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0.1% Fluorescent Brightener 28 (Sigma)
1ht'7, , Leica DM5000
(
excitation filter: BP 340—380 nm, dichromatic

mirror: 400 nm, suppression filter: LP 425 nm), Leica
DFC320 CCD ,

1: 100  SYBR Green (Invitrogen,
(0.01 mol/L PBS, pH=7.4)

USA) 30min,

1.3
Leica DM5000
( excitation filter: BP 340—

380 nm, dichromatic mirror: 400 nm, suppression
filter: LP 425 nm), Leica DFC320 CCD

( EFM DIC PH
) Leica DM5000 , Leica DFC320
CCD
2
2.1 ( 1A-D

Peridiniopsis berolinensis (Lemmermann) Bourrelly
1968, Protistologica 4, p. 9.

Peridinium berolinense Lemmermann 1900, Ber.
Deutsch. Bot. Ges. 18, p. 308 (no figure).

Glenodinium berolinense (Lemmermann) Lindemann
1925, III. Klasse: Dinoflagellatae (Peridineae). In
Schoenichen, W. [Ed.] [Eyferth’s] Einfachste Leben-
sformen des Tier- und Pflanzenreiches, p. 164, figs.
97-99.

, (Penducle)
(Feeding tube)
R : (29—
38) umx(24—32) um
Po, x, 4', Oa, 6",
6¢c, 6s, 5", 2""
Po X 1’ , 3
,20 4 3 Po 2" 4" 3"
4" , 5" o2r 5" 6"
37 4" 6

lc 6

(Penducle cover plate)
(sm) 5

China. Hubei ( ): Wuhan ( ), , alt.
19 m, 2005-03-016, Liu G. X. ( ), HB-2005-01,
HB-2005-02 (HBI), , ;
Wubhan ( ), , alt. 19m, 2010-03-10, Zhang
Q. ( ), HB-2010-05 (HBI),

>

B

Tyrannodinium Calado, Craveiro,

Daugbjerg et Moestrup!'®! ,
[19]
[20]
(Kleptochloroplasts)
2.2 ( 2A-F)

Peridiniopsis borgei Lemmermann 1904, Bot. Jb.
134, T. 1, figs. 1-5.

Peridinium borgei Lemmermann 1910, III. Klasse:
Algen In: Gebiete, Kryptogamenflora der Mark Bran-
denburg und angrenzender, p. 671, fig. 34.

Glenodinium borgei (Lemmermann) Schiller
1937, Dinoflagellatae. II. In: Rabenhorsts, Kryptoga-
menflora, p. 112, fig. 108.

E

1 (33—49) umx(29—44) um
Po, x, 3', 1a, 6",

6¢c, 5s, 5", 2""
Po X , 1
,20 3 la 2" 3" 2" 3"
4" 5" , 1"
2" 3" 4" 6" , 5" 6
R Ic 5
(Sm) , 5
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Fig. 1 Peridiniopsis berolinensis
A, B. s ;C,D. ; E. ; F. ; G ; H.

; L , ; , 10 um

A, B. Single cell, showing the cell shape; C, D. Plate pattern of epitheca; E. Ventral view of plate pattern; F. The arrangement of cingular
plates; G. Antapical view of plate pattern; H. Right ventral view of plate pattern; I. Cell wall ornamented with scattered pores; Scale bars, 10 pum

: Po, 3 X, ; X, ; X", ; X", , X", ; Xe, ; Xa, ; Pe, ; Sa, ; Sd,
; Ss, ; Sm, ; Sp, ; X N, ; B, ; F, ; DI, ; EN, DIC,
; EFM, ; PH,

Symbols used: Po, apical pore; x, canal plate; X', apical plates; X", precingular plates; X", postcingular plates; X"", antapical plates; Xc,
cingular plates; Xa, intercalary plates; Pc, peduncle cover plate; Sa, anterior sulcal plate; Sd, right sulcal plate; Ss, left sulcal plate; Sm, me-
dian sulcal plate; Sp, posterior sulcal plate; X is serial number. N, nucleus; E, eyespot; F, food vacuole; DI, dinokaryotic nucleus; EN, endo-
symbiotic nucleus. DIC, differential interference contrast; EFM, epifluorescence microscopy; PH, phase contrast

China. Qinghai ( ): Qinghai Lake ( ),
, alt. 3200 m, 2011-05-31, Zhang Q. ( ), ,
QH-2011-02 (HBI), R 2.3 ( 3A-F
Peridiniopsis cunningtonii Lemmermann 1907,
Beih. z. Bot. Zbl. 21, p. 189. , ,
, , ( , 1994,

, ) , p- 215.
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Fig.2 Peridiniopsis borgei

A, B. R ; C. ; D, E.

;F, ;

, 10 pum 1

A, B. Single cell, showing the cell shape; C. Plate pattern of epitheca; D, E. Plate pattern of hypotheca; F. Left dorsal view of plate pattern;

Scale bars, 10 um. The symbols are the same as in Fig. 1

Peridinium cunningtonii (Lemmermann) Lem-
mermann 1910, III. Klasse: Algen In: Gebiete, Krypto-
gamenflora der Mark Brandenburg und angrenzender,
p- 671, figs. 29-33.

(Suture) ,
1 (26—34) pmx(22—28) pm
Po, x, 4, 1a, 6",
6¢c, 5s, 5", 2""

Po X 1’ , 3
,20 4 la 2" 3 2" 3"
4" , 1" 2" 4" 5"
6" 3" 6
lc 6
5 4
6 , 1724

5[[!

China. Hubei ( ): Xingshan ( ), alt. 140 m,

2005-07-10, Tang H. B. ( ), HB-2005-04

(HBI), ; Sichuan ( ): Chengdu ( ), alt.
506 m, 2010-10-26, Zhang Q. ( ), SC-2010-01
(HBI), ,
[13]
Peridiniopsis quadridens (Stein)
Bourrelly, (Po, x, 5/, la, 7",
6¢c, 5s,5",2"") 4 2] . P.
quadridens (221" P. cunningtonii
(23]
3 23]
2.4 ( 4A-H)

Peridiniopsis elpatiewskyi (Ostenfeld) Bourrelly
1968, Protistologica 4, 5-13. , 1992,
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Fig. 3 Peridiniopsis cunningtonii

A, B. R ; C. R ; D.
, 10 um 1

; E.

A, B. Single cell, showing the cell shape; C. Cell wall with reticulated ornaments; D. Left dorsal view of plate pattern; E. Dorsal view of plate
pattern; F. Ventral view of plate pattern; Notice antapical spines (arrowheads). Scale bars, 10 pm. The symbols are the same as in Fig. 1

, p- 393. , , , 1994.
: , p-215.

Peridinium umbonatum var. elpatiewskyi Ostenfeld
1907, Hedwigia 46, p. 391, figs. 9—12.

Peridinium elpatiewskyi (Ostenfeld) Lemmer-
mann 1910, III. Klasse: Algen In: Gebiete, Krypto-
gamenflora der Mark Brandenburg und angrenzender,
p. 670, figs. 20-24.

Glenodinium elpatiewskyi (Ostenfeld) Schiller
1937, Dinoflagellatae. II. In: Rabenhorsts, Krypto-
gamenflora, p. 115, fig. 113.

>

. (23—28)

pumx(28—32) um

Po, x, 4/, 0a, 7",

6¢c, S5s, 5", 2""
Po X 1 , 20 4
, 3 " 2" 4" 4" 6"
,3" 5" " 6
lc 5
5 ,
China. Jilin ( ): Huinan ( ), , alt.
660 m, 2005-10-22, Liu G. X. ( ), JL-05006, JL-
05008 (HBI), (Maar lake),
[13]; _ ' [24]; [25]; ’ [25]; [12]
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Fig. 4 Peridiniopsis elpatiewskyi
s ; B. ; C. ; D, E. ; F. )
G. ; H.

A.
; , 10 um 1
A. Single cell, showing the cell shape; B. Ventral view of empty cell wall; C. Dorsal view of empty cell wall; D, E. Apical view of plate pat-

tern; F. Cell wall ornamented with reticulation scattered by numerous pores; G. Plate pattern of epitheca; H. Ventral view of plate pattern;
Scale bars, 10 pm. The symbols are the same as in Fig. 1

Hol12? , pH , ,
[23] ’
25 ( 5A-F)
Peridiniopsis kevei Grigorszky et Vasas 2001, )
Acta Botanica Hungarica 43, pp. 163-174, figs. 2-20. +(29—48) pmx(23—32) pm
, : Po, x, 3', 1a, 6",

s ; s 50, ?S, 5"!, 2””
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Po X 1 ) ) la R la
, 283 37121 peridiniopsis amazonica Meyer, Rai,
la , 2" 3" 3" 4" , et Cronberg s
1" o2m 5" 6" 3" , 6 5 271
4" 5, lc Leitao, et al.*®
, Loire P. coril-
5 lionii Leitao, Ten-Hage, Mascarell et Couté  Grigorszky,
1" et al.l**
China. Hubei ( ): Wuhan ( ), , alt. P. kevei Grigorszky et Vasas,
25 m, 2004-11-23, Liu G. X. ( ), HB-2004-19 Grigorszky (29] ,
(HBI), Krakhmalny*"! P.
rhombvoides Krakhmalny , Grigorszky'®”
, 5-11 ICBN s
, , , P. kevei , P.
corillionii ~ P. rhombvoides
P. kevei P. kevei
2" e —_l
~ ”
5
Fig. 5 Peridiniopsis kevei
A, B. , ; C. ; D. ;E, F. ; , 10 pm 1

A, B. Single cell, showing the cell shape; C. Dorsal view of plate pattern; D. Ventral view of plate pattern; E, F. Plate pattern of hypotheca;

Scale bars, 10 pm. The symbols are the same as in Fig. 1
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, 15.8-26.1°C 5 ,
, P. kevei - [26,29] ,
(28.31] China. Hubei ( ): Wuhan ( ), , alt.
2.6 ( 6A-H) 25 m, 2009-12-12, Zhang Q. ( ), HB-2009-07
Peridiniopsis niei G.X. Liu et Z.Y. Hu 2008, (HBI), ; Yichang ( ), , alt. 81 m, 2008-

Nova Hedwigia, 87, pp. 487-499, figs. 3—-6. 09-24, Zhang Q. ( ), HB-2008-04 (HBI),

B >

1.2-1.6 , ’

2004 >

: (26—48) umx(15—35) pm
Po, x, 4', Oa, 6",
SC, SS, 5///, 2""

(rim) R (1 ,
3 : Po 2 4 2"
3" 47 5" 1" 3" 4
25 50, le :
5 ; ;

[16]

Fig. 6 Peridiniopsis niei
s ; B. ; C. ; D. ; E. ; F.
e ; H. ; , 10 pm 1
A. Single cell, showing the cell shape; B. showing numerous discoid chloroplasts; C. Ventral view of plate pattern; D. Ventral view of epi-
theca; E. Side view of plate pattern; F. Dorsal view of plate pattern; G. Dorsal view of epitheca; H. Plates pattern of sulcus series; Scale bars,
10 um. The symbols are the same as in Fig. 1
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, ,20 3 la 2" 3" 2" 3"
4" 5" , 1"

2.7 ( 7A-F) 3" 47 6" , 2" 5" 3
Peridiniopsis penardiforme (Lindemann) Bourrelly , 2¢ 4

1968, Protistologica 4, 5-13. , ,

, 1994. , 5

, p. 215.

Peridinium penardiforme Lindemann 1918,
Archiv fiir Naturgeschichte A7, p. 126, figs. 10-15.

Glenodinium penardiforme (Lindemann) Schiller
1937, Dinoflagellatae. II. In: Rabenhorsts, Krypto-
gamenflora, p. 113, fig. 110.

> >

B > >

1 (22—295)
pmx(22—25) pm
Po, x, 3', 1a, 6",

30’ 45’ 5///’ D
Po X , 1

>

China. Hubei ( ): Honghu ( ),
, alt. 19 m, HB-2005-12 (HBI), Liu G.
X. ( ), 2005-06-23, ; Guangdong ( ):
Zhongshan ( ), , GD-2005-07 (HBI), Tang
H. B. ( ), 2005-07-02,

[13]

>

Glochidinium Boltovskoy"? ,

Fig. 7 Peridiniopsis penardiforme

A. N ; B, C. ; D.
10 um 1

; E. ; F. ; s

A. Single cell, showing the cell shape; B, C. Ventral view of plate pattern; D. Antapical-ventral view of plate pattern; E. Right dorsal view of
plate pattern; F. Dorsal view of plate pattern; Scale bars, 10 pum. The symbols are the same as in Fig. 1
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2.8 ( 8A-I
Peridiniopsis penardii (Lemmermann) Bourrelly
1968, Protistologica 4, pp. 5-13.
, , 2010.
,22:405-410.

Peridinium cinctum Penard 1891, Bull. Trav. Soc.
Bot. Genéve 6, p. 52, fig. 14.

Peridinium penardii Lemmermann 1910, p. 670, : Po, x, 4, 0a, 6",
figs. 13-16. 5c, 5s, 5", 2""

> i

] > >

: 25—43 pmx 20—38 um

Fig. 8 Peridiniopsis penardii
s ; C. ; D. s E. ; F. ; G
; H. ( ); L.
A, B. Single cell, showing the cell shape; C. Ventral view of epitheca; D. Dorsal view of epitheca; E. Right lateral view of plate pattern;

F. Dorsal view of plate pattern; G. Ventral view of plate pattern; H. Dorsal view of plate pattern (mirror image); I. The arrangement of cingu-
lar plates; Scale bars, 10 um. The symbols are the same as in Fig. 1

A, B.
; , 10 pm 1
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Po X I Lindemann®*
, 2’ , P. durandii P. penardii
4’ 3’ (0a)
1" 3" 4 6" 2" 5" ,
5 lc 5 HollR? , «
(Sa) ; (Sp) ) g
5
, 2.9 ( 9A-F)
China. Hubei ( ): Suizhou ( ), alt. 82 m, Peridiniopsis penardii (Lemmermann) Bourrelly

2010-03-09, Liu G. X. ( ), HB-2010-25 (HBI),
, ; Wuhan ( ), alt. 34m, 2010-
02-07, Liu G. X. ( ), HB-2010-09 (HBI),
; Fujian ( ): Longyan ( ), ,
2010-12-14, Zhang Q. ( ), FI-2010-04 (HBI),
Peridiniopsis durandii Rodriguez, Couté,

Tenhage et Mascarell Rodriguez, et al.l*’!

>

Lemmermann'®

> >

P. penardii )

2"1"

A. N ; B. ; C.
, 10 pm 1

; D.

var. robusta Q. Zhang, G.X. Liu et Z.Y. Hu 2011, Eur.
J. Protistol. 47: 149-160, fig. 2.

>

1 (32—43) pmx(27—38) um
: Po, x, 4', 0a, 6",
5c, 5s, 5", 2"" Po

$3" 4

orm

Fig. 9 Peridiniopsis penardii var. robusta

; E. ; F. N

A. Single cell, showing the cell shape; B. showing nuclei; C. The arrangement of cingular plates; D. Ventral view of plate pattern; E. Dorsal
view of plate pattern; F. Ventral view of plate pattern, showing sulcus series. Notice apical spine (arrowheads); Scale bars, 10 um. The sym-

bols are the same as in Fig. 1
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, X , 1 , 2! 4’ , P. penardiforme
3 (0a) 1" , Boltovskoy
37 4” 6" 2" 5" Glochidinium Boltovskoy”* P. balticum
5, lc 5 , Durinskia
, Carty et Cox® P. berolinensis
5 , , Tyrannodinium!™®
China. Yunnan ( ): Jingdong ( ), , P. berolinensis
, alt. 1268 m, 2008-4-12, Liu G. X. ( ), Pfiesteriaceae (181,
HB-2008-01 (HBI), ; Chongqing ( ): Wushan P. borgei
( ) , alt. 138 m, 2008-06-26, Liu (3]
G. X. ( ), CQ-2008-01 (HBI), ,
, P.penardii  P. kevei 5 s
[15] D ,
[31]
3 b
[10]
hERK IS B RS MR R
la. 7 ................................................................................................................ 4 P elpatiewskyi
lb 6 ....................................................................................................................................................................... 2
23. 3 ........................................................................................................ 7 P penardiforme
2b 5 6 ........................................................................................................................................................ 3
33. 1 ....................................................................................................................................................................... 4
3b O ....................................................................................................................................................................... 6
43. 4 ............................................................................................................. 3 P Cunnlngtonil
4b 3 .................................................................................................................................................................... 5
Sa. ..................................................................................................................... 2 P borgei
Sb ................................................................................................................... 5 P kevei
63. .......................................................................................................... 1 P berolinensis
6b. L e 7
£ PO UTR SRR 6 P. niei
D, e 8
8a. S0 e et 8. P. penardii
8D, s 9. P. penardii var. robusta

la.

Key to species of Peridiniopsis from China
SEVEN PrECINGUIAT PIATES ....eeouvviiiiiiiieiiiie e ettt e et e ettt e e sttt e e ettbeeeetseeeesaseeeestseeeetsseeesssaeeessseeesssseessnsseeeanes 4. P. elpatiewskyi
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1D, SiX PIECINGUIAT PIALES ...eouieiiiiiiiiiiitiie ettt ettt ettt e ettt e e ettt e ettt e st e e sttt e sttt e et eeeeebeeeenenee 2
28, THree CINGULAT PLALES ... ..oeiiiiieitiie ettt e e ettt e ettt e e ettt e e ettt e e e bt e e e saaeeeesateeeeessaeesenssaesensaeeesansseeesnsseeennnneas 7. P. penardiforme
2b. FIVe OF SIX CINZUIAT PIALES .....eeiiiiiiiiiiii ittt ettt e ee e et e et e ettt e et e e e et e e esabeeeenannee 3
38, ONE INEETCALATY PLALE....ceiutiiiiiiiie ittt et sttt e ettt e e ettt e e ettt e e abe et e sttt e e sttt e eate e e e nateeeeeabaeeeneaee 4
3b. INtercalary Plate @DSEIT.......cccouiiiiiuiiiiiiiit ettt ettt et e s bt e ettt e ettt e et ee s e e 6

Sa.
5b.

7a.
7b.

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]
(10]

(11]

[12]

4a. Four apical plates.....

4b. Three apical plates

Cells are GlODULAT OF OVOIA...c..uiiiiiiiiiitie ittt et e sat e ettt e bttt e e bt e et e siteesebeeneeeeneee 2. P. borgei
Cells are thomboid OF DICOMICAL .......eiutiiiiiiiiieitit ettt ettt ettt et et e seb e st e st e e eebeesabeenareenieeenes 5. P. kevei
6a. Heterotrophic cells without chlOroplasts .............ueiiieeiiiiiiiiiie et e et e e e e e e 1. P. berolinensis
6b. Autotrophic cells With ChIOTOPIASTS ......ccuutiiiiiiiiiiiii ettt ettt e sttt e et eeenateee s 7
Cells are strongly dorsoventrally flattened. .........ooeuuriiiiiieiiiiiieii et e e e e et e e e e e e seabareeeeeeas 6. P. niei
Cells are slightly dorsoventrally flattened ............ooouuiiiiiiiiiiiiii ettt e et e s e e st eeseneee e 8
8a. Apical spine absent; none or short apical spine 8. P. penardii
8b. An apical spine and numerous robust antapical SPINEs PreSent .........occeeveveeeeerrivieeeeeeernnueeeenn. 9. P. penardii var. robusta
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STUDY ON FRESHWATER GENUS PERIDINIOPSIS (DINOPHYTA) FROM CHINA

ZHANG Qi'?, LIU Guo-Xiang' and HU Zheng-Yu'

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Peridiniopsis Lemmermann is not only an important genus of freshwater thecate dinoflagellates, but also a fresh-
water group of bloom-forming dinoflagellates. This genus is defined as peridinioids either lacking or having only one anterior
intercalary plate. This includes species with plate formulas: 3-5', 0—1a, 67 (8)", 5", 2"". So far, there are about 20 species of
Peridiniopsis. However, the study on Peridiniopsis from China is relative weakness. Dinoflagellate samples were obtained
from diverse habitats in the investigated areas as lakes, rivers, ponds, pools and temporary waters. The fixed cells were stained
with 0.1% Fluorescent Brightener 28 and observed for epifluorescence microscopy (EFM), and also observed for differential
interference contrast (DIC) and phase contrast (PC) microscopy using a Leica DM5000B microscope and Leica DFC 320
digital camera. According to the study of specimens from China, 8 species and 1 variety had been described. They were
Peridiniopsis berolinensis (Lemmermann) Bourrelly, P. borgei Lemmermann, P. cunningtonii Lemmermann, P. elpatiewskyi
(Ostenfeld) Bourrelly, P. kevei Grigorszky et Vasas, P. niei GX. Liu et Z.Y. Hu, P. penardiforme (Lindemann) Bourrelly, P.
penardii (Lemmermann) Bourrelly, P. penardii (Lemmermann) Bourrelly var. robusta Q. Zhang, GX. Liu et Z.Y. Hu. The
morphological features, plate pattern, habitat and distribution of each species were given. Among them, 3 species were first
reported from China. They were P. berolinensis, P. borgei and P. kevei. The type specimens of P. niei and P. penardii (Lem-
mermann) Bourrelly var. robusta originated from China. They were published in foreign journals, and therefore were de-
scribed in Chinese for domestic researchers. The definition of this genus seemed to be an oversimplification. Although the
genus had been divided into several new genera in recent years, a major rearrangement at the genus level should be necessary
in the future because of relatively high diversity in plate tabulation and polyphyletic taxa.
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