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Figure 1 The number of articles on algal bloom research according to
WOS and CNKI database
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Figure 2 The development context of algal bloom research
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Table 1 The top 10 journals in English and Chinese articles by volume of algal bloom research
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i WA B SCHG) WA B SCHG)
1 Harmful Algae 1210 WAEkE 330
2 Marine Ecology Progress Series 1026 RISV 320
3 Limnology and Oceanography 681 7SR 198
4 Deep Sea Reisri:acr)ccléalzlzzgpggpical Studies 673 S 171
5 Hydrobiologia 620 KA 168
6 Journal of Plankton Research 567 WFPERL 146
7 Science of the Total Environment 540 AR 136
8 Estuarine Coastal and Shelf Science 532 o EAE R 136
9 Journal of Geophysical Research Ocean 507 KR IE 131
10 Frontiers in Marine Science 448 MERl2E SR 127
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Table 2 The top 10 journals by citation frequency and betweenness centrality of algal bloom studies in the English articles

35 CEIE O
1 Limnology and Oceanography Limnology and Oceanography
2 Harmful Algae Harmful Algae
3 Marine Ecology Progress Series Toxicon
4 Hydrobiologia Proceedings of the Royal Society B-Biological Sciences
5 Science Canadian Journal of Microbiology
6 Journal of Phycology British Phycological Journal
7 Nature Marine Ecology Progress Series
8 Journal of Plankton Research Hydrobiologia
9 Water Research Journal of Phycology
10 Marine Biology Freshwater Biology
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Figure 3 Cited journal network diagram (a) and national cooperation map (b) by WOS core collection
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Table 3 The top 10 keywords with high-frequency and high-betweenness centrality in English and Chinese articles, respectively

e BTk sk

i B g0t B g
1 Harmful algal bloom Diversity pincil BOGHE
2 Bloom Chromatography HEHK AR I
3 Phytoplankton Heterosigma akashiwo Gaeile RHEMRE
4 Growth Marine sediment JKAE ST
5 Water Mass spectrometry TR Xt
6 Eutrophication Brown tide Kb K
7 Dynamics Anatoxin a EIRE Phyfa v
8 Nitrogen Anabaena flos aquae W Pt
9 Microcystis aeruginosa Coccolithophore =K A WE AT
10 Climate change Chlorophyll a T TRITEAT )

SCHIKAERIT IR SO E BRI, HET, 2R SRR AR
IGERREBU AL WAL 3 R, A
VER—Fh B AT, AR Z ENAME I
K. MARBAERT L e 20 o 25 = SROC IR o] LUE
A KA A 07 R BOK AR B 5 2 B K At
FEME E 0P 3. ISk B FACHB- 1229 %) {4
FACHB-3550 fIFACHB-905f4il il R 1] LA %]53.95%
Fi148.39% " AL Py S BEH AR B R A P
240 T R EL TR ) A i A RN K SRR 23 3 A
3 HR SCSCRR AT A B e T 1. 2 A Nk
TMODIS(Moderate-resolution Imaging Spectroradi-
ometer) E5H XL 7 /K A% K i I A IR LA T TR
AT, JEA T REAILARARSE 7 A X 5 ) [R5 3
AT TINEE. TR LAE R, Toi Rl i i =5 404, 18
SEIRIKOKIREE AR I 25 3 A1, HAIESE R Z Jyoxd He
SIATRRESEA TR ST, [R5 PR S i R AR
TRUTH IR EEALEE. b 2R A B 55 K 22 1ok i 22 401
SRR, [R5 A S R G RIRR G AL, PRIkt
R AR 22773 BT R OGNS R
242 xBIEARIAHHN

X T 2 A o], CiteSpacet 28 B im) ] BE B &
ARSI A IS Y S S A S A
50 AT LAY A 2 AR AN W) B Bt R mT BB A iZ B B
TFF 5 ) G ] S LR L B S BT s, R 2
AP ZA T IR 1 ST L, DA A X 12 40 Sl A
FEHTHTE S AYEHR. CiteSpace T A= iiAY 28 P (2S5,
S6)H AT A A AR AE ML B B N BIFSE N 53 %1% 18] ) F

FERGHR R BT, W U RN BE AT SE B
XFZIR A OCTE BE LA, SR B 5 WP ST A AR 52 M)
BE H. SRR R BT AR ANESS  S6ff. MBFSE
Bk E, FEKEIFSR IS T BB, spring bloom. bac-
teria. zooplankton. marine phytoplankton. abundance
TR i B ] P K AR AIE S R8I 4 i i R R O B R], L
rFmarine phytoplanktonZ< Fi5i ¥ iz =, “468.36, UiPHTE
LB BEI K AL R IFE AT RE S 24 I T 58 FARE i e 0BT
DLIFFEAIR. K AR AL R kA Y, Sl LAY
MKIREE . —ERHER RS i U TR IR PR S5
SR KRR A FIFI R, TR i A B 020t
KA ZR AR BT, Ak aS 1T BB,
blue green algae. limitation. baltic sea. chesapeake
bay. food web. toxin. heterosigma akashiwo. macro-
algal bloom. aureococcus anophagefferen. karenia bre-
viv harmful algaefIZRE. AR ROGHEE. KIS
WL Wk, EbE. RO, AERE. L. KR
LM R VEILW . SOUUKIR. M SRS
SRR T SOK SRR FE ST M4 G OC R R], L
i“blue green algae” FI“IRi B i, 4008
94.85174.75. X ULIALEARAEMTTE A R OSH 1T e, ok
SCCHR AT 2% BT A UK 22 4 v i Sk K AR,
(0 SRk T L] el AN 7 IR/ O SN 8
B K ARG, T SCSCHR IS FT T U T
TR RN IRITTY. B T A Hh 7K e 28 R A<
FEERRRE RO WO, DA HA K, BRI G
IRHAERS . &0% . (@REUR, iE SFBUKEI LA

3203



4 %8 & 2023488 $£68% %248

SRINER < AR TSI A0 ) R FH O Bl i R A B B 1%
027 A R OCTE N A, R VAT AR 7R B
Bolide, AR Ao MURERI = B R AL P Lt ORI ka3, o
TSI TR LA 2B U A BERIESE AR Y
S A RILA -4 R AR I B ST A 536 759 A B P K A
WA S, China. lake Taihu. management. oxida-
tive stress. climate change. cyanobacteria bloom. phy-

toplankton community. mechanismFl#5#E/KE . HHE

P B ORI 2R T BOK AR AT 52 B3 4 i

REPLIRPE IR, 4301 R50.00H121.71. X UERA B AT SC
SCHR K AR RIS BT I AU AT RE S R e A TS 4R
WA SF AT R AAL R BRAY T TR, T P SCIF ST A 37 2%
T U T REAE rh7E K AR M9, TEKAR L
By i T, BFSE W, HLO 0 i BK A A B
HIVE AR, A B R A A L, T F il Sk A
LS. B K20074 " FHK A2 )G, 1hEKE—
HAREENEARROI T E S, HARENE., b
ESNIIECR0D NI Kl R S PR P AT B LD T e A Y
SRR AT B9 22 BLIR) 53] Ablue - green algae.
marine phytoplankton. zooplankton. spring bloom.
karenia brevi. baltic sea. oxidative stress. harmful
algae. limitation. north sea; H'3CSCHAHER FTTH%E
BRI AR KA SRR BOGEE. R
I A i I A3 I 72 W I e o7 I 751 75 e
HEREAY FRIE I M8 A1) &

2.5 WFREH S

CiteSpace & 17] R R R 138 i AH OB B ¢
F IR A A R ARk, TR MERA
PR IX I, HERSEHE P RO, RIZERE P IS
A CEETRISR . MR CiteSpace St in) RIS 45 IR (&
S4. S5)ATHL, [FEPFR IR RS CRAR R B
B R 36N R84, Hoalgal bloom. south
ocean. nutrient limitation. lake Taihu. red tide. do-
moic acid. water bloom. prymnesium parvum. water
quality. oxidative stress AyHF44 Fif YRk, HMo-
lecularity A E(E O 40.9146, Silhouette 21448
JEIESH70.9672, TIULIZEAEE R WE HA NG
(— AR, O>03FRBREEREE, $S0.7FREHR
SR BARGIRED). X T EANKEFRSE, R40
F AR STk Y e Bt 1] A shk o i3 e,  Horp

3204

TR PRUGREY . S, VAN BB
REME. GLEENE. KYTO. G, S hHEZ R
. % IERLE RN OfH M 0.8724, S{E40.9543, 7] L
AR A AfFIR.

B BRI BRUK ARG R A BIARAS G2 A 42 Bk
KK PR 1 e ) T A S R BE M)A, (i L 4R
MK, RRRKAERF IS T — 5 B2 5L
H R EMTLER, BRI R R Ak AT L)
NS AR (R L 2 A 252 . B FoE . Wil
EG PO 7T LA S R E K K SRR I VU T AT 43 M
Mgk
251 BEEKEHEYFMESFRAR

VTAEIR, IKAEIY AW R 2SS 22 W 3R
B Ry X 7 IR ) R VR S A ARRAIE SR A LA SR AR R
THFREE ML IRFSE. ReynoldsZE A CORI Tl RERESF 25
BT BRI T I ik, FTE T 15 /26
J7 R A AR AR B SS9 N H T
B AR E T . P AR AR B ] REXT TR ALY
FITETE S5 AN T RE P A LS. Liuge AS7FI Ik 3
HAEBFES L, HT TSRy R JCEAEN
1) I I58 S5 AL X6 P D A ) A i e 1)V FH AT ) 3800
FEFE AR R AAHIA A R ORGSR RN BB 7 [
FrRABIE. KRR A T AR AE R R B BEX A
(A REVE 25 A A 3 Fh (0 B2 e AR AR TR), DR PR AR )
A TR 5% 235 P 0 T A T S5 A B B A R SR b 2 —
RBEE TR AR K73 B8 I [R) E FRBE IH - ek
TR FFEE RS TRy B AN R . O )
LI AR IR FEY 22 S H AR M Tk AR ik
B AESREEBR AT LA ROK AR S A 2 R G T
PR B FH AL E M0 (ANER . 5 RE S5 BIAHTLAE . Sho-
guchiZ AP FH 5L PRI 2H 25 1 D e Xof Y A L PR 4 A T
A, GEGLRIR T I N AR AL T M B A
PHFRRRAE, TRAL T 0 A I RERIAIR. Goblers A1)
W AESEEARN FELHR, MEarkES 50
Ao LRSI FE A% 35 R A oAt 6 Fh o 4 1k TR i A
Y&, MAHEPREE . B WL 48 v BE o i i i A
BRGWEEINE SRR AR NAESA. Browns
ONLOVH AR 2 2R ARSI LR 38 ) A [ 4 R £
X ERFFFE, LALEZE H 07 LR A Qi A S 5 # P 0
e, Zhou N ERAIN Oy 1 B LR _EER T HLEY)
A AT S e KB 2 Tl A A, s ok
HE T R SRR A MR K AL B W A ge B AR, IRk



BRI
252 HAKEMFEAR

IKAEBRGA o — PRI b, Iz WA 1) 555
KB RGERABIIEE, KA EY DL A Y5E b
A — RV E Y R B, MK BRI W
SR BOKAEBITE I — N EE D 1. W LR R A TS
4 Il 7 (diarrhetic shellfish poisoning, DSP). JFRHELM: I
7 (paralytic shellfish poisoning, PSP). #1444 Il B (neu-
rotoxic shellfish poisoning, NSP). Z&{Z 4 11 3 (amnesic
shellfish poisoning, ASP)%%. #f % AUy A4 nl BEJETEFE A
AIARY AN N AR, TR A AT e I AR T
PRBEA i o A TR, B A A
TG Ry s AL S e I 1%, Hoh A= E /9 7
T PR AR R B i B 7 5 RN R T st 7, H
B FH B9 25 R A )5 2 HPLC A B3 20 ik (liquid
chromatography tandem mass spectrometry, LC-MS). 5
BRI, TR BT R A I O BRI A A,
AR R BEIR « TTIKEE R A UK 2555 — R 12y
l1s),
253 HEKEHEN G EEAR

KA BRI 0 75 T BRI SAy 7K A2 10 S S AR
PTAESR, TR SRRSO EA T B P B 5 AT
T ARG WA S R BRI 2R IR, 4R T ek
PUNSEE R HERA PE AR S . X R T 52 E )2
7 BRI 104 N PR & %, I 1 T~ H U e 1
s T EPRSER ISR I B KAWL R D T
4 I U HE A TR AR . TEABUAR L BUK e
RO ShA T, ST EAR K. AT
RER AR IR AR, N7 A [ 45, A] LSRR 3%
PR KIS -K ARSI R Z IR = 23 0 HER A
TESRPUE A, LPREORS A i s SR R sh AL
e, R A R B B BTE S &5F .
R B PTA o B2 A S AR R FEAK A
RIS T, AR AH ARG B
AR WRA . RSO ERS HAHDTRRSE T ik
JRAGT . Ak, ARG AE . R RIERKAE
W SR, 2R, ZRBERG ¥ T
S
2.5.4 EAKHE Y ARAEHE 5

HOCHER IR B EE B (IS4, SS)RTLAA i, YK
e A 2 N A B2 ORTE, M. K. B
W VI ZRISTRT SRR DX B S AR R RS

FEKIR. AR K 2 K AR BRGR H RiTER [E K BR5 f
e A = A A FRBE IR RS, AR A et e [ A T X
A SPGB M —. A E B AR A= W)
ERVES SRS, AT BT TR A A
JUEE S AT RBE AL AR AT A 5 SRR AT Sl 0 4 A s 4
PRSI S RS MU RT3 8, I K A=A (4
B X RMish Y feve - A BN, KA EETEDT
FEIT I, H AT FE A e R TR S, R
P DL 52 2R 2 TR U I X e R B — KRR,
17T PR G 8 1 BV 5 YRR (3 R R T 45 B R A
TG A Yy YL RN ik, OMRTHEDLE Y75 R
Ry a1 A K SR I W 5 3 B 5 D T,
Wang 5 A FRLIR PR RIS S0 10 D7 ik %o S
WA BT BB ST 1 S A W, IR
WK AT SR AR, O R IR SR I TR
AR L EFTR, T EDKAENT A 2 ROK T
LA

3 WA ZAL

AT AR e 3 4 e SCHI R SCRREE AT 20 A,
BB 2G4 R ZBUKAEMCHI T CR, (AR
o3 FA TR 5 R R A R SCHR (G H A EE B W R K B 0T
FEAREA — & O H SO ), AR iaesc,
FRLE . LR TTREA & E A FRDIE SR,
F-CiteSpace /- xt I an il BRI, ALREXSWOSHEL
St P A R SCRREEA TR ARRIE S 4. [RIRE,
TR ANTEAZ A A Hh B33P Sk ] B 5 B 2 A IS Al
R, B — LW R AT

4 EwHRH

ASCTHEGET24 K, LAWOSE 2 FMICNKIAL
PR ZR I SCk M FE x4, 42 Origin 2022, Cite-
SpaceSFE M X SCHk & R BRI &k SCHE
H BOOT. EREHX) . e, AR
Fral AL AT 30, W BR/K AT A AR I A 7
TR, FHT T KRG AR AR DG AT  #A )
LI % T arog I

(1) MWIHEGIHMAERE, T AREC - 25kok 4k
WS o0 M3 BB, BI1942~19904E 1945 1 BrEL .
1991~20144F 1958 11 By BeAI201 54 =410 28 M B bl
HERBRKETT B ARW L, HHFFE N 25581 i X
(KBORE . WA AR B0 2Bk R E . K R

3205



4 %8 & 2023488 $£68% %248

fEs AEBRGR . N TR BEEAMRLS 17 W) K& Je.
ERROKAEMIT IR SCRB A 2, (HIEGHRE, BF5E
PPEITAEARRT . PR B LR ER CER 2, MEN
(7K AEBIEFE I LA 2 B o RO JE UM E R 4. A
WFRVEE K SCERE, Harmful Alagef (AR
2) B KA R SR R 2 T, Paerl Fil 2 45
WEST IR B A RN & S fe 2 1Y) [ B A P 2

(2) MBFEHIREE S HT kR, X T K AT 4R
M EIPRACTATE, & S A DX TR] Y DRAr 6 R %
YIREK 2R Limnology and OceanographyVE M55 4K
A v PR de e BT A, T AR BB R X
Hesh koK LR & AR K FEFEER; EIFR_ LK
AEWTTE LA N A AAE A AR BRI AT . KR
A TEALERAGE . DRI AR AR SE . R AerE T B
PERFITEE. VT 1040, WF9E b 3 B ) SR8tk 5y
W) KA ML R . A B R S R G ik
(B PPAT 1 IR OB S8 N TR RE R R4S 555
]k . T E MK AR ST 1) BN S EPREA YA,
{H R T E N B A SR IR B, AR T S P
WEFEAE R, i SRR B 4 A ST 7 18 ] RER i s
TEPFR. QS ark B E b b 0y ar s n] 68 Bk
AEYERR A 7 1), T ] PN R s T e
TEEBR 25 11 A R Be it g e K 48 )5 1]

AEBREC ARG R & . T4k
AR NIENFERE, ITI0FENKEREHY K
B IR G DN A S IR BE R ™ R, Xt s
200 PNE 395 SR o s = AL VS N A 3 DO B B
K. FREER R . BORBON @ E . 2k k@ ki
WA FKRRE, A UEGE LT JL A5
TAE.

(1) BN EPRAC S A E. AT Ak 2Rk e

RPN

TR RRE, RIS S GRS KRBk R
A ), BEZEGBXO)ZIEN BFFEHIBAZ AT
RZ AR DIR, A RE A HuHfE Sl Sty
K& .

() IARAEITE M Z NS . 2 E b4
Ry EZE XL AR R] A (a7 B A KRR
K SEFEHRIPTTE, IFIa] R B ish2s, AR H Px.
HEBR AFPR R AY 7340 SARRFIERESE; AR
JEEAZS A MU AR R SRR SR
X ARARTE W PR S SR S AL MK A8 e G A B A=
NI RE

(3) ELRLR XK R T AL PERTSE. HE
S 22 B K AR BP AN - SRR SE ABEAE I T T
By, SCBlix s B A A & BRI R A
HTA . SRR R B AR, AR A L
AR A S IH TR

(4) oL E ALK A a2 i A 0 A A SR RO
47 B AP AN Bl 5 K A kA i L AL T
BRIV N LSRRGy, HA5 A BB
KREAEMNERE R RN .

(5) HESARAE [ 2l I TN 2 G0 A AR R s
IIATRIESE. FIFOREEE . A TR RE LA M b8 R AR S5
SEAGE . ALK AR B S I O R G, 4R Y
I 23 73 HE, i BT RIKF; HESh B 7
TEAAEBETE R R RI, S M SCHR . 3 R ) 4%
S5 2 IR AL A AR SRR T

(6) s KA E (PR Sih . SRR L
AW AEBORRT ., IGBE KA KRR, RIS
Xt 7y B K KRB K SRR TR RIPERIDTSE, IR AT
IR KA EER R G IR IO S5 ks
R AR I T AR AR . PRI A

1 QinBQ, Yang G J, Ma J R, et al. Dynamics of variability and mechanism of harmful cyanobacteria bloom in Lake Taihu, China (in Chinese). Chin
Sci Bull, 2016, 61: 759-770 [Z#A58, %, B{@IE, 55, KEIMEBOKE BRI SRR R HALE]. Bl2fal, 2016, 61: 759-770]

2 Gray A, Krolikowski M, Fretwell P, et al. Remote sensing reveals Antarctic green snow algae as important terrestrial carbon sink. Nat Commun,

2020, 11: 2527

3 Oziel L, Baudena A, Ardyna M, et al. Faster Atlantic currents drive poleward expansion of temperate phytoplankton in the Arctic Ocean. Nat

Commun, 2020, 11: 1705

4 Brookes J D, Carey C C. Resilience to blooms. Science, 2011, 334: 4647
5 HoJC, Michalak A M, Pahlevan N. Widespread global increase in intense lake phytoplankton blooms since the 1980s. Nature, 2019, 574: 667-670

6 Qin B, Zhu G, Gao G, et al. A drinking water crisis in Lake Taihu, China: Linkage to climatic variability and lake management. Environ Manage,

2010, 45: 105-112

3206


https://doi.org/10.1360/N972015-00400
https://doi.org/10.1360/N972015-00400
https://doi.org/10.1126/science.1207349
https://doi.org/10.1007/s00267-009-9393-6

10

11

12

13

14
15

16

17

18

19

20

21

22

23
24

25

26

27

28

29

30

31

32

33

34

Huisman J, Codd G A, Paerl H W, et al. Cyanobacterial blooms. Nat Rev Microbiol, 2018, 16: 471483

Bernard S, Kudela R, Velo-Suarez L. Developing global capabilities for the observation and predication of harmful algal blooms. In: Djavidnia S,
Cheung V, Ott M, eds. Oceans and Society: Blue Planet. Cambridge: Cambridge Scholars Publishing, 2014

Le Moal M, Gascuel-Odoux C, Ménesguen A, et al. Eutrophication: A new wine in an old bottle? Sci Total Environ, 2019, 651: 1-11

Wheeler R E, Lackey J B, Schott S. A contribution on the toxicity of algae. Public Health Rep, 1942, 57: 1695-1701

Carpenter S R, Caraco N F, Correll D L, et al. Nonpoint pollution of surface waters with phosphorus and nitrogen. Ecol Appl, 1998, 8: 559568
Wang W. A preliminary study on the bloom of green euglenas in high-yielding adult pond orchid (in Chinese). Freshw Fish, 1978, (6): 22-29 [ 1=
B R 2 SR R BRI IR oKL, 1978, (6): 22-29]

Kong F X, Gao G. Hypothesis on cyanobacteria bloom-forming mechanism in large shallow eutrophic lakes (in Chinese). Acta Ecol Sin, 2005, 25:
589-595 [fLEH, mt. KERRAK & B IR D ik B IR ML B2 . A4, 2005, 25: 589-595]

Schindler D W. Evolution of phosphorus limitation in Lakes. Science, 1977, 195: 260-262

Yu Z M, Chen N S. Emerging trends in red tide and major research progresses (in Chinese). Oceanol Limnol Sin, 2019, 50: 474486 [fira&H, Bt
Az BN R R ST A TRAESITH, 2019, 50: 474-486]

Zou ] Z, Dong L P, Qin B P. Preliminary discussion on eutrophication and red tide in Bohai Bay (in Chinese). Mar Environ Sci, 1983, 2: 41-54 [4f
SO, TEMINE, ZBOOT T E SRR MR A R IR, 1983, 2: 41-54 ]

Zhou M J, Zhu M Y, Zhang J. Status of harmful algal blooms and related research activities in China (in Chinese). Chin Bull Life Sci, 2001, 13: 54—
59 [JHZIL, AR, sket. hEDREN A A B APR IR, Pk, 2001, 13: 54-59]

Chen N S, Huang H L. Advances in the study of biodiversity of phytoplankton and red tide spaces in China ( I ). The Bohai Sea (in Chinese).
Oceanol Limnol Sin, 2021, 52: 346-395 [Bffitk, k. MR AR YIFN A Y SRR LB R (—): . W5,
2021, 52: 346-395]

Chen N S, Cui Z M, Xu Q. Advances in the study of biodiversity of phytoplankton and red tide spaces in China (IV). The Changjiang Estuary (in
Chinese). Oceanol Limnol Sin, 2021, 52: 402-452 [Ftifife, 1R, 135, H IR T7UE AP AN AR B i) A ) 22 AR DR S R (L) T
TSR, 2021, 52: 402-452]

Schindler D W. Eutrophication and recovery in experimental lakes: Implications for lake management. Science, 1974, 184: 897-899

He J W, He Z R, YuJ L, et al. Isolation and identification of toxins contained in Microcystis aeruginosa from Donghu Lake, Wuhan (in Chinese).
Oceanol Limnol Sin, 1988, 19: 424430 [fiI 5%, IR, AT54k, 5. RMIRSMIEIER RN B 54 E . IG5, 1988, 19: 424-430]
Fasham M J R, Ducklow H W, McKelvie S M. A nitrogen-based model of plankton dynamics in the oceanic mixed layer. J Mar Res, 1990, 48:
591-639

O’Reilly J E, Maritorena S, Mitchell B G, et al. Ocean color chlorophyll algorithms for SeaWiFS. J Geophys Res Oceans, 1998, 103: 2493724953
Qin B Q. Approaches to mechanisms and control of eutrophication of shallow lakes in the Middle and Lower Reaches of the Yangze River (in
Chinese). J Lake Sci, 2002, 14: 193-202 [ZE{A58. VLA R W KA S B IR R AL SEHER YR, WIARKE, 2002, 14: 193-202]
Heisler J, Glibert P M, Burkholder J M, et al. Eutrophication and harmful algal blooms: A scientific consensus. Harmful Algae, 2008, 8: 3—13
Ma R H, Kong F X, Duan H T, et al. Spatio-temporal distribution of cyanobacteria blooms based on satellite imageries in Lake Taihu, China (in
Chinese). J Lake Sci, 2008, 20: 687-694 [hoedE, LA, Brltik, % 5o TR 18 B I 5 K AR 23 40 A U DGR, BITARL, 2008, 20:
687-694]

Paerl H W, Huisman J. Blooms like it hot. Science, 2008, 320: 57-58

Kong F X, Ma R H, Gao J F, et al. The theory and practice of prevention, forecast and warning on cyanobacteria bloom in Lake Taihu (in Chinese).
J Lake Sci, 2009, 21: 314-328 [FLE, Dhogfe, R, 55, A KRN TR . BAITUE e 5508, WIHREE:, 2009, 21: 314-328)
Wang C L, Pan W Y, Han Y Q, et al. Effect of global climate change on cyanobacteria bloom in Taihu Lake (in Chinese). China Environ Sci, 2010,
30: 822-828 [E UK, WAL, B H B, 55, RIRAAAE M R Sk A2 R SRR A2 R, P EI PR, 2010, 30: 822-828]

O’Neil J M, Davis T W, Burford M A, et al. The rise of harmful cyanobacteria blooms: The potential roles of eutrophication and climate change.
Harmful Algae, 2012, 14: 313-334

Ma J R, Deng J M, Qin B Q, et al. Progress and prospects on cyanobacteria bloom-forming mechanism in lakes (in Chinese). Acta Ecol Sin, 2013,
33: 3020-3030 [Ehfiltoe, XA, ZR 110, 45, WHAT KR VI T IR, A4 24R, 2013, 33: 3020-3030]

Zhang F, Wang Y, Cao M, et al. Deep-learning-based approach for prediction of algal blooms. Sustainability, 2016, 8: 1060

Yu J B, Shang F F, Wang X Y, et al. Cyanobacterial bloom forecast method based on genetic algorithm-first order lag filter and long short-term
memory network (in Chinese). J Comput Appl, 2018, 38: 2119-2123, 2135 [ T4, 7577, T/, % LT LA O i — i s DE i A
FRIFIWTCAZ 25 (1435 T K AR TR 7 ik, ML, 2018, 38: 2119-2123, 2135]

Li X C, Huo S L, Zhang H X, et al. Application of environmental DNA metabarcoding in monitoring cyanobacterial community (in Chinese). Res
Environ Sci, 2021, 34: 372-381 [Z/NG], BST5E, SKE5, 5. HEIDNAZ ATEIGHAAE W SeRe i b 0 . BREERI2ATT, 2021, 34:
372-381]

3207


https://doi.org/10.1038/s41579-018-0040-1
https://doi.org/10.1890/1051-0761(1998)008[0559:NPOSWW]2.0.CO;2
https://doi.org/10.1126/science.195.4275.260
https://doi.org/10.1126/science.184.4139.897
https://doi.org/10.1357/002224090784984678
https://doi.org/10.1016/j.hal.2008.08.006
https://doi.org/10.1126/science.1155398
https://doi.org/10.18307/2009.0302
https://doi.org/10.5846/stxb201202140200
https://doi.org/10.3390/su8101060

8 & 20234 8FH %68k %248

35
36

37

38

39

40

41

42

43

44

45

46

47

48

49
50

51

52

53

54

55

56
57

58

59

60

61

Hou X, Feng L, Dai Y, et al. Global mapping reveals increase in lacustrine algal blooms over the past decade. Nat Geosci, 2022, 15: 130-134
Xu S, He C, Kang Z, et al. The ecological responses of bacterioplankton during a Phaeocystis globosa bloom in Beibu Gulf, China highlighted by
integrated metagenomics and metatranscriptomics. Mar Biol, 2022, 169: 36

LiY M, Tan Z Y, Yang C, et al. Extraction of algal blooms in Dianchi Lake based on multi-source satellites using machine learning algorithms (in
Chinese). Adv Earth Sci, 2022, 37: 1141-1156 [ZE—R, {HIRT, /R, 5. ST 20 TR M B AR LR = 5 BIL T, HBkRLFi e,
2022, 37: 1141-1156]

Paerl H W. Nuisance phytoplankton blooms in coastal, estuarine, and inland waters. Limnol Oceanogr, 1988, 33: 823-843

van den Bergh J C J M, Nunes P A L D, Dotinga H M, et al. Exotic harmful algae in marine ecosystems: An integrated biological-economic-legal
analysis of impacts and policies. Mar Policy, 2002, 26: 59-74

Edwards M, Richardson A J. Impact of climate change on marine pelagic phenology and trophic mismatch. Nature, 2004, 430: 881-884

Paerl H W, Huisman J. Climate change: A catalyst for global expansion of harmful cyanobacterial blooms. Environ Microbiol Rep, 2009, 1: 27-37
Wang H P, Xia J, Xie P, et al. Mechanisms for hydrological factors causing algal blooms in Hanjiang River—Based on kinetics of algal growth (in
Chinese). Resour Environ Yangtze Basin, 2004, 13: 282-285 [ E41#, B2, M1, 5. T KSR SCH RERMIE—IL T3 A K3 124
WFFE. KITHIR RS 2R5T, 2004, 13: 282-285]

Park J, Lee H, Park C Y, et al. Algal morphological identification in watersheds for drinking water supply using neural architecture search for
convolutional neural network. Water, 2019, 11: 1338

Duan H T, Cao Z G, Shen M, et al. Review of lake remote sensing research (in Chinese). Natl Remote Sens Bull, 2022, 26: 3—18 [Btiiti%, NI,
TEBH, S WHPHE T R S R SRR, 2022, 26: 3-18]

Hu S, Liu H B, Liu H, et al. Research on monitoring system of algae detection and classification based on deep learning (in Chinese). Environ
Monit China, 2022, 38: 200-210 [#3%, XI¥:E, XIHE, S5 JETURE 2= S AR BB REMI R G k. b EPREEIEIN, 2022, 38: 200-210]
Deng J M, Qin B Q. A review on studies of effects of climate change on phytoplankton in freshwater systems (in Chinese). J Lake Sci, 2015, 27: 1
10 [XEEEH, Z3{A3. SRR oK BITIT I R HE . Rk, 2015, 27: 1-10]

Zhu G W, Xu H, Zhu M Y, et al. Changing characteristics and driving factors of trophic state of lakes in the middle and lower reaches of Yangtze
River in the past 30 years (in Chinese). J Lake Sci, 2019, 31: 1510-1524 [Z&] 4, Vi, KB, 45 = H4ERK TP R EsIA & &R R ol
TR MR, WA, 2019, 31: 1510-1524]

JuF, Zhang T. Advances in meta-omics research on activated sludge microbial community (in Chinese). Microbiol China, 2019, 46: 20382052 [#
W, SRAL. TEVETS I RUEDIRET R AT IR TR~ A, 2019, 46: 2038-2052]

Chen C. Searching for intellectual turning points: Progressive knowledge domain visualization. Proc Natl Acad Sci USA, 2004, 101: 5303-5310
Volponi S N, Wander H L, Richardson D C, et al. Nutrient function over form: Organic and inorganic nitrogen additions have similar effects on lake
phytoplankton nutrient limitation. Limnol Oceanogr, 2023, 68: 307-321

Song C Y, Bai F, Li T L, et al. Inhibitory effect of Scenedesmus sp. on Microcystis Aeruginosa and its evaluation (in Chinese). Acta Hydrobiol Sin,
2022, 46: 1916-1923 [ARUALE, HI7, 2K, 55, SREMRE AR KM HIR BT KA A2, 2022, 46: 1916-1923]

Sun R, Sun P, Zhang J, et al. Microorganisms-based methods for harmful algal blooms control: A review. Bioresour Technol, 2018, 248: 12-20
LiJL, Luo C L, Lii H, et al. Spatio-temporal variation and driving factors of algal bloom at Lake Dianchi during 2002—-2018 (in Chinese). Acta
Ecol Sin, 2023, 43: 878-891 [/, B4R, H1iH, 5. 2002~20184FE /M 5 BK A6 28 K I 25 AL RRAE K IR K 140 b7, AR 24i,
2023, 43: 878-891]

Qin X N, Lu X L, Wu C Y. The knowledge mapping of domestic ecological security research: Bibliometric analysis based on CiteSpace (in
Chinese). Acta Ecol Sin, 2014, 34: 3693-3703 [Z2Ibéff, F5/INil, BAFAK. FIN A% AR5 IR 1 ——3E T CiteSpace (1 i+ 43T, £
i, 2014, 34: 3693-3703]

Matthijs H C P, Visser P M, Reeze B, et al. Selective suppression of harmful cyanobacteria in an entire lake with hydrogen peroxide. Water Res,
2012, 46: 1460-1472

Reynolds C S, Huszar V, Kruk C, et al. Towards a functional classification of the freshwater phytoplankton. J Plankton Res, 2002, 24: 417-428
Liu X, Chen L, Zhang G, et al. Spatiotemporal dynamics of succession and growth limitation of phytoplankton for nutrients and light in a large
shallow lake. Water Res, 2021, 194: 116910

Shoguchi E, Shinzato C, Kawashima T, et al. Draft assembly of the Symbiodinium minutum nuclear genome reveals dinoflagellate gene structure.
Curr Biol, 2013, 23: 1399-1408

Gobler C J, Berry D L, Dyhrman S T, et al. Niche of harmful alga Aureococcus anophagefferens revealed through ecogenomics. Proc Natl Acad Sci
USA, 2011, 108: 4352-4357

Brown E R, Moore S G, Gaul D A, et al. Differentiating toxic and nontoxic congeneric harmful algae using the non-polar metabolome. Harmful
Algae, 2021, 110: 102129

Zhou J, Richlen M L, Sehein T R, et al. Microbial community structure and associations during a marine dinoflagellate bloom. Front Microbiol,

3208


https://doi.org/10.1038/s41561-021-00887-x
https://doi.org/10.1007/s00227-022-04021-2
https://doi.org/10.1016/S0308-597X(01)00032-X
https://doi.org/10.1038/nature02808
https://doi.org/10.1111/j.1758-2229.2008.00004.x
https://doi.org/10.3390/w11071338
https://doi.org/10.18307/2019.0622
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.1002/lno.12270
https://doi.org/10.1016/j.biortech.2017.07.175
https://doi.org/10.1016/j.watres.2011.11.016
https://doi.org/10.1093/plankt/24.5.417
https://doi.org/10.1016/j.watres.2021.116910
https://doi.org/10.1016/j.cub.2013.05.062
https://doi.org/10.1073/pnas.1016106108
https://doi.org/10.1073/pnas.1016106108
https://doi.org/10.1016/j.hal.2021.102129
https://doi.org/10.1016/j.hal.2021.102129
https://doi.org/10.3389/fmicb.2018.01201

62
63

64

65

2018, 9: 1201

Merel S, Walker D, Chicana R, et al. State of knowledge and concerns on cyanobacterial blooms and cyanotoxins. Environ Int, 2013, 59: 303-327
Wen S K, Peng K, Gong Z J, et al. Succession of macrozoobenthic communities and its drivers in Meiliang Bay of Lake Taihu during the past 40
years (in Chinese). J Lake Sci, 2023, 35: 599-609 [HR&FHT, 5281, 38K, 55, IT404F R A MG I8 A Sl Wy i s T A R e S ak sl R 25 e Bk
2%, 2023, 35: 599-609]

Liang Y B, Li D M, Yao J Y, et al. Progresses in investigation and research on phycotoxins and toxin microalgaes in the coastal waters of China (in
Chinese). Oceanol Limnol Sin, 2019, 50: 511-524 [E N, 2244, Bhloc, 4. b ETE 3528 MO S e r= s IR R M A T ke g
519, 2019, 50: 511-524]

Wang Z, Wang C, Liu Y, et al. Real-time identification of cyanobacteria blooms in lakeshore zone using camera and semantic segmentation: A case
study of Lake Chaohu (Eastern China). Sustainability, 2023, 15: 1215

*hsERtrt

BEIS1 i SCHRE 5 B KT ) & SR S
BIS2 WOSHIH R 3 ey A OGS i) K AL 3 &

EIS3  CNKIZUHE 6 2 e A7 56 it i) e HAE ]
EI1S4 WOSHU ZER Z I kiRl R I &

EIS5 CNKIZH R 2RI R R 25 &

FS1 LKL LRSI R

FeS2  BESCCHRH B ARBI TR S AR G T S
FS3 PRk KRBT AR G T SR
FeS4 PIECCHRA KA IT R SCRAT TR
S5 BIHZEBEREUERSR AT RT25 S5 (JE30)
FS6 BT ZHRBURSR AT HT25 S5 (P 30)

AR SCLA b AR FE AR 28 ffiesb.scichina.com. #h 741 R A 1 & 1R Gk B0 A6 40HE, 1R xE L AR B f A A A 3R

3209


https://doi.org/10.1016/j.envint.2013.06.013
https://doi.org/10.18307/2023.0217
https://doi.org/10.3390/su15021215

4 %8 & 2023488 $£68% %248

Summary for “ZBRARAMFFEHIBHE IR E A7

Analysis on scientific knowledge graph of global algal bloom
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Worldwide, proliferating harmful algal blooms (HAB) have been an ecological catastrophe with negative impacts on
ecosystem health, safe water use and sustainable socioeconomic growth. HABs impact nutrient-overenriched eutrophic
freshwater and marine water bodies. Here, we searched the HAB literature database for English and Chinese journal
articles. Then, we utilized CiteSpace and other software to analyze its scientific knowledge graphs. The results showed: (1)
Growing attention and concern about the proliferation and intensification of HABs since the 1940s. Currently, more than
44000 publications (including 172 highly cited papers) have been published in English and Chinese journals. (2) Based on
annual publication volume, global HAB research can be roughly divided into three periods: I (1942—1990, <200 articles
per year), 1T (1991-2014, 200 to 2000 articles per year), Il (from 2015 to the present, >2000 articles per year). (3) Prof.
Paerl (153 papers) and Prof. Songhui Lii (77 papers) were the scholars with the most publications in English and Chinese
articles, respectively. The most prevalent journals for HAB research publications are Harmful Algae and Journal of Lake
Sciences in English and Chinese journals, respectively. The findings published in Limnology and Oceanography are crucial
to an in-depth understanding of HAB dynamics. (4) The largest source of English literature is the United States and the
second is China. There is a growing amount of international interaction and collaboration in HAB research. In Chinese
publications, the Chinese Academy of Sciences is at the core of collaborative networks conducting HAB research in China,
and its major standing on algal bloom research is on par with the international levels. (5) In terms of worldwide HAB
research, Chinese HAB research has a significant place. However, Chinese journal articles’ research output appears to lag
behind that of English journal articles in terms of new directions and perspectives. (6) The co-occurrence of the keywords
reveals the popular topics in HAB research. Emergent words reveal new research directions and emerging perspectives.
The primary themes of global HAB study are reflected in keyword clustering, which also signals future directions and
developments.

Multi-disciplinary and multi-scale research approaches have served as a catalyst for an improved understanding of the
complex and interactive factors controlling HAB establishment, proliferation and ultimately control. On a geographical
scale, the focus on HAB dynamics now includes spatio-temporal studies of global, national, regional, and local water
bodies. On the temporal scale, the focus is on HAB dynamics in extensive time series such as yearly, monthly, daily or even
shorter term. On a disciplinary level, researchers are examining bloom-forming mechanisms and environmental drivers
from biogeochemical, ecological, and geographic perspectives along the freshwater to marine continuum.

Research techniques such as HAB monitoring and early warning models, remote sensing, on-line video observation, and
image analysis will also be crucial. Big data and artificial intelligence analysis may be crucial methods for next study, since
they are based on field observations, experimental studies, and numerical simulations. Future research will continue to
focus on the mechanisms that govern how blooms are formed, proliferate and dissipate, as well as how environmental
factors (both biological and abiotic) mediating these processes. Future research topics that may be significant include the
quantitative analysis of the ecological and environmental effects of the entire life cycle process of algal blooms (including
the impact on aquatic ecosystems, climate change, and human health, among other things), as well as the reciprocal
feedback mechanism between human activities (including treatment and sewage discharge), climate change and extremes
(floods, droughts, atmospheric changes and perturbations) and algal blooms.

algal blooms, scientific knowledge graphs, phytoplankton, eutrophication, red tide
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