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Abstract: The occurrence of Peridiniopsis bloom has become one of the common blooms in the tributaries
of the Three Gorges Reservoir (TGR), but its occurrence process is still unclear. In order to reveal the dy-
namic changes of Peridiniopsis in the sediments and influencing factors, the sediment dinoflagellates from
three sample points (T1-T3) in the backwater area of Ruxi River, a tributary of the TRG area, were sam-
pled and analyzed from 2016 to 2017 by phylogeny and real-time quantitative fluorescence PCR. The re-
sults showed that the dinoflagellate at the sediments of Ruxi River was identified as Peridiniopsis niei.
The gene copy number of dinoflagellate in T1, T2 and T3 sections reached the maximum during March to
May, and the number of cells in spring was significantly higher than that in summer, autumn and winter
(p<<0.05). Among them, the copy number of dinoflagellate genes in the left sample points of the three
sections reached the maximum in March or May, which were 70. 18 X10°* copies/g dry weight, 68. 60X 10°
copies/g dry weight and 42.77 X 10° copies/g dry weight, respectively. Multiple regression analysis
showed that the copy number of dinoflagellate in sediment was linearly and negatively correlated with sedi-
ment temperature, TP and C/P (p»p<C0.05), but not with TN content in sediment (p >>0.05). Among
them, the temperature was significantly correlated with the copy number of dinoflagellate in spring., Ca
and K significantly affected the copy number of dinoflagellate in summer, and TN and TC were the main
factors affecting the copy number of dinoflagellate in autumn and winter, respectively. The results sugges-
ted that spring is the most active period for the dynamics of dinoflagellate in sediment, and the change of
dinoflagellate in sediment is synergistically affected by temperature and nutrients. This study provides a
new method and scientific reference for the prevention and control of dinoflagellate bloom in the TGR.
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W2 B R AL R N 2K AR A S R T rh 100 22 Wi A Ak, TR TG I AN B 4 1 48 78 28 DX AU 22 T 3 K AR 1Y
AT .

UG, %08 Y 3 2 A 8 P i 20 b 0 ol T T 9 5 AR 0 b B D5 3 A O 64 ek 0 12 A 6 2 Ak B
RO I s e AR, AL R S 5 R A WL TR A TE — R, AT T B AT 45 SRR B v
i S WU vh F B Y 3 AR O RGO TR T UL 2 WO AR R Y P R A O, AR SCHE S TR T
qPCR € 8 73 B = e )28 X vl 4 400 523 1K X 8 b R 3 3l 578 AR 9 T i, O X 2 o TR £ 47 0 s DA
O DX H R K AR B AT BB — S ) BRI Al A R S 4%

1 #H5FE

1.1 HHEE 108°0' 0"E 108°15' 0" E
VORI R R T TN X 4 KL 4 R %£:>
i SCR TE R IX B R YR S — %

ML, &L WRME, REaRIT S
AR, AW Em A 720 km®, 3
B 54.5 km, 7E8CH 85 G B R
272.9 km®, EWHE K 25. 4 km, Z4EF
I Mo A 1,49 X 10" km®, J& = Ik
FEX EH R — R Lz —. KIEEK
Ja, KIDKEEZRRIFS UL, BET
K3k 15 km BYVE W [EI K X, VB 2
WAFAE 3—5 A1EWR I £ % i i KA ) 0 5000 10000m
AKX e T B T KA R T —
DU 34 BT RS U8 TR 3 1 Bl AR AR AR TE IR
MR 2 2 e R BE 3 AW (T1-
T3), WA 1.
1.2 JEiRXE&ERK DNA 2H

2016 4F 3 1 & 2017 4 2 A WA AW 19 22 (S L Hr (S2) AT (S3) 3 N FF I R A IR R 6 4%
HEATRE VR R A, SR AR S5 5 VR EE IR A 11 BHAS o PRBOR AR A7 24 K45 [ 92 86 % B T — 20 °C UK A AR A7 % 11,
TR TG, BB EFE 2 ¢ T 10 mL B0 dh . RELCTAB B2 H DNAMY, T4 )5 1 DNA BT
50 pL ddH, O 1, MIEWICEE A e FTA g0 » 45 Asgo /A 78 1. 8~2.0 Z A E T —20 CUKFHMRAA S H . &
) 75 0 — 2 4k ok R S R B
1.3 PCRYBEKRARERFZLZEMAE

I PCR #7#4 28S rDNA 3 19 21 %1 4 DinFif (5' GCATATAAGTAMGYGGWGG3') il DinRir
(5'CCGTGTTTCAAGACGGGTC3") . 50 pL B FR . DNA B K 2 pL, HAH 4% Taq B (TaKa-
Ra, HAOULH &R, PCR M HIEH 1. 0 Y3 ig b e i d vk, H 9 R B Il gl Ak 5 264700 ) (32
HEFESE FESR S A RS A . 3545 816 bp ¥ 8. R A Clustal J5 vk 47 Lo 4 F T 51 ) 4 358 4% A8 S5 B 43 #r
(Vectorl0 # A, Invitrogen, FEEH). Fl KA ) 816 bp ¥ 35 GenBank H i JF %) 3k 47 kb X}, i 43
MEGAS # &8 it KA (Maximum likelihood. ML), 3 [ k50 M R G0 A9 B e A — ik . o 4%
AR S G EAE B LA 50 %0 R Rk

30°30' 0" N A

E1 #RETESHE
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1.4 ZHZAEEE PCR
1.4.1 &% PCR 31 #i%&it

G 1. 3 RAFM 751, R Vector 10 #fF 4T qPCR 45 55 M 51 ¥ 511, 514957 514 uPrl (5'GT-
CAAATTGAGCCGCAAGCTCC3") il uPfl (5" ATCCGCCTTCGGCACCGTAT3), /¥ i Bt K K
128 bp, 519 A T4 .

1.4.2 FKEH%

I FH R A% S A R 400 22 T R4 g bk . LAS 4 uPfL T uPrl 334 A4 5 B B I Ui 5 il o TA 5 [ 3%
$£%) pMD19-T # /& (Takara, HZA), L2 Escherichia coli 40l DH5a, PRBCPHTE vE S % 15 9%, TR
KL £ R BR300 & CRAR , dbmt). SRy 3% R Be b A i 28 14t {3 — i U0 457 45 1 DNA P 4
fif Hind III(Fermentas, 3¢ ED#EATEEY], 2ot Ak im0 Bk f vk LS 8 T ddH, O ) 5 J80bR e i s, H Bt
ik JE ] NanoDrop 1000 #4711 %€ (Thermo, ZEE) , AR HE 2> 2 He 80 ak o 67 ik 2 U1 45 .

C,=P. X107 X6.02X10%/P, X660
K, C, MENEA/L) . P, IR E (ng/mL), P, BRI (bp). K 58 41 JOR AR A 5 IR 7 A4
10 fEEIBEERRE . A qPCR MIARERS BERE AL . —80 ‘CHRAF.
1.4.3 Ar/f &4

7 AU A B B4 BUOREAR 1 A AR A AR . #E4T SYBR Green T qPCR S (ABI7500, 36 R . 4> B2 Al
SAEE, MBI, W AEF: 94 CHAME 5 min, 94 CZEME 30 s, 54 CiB Kk 30 s, 72 (:i_1$
40 s, 35 ANMEFR; 72 CHEAR 5 min. S 1 EE 7 B K5 DUBOW U S gPCR G B B E (615 5 15 5k
SE (14 13 BB BT 28 D5 0 0 PR, Co) Z IR Y 2V 11 05 J7 2 . LA qPCR 2L H A 17 19 Ce {5 0 A48 B, B AR
DNA $5 ULEAY X BB B AR bR 2 1 b o il 45
1.4.4 #faaten

PR RE G DNA 558 5& MR, VE RBARIETT qPCR KL . 4 Cr A& KR M 1 28 F5 75 W RE 5 14 4% D1 %
T 5 0 PR v VR
1.5 KEBUREREFHMIZE

KRBIZKIR (WD), pH, SR (EC) , WA (DO) ., AL JF AL (ORP) . U3 (Tur) FIK TG
(PAR) Bl i3 it 2 2 BOK B 43 M A (DS5X, HACH, 3 ED #EA7 00 2. K R 4 A e Bt )5 B wr ., il
CHNS-O JLE 41X (Hanau, #EED W KJeH C #l N B4 P, Ca Fl K BT /- HOR SRR . DU
K FNGHCHE I A (Milestone ETHOIS, 2 RFD W i#fE . FHLUERFS A 55 8 FO6I% X (ICP-OES, & ED il &

1.6 HE\EHMELE

BRI g 2 P DL S R l%%f%xmswsmoﬁ#am4iﬁh_;z B A H 53

Br. B e DL O B0 85 R 73 i Origin 8. 0(Originlab, 3% E) # 47 Pearson FHE T #r, 34T F /5.

2 ER55MH

2.1 HBAHRRELSE

I 30T 9 A GenBank #2619 28S rDNA JFHIM & H 8 R G K &M, Ll KUK % (ML) 74 #
MR G I P 2. S5 KRBT, R 5 A5 R L 2 W (Peridiniopsis niei) KRBT, 17 83
Bk 04%, HE KM CIIZ P B (P, niei HM596555) Fl = Ik 4 [X 7 V5 3] {5 [C 00 22 3% (P. nded
FJ 767867) AHALBE 43 ] R 100. 020 A1 99. 7%. ZBEAMMOPIATE , & E 0 w7, EdiE ., T oo 24
HA WA R S TR, HasE, bR KR/NUF A% B 3R BN R Lok, B2 @R A, A
M2 30 pm, FELY 25 pm. TR T RGF AR R, Y% HH B0 6 IR 2 .
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Peridiniopsis niei F1767867

94 Peridiniopsis niei HM596555
66 Sample
67 Peridiniopsis penardii var. robusta HM596558
91 Peridiniopsis penardii HM596557
80 Peridiniopsis penardii HM596556
Peridiniopsis jiulongensis KY594912
Peridiniopsis minima JQ639752
Cochlodinium polykrikoides AB295046
Durinskia baltica HQ588944
EE Durinskia baltica GU999529
o8 Gymnodinium nolleri FN649409
_: Gymnodinium catenatum FN647679
s ﬁ: Gymnodinium eucyaneum Q639750
Gymnodinium acidotum AB591417
E —C Gymnodinium palustre AF260382

63 Amphidi poecilochroum AB591418
Amphidoma languida JN615413

Dinophysis fortii AB473693

5

99 Dinophysis caudata AB473680

62 Gymnodinium aureolum DQ779991
_E Karenia umbella AY266329
—E Karenia brevis EU165310

Karenia mikimotoi EU165311

Cachonina hallii AF033867

Heterocapsa pygmaea FY939577
Heterocapsa rotundata EU165312
Gyrodinium dominans FN669510
Katodinium glaucum EF613356
Karlodinium corrugatum EF469233
Karlodinium antarcticum EF469234
Karlodinium decipiens EF469236

98 Perdinium palatinum JQ639753
Perdinium pseudolaeve AF260395
97 Chimonodinium lomnickii JF430394
Perdinium aciculiferum HQ176321
62 Calciodinellum albatrosi DQ167853
92 Calciodinellum le i DQ167854
59 Peridiniopsis polonicum EF205010
99 Peridiniopsis polonicum JQ639754
— Ensiculifera cf. loeblichii DQ167857
— Pentapharsodinium tyrrhenicum DQ167859
Peridinium willei AF260384
99 —C Peridinium bipes AY682813
99 Peridinium bipes f. / AY733012
99 Ceratium furcoides JQ639748
{ Ceratium hirundinella Q639749
55 Ceratium lineatum AF260391
99 Ceratium fusus AF260390

Ceratium longipes EU165305

Perkinsus marinus AY 876328

AT R E T 50 % AT A R
B 2 28S rDNA FF 5l 84 & &5 it 1L ¢
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2.2 WHTEE PCR FrfE gk 35r

HT BAE B qPCR 519 B9 4 5 k. F
FE i DNA #E47 qPCR #7345 2R W 7 15 ik il 2 i
fEER—, U BIZ 5] W ) B AR AF i DNA FE S5 M3 sk
U, SEREFORARME M 4 PCR JG 45 R KW, K865

PRUESE Y HEE R L bRiEN Ly y=32.58—2.57 2, T 20

R*=0.999 6, Hi y i Ct. x HHH DNA # Il

B XA A BLEE I 3), Rt 319 uPrl ol

F1 uPfl 9 qPCR 7 DL H F 2 & 3% 3% ) 7K 48 H 3 10k

45 D%

2.3 ERPMEEROHSEL S > J 6 810
TR WIS Je e s W sh B AR L&l 4. 3 4> TEARDNASE N EHI X $1E

Wi T1, T2 M T3 (S, 1(S2) . 47 (S3)FE B3 EREAESNELTE PCRIFEME

SRV W S48 DU RO AE 3 — 5 H Talik 2] 5 KA.

T1 1 T3 A8 1 22 B A5 0 A o T J U8 HF o 3 R 48 DL B3 /e 4 Ak Bl KA, o 70. 18 X 10° A4~/g I
42. 77X 10° 4~ /gs T2 Wil i S1 AF s #5 DL E0AE 5 H BB R fE, 2 68.60X10° 4~/g. T1, T2 Wi/~ iy
S2 F1 S3 REAIAE 4 A kB KA, T T3 Wi 9 S2,S3 BEA M ZAE 9 HF 5 H ik kM. W& ZT s
b, el P LR A BT AN TR, Hoh 2= 3 A SRAEWT I ST, S2 F1 S3 Ay H #e#5 DL B 3 & T 5. Bk
A (p<<0.05). Wi g5 REH (KB 5, FRE NN MRER, BNFHERE, EFRENBS ST
HA 3 A~ZF=77; B, KMA3SAENTEINBERTRITFE L, H SI, S2 M S3 HEEINSESFEERT
Gt L (p=>0.05).
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Hs5 wZAERTRENERS

2.4 RERUMSERTUERERFHXER

SRR TE MR Y o B e e IRFETE 30 CAEf, R WK . HBEMAE. &R I 4+
FE 20 °C, WA RIS RAL, R 14.5 C. FEFIRIEA CTN) B /- 80w &, HAth 3 ~F4 TN fift
SIBCEALARR. XF R (TO T8, SRS FE TR R, RO A T, & Z 08k (TP) I & 74Uk
By PREFTE 0.5 mg/g 7247, R WK, HFMES, EFMRFFE 0.1 mg/g LEfi. Ca MK ILE 4 FT
ERIEGETFEL. NEFRE B 6), IR T NS e, TP F1 C/P S 2P 514 ¢ (p<<0. 05),
5 N/P R BFFMHRE(Pp<0.05), HESERFH TN, TC, Ca Fl K FE/35000 B FHEE(p=>0.05). %t
AR 245 i TR Y 15 DU RS R B8 I Pl AT 2008 4 LR A0 B (58 1)y Z5 SRR B0, F s NS A BN T2
)25 A A C RBCIAE 0.7 DL by Hor, F 8 DS Je i B 3 A ¢ (p <<0.05), M RRBH
0.824; X 7 H P48 D) E 252 A 102 Ca M K, M CREGR 0,997 BREMA =10 W e 45 DL 4o 5l 5
TN Fl TC BFEMK, MK RECH 0. 735 F1 0. 885,

F1 RARRSHER T RS NS REREFES EES

&7 S U o 1 8 i () P LR ()38 0 Il T 72 HXRB(R) . E
H Ve y=—5.84 x X10"+1. 31X 10’ 0. 824 0. 009
27 Ca, K y=—1.05 2, X10°+2. 85 x, X10°+2. 10X 10’ 0. 997 0. 031
Fk TN y=1.95 X10* —2.10X 10° 0. 735 0. 027
%2 TC y=7.98 X10°+1.18X 10" 0. 885 0.003
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100 .
06 | £=0.005 7=0.001
=-0310 @ 0880
250} (T ~ 801 =
o0 0 .
& 200f = < ok
& &
X 150 F a X
é’ " o. < 40+
7 - S
R 100 - o
=4 =4
i . ® 20t
50
| |
oF ™= " " ] [ ¥ L L or
1 1 1 1 1 ] 1 1 1 1 1 1
10 15 20 25 30 35 40 0 10 20 30 40 50
mE/T N/P
(a) TR (b) N/P
1001 p=0.008 o0 »=0.028
. =-0.396 . =-0.321
a3 80 ] o 80 n
an n on »
& &
s 60F . s 60F u
X . X .
< _ < L
5 40 o 540 n
X 5?: .
®ob = 20}
| I ™
0F oF l.-‘ Ill-. - ]
1 1 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 0 2 4 6 8§ 10 12 14 16
TP/(mg.g1) C/P
(c) TP (d) C/P
Bo KEREHENHERE, TP, N/PH C/PHHEXESIT
3 itig
3.1 ZHE=E PCRELZEMNKIRRENNA

F6L 5% J2 B 9l A 0 S e — SRR R ELE A B B, A H R R AE 22 KoK AR P i R b R R A A
FHVTE L AR Ge i e o A A S B PG V2 I, — D, AT R R &g, O B
TRFFW R MR AT A 5y T, PUERBE 09 AR AT S b 1Y 38 B R E 25 58 E Ok — E 19 N
ML B S TR KR, Scholin 457 SR LSU-rDNA #4% i BEF 5B 58 17 3 15 1 K3 (Alexam-
drium) W ARG AL . KA. tamarense, A. catenella 1 A. fundyense 55 1L ¥) P G #% 1R I X 43 I k.
Lee 2@ 5f LSU-rDNA R G 281, TA ik [ 7K 58 1 Amphidinium massartii G80H B 5 WK P W, £
] 10 62 0K 45 3t X (¥ 38 b X3 JF K. Saldarriaga %5 1l Zhang %571 F ] LSU M SSU rDNA J¥ 51 43 #1 T
WOKHHET RG, WML THFIIMHRAL LT, 0 EH%S T 40 LSU-rDNA %5 48 84 L
VLR B 28 0 Fmh S il R L £ B B (Peridiniopsis penardii ). A WF 5% 3 F NCBI Chttps: //
www. ncbi. nlm. nih. gov/) F 3 & 3 %0 F 19 LSU-rDNA 731, MR Gk B, 45 5 5 B 140% 3 1y i
RN, Z2 WIS I 1) 22 W A A DL AR ey o G v 5 A R Tl R AR 30 SR B 1 50 D 40 22 WY S AR RLBE 43 31035 31 99. 7 %%
1100, 0%, Pl AR 7K1 b S RF 1 W8 i Y 3 g 450 FR 400 22 1 .

3.2 NEERFHNRERENSTHLHZIE
T2 BB K AR A BF9E B 20l T I 0l . 0 = R X R0 L Sk R X Y | B A B AR
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RN = ARIE K ET L BRI A XA ST & B £ K4 S TP, TN. NO,-N. N/P. K{k5 2%
Z R R Z M K. Pollingher 7 IR N B W 148 T2 i T /K SR AR, HE AW AIF 5 ¢ IH 46 48 2 s 0 % AF T 3 4~k
B AR 2ad 5t E i PCR ik &L, HORMR I h & A W fre e, 1 A2 AM6—12
ARV H B4 DB 2 R IC gt B S, 76 3—5 A AR SR e Y B 3 8 Bl i RAE . BIVE 2= W e b8 DL B =
(J& 4 FE 5) . F5 T Pollingher 2507 (4538 . BIKAEA I (5 A A AT i FF 356 760 48 10 ol 1) s 0k 400 i
A 2 ] 12 e P A o 1 A T v U 1.

THR VTR IR RE | A2 7= Syt W S A 98 40 A i E B m [ R0 I SN RS kB, AT AR
10~28 CRmEEH. AW EZMMERIeEEMEm, IKEHEZHS TREMBEE 6, FEGB—5
DRV E AR YR 7E 20 C AL, BIL, FZFEUEH F AR IR B 18 B B0 R 5. g 4 [\ 4
Br(E DA, FRICTeH &5 DS IR TR 2 W HC, B R e iR AR X35, 4 IS iR
FART A, X 98 A B A — E MR Y. RS WS R I R ¥ 2 2 3% M e R A G H A
WM TR YA A TH EMAEN S, RO &P B KEE B HAAERIY R ES W KIE
Hp L e R R L B IR R A BCE B R K A R Sako VY B N, PR A B0 R 10 48 19 B L
FAEw ELEEM. AR AR, KRR EZLS TP M C/PILERMHLKR, 5 N/P REFIEMC, HN
Far &, F. EMAKZEHEENB S S5RE., Ca il K, UL TN BWRESHBEH LI 6, £ 1),
R TRESE R IT . BB SRR T RE B R I 2 s S E R N 2 —. AR R
R T ) e R B I 25 040 22 FR R R LA B AR DRI R e A DX U S W A 0 A Ak X
=R XL 2 K AR LA AR . seAh, B AT R IR R A s S TC R
HORRIEMEGE D, WP SR ER LT — S E E 5 AP ZZEH K. Stéphanie 2% % B 1
HERY 4340 5 TR 5T XS A K 3 1 S L AR SO BE B MDA SR F A G, RIt, B miE /s = FE X Rl £
H 38 1 sl A8 AR b JoK AR B AL . 75 2 2 M I R 25 A EoT.

3.3 mRAREKERNE

22 2o M IR B SRR B R LA IR S A A AL R S e, A e PR X R I BN B 2 AR TR
. BFR R, L T DL IR B YO B (10~28 C) T R B, R KR E N 13~15 CHY,
FH SR K K R B R gk AR, I B R 0. 2 m/s, KR W K T il S I, R A K e s
FIOHN L A A B 2K AT AR A A 0 A KRS E BR R A% PR R R A e AR R, 2 AR EEUGE A
IF 6 ) 2 R W A, E A KA HE T S, T ik A L = e X B K R . K [ K X
WHEA L, BERYRIIEF KRR, LR PRk ERHSEAE, FFEFEMEBES Y, Wi, ¥k
JE (A1 K IX B0 0 . AT ARG P KRR B R A A, AR R A BE, B KL AP RENKS R
. Cafl K, TN, TC B FEHM K, RPEXZRAKMEEFZI Lo HioKREmEE, Wik, B THR
P E X gk, TR EEEAVAES TR, XFEEHTEDRE MR 28 EmBK, BRAE
BRI Y R B P HEA . WD E LY RS B A TE g, dE IR R R R R K A AR S
ROUIEERR . KRG B RE ).

4 Zig

1) BT HOZ W TR TR H B (T 28 22 B 1 )2 LSU-rDNA R %8 & B 4001, 1 FF 35 460 G 48 22 HR 9.

2) 519 uPrl F uPfl 0] H T M & 7K A8 H 3 1) S 98 6 o & PCR, HARHEM 4l v =32.58—2.57 x,
R*=0.999 6.

3) 3ARMEWIE A . . AR IS U B BE S LRI TE 3—5 AR B RME, H BRIV T H 34 DAL
BEETHE., ML ZE

O JRYeT H EERE S YRR . TP RN C/P REMETARK, 5 N/P 2R EFIEMG, Hip, BiRS5HERH
PP ULBUR A G, Ca M1 K 35 52 M B 2 P b8 DU, I TN A TC W43 i Rk L 4% 2 R g b DL B30y 32 22
52 ) [N F-.



66 BT HRXFFROA R http://xbbjb. swu. edu. cn % 45 K

SE

(1] BRAR. JRmed, O, . =R DX A 58 B 7 %0 R XK B ma R [J]. A= 45%4i. 2018, 38(4) : 1478-1486.

(2] %3, KW, AR, 4. 5T ol PP 3R T R [ K 4 0 AR R i AL W R Ve L [T, W B R4 2 i (A 2R
B RD 5 2020, 42(2) ; 1-7.

(3] AapFmy, BREHES, MXH, &5, =ik e X SO v Ve AR R 0 B e 1 SO IR S B 70 [T ). BRIERLSA, 2021, 42(7) . 3242-
3252.

(4] FEZAEZ, 7Y, BRPHE . S5, =ik e X ST A6 18 07 I I AR 40 A 18] G 6 K5 il (R 7 43 L. 00 i D9 R 2% 2 4l (A 4R
B RD 5 2022, 50(5): 110-117.

(5] B, WL, e, . SRR PR AT A I X K T 28 A8 4 i 52 m 43 B [T ). 300 g IR K 2% 25 3 CH AR B4 10
2022, 50(6): 71-78.

[6] kb, 250, IRPIME, 4. =R KORGOR T E FR RS S R b i thag m (1], SRRk2:, 2007, 28(3): 500-505.

(7] BRI, 0, APM, S, =i PR X LY ST i K 8 T2 057 Sl A 0 B 9 A5 M R AE RO SR IR F i 6 & [T, SRk, 2021,
42(5): 2303-2312.

(8] ‘RER, MM, 1R, & ZWOKESRLZ P HKERIERALH (I, £E%M, 2014, 34(11D): 3071-3080.

[9] KAZUMI M, YASUWO F. Technical Guide for Modern Dinoflagellate Cyst Study [M]. Tokyo: Japan Society for the
Promotion of Science, 2000.

(100 FOes. sk, &hte. S MY R Mo R S5AESE S [J] BHARYM. 2020, 31(2): 685-694.

(110 A, B2, RIEE, . =R X EIOK RN A KR AA0 5T [T KAEEY ¥R, 2006, 30(1): 37-41.

[12] ke, W%, SAAETS, &5, IRDUREIP KR SHIER 7R [T, WiARe:, 2007, 19(6): 632-636.

[13] LIU G X, PEI G F, HU Z Y. Peridiniopsis niei sp. nov. (Dinophyceae), a New Species of Freshwater Red Tide Dino-
flagellates from China [J]. Nova Hedwigia, 2008, 87(3-4) . 487-499.

(147 Whekig, X, HIEM, S =Wk R BRI S 4 = P oKL [T] FRIER2EOF5E. 2012, 25(6) .
645-651.

(1651 w5, 22, o R0, 55, =RJE XM AR B RE SRR AR O3 22 5 0 [T, KV BR IR 53058, 2017,
26(3): 461-470.

[16] EMEZ, XKE, WHER, % @ EKERFRELESVBO [T KAEEDFHR, 2004, 28(2): 213-215.

(171 HE, BT, SIS, 4. AL B EoKk e 55 48 i o R [T, #hinskas, 2010, 22(3): 405-410.

[18] CANION A K, OCHS C. The Population Dynamics of Freshwater Armored Dinoflagellates in a Small Lake in Mississip-
pi [J]. Journal of Freshwater Ecology, 2005, 20(4): 617-626.

[19] GRAHAM ] M, KENT A D, LAUSTER G H, et al. Seasonal Dynamics of Phytoplankton and Planktonic Protozoan
Communities in a Northern TemperateHumic Lake: Diversity in a Dinoflagellate Dominated System [J]. Microbial Ecol-
ogys 2004, 48(4); 528-540.

[20] VINER-MOZZINI Y, ZOHARY T, GASITH A. Dinoflagellate Bloom Development and Collapse in Lake Kinneret: a
Sediment Trap Study [J]. Journal of Plankton Research, 2003, 25(6): 591-602.

[21] XU, Eng, 3%, 5. ARSI EXTURY b PR B S R m (] EHER, 2018, 37(1):
8-13.

[22] ¥4t WBN KRS AL LSRG 7O 5E [D]. B PR, 2016.

[23] RAJESHWAR P S, MARGIT D, DONAT P H. A Simple and Efficient Method for the Quantitative Analysis Othymine
Dimers in Cyanobacteria, Phytoplankton and Macroalgae [J]. Acta Protozoologica, 2001, 40;: 187-195.

[24] LOGARES R, SHALCHIAN-TABRIZI K, BOLTOVSKOY A, et al. Extensive Dinoflagellate Phylogenies Indicate In-
frequent Marine-Freshwater Transitions [ J]. Molecular Phylogenetics and Evolution, 2007, 45(3): 887-903.

[25] TAMURA K, PETERSON D, PETERSON N, et al. MEGA5: Molecular Evolutionary Genetics Analysis Using Maxi-
mum Likelihood, Evolutionary Distance, and Maximum Parsimony Methods [J]. Molecular Biologyand Evolution,
2011, 28(10): 2731-2739.

(26 &k, STRHIBE. R H BRI LiA (1] Bl (A AR SRR . 1995, 16(1) . 137-149.

[27] MERTENS K N, RENGEFORS K, MOESTRUP @, et al. A Review of Recent Freshwater Dinoflagellate Cysts: Tax-



# HER, %, BA PCRARZEERRRY T M PEMHATHL— T H 1 -

(28]

[29]

[30]

[31]

[32]
[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]

(48]

[49]

onomy, Phylogeny, Ecology and Palaeocology [J]. Phycologia, 2012, 51(6): 612-619.

SCHOLIN C A, ANDERSON D M. LSU rDNA-based RFLP Assays for Discriminating Species and Strains of Alexan-
drium (Dinophyceae) [J]. Journal of Phycology, 1996, 32(6): 1022-1035.

LEE K H, JEONG H J, PARK K, et al. Morphology and Molecular Characterization of the Epiphytic Dinoflagellate
Amphidinium massartii ,» Isolated from the Temperate Waters off Jeju Island, Korea [J]. ALGAE, 2013, 28(3);:
213-231.

SALDARRIAGA ] F, TAYLOR F J R, CAVALIER-SMITH T, et al. Molecular Data and the Evolutionary History of
Dinoflagellates [J]. European Journal of Protistology, 2004, 40(1): 85-111.

ZHANG Q, LIU G X, HU Z Y. Morphological Differences and Molecular Phylogeny of Freshwater Blooming Species,
Peridiniopsis spp. (Dinophyceae) from China [J]. European Journal of Protistology, 2011, 47(3): 149-160.

TR, BER. WESE R, S JURTLVGRGE XTI PR R A (1], AEA%R, 2016, 36(6): 1728-1736.
GeMAL ZEP, BRAE, A, SWROKEF BRI RS L W B (Peridiniopsis) I8 T B 1F B AT 2 X 05 8% 4 A (9 mi i [J].
WIARL, 2018, 30(1): 121-129.

RER, TrMe, BAROG, S SR RSO R 2 P EK A I (1], KA, 2012, 33(4): 49-53.
JERERS, Rk, AR 24, S5 SNBSS ARM M = REKEEZUL TR KERIE [J] PEFSEN, 2012, 28(6):
27-31.

POLLINGHER U. Freshwater Armored Dinoflagellates: Growth, Reproductive Strategies and Population Dynamics [ M] //
SANDGREN C. Growth and Reproduction Strategies of Freshwater Phytoplankton. Cambridge: Cambridge University
Press, 1988.

POLLINGHER U, HICKEL B. Dinoflagellate Associations in a Subtropical Lake (Lake Kinneret, Israel) [J]. Archiv
Fiir Hydrobiologie, 1991, 120(3) . 267-285.

ALSTER A, DUBINSKY Z, ZOHARY T. Encystment of Peridinium gatunense : Occurrence, Favourable Environmen-
tal Conditions and Its Role in the Dinoflagellate Life Cycle in a Subtropical Lake [J]. Freshwater Biology, 2006, 51(7):
1219-1228.

Pospelova V, de Vernal A, Pedersen T F. Distribution of Dinoflagellate Cysts in Surface Sediments from the Northeast-
ern Pacific Ocean (43-25°N) in Relation to Sea-Surface Temperature, Salinity, Productivity and Coastal Upwelling [ J].
Marine Micropaleontology, 2008, 68(1-2): 21-48.

CANDEL M S, RADI T, DE VERNAL A. Distribution of Dinoflagellate Cysts and other Aquatic Palynomorphs in Sur-
face Sediments from the Beagle Channel, Southern Argentina [J]. Marine Micropaleontology, 2012, 96-97: 1-12.
SHIN HH, LIM D, PARK S Y, et al. Distribution of Dinoflagellate Cysts in Yellow Sea Sediments [J]. Acta Oceano-
logica Sinica, 2013, 32(9): 91-98.

BOEAN. U T B K A 0 1 4% 7K B PR 1 R I A DG4 B [T, AR 43 il ial, 2009, 18(3): 71-75.

EE, ST, M RME T P AR RIS [J]. PO WP Y R, 1997, 5(3): 10-15, 95,

ROBERT E L. Phycology, Fourth Edition [M]. Colorado: Colorado State University Press, 2008, 282-284.
GRIGORSZKY I, KISS K T, BERES V, et al. The Effects of Temperature, Nitrogen, and Phosphorus on theEncyst-
ment of Peridinium cinctum , Stein (Dinophyta) [J]. Hydrobiologia, 2006, 563(1): 527-535.

SAKO Y, ISHIDAY. NISHIJIMA T, et al. Sexual Reproduction and Cyst Formation in the Freshwater Dinoflagellate
Peridinium penardii [J]. Nippon Suisan Gakkaishi, 1987, 53(3) . 473-478.

YANG Y J, SHIJ Q. JIA Y L, et al. Unveiling the Impact of Glycerol Phosphate (DOP) in the Dinoflagellate Peridini-
um bipes by Physiological and Transcriptomic Analysis [J]. Environmental Sciences Europe, 2020, 32(1): 1-13.
STEPHANIE G, SUZANNE R, MICHEL S. Spatial Distribution and Viability of Alexandrium tamarense Resting
Cysts in Surface Sediments from the St. Lawrence Estuary, Eastern Canada [J]. Estuarine, Coastal and Shelf Science,
2013, 121-122. 20-32.

AR, XERE ., PRecfe. f e i e ) s oK R R OF e [T, T E ISR, 2010, 30(12): 1678-1682.

REHRE AR



