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A newly recorded species of freshwater blooming dinoflagellates from China and its eco-
logical risks
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Abstract: In recent years, dinoflagellate blooms had occurred frequently, and most of them were caused by the species of genus
Peridinium and Peridiniopsis, and caused by the species of genus Ceratium were rare. Recently, however, the genus Ceratium spe-
cies had been found throughout the world in the water bodies such as eutrophic reservoirs and fish ponds. In June 2019, some sam-
ples of the genus Ceratium were collected at various sites in Xiashan Reservoir of Shandong Province and found that it formed obvi-
ous light brown water blooms at local sites. Phylogenetic analyses showed that this species had the closest relationship with the com-
mon species C. hirundinella of the genus Ceratium, but the morphologically, the former had one intercalary plate and three apical
plates, which were different from the C. hirundinella with four apical plates. By contrast, it is a newly recorded species of dinoflag-
ellates—C. furcoides, which do not have been described in China. It has been reported as an invasive and water blooming species,
which is often found in eutrophic water bodies during high-temperature seasons. In the Xiashan Reservoir, the chlorophyll-a con-
centration at the bloomed site is as high as 125.77 pwg/L, and the density of the C. furcoides is 1.23x10° cells/L, accounting for
1.21% of the total algal cell density. The number of cells is dominated by some filamentous cyanobacteria such as Merismopedia
spp. and Planktothrix spp.; however, due to the very large individual cell size of the C. furcoides, its fresh weight is as high as
86.31 mg/L, accounting for 49.34% of the total algae fresh weight, which is the absolute dominant species in biomass. In addi-
tion, by examining multiple specimens collected from northeast China, central China, and southwest China in different periods dur-
ing high-temperature seasons, based on its own and distribution characteristics, we held that C. furcoides preferred the high temper-
ature and the eutrophic waters, and it has the potential ability to expand and form water bloom in different areas of China.
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ffi# J& ( Ceratium Schrank ) 3 J& W # '] ( Dinoflagellates ) . ! # 24X ( Dinophyceae ) . & ¥4 # H
(Gonyaulacales) \fi B8} ( Ceratiaceae) , A ELHERIFWI Rl , |12 43 A0 T A 2K 3R, %@ O H#R 13 |
RAKFP A AEFP AR R EL 3L ] 225 A, Hrp U 13 ASRAE R A BRI S 4 DN IRAKFR T H L
YA KIHE A 3 ( Ceratium hirundinella) F4EL — LA ( C. furcoides) . 1B FIEIE % 0 B0 M0, 5 I 24 52 M BRI,
YA NI R XERR SR AU R . b oSl A — R A R R R T, FE T e bR 2~3 MIRA. B
VT S T, AR S 5 AR, LT ATHE % . SR 40 (3, 0a (1), 67, 5-6c,
6", 2"

PS5 2 T PR RIVR K PP B B A TR0 A R T R T R AR 1 R BB 2 — 1 IROK TP K A £ 2
2 W )8 (Peridinium) % T Z HU 3 ( Peridiniopsis ) Fh2E5 [ AYTT | 1 £ 38 2 51 A K /0 IR .
SRIMT T AR R , R e A IS 40— S At 5 45 S R S i L, 7E L VG 1 IR it 3, HL 270 s B FR ik
JBE AR K AR L2 R SCRR RS, 100 A S A R A A R KRR AE | T AR A TR
I FHBE 7 LA SRR 9 25 1 S0 SRS | mTHCHT IR sh W A4 6, 3 B I AR BE T, RT3

Y24 R 1k Z R e R R TUARGE A CHAEE N A LR R G LB E M AERE. RN EZ
AR A SR AL B e B AR ISREAR TS I U . IR R E AMIGE R £ (0 A T E R i R iGE
S E R A, WSR3 B BRI AT TR AN BB A R I R G R B AL E I LA E , DL
GG AP 53 A0 RAE 8 75 H AT REAFTE I A 2 RUR.

1 #RFTTE

1.1 BBHRESRKRE

RIFFAEAR AT EZAE T LR A BT DU BT &5 s v &

SEVERE SR 25" PRI AR 1 55 B, BT AR B A1 A i — A A 10% B H T AR R SR E A T o
[ B2 5 7K 2 A I T TR K BREAR A E v B AR 5 UL 25 2 B 43 o — 3 40 B TR AR i A
CFEUTTERUY B, WHITVE RAT T 90% L lEh. AR LS %8 S rk .
1.2 HEENE

A2 S % Taylor MG A 46 2R HE S 19 FF 3640 28 R0, SR 19 2 3 % R Olympus
BX53 St BB R HR {6 20 T3 ( differential interference contrast, DIC) B3 (bringt field, BF) LA K %¢
Y (epifluorescence microscopy, EFM ) B TIEE. S T ML A, /K AR E 2 i A AE S5 A 0.1% Fluores-
cent Brightener 28( Sigma, UK) ( /MM 6N 460~490 nm, & 4F 56K 520 nm) Zef 30 min"*’.
1.3 240 DNA $2EL

F T P S LA 9% AR AE 2 18 K 257 T IR ERE S 10 B4 PCR J7 ik, RN sl b ) B BBORE A 1y 2k
A, LA R IR 20 L B AR AR T M3 A b A 200 WL (9 TG ZE K. 7R 48] B 1 G e
(Olympus CKX41, Japan) T FIHZ40 1) B AN PRI/ BN, 5555 22 8 J0 B MR KK ) M85 A . ik g
=R, DL BR Z B A HAB 2 TR )5 #4200 Wl PCR 45 INA 10 wL & 91il5 55.0, B F-20°C
TR . [ T PN PCR &I 2 pl 200 we/ml (92 I K, 25005 55CIRHE 1 h,95C F 5 min
KIEE A K. 5 E T -20°C F 774 H.
1.4 PCR # & 5= 4k

JHT PCR ¥ 18S rDNA N A5 4 N . 4616f, 5'-AACCTGGTTGATCCTGCCAG-3';4618r, 5'-TGATC-
CTTCTGCAGGTTCACCTAC-3"**. 50 L (MR R A -5 wL DNA A4, 10XZZ 0 5 pL,2 mmol/L () ANTP
5 uL,20 pmol/L BI5[#)% 1 wlL,Taq B ( TaKaRa ExTaq) 1.25U, 55 LA K B BUZE K # JE B AKFR. PCR 2
24 . 94°C T ME 5 min, 94°C 281 50 s,56°C 1B 2k 50 s,72°C #EAH 1 min 40 s,35 PMEFF ;72°C FEMH 7 min. §7
HEF=W) 28 1.0% BENEAREE RS UK -S54 F (FE A ATZE 10 min 03R) 764855 5 /5 (CUV30A, 118
) _LUIEIH &, H Axygene $E B PG & 24k Ml 446 PCR 7= 4. #4 PCR ik ™= % 5 pMD18-T
(TaKaRa) #I& L AL E] E. coli DHS5o Hv, LI 5190 (M13) 290 % 51 913 2 R A= YRR R A A
A



786 J. Lake Sci. (#6432 ,2020,32(3)

1.5 RERBEH
M\ GenBank EHiZE T 23 — XA 18S 1DNA FHI TR G KB40, BEHARTEIE BN ZE 1,
ARWFFT B A 3T 5 B R B SRS F R SRR
1 ARFFR B 2 R GenBank % 5% 5

Tab.1 The name and GenBank accession number of the species in this study

GenBank &5 GenBank &35

Ykh 2 Tk e (185 rDNA) YiRh TR S (185 rDNA)
Peridiniumum bonatum FACHB329 GU001637 Neoceratium longipes ccmpl770 DQ388462
Peridinium inconspicuum CCAP1140 EF058247 Neoceratium furca AJ276699
Peridinium palatinum JF JQ639763 Neoceratium fusus CCMP154 AF022153
Peridinium cinctum CCAC0102 EF058244 Ceratium furcoides (HBI; SC201001) JQ639757
Peridinium limbatum plssu3 DQ980484 Ceratium furcoides (HBI: HB200802a) JQ639758
Peridinium bipes ( HBI. HB200907) JQ639762 Ceratium hirundinella( HBI; HB200804a) JQ639759
Peridinium willei NIES 366 EF058249 Woloszynskia sp.( HBIL: SC201101) JQ639766
Peridinium polonicum MG AY443017 Peridiniopsis minima JLJ JQ639767
Peridinium polonicum BO2 JQ639794 Peridiniopsis penardii JL] HM596543
Alexandrium minutum AL3T AJ535388 Peridiniopsis niei DH HM596542
Alexandrium ostenfeldii BAHME136 AJ535383 Durinskia baltica QD GU999528
Gonyaulax polygramma AJ833631 Durinskia baltica XT AF231803
Gonyaulax spinifera CCAP 1118/2 FR865625 Peridiniopsis borgei PBSK EF058241
Neoceratium tenuis MUCC248 AF022192 Perkinsus marinus P1 AF126013

JFFUHE R Mafft7.2" SEATHAS , 28 MEGA6.0™" T T 0¥ DI IE 5 #HH ] MEGA6.07™" 3E47 Bl S 2H 1
SIHT BRIE A5 5 e ) LS A0TSR DAMBE P R P A A% H R AR 43 AT BTSSR0 153 5 4+
TFEAT T — L RGER T 50T, SRR 0 e A% IR AR R 1Q-TREE 1.6.10° P # () ModelFinder 4k
PEHEATIFAG . SR B RALSR T (ML) DL 35303 (B A R 48 4 . ML AR DL S8 ARf 235310 % T 1Q-
TREE 1.6.10"* 2K {4l MrBayes3. 1.2 2. DURHT-HT32 17 2000000 £, BUFE S 24 1000, 43 H1 ik $1F-F4
(FRHERZ2<0.01) WIS FTES I, 5 571 25% B ZALREAS 5 X 45 FEAL I EA T S0 45. EAR AR A A 75 0 25 48 R
Figtree 1.4.2 (http.//tree.bio.ed. ac.uk/software/figtree/ ).

1.6 FiFEEEMBMELSHNE

TR AT E W HBOE. THEO R AT R B AR S 2 IR BRRR SR S UGB M 2 22
AR T £15% . Y = SCH Yyt (B o) A, A RPN 30 A0 A /N, IBCF B AR AR ) L AR]
PRBA SRR B SRR SR o YRIE I IIE 71055 B R RIE K I I A3 BT )

2 ERG5HH

2.1 HSFEUE

A

Ceratium furcoides (Levander) Langhans 1925, Archiv fiir Protislenkunde 52 585-602.

Ceratium hirundinella var. furcoides Levander 1894, Acta Soc. Fauna Flora Fenn. 12, Nr. 2, 1-115, T. 1-3.

W OLTE IR R R SRR AR AR R B B R R R B4 6 (18] 1A) . AN A S5 Y, 5 1R
SRFU -, A R, TR AR DR B B, FIeIB AR TR, T e e A, B 2(-3) DR A
(K 1B,C). Bk HuRie, SO AT M 2 158 98 (K 1B, C). Hur RmMHA AL (K 1F). AR/
122~268 pmx32~56 wm.

W IR FNHES A A% 37, 1a, 67, 6c, 6, 2" (E1C, D, E). Ttk 3 He, 6] L BF#As 4 iE: i 52
TRFL. AfEAEAR 1a & =MJE IRA EM ETFLALE. IR 6 Y, DB s A8, BAiR 6 . YR
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T WA 2 k. TG AR 6 B AR A 17N 2" B R T R — MR T AR 471 5" T B — MR . BHRUIS
WK, W HE I — R KA 1C, D, E). M HA LR EH 5, sy 2mt, w7
AR BRI AR B i —2F (L 1F, G).

FE 20 IR A #EL T, 2018 4F 9 H 13 H R4 Tk 1Lk (545 SD2018050/051 (HBI) ). Wit
BT, 2008 45 3 A 30 H , SKBLCREAET—/IVKET (br7 5 . HB200802a (HBI) 5 U114 AR 117, 2010 45 10 A
26 H , SRR T PRI 22 K2 —7K i (B4 5 SC201001 (HBI) ). ¥ b4 ¥R £, 2006 4E 8 H 6 H, X
FEHERE TN,

P SO (A) 7R AT (B) SN /R ANME 25 5 (C) AN T2 1 o 2 A PR i1,
(D.E) 4l M WSE WA, 73 57s 22 A PIAR RS ; (F LG ) 4RI AMIRSE ' it 34
Sl b R SRR R B (A =50 em; B=20 pm; D E.F.G=10 pm. fF5i5H .
X', Tk X7, IETH; X, JEAL, X, MG oX, BRI Xa, BHEH; XS, A0 X BIFS)
Fig.1 Ceratium furcoides:( A) Ecological habitat; (B) Single cell, showing the cell shape;
(C) The hand-drawing of the cell, showing left and right sides view of plate pattern respectively;

(D,E) The epifluorescence of the cell, showing left and right sides view of plate pattern respectively;
(F,G) The epifluorescence of the cell, showing semiconservative replication of the up and down plate respectively
(Scale bars; A=50 ¢cm; B=20 pm; D, E, F, G=10 pwm. The legend of symbols: X', apical plates;

X", precingular plates; X", postcingular plates; X", antapical plates; ¢X, cingular plates;

Xa, intercalary plates; XS, sulcal plate; X is serial number)

2.2 FIISERESR

RBIRIE R et BOE BT VLG , PR — 8 28 A7 41, KR 1648bp A3 H e 81 4 4 , o A <1
o715, 1089 A, A8 A 15 559 A, TR 15 BALS 392 A BRSO 167 4> HiBE T 4 FE (A T.C 1 G) BY°F
Y& 25.73% .28.00% . 19.70% A1 26.57% . GC & H (46.27% ) ik F AT & (53.73% ). ModelFinder
BTSSR FW] I B SR Rl GTR+F+R3. 1RAIHEEM T (1ss=0.1074 < Iss.c=0.7816) 5w J3 51 4 4
FJERAMAN, AT T RE K& 0HT.
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23 RERENM

FET 188 rDNA F B VA 8 H B4 DL I3 R 58 5 B (181 2) FIECR LAY (18] 3) FEARF S H A T 25 5%
R 5 7R B A H R ARG 1 A R R, e AR 1A R SRR DL 305 3 ABE 353331l 98//1.00 , £ BERHIE 1L
WO KA ST 1 43 32, 43 AR A B8 ( Neoceratium) (TEEFPZE) FIAA B JE (ROKFIZE ) 2800, I R ISR B R X
FREAN DL 0T JS SRR 53 51 99/1.00 , BRI PRI XA e TSR M BB b, 5§l Bg
IR FR IR RADIR B R SR (AN DL 30 /5 S B4 53551 100/1.00. £ HVBEJ ( Peridinium ) AU 2 HI
W ( Peridiniopsis ) WREZ R,

1.00 ——GUO001637 Peridinium umbonatum
L——EF058247 Peridinium inconspicuum
JQ639763 Peridinium palatinum
0.98 EF058244 Peridinium cinctum
1.00 0.83 DQ980484 Peridinium limbatum
JQ639762 Peridinium bipes
EF058249 Peridinium willei
1.00 ——AY443017 Peridinium polonicum
——1JQ639794 Peridinium polonicum
1.00 AJ535388 Alexandrium minutum
0.90 _:AJ535383 Alexandrium ostenfeldii
1.00 AJ833631 Gonyaulax polygramma
075 ] _:FR865625 Gonyaulax spinifera
_1.00] 0.87 1.00 AF022192 Neoceratium tenuis
1.00 DQ388462 Neoceratium longipes HfaE
1.00 AJ276699 Neoceratium furca Neoceratium
1.00 1.00 AF022153 Neoceratium fusus
| JQ639757 Ceratium furcoides e
1.00 JQ639758 Ceratium furcoides Ceratium
JQ639759 Ceratium hirundinella
i JQ639766 Woloszynskia sp.
1.00 JQ639767 Peridiniopsis minima
1.00 HMS596543 Peridiniopsis penardii
HMS596543 Peridiniopsis niei
1.00 GU999528 Durinskia baltica
_:AF23] 803 Durinskia baltica
EF058241 Peridiniopsis borgei
AF126013 Perkinsus marinus

so[eaR[NEAUOD [ e [

QBOORNRIOD) o ik LY

P 2 BT 18S rDNA R B iA 35 H 1y DL R 8 % A
(T R4 R T 0.5 B9 DU S . ARBIESE B INA 895 91 TR (A 8Ric )
Fig.2 Bayesian phylogenetic tree of the order Gonyaulacales constructed by the 18S rDNA sequences
(The numbers on the nodes represent the posterior probabilities above 0.50.
The newly added sequences in this study were shaded in grey)

2.4 FHRRARRIELSH

AYCRAESL I BN LK B 7 5 AT ZE 41 JR 69 R, 23R 7 177, Hoh 5 3E1] 10 JR 18 Bl R3]
21 @30 A, REBEIT 3 B 13 A BBl T L @2 Fh 0T LB L Ah B BRI 3 J@ 3 Fh 4R EEITT 2 )8 2 . 5Pk
21 it 25 B AR AL R R 0.03%10° ~30.45% 10° cells/L, A= A5 fL AL BN 0.01~86.31 mg/L. 8l — XA B 7E %A
JEEEIA 1.23x10° cells/L, W i fH o 86.31 mg/L. #5112 B S 20 i 25 BF % Ak W8 o5 L 49 WL IR 4.
A, s B B 4 3 @ WREE 3K 125.77 pe/L, S AR 0.426 me/L, BAMKEE A 4.10 mg/L, M
WBER 0.05 mg/L, 7K H 28°C B HEEH 0.3 m, B 5% 847 pS/em,pH g 7.9, i A B2 8.8 mg/ L, fk
ETFEIEN 14.9 mg/L.

3 iTtit

) SR R AL AR K IR FE RS (A e B 2 R BT IR K . B Y 2 A0 7 S A X R K R
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85 r—— GUO001637 Peridinium umbonatum
L— EF058247 Peridinium inconspicuum
EF058241 Peridiniopsis borgei

29 EF058244 Peridinium cinctum
94 DQ980484 Peridinium limbatum
JQ639762 Peridinium bipes
EF058249 Peridinium willei
JQ639763 Peridinium palatinum

ﬂ:AFH 1803 Durinskia baltica
GU999528 Durinskia baltica
95 HMS596543 Peridiniopsis niei
ME HMS596543 Peridiniopsis penardii
JQ639767 Peridiniopsis minima
100 —— AY443017 Peridinium polonicum

L—1Q639794 Peridinium polonicum
JQ639766 Woloszynskia sp.

100)

1Q639759 Ceratium hirundinella B

JQ639758 Ceratium furcoides %@E %ﬁ %
JQ639757 Ceratium furcoides Ceratium 5 %
AF022153 Neoceratium fusus Sz
AJ276699 Neoceratium furca R 12 1o
DQ388462 Neoceratium longipes [Neoceratium § é
AF022192 Neoceratium tenuis o B
FR865625 Gonyaulax spinifera §
AJ833631 Gonyaulax polygramma g

(&03 AJ535383 Alexandrium ostenfeldii

AJ535388 Alexandrium minutum
AF126013 Perkinsus marinus
Kl 3 2T 18S rDNA H R RIA 3 H A9 e RAUR R G0 A
(T RAL B T 50 BB AR ISR (E. AP AR P8I AR G ARIC)
Fig.3 ML phylogenetic tree of the order Gonyaulacales constructed by the 18S rDNA sequences
('The numbers on the nodes represent the bootstrap support values above 50.

The newly added sequences in this study were shaded in grey)

(b)
W AEEE](3.6%)
| HEE](49.0%)
B 4] (0.6%)
| 1(4.9%)
| R 1(5.1%)
LB 1(26.0%)
m BRI 1(10.8%)

WAEPE](1.8%)
m PEE](1.4%)
A EE](0.2%)
B EEE](74.0%)
mARET1(0.6%)
LR 1(9.4%)
BB 1(12.5%)

Pl 4 eiliK % B s PR IFS AL (o) FIZAEHI A (b) AL

Fig.4 Density (a) and biomass (b) composition of phytoplankton species at site B in Xiashan Reservoir

AR S AT A BT RS R B, T A m i g = 47, 67, 5-6¢, 67, 2" BN | 2 SR EE £
BRI AR 0 TR SRR BT S BRI AR TR K P2 BA 6 Bk AR

AL BIREATELE B A A5 S5 B35 Langhans™ Al Levander™ $iii58 1 KM = AR (C. hi-
rundinella var. furcoides) HEARPL. Langhans™ BESCKE G A13E — XU FhHET1 R i (0. CoHe ffy i 2 2k
S E UL A R AR R T 2 22 5, IR ITTF 222 4 R 43 /P 2 A8 B B b 5 T RbRF A BIF 5
SISO BT R B R AR L H O DRI TE TR A 3 P DU SE i 2= T, 55 4 By Bf
FEM TR ALK 1 B AR A& N 37, 1a, 67, 6¢, 6", 2" | liJa & HA 4 Pt fif 2 TR p AR , 4 5
A 47, 67, 6¢, 6, 2" SEFIBASFMERLE R ABIF TN R AN 58 R AR S 5 J A0l — A i%Fh
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FEE P& 1 ARGE , o TR SR 2R O A A A2 SCBIC S R T 2 SR B SR /NELK
PRrp R R B A8 2y P R SRR E S SRR KR T EL S K IR AR R B KT, S LY
KIEABEL W T L R MRIR T A E. F 52 1 A6 S0kt 22 45 T8 400 S0 T i 1) 2B I A KR e 1
e

FET 18S rDNA FIEERY IR 3 B 1% DUt R AR 3R G0 K T b 7 T R AR UK A B P2 2 i B
BRI 43 S SR FN SCRPREER R IR K A BN IS4 B AN R 2. Logares S50\ MV FIR /K Fi 2538 1%
B REHRG R, H O R AE TSR Bl & A 97 ST RS H 19225, Gomez S5 Y
TR AR PR R P2 T R A4 T — o A0 BB ELTA A R VA AR B R X A T R S A R e
TR SAHEY . RER TR —EHIA TR XM RG0S, B = X M0 T Eiad B sk
B R S A A B MG £, T 18S rDNA M EE Y UL M- 2R 55 % B A RN A SR RS TE 3
NG 25 57 R T 22 Wl i 0022 P 3 i 22 R M (07 A DA B PR S 2 BR 1 40 480 5 80y, (H 7
BEEHEE U B LR KFMRE LB R R DERE HmE—50m.

MR e FE PRI AG I 3 2018 4 & A Ay 4 [ b R A 7K 5T Wi 2 5 B8 7 (http -/ www. cneme. en/jebg/ qgdb-
sszyb/ ) , WRLLIZK R SR TR BE R V 2R0K 0T, S B P 5 5 3R A AR S, i LK R4 BT R) 2019 4F 6 T 1 el 44
(BB R R o WRBE TR B A i ) S0 7 147K R B 7R A7 a5 7R 7R YRR AR v 2 B0 o 1) B8 A 5
FALRTS. REEANMEE_E AL MR 22 S — Lo 2R W5 i o5 B3, (B 40— S A e A 40 i (AR R
BOR A TS A R, ARSI A T R ZR AL A v PG R Ml X S A [ R B R R S R
SEENP U UL A R R s IR B R 1 2T TR R 2 I & E SR KR B R AR
IKAETE SR/ 0 F TR KA R 3B EIE . 33X 45 A SC Rk T8 100 00— A 5 e 2R VR TR R R K IR R Y
g3 A S AR KA — R T R R 0 B IR KR TS Y S A o 2 B A U S
T X — AR A AT I A T e e T LA K B 1 AN O B ( Microcysiis ) RE A F B £2 il 4
JEREE . 22 B A SCRRRAE P00 S A AR T P SR AN R A R i — 2 S R AU S
BAR T H AL ST T U i R A K E R R A R AR G TR T B B DA B S A
TR FHRE F7 RO 0 4 75 s S e AR SR ) ™ 3K BB 7102 i =2 [ P9 Ak 22 9 K I 7K 2 B [ 11
BB TR ARRA AR BT T RERREE Y Tl A AR Rl K A v B S0 BROK AR, 17 25 T 1 BE DG T AR
UL T TR LS 2B RRIE AT TR AR P81, 45 B TRk S AT S it — IR A9
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