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Abstract

Objective: The aim is to explore the structure of phytoplankton communities and their photosynthetic
physiological response characteristics during the formation process of summer urban lake blooms,
revealing the photosynthetic mechanisms behind bloom formation, and providing a scientific basis
for monitoring and controlling algal blooms in urban lakes. Methods: This study focused on different
water depths of Huangjia Lake in Nanchang City, using a stratified sampling technique combined with
quantitative analysis under a microscope and in situ chlorophyll fluorescence measurement with
PHYTO-PAM to analyze the response patterns of phytoplankton community structure and chlorophyll
fluorescence parameters. Results: The study shows that: (1) A total of 36 phytoplankton species were
identified during the summer bloom period, with cyanobacteria (Microcystis sp., Anabaena sp., Oscil-
latoria, etc.) and green algae (Chlorella vulgaris, Scenedesmus sp.) being the dominant species. The
Shannon index of the community significantly decreased from 2.23 during non-bloom periods to 1.88,
with cyanobacteria abundance significantly increasing by 38.06% (of which Microcystis accounted for
36.71%), but biomass decreased by 75.56%, leading to a noticeable decline in community diversity.
(2) The maximum photosynthetic efficiency Fv/Fm of the bloom community (0.149) was significantly
lower than that during non-bloom periods (0.423), with cyanobacteria exhibiting higher light toler-
ance (Fv/Fm = 0.321), far exceeding diatoms (Fv/Fm = 0.126); (3) Rapid light response curves showed
that the light adaptation parameters a and the maximum electron transport rate rETRmax of bloom-
ing algae decreased by 39.78% and 62.79%, respectively, but showed a recovery trend with increas-
ing water depth. Conclusion: Cyanobacteria, with stronger photosynthetic physiological adaptability,
become the dominant organisms of urban lake blooms in summer; while the excessively strong light
inhibition effect significantly reduces the community’s photosynthetic efficiency, increasing the eco-
logical risk of surface water.
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IR KA R R IR OK GRS R G0 i B B AU A . 0 I R (ol S £ i
W), TEARRVEH WAE 5 KA FELMHABS), WK A2 R G KoK BRI F i Rz 1] [2].
IKAEBER TR (0 28 R 5 465 440 v FE A EL O R FH SR [31-[5 ] FEMR/K AR R Gerp, W8 Jil & @ P/ 1577 Sy ek
RER KM, NSRRI LE[1] [4]. XF RIS A E KRR B w e, THAR
FERBFEEMZRMAET4][5]. MLZT, EESSEN AR E SR G KA. A &5
R ERAN S, FFREAE PG RO IR 3] TR IR 2 /K AR i DA 7 AR W& U IME AR, 2R
BARG B EE RV A T, HRKESYIMEIIEA[6]-[8]. BARFIHEMAE A AL SRR B
YR — /Ny, BTG AE = FE Tk T AEREVIR AT S0 45% 0L b, oA RS RGN IE R R RE
TSN I EIRAT[S] [7] AR NI A S RGN =3, PRI I BN 25 50 A7 52 22 Fh IR 32 1) 36 R 52
BFEKMAEI 6] [7]s PREE. 7K ERFE[9]-[14]. BAE%E(DO) M pH (H2% /K IABER F[8]-[11]. dh4h, H
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AL 52 BKT 5 3 EIA BRI 200 AT TR A T R R B T A IS R KR AL i R VR
I AR S HL 2 2 R R TR AR I

PR WA S RGN E B RA T, EVFIEA AR ah AR AE[15]. ITFK,
LRI B (Microcystis sp.)~ #IE B (Anabaena sp.) 55 Wi BRIV HEEHAB) MR R A, AU
AR BT 22 A, ST B ALK A AT 15] [16]. M6 W 4 357 ) BRAE KR RT3, TR 4K
e, BLORAGRERI I [17]-[20]5 TR 356 A 235 U B 3 MR 5 3 0 22 R BB 2R AR [19], RILHBURAE
VR R LR BRI (KM B RE F[211-[23]0 /KSR RS E T AR I REVE R B 23 ] D aRitE . TKIARE FRRL
[241FN7K S 26 A 45 2 E K Z R [25]-[29]. R E TSR 5000 — SO i, HE TSR 58 R E &
FEIA] G R BB K . SR, R I 2R OB S A KRB O & W B ) R GEAT T AN TE 7 - AT
TEEGREEZHEE T 5 PHYTO-PAM JRALSICINSE, 5 AE#87R HF/K S b P i i e & A 2R
FERUR, DRI PR E B s R BR KA

2. REFFE
2.1. HRBRERLEE

TEIFEAD RIS CRAKIZIWE LI T T80 A AR AT A o X T /KRN T 40 m 1IKHE, R
FANBIERAKZREE; AKIRHE 40 m FI7KEE,  UAE A 35 R K 3(QCCS) AT KA WI/KIf B A%
i 2 L RKEREE. REM L KFEH T etEat, BlziEd 25 Sy EY it JE k45 % somL, B
Ji I 4% (1 F VA VR S8 R AT i — 1 1L L KPR T @ =404, BRI 15 mL & 5F KB & 2, F
[F] 26 S PTHE 48 /N JEIRAEZE 30 mL. T, BL 0.1 mL iR45 217 % 0.1 mL 34E, 7€ OLYMPUS CX23
BAEE FRHATYR S, PR ER I 2 £ 3 IR, TR ) R G ) B AR S R B3R AT

2.2. RAEMELNE

FENAFEHSHEEL PHYTO-PAM (Walz, Effeltrich, Germany)ill &, %% {4~ Phytowin2.13
(Walz)o K 0.2 um JEZSIT PEMIAN N KRE . ARG IR 7 — 80, #AT P70 &

1) AR 2 mL KFEBNIER, SLidR5ERN 10 min, F1IFNEIREGYIGE 5 FO, SRIEHT
TRk R 3 B K 580 Fm, R4 H 3t 3RS O #8177 & Fv/Fm.

2) WEILEA GRS PAR A 1 pmol/(s'm?)FF4f, R 20 s EGHIEHE T 100 umol/(s'm?) E % 2000
umol/(s-m?), 1S FIPLIENHIZE RLC, PRid e #h 28 R A Platt (Platt et al., 1980) 12 330 & J v] LASRASAH X L
FAEBHE R tETR, YREFIFHRCR o, MG Eko ARG N K SLPR &7 & OPSII=(Fm’-F)/Fm’.

2.3. BIEAES S
AT R 2R R RO A AW ZE , R Gleason-Margalef 3 & JEH8%L D+ Simpson LA FE 54 S
(Simpson, 1997). Shannon-Wiener Z #1541 H' (Shannon & Weaver, 1949)F1 Pielou 5] 5% E (Pielou).
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3. BRE5 4

3.1. B HENREEN

3.1.1. YRR AR
TG E IR 36 B, SRIBTSTT, 748, 15 H, 228, 30 )&

Table 1. Phytoplankton community species in Huangjia lake

F 1. "I HEYR R
Yrkh AR ARk Ak KA KA ]
Species Latin Name Non-bloom Algal Bloom Algal Bloom Phylum
EFFTIE Synedra sp. 174 60 40 Tk
VY JEE A Scenedesmus quadricauda 216 96 112 ZRE|]
R Scenedesmus dimorphus 56 32 44 SR
VY s 5 Arthrodesmas convergens Her 228 48 16 el
GNP Tetraedron minimum 24 0 8 AN
INERPEE Chlorella vulgaris 1280 1680 2320 LREED]
Rk Chroococcus 168 340 128 T
B 5k Oscillatoria 1600 2300 2256 BT
XU Tetraedron bifurcatum 16 0 0 el
=IO £ Tetraedron triangulare 52 32 24 SR
INER Cyclotella sp. 82 0 8 fEEl]
7N Phormidium tenue 368 600 828 T
BIRIK TR Raphidiopsis curvata 1560 1616 2440 WE]
HAREBEEIEM  Pediastrum simplex var. duodenarium 14 0 0 ]
P Merismopedia sp. 210 140 0 W]
£ JE 5 Anabaena sp. 1592 3160 1740 WE]
T 4L Tribonema sp. 52 0 0 B
LS Pediastrum simplex 96 78 16 SR
Y 2+ Crucigenia tetrapedia 16 0 0 SR
AR S R Melosira varians 126 0 0 fEEE]
THAMEE Pediastrum duplex 142 0 0 SR
B Closterium sp. 8 20 0 el
RS Staurastrum sp. 24 0 26 ZRE|]
IpASH Cryptomonas ovata 90 136 172 K]
TR Microcystis sp. 4480 7408 4960 W
eI B Cosmarium laeve 16 32 8 SR
EQumrd Golenkinia sp. 24 0 0 ]
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HF Selenastrum sp. 8 0 0 SR
E s Diatoma sp. 16 0 0 Tk
R 3 Stichococcus bacillaris 24 44 32 LR
L SFEARTE SRR Gomphonema constrictum var.capitatum 0 20 0 ]
T el Anabaenopsis sp. 350 560 42 WD
ESias Nitzschia sp. 0 16 0 W]
VeSS Schroederia nitzschioides 0 12 0 LR
AL Pediastrum ctathratus 0 0 32 SR
PR Tebellaria sp. 0 10 0 ]
Bt 13112 18440 15252

FRIGH Shannon index 2.232495  1.8862 1.8821

FEERIE Simpson index 0.826853  0.77519 0.80737

KR ARSI, JFIFAE A H A AR $8 50 (Shannon index) Fl 235 #x 6 20 (Simpson index) i & F [F. H 2K
LS e Y 36 PRI, DL P I E ARG i P BRI (Microcystis sp.)~ HiJE B (Anabaena sp.)-
B34 (Oscillatoria) F1 4335 1 11 /NERE(Chlorella vulgaris)~ Wi & (Scenedesmus sp.). #EV&E AR5 EUNIEK
SEMAI 2.23 FRREKAERN 1.88 (% 1).

3.1.2. ARAEEMENE

T PO P A K ) R DU TR AN N . KA KA T SR A F 24.24 x 104 cell/L, T
KKK T 38.06%. TEKAEIAE], WEHEESTE P R BE T o5 LUk 36.71%. BIEE 5 13.52%. iR 5
14.54%. BTEAKRE 5 12.04% (& 1).
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Figure 1. Phytoplankton abundance in urban inland lakes
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KA (] 2), KA A& 1237.529 me/L % FFE A 861.854 mg/L. o, W%
T AP i 396.97 mg/L 18/> %2 97 mg/L, IRIRIE 75.56%.
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Figure 2. Phytoplankton biomass in urban inland lakes

2. T R EY E R E

3.2. FRIKRSHEDIEEER PSS AN FEERTFZE Fv/Fm

KR, BRI PSIER RG 2T 77 & Fv/Fm YRR GRS, 49059 0.423; Horg s
(Bl) Fv/Fm “F35{E°4 0.297, S#E(Gr)h 0.541, EHEN 0.433. MHELZ T, KRR Fv/Fm 23 w1,
2974 0.149; WEHEEBI) Fv/Fm ~F3{E N 0.321, FEENAH 0.126 (14 3).
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Figure 3. Maximum photochemical quantum yield of phytoplankton at different water depths
E 3. REPKRFHEDRAAUFETFEE

3.3. REKFRZFHFEDESIERIRZE L RLC

PR ih 2k REn 1 4 R, SAEKEARERE, KA KA A 8 SR ANEE 3R 0 6 & R 2GR ()
B RO L7 336 33 R (PETRmax) L M A SR (IK) B 52 T Fta 4. 6 4R T ah R 3 e e 7 5 BE A FH 2%
B FEKAER AT, BRI A6 A I A8 35 AR . /KA BRI R MR A% ()2l 0.089, T F%
WEFEI% 39.78%; KMEREFEMN o (5N 0.098, NI 47.54%. bAh, FEEBURERE RGN, KK b5
FIHEFE 6B R RCR (o) R I B0 3 9 (1 34

] 5 RE, /KRR 5 55 7K ST B 1) B RO L A5 3 S 6 (rE T Ruman) B A E K SRV AE Y G BT T B o JL
IR FE rETRumax A 12.73 pmol/(s-m?), T FFIRIEIE 62.79%; /KAEREFEN rETRumax A 13.07 pmol/(s-m?),
TFET 64.77%. AL, IKAEIK A WS AR (1) rETRumax BEE KR IIE IN 2BUE D _FTFIR
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Figure 4. Initial slopes of phytoplankton light-response curves at different water depths in urban inland lakes

B 4. WH PR RIKGRF A AT A R R A

@0-10cm
N 80 @10-20cm
¥ 020-50cm
% x 60 @50-100cm
iy E 40
=
M@ 20
2" iR il
20 -
Wk LR G W LRk Tt
CyanobacteriaGreen algae  Diatoms CyanobacteriaGreen algae  Diatoms
JE/K#ENon-bloom 7K4EAlgal bloom

Figure 5. Maximum photochemical electron transport rate of phytoplankton at different water depths

B 5. TEPKRFIHEMR AR FEBREE

MIEL 6 Fr e Bt 2 v DAE Y, ASTRIR FE KRR (R PRodE' h 22 2 B HH B S5t (R ARRAE o ZEAEC ' HEE i P 5
P, BE S O BB B 3G 0, VR IR YRR S AR H AR 3 R ETR)MGE T & . oksRiE T 1000
pmol'm2-s7! i}, rETR MK T 5, HiFHIA B FERECETRmax). it — i 1200
umol-m=2-s7' i, rETR 6 H I FREEH.

4. g
4.1. FEEMNSZHNTW

AT, HIRE KR, IR 450 3 T VA, T T (Microcystis
sp.)s flEEE (Anabaena sp.)FIBIEE(Oscillatoria) AT ILF 88 T F R 60%LL I, T 2% S5 E N AE
Xt R R B . BEVE BB AR AR B B KR AR 2.23 A KL HARY 1.88, Simpson It F5 EU AN 0.83
FEZe 0.78, RIS ER B — AN HEVE ZFE A T RERGIEH .. B SR FBOKEHRS E IR,
KEEKEESEFRHEWE TR, RNF/KREREANE RGNS ME. BERIRN S S5, (i
TOHMCHETE . W I S R PRI L RE S I8 P AR RSB A R A B 5T, R RE TR E
DA K PR B SRAF G R, (R I 385 70 s i A0 B S MDA T 58, AN T 0 ) G A e e AL D S B 1 AR 28]
MEESEHR TR, EEEENFFSEES, TEMKEREF RS S BAFEERIK, HEDNHM
RIZBOR G Z 0 M MEAMEIL S, XIS IR0 SR v) e i8I 8 B 70 A7 BN 2 B A SRS 4E - A A7

4.2. EEEWRN 5iEMHLE]
SR Z R NS EHR R T K AB IS RE ST IR 6 A 3G P AR VR F .« AE /K SR AR T8 1 B K vé e
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Figure 6. Phytoplankton light-response curves at different water depths
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BT RCRFVFM)ZIN 0.42, TR 2227 0.15, B PSIUSON 0 52 258 B OB REAE FE A i 25
AR L2 T, WEEER Fv/Fm(2) 0.32)8 3% 5 T B2 0.13), BRH A 58164k 2 33
BER ST, JeERFEH, KA B ] 46 6 R 26 (o) N BE T 39.8%, e K AH T L T £ 3 T
(rETRmax)J&/> 7 62.8%; TEBEEN) o FFE 47.5%, rETRmax 8> 64.8%, [&]I FEE 2 AEADER(EK) IR [H)
W RRAR . X YLK VR R B VA (BRI s KR TR, 12 TR R SR i R &%, (HTE
FGER T G R AE AR ] . ESDERROE SRR ST PAR > 1200 pmol - m2-s )& fF R, SbR L 151
HORIE N, AR K (NPQ) L T R, R WV A LA ARFE RS A6 i Ok BB Ak v ke, AT
R R G RZHUI[29]. MbAh, BEE RFFREEMIIIN, o A1 rETRmax &5 EITF, JRILHIRERE ST
HHIR TS NG G IR . X RINFIHE Y 8IS I TR BRI R, GRSR T RE
1 s e .

5. &hig

(1) EZFHEGWIKENIE, FIraYIReE 2R TR 2ol TR IR A & IR 2R
ORI, SRR S T A, TR T R PR AR L ] S D5

(2) RHEREE KRS B T E(Fv/Fm). 6 REF] R (o) S fe K HL 7 1% 33 3 8 (rETRmax) /£ 3F
KPR TR, SRt S E IR A ORI B BRI 1 REE DA RE . BB AR
SR SZPE, I Fv/Fm 3 & T H A 288

(3) FERDEIEIMEE T, ARe AR K B E R, RYNFI B BAE LR RO RS, BEERFE
WRIZRIEIN, KA EHSECE PR, RBL T 8 Nk EDCAMR SN .

LR EPTA, wE T N R KRR, IR R A S S e A IR RN . v
BOAEE, FEEBCR N TR A s K ST s TR IR 2, IF RIS P A% 2 i SIS IR ER AR
PARFAR R R K I R A 25 AU

E&WE

VLG ML R} B R 705 AN A BHIFE 0 “ B B SO 155 38 7 WA 7K SR B2 7= 2 AR W S L A T
%7 (2022510801).
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