon continuous monitoring data from Shanmei Reservoir over the past three years,its
aquatic ecological status was investigated and future trends of phytoplankton abundance under the stress of human activities and

global warming were forecasted. This work aimed to provide scientific insights for ensuring drinking water safety and promoting the
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sustainable utilization of water resources in Quanzhou, while also serving as a valuable reference for research on similar subtropical
drinking water reservoirs. [ Methods] The seasonal dynamics of key environmental parameters in Shanmei Reservoir were investigated
through the collection and analysis of high-resolution water quality monitoring data from China’s National Environmental Monitoring
Network, spanning from 2020 to 2023. The parameters analyzed included water temperature, pH, permanganate index (CODy, ) ,and
total phosphorus and total nitrogen mass concentrations. The effects of environment variables on phytoplankton abundance were
further analyzed using random forest and generalized additive mixed model. Furthermore, considering the influence of global warming
and human activities, predictions regarding the trend of phytoplankton abundance in Shanmei Reservoir were made using generalized
additive mixed models. [ Results] Environmental factors in Shanmei Reservoir showed significant seasonal changes. Water temperature
displayed a typical seasonal pattern,with elevated values observed in summer and lower values in winter. pH showed similar seasonal
trends to water temperature, peaking in summer. The seasonal variations in dissolved oxygen (DO) mass concentration, conductivity,
and permanganate index (CODyy, ) were similar, with elevated values occurring in late spring and early summer. Notably, pH levels
exceeded standard thresholds in both spring and summer. While total phosphorus mass concentrations in the reservoir remained
relatively low, total nitrogen levels were concerning, consistently exceeding 1. 5 mg/L despite exhibiting a gradual decreasing trend
since 2020. Conversely, CODw, demonstrated a marked increasing trajectory over the same three-year period, indicating divergent
pollution dynamics among key water quality parameters. Phytoplankton abundance ranged from 7. 3X10" to 2. 9X10” ™! (calculated
by cell numbers) , exhibiting peak levels during spring and autumn. Notably, there has been a marked upward trend in abundance from
2020 to 2023. Analyses through random forest and generalized additive mixed models showed that water temperature, pH, CODy, »
and nutrient mass concentrations were the main factors influencing phytoplankton abundance. A decrease in total nitrogen mass
concentration, CODy, »and pH levels would lead to decreased phytoplankton abundance in Shanmei Reservoir. However, increasing
water temperatures significantly counteract these mitigation effects, diminishing the suppressive impacts of declining total nitrogen
mass concentration, CODw, »and pH on phytoplankton abundance. [Conclusion] The results show that the aquatic ecological status of
Shanmei Reservoir requires further improvement. The proliferation of phytoplankton in Shanmei Reservoir can be controlled by
regulating total nitrogen mass concentration, CODy, and pH levels, which would enhance the management and protection of the
reservoir’'s water resources. When subjected to human regulatory measures, phytoplankton abundance in Shanmei Reservoir is
expected to decline. Nevertheless, the ongoing process of global warming is projected to impede this downward trend. This interplay
of factors not only highlights the complex dynamics within the reservoir’s ecosystem but also underscores the critical role of human
intervention in preserving the water ecology of the Shanmei Reservoir.
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Fig. 1 Seasonal variations in water temperature (a),pH (b),DO mass concentration (¢) ,conductivity (d),turbidity (e) and

CODw, () of Shanmei Reservoir from 2020 to 2023
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Fig. 2 Seasonal changes of TP (a) and TN (b) mass concentrations in Shanmei Reservoir from 2020 to 2023
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B 2 o R R A A SR A IR A R,
W EARER BT 3R B 1L 26K e 8 7R b vk B 45 v L
TEF K HE S Y TN BT ik 22 B S i TR,
WAL UL 111 S 7K 2R R0 YL B T HE R BOUK PR Y A B
P A g o BT DAV B2 2 111 S 7K B PR T AR 0 2B A 1) R o]
FSIS

TR A ) ~F B2 MR 78 4540 52 PR 8 X 152 . 6 T
BEALARAK [E BRI GAMM 434, 45 56 I 52 mi 1
KoK PEPEUE AR Y F R A T O KR,
CODy, pH FIE FRER MR L. AR 23 52 el P A ) A K
TR PG R A R AR AT B 4 T
BRSBTS, Al RED | & I R ) Y R i
MO L S RIS R IR BE R SRR ok B R
M R FH 7K 5L b 7K A % )25 17 107 A ) A i 2 1 TR 1
BT BRI R R B SR i RS
Hi Az T i R T ol Rk e S O Ui A ) R
7% AN (R B A [] 1) i A A T B2 ol A4 e
FE 7K 5 B A kT T o 8 X I R R g 4
WA 3T 3 4 COD, TR AR Y - B A2 A 3l 1
2 ETHEFELE 1D F 3], CODw, RAE MR KIEE PTG
YUl OL SZ2 AT S YR B POl IR S G B AR R AR
TG 2l TR AR Ui 4 i AR 20T 2 1 A L) R T 45 52
>, RS 2 W1 B2 B 57Kk CODw, 1Y B 25
AR AR DIAHOGE , — T CODy, Y BTk E L 5 —
J5 T CODy, 252 M A G, ., 3 AR 45 (5T
FWI R ) K e A= W B W CODw, B 3G i | 7,
CODy, 2t R 1T B2 5 8500 WK S 10 22 & s o v R
GETHE PR IR AR 7 I 25 03 A R B H 5 R B R 1 1Y
KRN, K LR BE 1S B 3E (Mougeotia) 5 36 1T 18 fa
[ (Pseudanabaena) R (A phanijomenon) FIF
Ui R 47 AT L 25 B 45 5 CODw, 522 12 35 IEAF G, 2020 4F
DA Ll 67K 2 3 aot 45 0K it 0 28 LU AE W 90 Oy 4%
i BE2E A BE L T 1L SE /K CODy, A TN S ki JiE 78
EIEATRD X 7R % 7K CODw, %232 % R0l 77 56
1YL, pH 5 iy A K& V) OCHR , AN [ W AE )
KRS AR W pH EFWAR. S AR KK
Ry SR A ) TS AR R G R W A A
(1 pH) . 3R PRy 55 B K A 23 R ke CO.
AT ISR 35 288 (8 5165 VR 5 TP 55 R PR AR AR rh e 2 A
T H AN R 5 IR Eh W B 2 5 W PR A )
{18 T 2L PR BRI RIS 2R A R A A AT B b
WA D IEFRICR 2 5 R AR 72 b ) hE

WAL B A R B AR 5 L S AR TR
T 2 N o0 R AR R = BUK R A L
15 TS0 V7 U A 0 = 3 RN A 5 25 40 Xl 5
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TR F R IS X Al BB 32 /K CODy, 1
TIN5
3.2 HESEBERZTAMAAEETLEKEZERE
BYEETHBER
FEARBRTEEIN , 2 ARG 3 A 2 H R
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FEPE, i — 25 S8 S R G MR 55 B k. A
P Ak 2 AL K T R R RS XS L B iR Kk A4 o J2 A
SR T U A ) AF 05 25 A, BRI K P AR R S A
[ 2T 3 e AR TR T SR e A AR R B N TR AR
= FNRE VR 25 0 1 AR AR B F R B 5 7 N Xiao
LEUTIET GAMM T % 4= 2K AR B8 F1 & 5 SR A0 A
ST, AR R S K T R R K T R
I A 9T 3T GAMM FU 1l 58 7K 2 77 i At 4 3
SRS T R AR R Aok ka3 B —
TE SR8 AR HAW IR 7 R AR &4 » GAMM
TN 25 S 2 WA Bl A 7K IR A T s Ll SR K R PRI AE )
JEREIN X — 25 R 5 E A WF I A 8. S ERAR R
XFAKARKI G A= 7 T (4 5% W) 55 7K v 13 55 7K OF- %% A
K, 6 FF R KO 5 15 B TR U AR W) 00 ) A 7 g 1
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0 B S TP AR 40 3 B BH 2 R % . CODw, K B 5 17 11
R R T M A . KR BT B 54k T pH,
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4 & it

1) 20202023 4F 1L 3K 45 PR 7 2 B (g 2
WAL A E M ZE pH KB AL T AR IR A, 2020—
2023 4F TN Fre ik B i AG r PR (HR 3F 1.5 me/L.

2) 20202023 4F 1L S IK PR IF U AR 1) - B L
7.3X10'~2.9X107 L', i 3 4E sk FE & |
Fhita#he, KR . pH L COD, FIVE 78R Ve 3 2 52 M 17 AT
WA E B T

3) FET GAMM FUi 1l 38 7K FEAE S Mg 22 1 F N
SRR R R TN B . CODy, il pH TR,
TEUERE Y R R R HKR T B 54k T pH.
TN Bl B2 1 CODyy, I BTV AR = B 1) 5% M.
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