‘E]'j‘%l]]"ﬁ ﬂ;iﬁl'ﬁ?ﬁ#*ﬁ E17HE 1082023104

Eco-Environmental Chinese Journal of Vol. 17, No.10 Oct. 2023
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

mAE wERE. RS SEE
& DOl 10.12030/j.cjee.202305096 RIS X524 SUBBRIG A

INE, S, B O, S SETEANRIE A EFRE A K R BE RN 25 70 A1 WL B U B4 1], PRI TAR A4, 2023, 17(10): 3148-
3158. [SUN Xu, SU Ming, CAO Tengxin, et al. Research on the spatiotemporal distribution mechanism and early warning prevention and
control of algal populations in water sources based on algal cell morphology and photosynthetic characteristics[J]. Chinese Journal of
Environmental Engineering, 2023, 17(10): 3148-3158.]

T 8 A JHO TR 2500 56 - R P 7K 58 e 95 R A
22 g A AL B T B A

A X E N > X
Fhral2 a3 s L F M Fal™, s
LAERB T KRR SIS TR, B 200237; 2. th EREB A SR 0, HEEK R 24 E &K B R L
1, st 1000855 3. HERLFBE K=, LA 100049

W O U R AT S A JE M AT M T S A TR ] S A S e A R R U A A G, RO AR . SRR
45 4 HA AR AN S RHE RS I FE Rl 850 S0 = a0 AN E SR E SRS A RHME M E R R, T THK
P BRI W R S AL SN 2 0 A (SR B N R . DP9 R B, S MRS G A S AR P G I 7 i i I 85
AL (CPA) EF M EEFOG AR AT S 2450 il CPA S5GARS I R EREEFEHE T/ & (Y(NPQ)).
Sema 7 iR WA RFR () « B LR (ETRmax) S5 CASEEEMN L ZER, KB CPA 5 Y(NPQ) 2 L% IEAH
KRKFR (R =031£0.01, p<0.001) , Y(NPQ) /25 M JFPHERT 25 4070 (0 CHE S 8. FHOKIE P EE M BN ZE &
Y(NPQ) BEfi B EZETH:, MAEZIERZHEMI, EEHILE YNPQ) H 1K (0.057+0.075) , Fk&AEZ MM N,
RZEWAHRLEE YINPQ) e (0.072+0.062) o ILAN, HERFERLEA YINPQ) /K I ERE LS, YINPQ) &M #EZE
RS MAAWERERNR, T PHKERIESIE T KK YINPQ) W% O F iz A R, LI NS4
YK EHAFIE S E RIS TER S %,

KHEIR A LA B mEaA

TERAKFEEAE S RGN IZ AR O MR, FOBEIER S 23kt il 50%% ., #
KMBHESZHEETY, RRIE S E Y 2 RO, 5 K OIS 5 I E SR B 7
—ERFRP, MARGALEF AL SV i e k-, REYNOLDSY AR TR
HABTEP RGOSR, WAIMIEAS O RS A B AR o1 . DRI B e e i ] ek
B, NSRRI R PR B AT SR A AR RS R B R MK BT R, e
AR W T B R 2R s S B R IE T [F] I A5 A, 2R3 0 5 R 25 18 K AR T 7 A 2K AR IR )
B AN RIS AS B RR R I R 22 57, IR IIE S RO Rtk R TR AT il R 2 M A
.

ANFRIFREEAAN IS ST N IR RS AR R 2 MY . O’ FARRELL! 234 17K Tt
GRS, IR EFAIAROET , AR N SRAnf . TCHERAEY) . dR22RAE VI G TR
I EARY, A BB R AR i3t 3. NASELLI 551 W23 Arancio 7K
HK T AROEIR SR SR FEIR S Z AR R AR CPE . SU A5 R FDGEKEN T Segt U A
PR ) 2 MR . Ak, PRI YL SRR INRERI Y C RG22 Y, 2tk
Wis B E: 2023-05-24; FEAHEHE: 2023-08-02
EEWH: EEHARP¥IELALEIT A (52030002, 51878649, 52170076) ; [H % & A& RIT H (2022YFC3203603) 5 H e w5
FEABII L 55 28 L I % 4 (JKBO1221710) 5 IR B 75 4EAE ik L 4

SE—1EH: FMH (1998—) , F, WLWIEE, al195589387@163.com; RBISIEE: FHdr (1984—), F, M+, MHFKEHR,
mingsu@rcees.ac.cn; D% (1990—), 5, i+, RIZ#Z, wei li@ecust.edu.cn


mailto:a1195589387@163.com
mailto:mingsu@rcees.ac.cn
mailto:wei_li@ecust.edu.cn

55 10 PIMESE: BT HEANAIE SFOG SRR A K IR SRR 23 0 A L S P B4 3149

AT 5B AR A 19 A S 2 (e /K AR e T E H th BB T S A S P i M i i 32 5
T A FEG BE AA HL& & S O G KR TR AL, 40K BT R 40 0 N5 1 i 2 it A 0 4 A B 42071
MONTGOMERY!"* A H7E RIS ROt NS AT &, 4iRAPIRAIIZ, (FOEmAAEE N4l
AR R 5 R A0 A G B I T AR AR AL T I A 6 B B T LASEAE N A . SINGH 251 2538 T
W TS ST AR 2 AR R RN A A B AR

M4 R DR IRAN AR E R DR RS, CRUNERIOEATERIMIE IS . GENTY 4509 21l I H
AR RS T (PSIT) AT % BERYSME, BILGER 252" Fl WALTERS 452 jf—2
IR T A TEFS BB YAD)+FY(NO)YFY(NPQ) = 1, Hirh, Y(I) J&Aifi OGRS F ik fig
T A N AR Y(NO) J& PSILAEA I RE AR & T i, BN EZHER; Y(NPQ)
J& PSIT AT HERE RAERA =i, AR I EESEbR, FOCHoE 250 T X N e A e, s
KAy S PV F G R 5 5 0 A A RS PR A e 23 [B) A A R BIOK AR R i 2% Y(NPQ) 565w H AR fb— 2,
KASHINO 45 B KIABIO LA VERIRI A BUKIARZHIE YINPQ) . ZRiM, HAiESHHE
ECERHERIPAOCRIIFAIA R, T et — A Ao L Rl S i 25 434 o

KRB TE S B A R R A aT S e e A B A I 25 20 A1, AN TR HR A 8 40 T A R R SO0k 4%
45 NEEFITT R M, RENERFEIESHEERESE, i S 5 G RHERAE R
SEA TR PERERI A, s dn DG SRR 2 AR, RIS T IR S SOC A HFAE A2 fh
FEE a1 g iy | I DR:E3 ) | i N R S e B N S T e e
1 MRS EE
1.1 HRHURE

THKIE (40°00°~40°04°'N,  117°26’~117°37’E) {i FREET SN IXIRAR 4 km &b, FskEFR 2 060 km?,
FASPMIAA AT 96% ., Fe R BKKARPEZ) 30 km, FEALTE 8 km, HAWEIRTEAN 250 km?, 1EH &K
21.16 m B ¥ BT A 86.8 km?2, VPR /KA 19.87 m, FE/KA; 15 mo ¥RAKEF-HIKIE 4.6 m, SER
15.59x10%m*, TR /K RS — AR SR ) LA 55 S P AR R0 26 X R e i AR 2 D S R Tl s il K R
K, AU AR frvbins T, B = K SO AL, Hrh A A5 i KEiE, 5
YRR SR REAR AT KR

ARG T AREAR B 1SS (B D, a3 F1H. 4. 5H. 6. 7H. 8H.9H.
10 A, 11 A, 12 ATiRisamicrRgeE @ H . 3 A vkE, RIIFEREE) , BT 6 MSKET AR
B ST R R TR Y, AR K R I AT

(YQOL). JETE (YQO5). i (YQO6). Ji TRAG: KX 3K B MK o« RS

(YQO7). FEE (YQO8). AR (YQ14) ZKIARBIKIX Qo ve® voft 1

Kz (0~2m), WHRJZ (2~4m), PJZ (4~6m), Ji§ WX o 8 o Y<9“Y%12 2 0km 2 km 4 km
JZ (6~8 m) RAUKHE . MHIARFFRE KGR YUI®  YQOS oy, © Yaps

KR 1 L, 3 ARKIEI A, S EE R
BYGEIATHUNE, T 1% FHRRMYER a4

JEARAEAE AL BT F L (25 om?, HETF CLS3289, 1 FAOKEREER

Sigma-Aldrich, 73%) i R Fig. 1 Sampling point of Yugiao Reservoir

1.2 ERLEERITH

7 24 h DG B A3EE (Olympus BX51) 78 200x . 400x . 600xF1 1 000x U RAGH N WEIR ALY
FEAS, ffi [ Sedgewick Rafter TTEUE HEATIHEL U BhEE € . TEARMESEH, PRS2 #1 PRESCOTTR
BELLINGER™ | LING %P (7%, PP REARTEDTIE E itk 27 48 h, SRJGHYE 10 £F, BZHER
T T TANAEITER
1.3 SEIadRy

JIrf FHEE AR AR S RN BE SR 3L 340 [ b ERMA BEROK BRI (£ 1) o Hr, SR AL R SR E
BG11 #5550, i sedsy KR m AR SERE S S5 E



3150

ok L

e
5

i

LIRVE

® 1 AT RS S BINERIAIET RS

Table 1 Pure cultured algae for photosynthetic properties and morphological parameter determination

Fre B Il J&

1 Pediastrum sp. fa931 S TR
2 Aerosakkonema funiforme fa722 WP Lipea
3 Microcystis sp. fa562 TP Tl
4 Chlorella sp. fa5 S /B
5 Ulothrix sp. fa494 31 e

6 Scenedesmus sp. fa489 S B

7 Peridinium umbonatum var. Inaequale fa329 FH Z W
8 Synedra ulna fa2597 g FHFTEE
9 Tribonema aequale fa2214 HHE pigea
10 Melosira sp. fal946 fik P JEK:iH
11 Cryptomonas sp. fal943 58 58
12 Euglena sp. fa1862 B M
13 Anabaena sp. fal391 W KA
14 Anabaena sp. fal389 W KA
15 Anabaena sp. fa1385 W KA
16 Planktothrix raciborskii fal372 W TR
17 Planktothrix raciborskii fal1370 T TR
18 Planktothrix agardhii fal261 [ ] 97 B
19 Oscillatoria sp. fal120 [ i
20 Phormidium sp. fal099 [ it 5
21 Synechococcus sp. fal061 WP RBRE
22 Ankistrodesmus sp. fal044 S 2T Y
23 Pseudanabaena sp. 2696 TP o
24 Pseudanabaena sp. 2040 i Tt e
25 Pseudanabaena mucicola 675 [l Tt e
26 Limnothrix planktonica 667 WP L
27 Limnothrix planktonica 666 e ELLP
28 Limnothrix planktonica 665 e PELLPE
29 Limnothrix planktonica 664 e PReLiE
30 Pseudanabaena limnetica 639 W s f i i
31 Pseudanabaena cinerea 638 [ s fa i
32 Pseudanabaena cinerea 637 B s f i i
33 Pseudanabaena cinerea 636 W s fa i
34 Pseudanabaena catenate 635 T T f i
35 Pseudanabaena cinerea 634 W i 3
36 Pseudanabaena limnetica 633 T P i 3
37 Pseudanabaena sp. 632 [ ik fa gt i
38 Anabaena sp. 597 [ KA
39 Limnothrix planktonica 559 [ PReL
40 Pseudanabaena sp. 558 W T fo i
41 Pseudanabaena sp. 554 TP o
42 Oscillatoria sp. 524 T B
43 Leptolyngbya sp. 479 [l 2 22
44 Anabaena sp. 356 W KA
45 Planktothrix sp. 303 WP TRLLBE




55 10 PIMESE: BT HEANAIE SFOG SRR A K IR SRR 23 0 A L S P B4 3151

1.4 SRR EINITE

AR 2E, WETRE ., BHIE . 8. #MEERESKFERIEIE 5 Fmd s, (5T
FEHIE B W iER (DM4B, FE[E) PSR4 3 ATE S8 dE, it SU S it A=A S 4n e i
(CPA) , HZA53|[FA B NI AA T EH T Ia S GIE
1.5 EMMRTEURBSEERBNE

PN R 28 () R T AN R Im S BRIE AR, IS TR IR EDEIREE (z.,) ARG
(Zoin) o FRFE SU M Qi AR S, S A i 578 R 500 A BE ST 4l s s A A m] ) e i A =
H BRI .
1.6 SEIEEFMESE Y(NPQ) MIE

FERESHAEREIE Y. 20 min 5, (HRTRIFHEY) 732529864 PHYTO-PAM-IT (FE[E) , N FHARCAR B &'
(2 umol-m™s™", 622 nm) KM E RSB EA 2 (F,) o 7E 200 ms ZIRENF G EIREAEIF SRS
J5, SR 5 FORFEIBCE G T (440, 480, 540, 590, 625 nm) Wi AR IR AT (F,), @MW FESH
WK (F) /NI (Fr) FISERTSSE (F7) o Al £, JF, PSS 00 5 B e TS S
FENIANBH, F . OF,. FIERZENEOCME N RGN E . S Ak el kA8 F,. F,. F'LOF .
F RAIEAR DG TSR ()~(6) Fian. Hp, PSIIAYSERRGRER: Sebrfe 7= B4l (1) 115,
PSIT W RE T Ak B A Fe il an=X (2)~(3) Fias, PSIT A RE & H TAREBCA G A FL ] WX (4),
PSII MR RERE S AR AR R DO s g (WX (5) ) . PSIT IRIU& BEm A MO
PHURIFERCHRER (WX (6) ) o

Y(I) = (Fm-F)/F, 1)
qP = (F,,—F)/(F, - F) ()
qL =qPx F(/F’ 3)
NPQ=F,/F,—1 (4)
Y (NO) = 1/(NPQ+ 1 +qL(F,/F,—1)) (5)
Y(NPQ) = 1-Y(II)- Y (NO) (6)
1.7 EEAEFMESH o ETRmax NE
TERERAERSEN] 20 min J&, (R Y90G PHY TO-PAM-II (£4[5) , W 0~2 000 yumol-m s

TEFEI 20 R4, SEriZRRIBR R B EAR YGRS, B OCHIBTRIEE R 20 s, SRl SRR T
5 MORIRIECR G (440, 480, 540, 590, 625 nm) [ T1EH% ETR, it EP ModeP! #l& G55
EHES% o, ETRmax.

EP Mode #l&EM& N (7) o

ETR=PAR/(axPAR’+bxPAR+c) (7

K. a, b, c HAESEL
FeM I IRRRR o THE LA (8) -
o=1/c ®
FORH T1Ei#HR ETRmax 1158 0L (9)

ETRmax=

1
b+2 ac ©)

ARV kI (10)

c
lk=———— 10
b+2 +vac (19)



3152 o T OB MR %17 %

2 ZR5
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1) BIIESSEO TGN ARSI 45 MEBERMAIMDEAFEANS 2 R, B2 (CPA) 1
(2.61£0.67) um?> (Leptolyngbya sp. 479) 1 (611+179) um? (Synedra ulna £a2597) Z )54k, K535 CPA
((12.0£14.1) pm’) /NTEREE ((44.1£36.0) pm?) FIEESE ((342+266) um’) , AHMELLRIAF (SPSA) EHUAHE
e, JEREN (0.099 7+£0.015 9) um™ (Peridinium umbonatum var. Inaequale fa329) % (3.93+0.33) um™' (Leptolyng-
bya sp.479) , WEBE . LRIEEFIREBEAY SPSA FIMESIR (2.4440.92) pm ™', (1.29+0.66) um ™' Fil (0.733+
0.181) um™'. BEANAE I V-Ab R 5L (D) 4040 5T TS B AHCPERAR, 2R3 00 m T Ib R0 1 (0.1825+
0.0032) 5 (0.6825+0.024 6) ZIf], WA TILRECH 0~0.4, BRESZBURR S THEHCERAR, H
HERA SRR EY], ESREOCT 0 B hiEs . b izoReg, MR sapES

R2 REHSEHH TR

Table 2 Distribution of algae morphological parameters

S B ML TR TN LSRR TSN HRANN
CPA/um’ SPSA/um’! AL FR RS TG RE
Pediastrum sp. 78.2+144.2 0.727 8+0.717 9 0.190 2+0.010 5 0
Aerosakkonema funiforme 21.9249.06 1.239 7+0.352 0 0.146 8+0.025 1 0.55+0.01
Microcystis sp. 10.58+9.20 1.681 1+0.682 3 0.191 1+0.009 8 0
Chlorella sp. 9.14+5.78 1.801 4+0.435 1 0.1856 0
Ulothrix sp. 49.91+£57.99 0.927 8+0.139 5 0.201 14+0.220 6 0.26+0.12
Scenedesmus sp. 18.30+36.59 0.619 5+0.319 5 0.284 4+0.168 3 0
Peridinium umbonatum var. Inaequale 414.00+201.15 0.099 7+0.046 9 0.206 8+0.048 2 0
Synedra ulna 610.72+179.02 0.086 3+1.313 7 0.645 2+0.052 1 0
Tribonema aequale 321.44+221.55 0.376 6+£0.076 5 0.228 6+£0.074 1 0.26+0.13
Melosira sp. 132.79+82.69 0.631 0+0.045 8 0.307 2+0.110 3 0.19+0.07
Cryptomonas sp. 151.57+102.99 0.197 0+0.070 4 0.279 6+0.075 3 0
Euglena sp. 196.15+81.53 0.703 0+0.308 8 0.512 0+0.126 6 0
Anabaena sp. 31.39+103.12 1.119 2+£2.094 0 0.101 6+0.218 4 0.12+0.40
Planktothrix raciborskii 6.99+4.92 2.502 443.633 8 0.197 9+0.752 1 0.28+0.12
Planktothrix agardhii 37.31x14.77 0.965 0+£0.229 0 0.131 1+£0.039 4 0.40+0.11
Oscillatoria sp. 6.35+5.76 2.562 8+0.905 0 0.161 2+0.146 5 0.34+0.17
Phormidium sp. 6.13+4.36 3.601 0+0.361 6 0.3355+0.120 1 0.12+0.08
Synechococcus sp. 7.214£5.31 3.3114+1.036 4 0.376 0+£0.532 4 0.12+0.21
Ankistrodesmus sp. 67.77+25.77 2.225 6+0.002 4 0.683 940.036 6 0
Pseudanabaena sp. 5.94+8.88 2.879 3+1.549 6 0.295 6+1.942 3 0.24+0.13
Pseudanabaena mucicola 5.56+4.51 2.853 24+0.556 5 0.232 2+0.136 4 0.25+0.13
Limnothrix planktonica 8.8149.02 2.700 8+1.103 9 0.322 8+0.136 6 0.17+0.11
Pseudanabaena limnetica 6.22+7.64 2.816 0+0.672 3 0.221 540.067 1 0.23+0.14
Pseudanabaena cinerea 9.20+9.08 2.467 2+0.768 8 0.292 1£0.152 2 0.20+0.14
Pseudanabaena catenate 4.68+2.68 3.107 8+0.533 6 0.322 1£0.060 1 0.25+0.11
Leptolyngbya sp. 2.61+0.67 3.927 8+1.059 1 0.188 1+0.092 3 0.30+0.15
Planktothrix sp. 3.94+2.90 3.396 1+0.698 0 0.329 7+0.131 6 0.25+0.13
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Fig. 2 Photosynthetic characteristics of algae parameters
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Fig. 3 Correlation between algae morphological parameters and photosynthetic characteristics parameters
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Fig. 4 Spatial and temporal distribution of algal Y(NPQ) in Yugqiao Reservoir
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Fig. 5 Early warning and control process of harmful algae based on water Y(NPQ) model
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Research on the spatiotemporal distribution mechanism and early warning
prevention and control of algal populations in water sources based on algal cell
morphology and photosynthetic characteristics
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Abstract The aim of this study is to clarify the role of cell morphology, the most basic property of algal cells,
in the spatiotemporal distribution and competitive succession of algae species. Therefore, 45 common algae
species with different cell morphological characteristics from alga, such as cyanobacteria and green algae were
selected in this study. The correlation between algal cell morphological characteristics and photosynthetic
characteristics was analyzed in the laboratory, and the driving factors of the spatial and temporal distribution of
algal morphology were explored based on the algae population monitoring data of Yuqiao Reservoir. It was
found that the projected cell area (CPA), which reflected the light-catching potential of algal cells during
photosynthesis, was a key morphological parameter affecting photosynthetic characteristics of algal species. By
constructing the relationship model between CPA and the regulatory energy dissipation quantum yield
(Y(NPQ)), initial slope of photoresponse curve (), maximum electron transport rate (ETRmax) and other
photosynthetic parameters in photosystem 11, it is found that there is a strong positive correlation between CPA
and Y(NPQ) (R* = 0.31+0.01, p < 0.001), Y(NPQ) was the key parameter affecting the spatial and temporal
distribution of algae population. The comprehensive Y(NPQ) of the algae population in Yuqiao Reservoir
showed significant seasonality and gradually decreased from spring to summer. The comprehensive Y(NPQ) of
the algae population in summer was the lowest (0.057+0.075), and it showed an increasing trend in autumn and
winter. The comprehensive Y(NPQ) of the algae population in winter was the highest (0.072+0.062). In
addition, Y(NPQ) of algae population decreased with the increase of water depth, and Y(NPQ) was an important
factor affecting the spatial distribution of algae morphology. Based on the data of Yugqiao Reservoir, this study
developed an early warning and control system for harmful algae with water body Y(NPQ) as the core, in order
to realize the early warning of different forms of harmful algae in water sources.

Keywords morphology; photosynthetic parameters; algal; spatiotemporal distribution
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