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Study on the Spore Morphology of Cystopteris Bernh, in China

LIAO Zenghui, WANG Mali*

(College of Life Science, Northwest University, Xi’an 710069, China)

Abstract; The spore morphology of 8 species in the genus Cystopteris Bernh. was investigated and compared
under light microscope and scanning electron microscope. The results showed that: (1) The spores of Cys-
topteris are all monolete, bilaterally symmetric,ellipsoidal in polar view, kidney-shaped in equatorial view.
But spores of different species have differences in spore size, ornamentation length and structure. (2) Ac-
cording to the surface ornamentation of the perine, the spores in Cystopteris can be divided into three
types. Type | is characterized by having echinate processes (or mostly echinate processes) on the perine:
Cystopteris fragilis,C. kansuana,C. pellucida, C. tibetica,C. sudetica,C. moupinensis; type II is charac-
terized by having tuberculate processes on the perine:C. montana;type [l is characterized by having granu-
late processes on the perine:C. dickieana. The Classification supports C. montana as an independent group.
Having granulate processes on the perine is an obvious feature for distinguish C. dickieana.
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Table 1 Origin of materials

Fli 4 Species FEIERR A Voucher

F# =B\ (The third vegetation Exped. )
WNU 00003757
|8 74 25 FF 1l Zhidan Mountain, Shaanxi

BBk Cystopteris
fragilis (L.) Bernh,

[IREY 1 9 BA (Qinghai-Tibet Exped. )PE 00750320
C. kansuana C, Chr, VG 4L = W Cuogao Lake, Tibet
JE 4 R

BFM (XU Y. P. )WNU 00003771

C. pellucida (Franch.) B2 75 5B Ningshan, Shaanxi

Ching ex C. Chr.

S Tk 5 ¥ (YT T. P. )PE 00750618
C. tibetica 7. R. Wang P4 #%¢M Chayu, Tibet

R4 Bk Hif#E A (China and Germany Exped. ) PE00750597
C. sudetica A. Br. et Milde BT % Yichun, Heilongjiang

F R B AR % (YING . S. et al. )PE 00750461
C. moupinensis Franch. 41| 3 % Daofu, Sichuan
LA BR

JET55E(QU Q. X. )WNU 00003776

C. montana (Lam. ) T E 2% 11| Helan Mountain, Ningxia

Bernh. ex Desv.

P4 BA ( Tibet Exped. )PE 00750090

1 8 % Ak Nanmulin, Tibet

FR LK % (LANG K. Y. et al. )PE 01561052
B Zhaosu, Xinjiang

8 R
C. dickieana Sim
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20 R0 A6 T o TO AT fu b BR B 4 ARG 2 BT T LSRN
D55 96 /N S0 98 R/ LIRSl < R JE i
S5 20 A A B
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2.1 RBEBFESHILE

¥ TR S8 1) 96— Ay T A K R o R TR A AR 1R L AR
BN EIE., R, HRENMTFLEKN 1/2
~2/3, WK Hy 14. 51 ~46. 09 pm, 7 &K K
24.69~60. 06 pm, A FAE ) 16T R/DNFEAE2E S
Jei| B 2 1T TR 2% il 2 T AR SRR SORLIR L A
AR BRI 5 12 L AN [ ol 28 SO K o B i 2 2 A7
EERGR2;EM T, 1~18),
2.2 AREHRTFRAEREE

¥ TR JEB AEL ) ) 96 S RE R 1 RS TR BT A 3
SUiti AL
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PR G B A B — ] BE 3R A B R e A
YRR (B T . 1.2) . P9 TR 3K : PR 8C i 43 A 24
5 BERR B . 3% 18T 3 A7 3557 B A RE A CIET R T 53040
FRE ¥ 3R < AR SCH L A3 A 8 A KR — B, BUifi
HARBOH A . A RE SR T FL A 0 R A (TR T
5.6) . FEIRBR : JLIR SUHE A HAR S0, 2 o AR
SPIR 20, BB 2 FE R o L CEAR 1 .7.8) . BRI
TR < TR S0 R AR B A 43 A A R R S R
T HK T ] 2 30 AR B e A S R 2 T HLJR IR %%
AR T ,9.10) . 52498 Bk« )R 9 i A8 R L
i A g (AR T . 11.12)

(2) BREA E IR R RS 2 A
LR R 8 R T . 13.14)

(3)  BERLAF AR PR A [F] F H A Fp 2
F14) B 0 AR 2 ] R 2 A OREAR SCH . Y R T A
Bk » JE e LB S R R0 5 A A SR BE (G 8D |
0 A A5 G /NBURE R T 15.16) 5 387 588 14 4% 0 %
FR o i E L SCIR S0 R0 AR SO R A ] BE (1 455 S
W) b3 A A % A I ORLAR 80 (R RR T, 17.18)
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Table 2 Spore morphology of Cystopteris
4 LR PNN F WL GU K Fel hi
Species Spore size/ pm Ornamentation Orn, length/pm Plate
Rk 29.04(24.82~37.23) X50.07(44. 62~56.78) HAR Echinate 1.30~7.96 1.1.2
Cystopteris fragilis (L.) Bernh, o ’ e : ) : ’ : T
T Tk C. kansuana C. Chr, 33.54(29.40~37.54) X50, 72(46. 65~56.83) HR Echinate 2.60~7.82 1.3.4
ﬂﬁuf?@?ﬁ ~9 7 < ~ e 1 ~ 5
C. pellucida (Franch,) Ching ex C. Chr, 21.33(14.51~24,27) X30.53(24. 69~34.45) HR Echinate 0.26~7.61 1.5.6
AT O - &7 - PUEINERIN =
R MR C. tibetica Z. R. Wang 20, 84(16, 34~24,48) X32.57(29.57~36.70) Echinate, auriculate 2.08~6.51 1.7.8
W ¥ Bk _ ar AR BEAR SRR -
C. sudetica A. Br. et Milde 20.12(17. 31~23. 41) X30. 25(26. 47~35. 63) Echinate, baculate, tuberculate 2.60~3.91 [.9.10
EXNBTH - . RN R .
C. moupinensis Franch, 19.80(17.31~23.41) X34, 84(29.52~40.72) Echinate. tuberculate 2.61~3.91 I.,11.12
R B 22.83(19.34~29.52) X33.59(29.52~37.67) JE R Tuberculate 1.30~3.90 1.13.14
C. montana (Lam. ) Bernh. ex Desv. AR " o e H T T
AT O T : - 507~ SRR A B 28 5 -
WA IR C. dickieana Sim 29.00(21.66~32.86) X40.83(35.91~46.09) Granulate, irregular rugulate <2.00 1.,15.16
[T T -
B Bk C. dickieana Sim 34,2(30.54~40.72) X51. 0140, 72~60. 06) TR, AR 4R IG5 1.,17.18

Granulate, rugate,lophate  No distinct processes

BRI A1 S0 4 D 3 2 T WL SR At v
R JRE A 1~ 2 T SC 3 Sy IR SO L R AR S i AR B A
LI IR SO L I 42 B 52 0% BR S A T IR AR AR
Z I8 .

WA L5245 ¥ R Je 179 961 - S i o 43y 3 AL 43
I AR S 96 AR SO FBUREAR S0 . YR BR VS T
T4 TR R RGP V2 TR 5 245 A B — 1 SRR S A e R
SR S0 0 E R ST BN VA B IR SO AR A
15 B2 I AR G » 52 24 V8 R 2 IR S0 RV R 808 5 =
LU BR T 258U b 22 Ry 96 R B0 i 5 ALY R AN ) T
At A 25 1 B S R 2 S B 4 g URLR S A

F AR Parks A5 ULER B 4% A48 K 1Y 2
Rl g o FRATT AL W2 B T 4 46 ¥ ik A - 35 18 SU
A —Btk . H LAY 2 i BE R BT R RN 5, A
A Jil BE CR0 45 80 ) B 38 93 A A 4 /N BURL CEL R T
15.16) 5 75 — Fft Jil BE ELJC B] S 5 52 1) A3 R S0 i » (] Bt
A DA AR A BE CRLAE S i) b o i B
AR ORI SO (BRI T, 17.18), £ =4,
Parks 250 F F o= A Ry 2 il S0 25 R Y R
B REREHEACE Ei2E R S8, AR R
2 P g 2R, e e AT de WY 1 B — SOk )RR AR
2 S BE A UKL AR SU i . B FRATIA R RRAE AT
PIAE S DX S5 A8 R 10 AR 305
3.2 EBAFhESEKEH

Carl SRR 4 F 7 56 2 1 2 3R 5k & 119

Ay 4 AR 5 Lk B (Cystopteris montana

clade) . KR YN ¥& 1% 8 (the sudetica clade) . Bk 25 ¥ ik
W (the bulbi fera clade) F1H AL (C. fragilis com-
plex) o MATIA & Ll & 3R 15y 1k 57 i S 44 3
J7UZ SR 5 WO V2 R 0 5 498 IR OC R % D)L Rl B 3 2
TV Bk 5 T 98 Tk A AR T 0 56 5 O &R L A AT 3R [R) 1
TRROUNVE BRAY s 3R 2KV BRAUASAEAE T 5 B it =2 b
0 A v B R AR 2 A T AR AL, R 3 2R
R e Ll v Bk Y | U v R 2 ARG A B, DAL T3S
O3 SR R LR BRAE Dy S 2R R W . BRI VS
R 5 % V8 TR S B AR 2R AR () I G 2 0 M 0 A 1
FeAcH i X7 T H AN 28, ik 5 Carl Ay BRI 2
BRI 6 V8 R G 28 U0 Y WL A A

V2 BR R A A6 V2 BR TE A BT L AR R 25 45 T T LT
— BRI R G i R VA . AE SR BE S0 T T ¥ IR AR
T RPIR B S — 5 B BR & B 2 MURLIR 5
Wi, L B 2R T AT AN R DU 8 A AR 5% R B AR B A
AT AR Sy B0 00 v Bk R A AV Bk A K
3.3 MHNEESEKEE

Sano ZF | 3 455 A Carl 2K 4 4 1
ARG AR R E A BRIE R G KRBT, WY
PIWRE RGO R BE . WL TR FORE R
J& 5 06 M BR R e B E T L T 5 B R P R R Y
BFREERER . HIA K W7 IS ARG
AT E R OC &R HBEE e SIS Ky 7 &
GGG N KRBT R ERG R REZENK—
Z M.



&
Juis3
dlz

6 H#i CLAE NS R R TR B SR 1141

5% 3k
(1) AR g EAE Y S 2 . TP AR B 3 555 2 40 LML db ot B2t itd . 1999.: 43.
(2] SBBES RIS, R G 2 ) LM, Jbat B2 i pat . 2013118,
[3] SCHMAKOV A. Synopsis of the ferns of Russia[ J]. Turczaninowia,2001,4:36—72.
[4] SANO R,TAKAMIYA M,KURITA S,et al. Phylogeny of the lady fern group, tribe Physematieae (Dryopteridaceae) , based on chloro-
plast rbcL gene sequences[ ] ]. Molecular Phytogenetics and Evolution ,2000,15(3) ;403 —413.
[5] WANG M L(EHF),CHEN ZH D(JEZ ), ZHANG X CH(3K%E %) et al. Phylogeny of the Athyriaceae:evidence from chloroplast
trnl-F region sequences[ J]. Acta Phytotaxonomica Sinica (Fi¥) 43252 4R) 2003 ,41(5) :416—426(in Chinese).
[6] CHRISTENHUSZ MJM,ZHANG X C,SCHNEIDER H. A linear sequence of extant families and genera of lycophytes and ferns[J]. Phy-
totara,2011,19:7—54.
[7] ZHANG X CH(#%E%) . WEI RCTL  4X),LIU H M(XIZL#§) set al. Phylogeny and classification of the extant lycophytes and ferns from
China[J]. Chinese Bulletin o f Botany 4% 4)»2013,48(2) :119—137(in Chinese).
[8] LIUJ X(XMZEE),LI X D(Z4%). Studies on the spore morphology of athyriaceae from Beijing 1. Cystopteris,Gymnocarpium ,Allanto-
dial J]. Chinese Bulletin of Botany (K42l %) ,1997,14(4) :38—41(in Chinese).
(9] XUZKER, M. LR kB PRSI RLCL// ik ER. £EZRC B, dbat dh E MOl AL, 1999:328—330.
[10] WANG B(E 4£),YANG CH Y(# & %), LU X X(B i %). Study on the spore morphology of Cystopteris Bernh. in Xinjiang[]].
Journal of Xinjiang Agricultural University GHi 34 Je 224 4%) . 1999,22(3) : 204 — 208 (in Chinese).
C11] oo [ RE 2 e A4 F 90 T oy A 00 2 U3 2. v [ R S A 4 16 OB S LML b st B kL . 1976 : 219 — 222,
(12] E&=.W8%. hEK S B R B Y F RSB LM, dbat B2 ik, 2010 50.
[13] PARKS]J C,DYER A F,LINDSAY S. Allozyme,spore and frond variation in some scottish populations of the ferns Cystopteris dickieana
and Cystopteris fragilis[J]. Edinb. J. Bot. ,2000,57(1):83—105.
[14] WANG ZH RCEH{2). Cystopteris dickieana Sim in China[]J]. Acta Phytotaxonomica Sinica (R 532524 ,1983,21(1) :102— 104
(in Chinese).
[15] CARL J R,MICHAEL D W,KATHLEEN M P. A plastid phylogeny of the Cosmopolitan fern family Cystopteridaceae (Polypodiopsida)
[I]. Systematic Botany ,2013,38(2) :295— 306.

B R 15 BA

B 1 1.ABRMATFES, X2 2002 B BRALF 3R S, X5 00053, P TRFRATIEE X2 000;4. P55 BRI T 2 10 800 » X 3 50035.
HE P8 B AL T 25 5 X3 0005 6. B 44 R A1 7 2 1 204 - X5 0005 7. & BR AL TFE 2S5, X 2 5005 8. 4 BR AL T 2 167 80 M, X5 0003 9. KR P ¥4 ik 41
TIEAS X3 000510, BRIV BRI T RS, ><6 000511, TR BRI TIEAS . X2 200512, 5246V BRI TR M0 S0 . X5 000513, &5 1L BRIE T
JEA X2 5005 14. & 1Y BRI T R AL, X6 000515, 4012 BRI T TE 25 (PO - X1 7005 16. 4 6178 BRI T 2R 101 SC i (PH 580 » X5 000517, 4%
0LV BR AL T T 45 CHT iR - X1 5005 18. 4 6 v R 76 - 2 187 80 M1 OB 8D , X5 000,

Explanation of plate.

Plate [ Fig. 1. Spore morphology of C. fragilis, X2 200;Fig. 2. Surface ornamentation of C. fragilis spore, X5 000; Fig. 3. Spore mor-
phology of C. kansuana, X2 000;Fig. 4. Surface ornamentation of C. kansuana spore, X 3 500; Fig. 5. Spore morphology of C. pellucida, X3 000;
Fig. 6. Surface ornamentation of C. pellucida spore, X5 000;Fig. 7. Spore morphology of C. tibetica, X 2 500; Fig. 8. Surface ornamentation of C.
tibetica spore, X 5 000;Fig. 9. Spore morphology of C. sudetica, X3 000;Fig. 10. Surface ornamentation of C. sudetica spore, X6 000;Fig. 11.
Spore morphology of C. moupinensis, X2 200;Fig. 12. Surface ornamentation of C. moupinensis spore, X5 000;Fig. 13. Spore morphology of C.
montana , X 2 500;Fig. 14. Surface ornamentation of C. montana spore, X6 000;Fig. 15. Spore morphology of C. dickieana(Tibet), X1 700;Fig.
16. Surface ornamentation of C. dickieana spore(Tibet), X5 000;Fig. 17. Spore morphology of C. dickieana(Xinjiang) , X1 500;Fig. 18. Surface

ornamentation of C. dickieana spore(Xinjiang) , X5 000.
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