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The dominant algal species and the controlling factors triggered
2021—2022 Huguangyan Maar Lake algal bloom event
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Abstract Algal bloom is an ecological and environmental problem caused by the overbreeding of
algal in the water, and the outbreak of algal bloom will cause serious damage to the water
environment and aquatic ecological balance. Huguangyan Maar lake is a lake formed by volcanic
craters in low-flat areas, with a relatively closed hydrological environment, it is an ideal place to
study the occurrence of algal bloom under relatively simple hydrological conditions, and the study of

the main algal species and ecological conditions of lake water environmental conditions during the
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outbreaks of algal bloom is significance for understanding the causes of algal bloom. This study has
analyzed and identified the dominant algal species which caused the algal bloom in Huguangyan
Maar lake from December 2021 to March 2022, and discussed the outbreak causes of algal bloom in
terms of nutrient conditions, hydrological conditions, meteorological factors. The results showed that
(1) the dominant algal species that consisting of the algal bloom are chlorella vulgaris of the phylum
Chlorellavulgaris and microcystis aeruginosa of the cyanobacteria phylum; (2) the analysis of the
surface water nutrients show that the content of SiO5*"-Si is the highest nutrient as the PO,*-P being
the lowest one; the content of NO, -N. NO; -N. NH,'-N is basically same at all four sampling
sites. By comparing with the earlier nutrient data of the surface water in Huguangyan Maar lake in
previous studies, the content of SiO5*-Si, PO, -P and NH,"-N show significant increase during the
algal bloom, while other nutrients are generally remain same, PO, -P, NH,'-N are important
nutrient factors regulating the growth of the planktonic algal in Huguangyan Maar lake, therefore it
seems that the increase content of PO,* -P and NH,"-N in the lake water are likely the main reason
for the outbreak of algal bloom in Huguangyan Maar lake; (3) the outbreak of algal bloom in
Huguangyan Maar lake is mainly related to the change of nutrients concentration in water, and the
appropriate hydrological environment and climatic conditions aggravate the outbreak process.
Keywords algal bloom, dominant algal species, nutrients of surface water, Huguangyan Maar
Lake.
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Fig.1 Turbid water(a)and dead turtles(b)on the east and northt of the Huguangyan
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1 #MBL5 7 (Materials and methods)

1.1 MRS XIS R A A

WG A (21°09'N, 110°17'E) 7 Frf ] AR A YL, HAME S .OIEIIR, B S4B RIS Kol ms &
FEH BT B, FEZK N B LU BE 2 B | DRI, A3/ FLY, PR A R HLIR, IR K AL AR RS ol &
DL G 380 22 PR AN 2 8 04 L LA s Kb AR TET AR Dy 2.3 km?, K IR IR IRAL 2y 22 m®). ZK AR E
FE i Ko /KRR Y SR 4R 2 B 2550 1916 S A b T PR 355 LA Ko K A % A R 7 B AT SRR A Y A 1%, 0 R 2
7, Hirp ST, S2 wif A T e X sk, ZKIRZY 1—2 m, 1% X & A K ARG, WK PP 25 R AR PR 3
FEIF HLIMEA s e DUR A 26, 76 S1. S2 3 fURAE /KA Je 2SR S RN /KRE, S3 3 i 2 T P I X 3, S4 3 55
P F AR X, tF S3. S4 3l i 1) X IR & A /KA, TR K AN B A R T KL,
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Fig.2 Distribution map of sampling stations in Huguangyan

1.2 FeEdRAE S AL

R R AR IS [8] 2022 4F 3 1, (i HIERKERIBOKTE LT 29 0.5 m AR RYZKAE 1 L, 5¢ iU Sz B [l
S, I 0.45 pm R BEER £T 4R IR BT 0, i U85 RUKRES AR ORAE T-20 “C fvKAE, M TITIRE FREL
(AR (NO; -N) | WA A (NO, -N) | A% (NH,-N) | Bz £k (PO, -P) FIRERR R (SiO-Si) ) (143
r. 3 R4k 250 mL KA, A 3—5 mL A& AR &2 W, A 0] S2 50 28 SR PUTE e 4 Jm EA T B2 T WA
18, FHT KA L BRI B 5 2
1.3 WE 5047k

W 7K AR A S G AE B KRB KR pH(EL, R EE AN, 240 A SE 2 2 0 i (L
¥ B WG AT PRZA W), DZB—T718L) #EAT B 5 . 78 37 £k A4 I 5 AR 41 /R R A M 2 A O 3k D10 04
7E , He AP BRI FIR 0O BE i, AR TR Eh R I 2R & e or YO RE %, AR ER R T 5241 0 e e
V5, WEIR R R WA W 23 0O BE ik, frE R AR SR PR BH Bk 0 G BE vk . /KA R B A i M Tl D i
TACBEXT R AT BE R EA T B AT IR, JF 2 B (IR 28 )1 GROK TR A= W P 1% )1 3t AT
YE.

2 75 5158 (Results and discussion )
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b R M B2 R BROE SN B A, 5k r, 40 I RE JE, 0 ELAR 5—10 pm; S B O EIR K )N A
QRIK TR A Wy BRI YUY AT 555 , 1 78 X BEFI R 28 311 (Chlorophyta) . %% 44 ( Chlorophyceae) . £k 3k
# H (Chlorococcales) . /NEK#:F} (Chlorellaceae) . /NKBEJE (Chlorella) W /N K ( Chlorella vulgaris) .
Bl e, d R By 32 Z2 8020 MO 20 B B AR, B R ] 0 28T, el ) 5 2 X Bl 4 B 2 L s FHEAAR
Y 40 A S EROE S [BDE, AR 3—7 um, 2 HEESR {0 2 RIS S8 1R o 3% 17] (Cyanophyceae) . #
#: 49 (Cyanophyceae) ., {AEk#%: H (Chroococcales) . (ABR#EF} (Chroococcaceae) | {4 J& (Microcystis) H
) ] 2R 5 2 988 ( Mlicrocystis aeruginosa)™. R, 512G A /K AR 2 A 1) B IS sy Ml e, HLLASR
B PR OUE, T P AU LS/ N ER B B 7 HE AT R 60%.

50,
100/ m m

3 JEIUKAER PR B
a, b BT B9/ (a. 10x40 4755 b. 10x60 5); ¢ d N R T BIREREEEE (c. 10x20 1iF; d. 10x40 £%)
Fig.3 Main algae species for the algal bloom in Huguangyan
a,b Microscope photo of Chlorella vulgaris (a. 10 x 40; b. 10 x 60); c,d Microscope photo of Microcystis aeruginosa(c. 10x20; d. 10x40)

KA 2E 5 T 2006 AF XTI G A0 T U s 2 AT R AR A R A, 45 SRR O A AR R Ui e
260 Ff, DIEREETT . WE R REBET 1o 3, Hh e 45%, fESET T 30.4%, BEHET]H 16.5%, ZRiET]
() /INERBE LA R B 1R /NS e R | K AR e i | R RS B O AR A L AR 2013 4R 5K [E 4k 50
K H G A K AR R eI 135 b, PP R 1] 33.3%, WEEET T M 30.4%, REEETT 5 22.2%, ST THY
INERTE . W PRI TR /K ST i | R R i LA R R T ) O L O A AR AR SRR v L, T
S AR R 7 DA BOK B8 SR AR R AR, AK AR IR) 5088 2 A K A6 0 ) V7 i e S 0 2L A 25 4 A el g
2.2 JKAEFR R A1 K AL 5 43 BT
221 WIKFRZEE

214 2022 4F 3 A AW 45l SRR I e 45 5. th3 1 nTE B, W 45 0 A 0 T AR
BB IR 25.10—29.20 °C, IR E N 26.72 °C, HAKAE KA XA ST, S2 3 s A 7K IR 22 b S3., S4 v
KRS 2—4 °C, X S5WDOE AR IREE A 3¢, S3. S4 i AL TG A RS, T ARl s H.
BRSO, B S E+, BRLL WA TE  E  B R [, B2 BEOG 3, i ST, S2 w i Tt
IR, 78— P R ISCRE 70 e A BHOYG, PRITT ST, S2 3t a1 7K R B v 14,

TR SR KR IR i R BB S8, WA R KRR R S 3R 22— TR 2 5 e i AR
W RG-SR, B BRI A L R E A AL R G A K AR R T I T 2 S
HR ZINER g XL () R VI RIS, T R SR R VA 28—32 °C YKL A AR K R e i, A ELAE
B AT AR PG E KR B R B R A TR, L2 0WK IR B RAL, 3
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TS /INERE A A R S, TR ' e Kk e B T B T R TR /N BREE o I DI B 2 DAL N A A K
A XHRAY ST, S2 3l wi 67 F-W LA 1 AL, & =W [R] REH Wi 7 12 1 RO, 7K FA2 T H IR I R X
SR S3. S4 i S EL Ry, WA A TR T AR .
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Table 1 Determination results of physical and chemical factors at various stations of the Huguangyan

o . " » NH, N/ NO;-N/ NO,-N/ PO, P/ SiOy-Si/ o
Stations P ’ (mg-L™") (mg-L™") (mg-L™") (mg-L™") (mg-L™") )
S1 27.4 8.601 0.006 0.137 0.192 0.003 0.004 4.140 83
S2 29.2 8.665 0.006 0.136 0.139 0.003 0.003 1.700 93
S3 25.2 7.980 0.006 0.091 0.133 0.003 0.001 0.164 227
S4 25.1 8.017 0.006 0.097 0.143 0.003 0.002 0.141 122

222 [RUEE

F 1 BoRWDGAEA s S pH (AR AL IE By 7.98—8.67, K 5 55 Bk, b S2 3l 2 Ay pH (B B 5
h 8.67, 1 H. S1. S2 uli ;5 (1) pH {EEX LY S3. S4 i 5 i pH {H /&7, 3X 5 17 e 28 7F A 4K el i rp W Ok A
T CO, AT B AE AT G, A5 A b i S0 Wk BE AR, pH (T — B, B | AR K
FE TPl SR A PR T, KRR pH B L 2 BE A SRS 2 M YL /NER BT pH (B A N
FRIH T, 38 O 6 7 i, . 1T 40 2% S0 B AE pHL (B 8.0—9.5 BYPREE 451 F A= K A fig J1 4, pH (Hid
AR Bt e A0 2 X ] St o T ) A KA BT s ), AR T, WG B R 2% A R /N ek i A 2
(€ D ANERS Y
223 EFRERZXM

28 1 ] DL, 1595 A 45 ol R R A8 3R Eh 19 & B, Si052-Si S 4 2 i d . 4 ol A Y Siog% -
Si AL E K, YU K 0.141—4.140 mg-L™', S1 3% &5 A SiO3>-Si & i &, 4 4.140 mg-L™'. PO,*-
P& R, &R IEE N 0.001—0.004 mg-L™', Hid S1 35 5 A9 PO, -P & f &% &4 0.004 mg-L™". 1
4 A3 A NO, N B & B Fa e, 4 Ul AU NO,-N & %8 4 0.003 mg-L™'. NOy =N i & 51 4 Do
SR SEEARRE, Hi ST 3 A NOy =N & & d5 i, o 0.192 mg- L™ NH,'-N i & A8 AE 4 40k 548 1k
AR, ARG EIN 0.097—0.137 mg-L™', Hirf S1 34 5 NH,-N & 5, 4 0.137 mg-L ™.

ANFIHE T #1562 2K 8 FREh & w0 F /A2 B (32 2), Si057-Si 19 8 B A2 AN [R] B 3 I 2 1
BRI A S PEE RSN, ML E N 02674—1.5360 mg-L ™', PO, -P & & &A%, 2 L5 Bl N
0.0006—0.0030 mg-L™". [ 4 S A [|] B} 3130 e 5 36 2 K8 3R 4k 7 2 DA ORI SO AR AR AR VB R & &
FOEE. HIE 4 Rl BB A R, BR T NOy-N Z4h, AR50 E ) NH, N, NO, -N. PO, -P. SiOy*-Si %
S TR AN AR AN, NI 4 Hal B ), B NO, -N Z 4k, /KA & AR X3 ST, S2 3 s I a2 119
NH,-N., NO;-N, PO/ -P, SiO*-Si &5 T S3. S4 ¥ iy & . B b e K IRk rp i A K &
BINEEZM, I — B E LS BOKMAR T LS SR 05 Az 2l2s . e mT D, AR g 1) 38 R R &
T R KRR R A

R2 WDCARZKEFRE TR LT &

Table 2 Table for historical comparison and analysis of nutrient content determination in the surface water of the

Huguangyan
uj‘l‘tﬂ 7 oH NH4*—I}I/ NO5-N/ NOZ'—IjI/ POf’—?/ SiOf'-?i/ N e = DU
Time (mg-L'") (mg-L™") (mg-L™") (mg-L'") (mg-L™") References
200747 27.00 8.40 0.0885 0.7295 0.0026 0.0009 0.2674 912 [6]
2013.03 20.30 7.88 0.0290 0.2500 0.0020 — — — [20]
201652 6.85—8.44 0.0410 0.0470 0.0006 0.0006 0.4460 148 [3]

2022.03 26.70 8.32 0.1150 0.1510 0.0030 0.0030 1.5360 89 AL
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Fig.4 Column chart of nutrient content in the surface water of the Huguangyan in different periods and nutrient content at
different sampling points in this Study

TESI T 5 FhE SR AR, Si05™-Si By & it fie i, —J7 THTIX AT REJE T IIVA IS 2 DURR Y Hh B9 LS
AL AR Y, 55— T AT RE A A e TR R K LRSS o, K LRSS S R JC R A G, A
HR R T VA ) S5 2 K R A A K AT, AT K M TR Y Si05T-Si E i R Y. C AR
PUAE VT Ui 2 v R BN B X Wl A 8 480 PR 0 o, X BB W 0 5 SR, T A 78 DO X e 5 SR A v,
IR MG A KA B R A PP 2 B T B ANl DRI, 0w & B 10 Si05™ -Si XK AR RYIE LB AT
B A FE A T, 3 Rt T REBAT SR BT E WD K I 2 R e K AR R BE T T RR.

TEABITE S HTHY 5 FhE IR, PO, -P & B B fik, DA e/ MEE B Y, AE A AR K IO T A1 54
HEZ5 T 0 I R R T RS e /D (1 — FCL Redfield™ i H 770 S ORI FH L i 97 40 1 de i B LL A9
H16:1, TERFGE H — A R K AR o G R LR T 16:1 A E BRI, /8T 16:1 WA e BB 1. i 1
AT U, AHEE 4 AN R NP ARFRFE [ 83—227(N = DIN, P = PO, -P), JH S3 3 o 1) Uk LLAH
TR 227, ST 0l a5 Y AU LU BRIy 83, SR B W i B R ), 35X — 70 A 25 2R 5 0 AR BIF s 45 2R —
OO Hor 3 2 K 4 n] W, A TR NBIBESE, AT B RO LA X B, L, AL T RUE SRR &
AN, B SRR S AR I B A TR R R B AR BT BT 4 RT UL, A LG TR AN RIS, ASBE
FEI PO, -P % FAH Xl 5, ELZK AR A DA ST, S2 3l 4514 PO, -P % 522 1L S3. S4 3l 511 PO, -P
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. L, PO -P S IR S BN E B KB EE RN 2 —.

s [ 2 500 R FH SN RS RIS 2878 B AR AT 9 W90 2 V7 i o 2K R B W A R, 45 R ke BRI Y
(1) 77 E 386 0T N, -N A IR S b g, BBl 2R T NH =N, T NO3 =N NO, -N WA — 5 (1) 3% A
1. B UEHED, NH, N 28 a i e K W E S SR N 72 —. & 4 vl AL A T 20
WA RAIKAEIG IIEGE, ARWF5T H NH, N (9 5 A XT38 g, 1 HAH T 3. S4 3l 55, /K48 & A IX 3k
() ST, S2 3 s i NH, N 5 5t 2 A X 55 19 AR 8 LA 4B o] UL, 7K 44 PO -P NH,'-N 7 it (1) 3
IR BK ARG ke A i 2 T A

WA R BRI, 8 SR B G 2R R AR S R G TR IE B, T SMIR S 3R W 5 A A S
A0 GE B E FE J5 PN AN B 2 K AR TR AR AR Y B i A K G K IR R 1) L HAA B
P EMIG, BZERIZKEE R, RZ2KSERMRIZ K2, BT RZKSHRZKLEZE
DR 05 FR R G A A #1121 T 438 2519 RZ K B0 BETF 46 F K, KRR 40 2RI, KR kA iR
G, RIZKBVEFRER LA BT Me 9. WG E K1 5 K E A F T, #Ell PO, -P. NH,'-N 455
FRER RN R R T RIB KRS IRZE KL AR TR G, WML ZK N8RS &M, 3 St
S2 3l s AV T A M DX I, KR AR, EA ZE VR T HoK Rl B A B e oy, BRI B 3R 8E &
I S3. S4 uh AUy, AR TOKAR I R
224 JKfiAEAk

TSI A RAZ IR L LR pH. B FREL | Sl o R E M 7 A, KA AR TR X i 2k
14 A Rt EL A T L A R T AR . AR B ST 5 e %) ) 42 A S R A% Rl /K R v 1) 38 SR R AR A5 F B 0
B, ORI 2K AR FCRR A 8 SR AR TG M, S TR S AR PR T B R A 3 SRR S AR L Ik
Gb, KA T B3GR T OKARIE R, AR TR i T SRR, i s e A K AR AL T A R
1.

FR 8 VT T 7K SCJRI B K SCIE SR R, 7R K AR K AR B A1 400 151 Y625 1 S Y 7K 0 2 AR F57E 20—
21 m, 1M 2021 4 DLW A K AR RFEEEAR, 2021—2022 4F e AR /K A7 B AE 2022 4F 4 A WpA), Ky
18.93 m, iX & BH7E /K A & AR A [ 6 25 (R /KA T 18 130 2 m. e R B M0, A R A S
it AR A AR A 32 B B [ A T KA AR A IO UM T B B 2R KU, TR
Zeor i, PR R R T, ABEFE NN, R TR0 0] WAL FZET, KR LA RN
SR, WD T K 3R B, AL SO T K B 2 A R i KA FEARG. KA )T B A
PR 78 R A5 LU BT 4010, 3K AR 03 e, 28 i A KB A AR 25, LA, WAl
HHAMEIINA, RN TR FRET, KR RS SRS DUE 4, B AR TR RN EERA, HR20
B AR, R KA B R IR

3 44 5 (Conclusion)

(1)51 % 2021—2022 4F1 A /K A8 2 & 1) FE ZE P Ry e 11 i /NIl A RO 38 11 b ) ) 2
P, FHo/NERBEA B &7 LE AT IR 60%.

(2)2021—2022 FFM A KR KW R B RIS AL F R, RIZKEEERE TR, KKK 52
PR, 2K 5 TR 2K B 2 DU 0 8 R 3h R A B IE 3R, S BOR Z /KB SR Eh W B3 =, R
J& PO, -P il NH,-N (38 A0, FRA0 58 B A9 /KR . pH. 6 IR 2 LA R KA B R B, R e 28 09 A4 KBl s
AR S, ¥ UK & A L, 2021—2022 ARG A K AR IR B &8 FR L L AKIRIREER 7 LA S
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