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Abstract

“False veins” are vein-like structures without vascular bundle and conductive
function. According to previous studies, false veins can roughly divide into two major
types: (1) recurrent vein: form by fusion of leaflets, for instance, false veins of
Angiopteris; (2) false veinlet: form by reduced veinlets, for instance, false veins of
Hymenophyllaceae. False vein of Pteridaceae is different from the two major types of
false veins, which is composed by epidermal idioblasts. In Pteridaceae S. |., false veins
can be found in Pteris, Adiantum, and vittarioids; in this thesis, Energy Dispersive
X-ray (EDX) element analysis and histochemical studies were used to confirm the
false veins of these three taxa are composed of spicular cells (SC) — a kind of long,
silica depositing epidermal idioblast. We named the spicular cells which forming false
veins interveinal spicular cells (ISC), and the spicular cells on veins are veinal
spicular cells (VSC) in this thesis.

In order to know the evolutionary relationships between false vein, ISC, and
VSC in Pteridaceae, 19, grnera’and 82 species inyPteridaceae were sampled in this
study; silica deposition types, ordinary epidermal cell: morphology and veinal
epidermal cells morphology lof these s'p_'ggios were surveyed. On the other hand, a
convenient method was developed for th'i-_s:;oal. In this method, a tabletop SEM with
backscattered electron detector accompanied by post-cooling method was used.
Because the backscattered electrotn image. (BEI) ris contrast by the difference of
average atom number (Z number), the morphology and distribution of SC can be
easily detected in this method.

In our result, about two of three species in Pteridaceae had specific silica
deposition patterns in epidermis. Four silica deposition types were identified in this
study: (I) no special silica deposition pattern; (II) silica deposit at cell margin of
ordinary epidermal cells but no SC present; (IIT) have VSC but no ISC; (IV) have ISC.
All of the taxa have SC are belong to PT clade or AD clade in Pteridaceae, including
Actiniopteris, Onychium, Pityrogramma, Pteris, Adiantum, and vittarioids. The results
of character evolution history reconstruction shows the SC in PT and AD clade might
be a homoplasy character; also, the SC in PT clade might have multiple origins.

SC in Pteridaceae has some special characteristics: (1) the cell long axes usually
run parallel to the lateral veins; (2) Most of Pteris and Adianum species have VSC
only in lower epidermis; (3) Species have ISC (false veins) also have VSC. (4)

Presence of spicular cells is highly correlated with the long veinal epidermal cells.
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Species have type IlI silica deposition type usually have longer and narrower veinal
epidermal cell compared with ordinary epidermal cells; Species have type IV silica
deposition type also have long epidermal cells, but not significantly different from
ordinary epidermal cells. Based on these characteristics observed, species in
Pteridaceae tended to accumulate and deposit silica in long cells in lower epidermis
and forming spicular cells. This might helps them to enhance the supporting function

of their lateral veins.

Keywords: backscattered electron image, epidermal idioblast, false vein, Pteridaceae,

silica body, spicular cell, tabletop SEM
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kL 5 N T IEIJ,"I\— T UE #{ﬁ{éuéﬁoranglate ferns) ~ "R RS B AT
(basal leptosporangiates) ~ 7&%@%?};' 2iE Jmfgm-@; (Garly,divergences of polypods) FY
BT (eupolypods), % fIFT ) lﬂéﬁ@w%ﬁi LY IR G 1
blﬁ%‘i’:’%ﬂ”ﬁj’éfﬂfr Slah ST e ﬂ i%”‘ﬁ""ﬁ”fﬁiﬁ’fﬁ%ﬂ’zﬁ ZLVENRRY 5 (ERL YRRy
7?%[”141?%?414’?9%?“ ’F}H“J SRR E i S f’%ﬁlﬁfl?‘*fﬁ%%ﬂfﬁéﬂﬁﬁ?‘ " gl
AT TER2S P ER TR 3SR ] AR RESTTL (5

=) BIFpvES

e AR > RIS B R IRA A E P IO o 7 S A
ACFT o SR TRV S (1 %[RRI AR 53 T i o (R 25 E Y
RERERLILT | 2o 5 2 IR PP s A e RUBYRY IR SRR -
s %E‘z’??l?s: Iy i v{ﬂfFlE’?‘ ) ’i’“}ﬁ TEE E??E"itd (tracheary elements) [/)FTE:IF‘
(Foster, 1951)- '] 2 Fﬁﬂ Bobea elatior 1&;’51’:‘%&\@[7J’F:ﬁ§@#ﬂﬂé JEAAEL (areoles) i
OV IR S F BB A1 (sclerenchymatous idioblasts) ~ Rl i i AL
(phloem) [ =" % B2 - [WIFRLREEL IR~ 7 (Pray, 1959) « T3~ 45

Ko R S E'étiéﬁ#‘ Iwatsuki ri’JIZ'“ el SRR R 0 HT 1978
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zn[fngqu'{%ﬁlﬁiﬁﬁﬁ’ﬁ“ " Giesenhagen (1890) [yt F“ LR T 5 'ﬂﬁ
(vascular bundle) VA% o iy ffil# > Wagner (1978) 1T aE 1
(venuloid idioblast) — FH{ZV [ AT | HE BITAUAENE o ) % Chaerle and Viane (2004)
F =2 F [l 1 1 ﬂié@FL“Fﬁwlt¢r§%<E¢§T§TUFFE%° DN %Bﬁ?ﬁaﬁ?%%ﬁiﬁﬁﬁi
ﬁ’fft%«ﬁﬁ SRS ORI A PR AT R lfﬁ {ASA - SRRy
{g%ﬁ?ﬁ?}ﬁﬂj@%ﬂ Table 2 f[1 °
[l Table 2 T8RP T S% ) S E RS TRETRIF B0 (1) 212 (veins) B9

I (veinlets) VI (2) EE EARE AT (3) SE R (puR LAy (3
~ R FLAGRE TR o 2P S AT (5) FHIVETE A o E TR
R A BBV B3 [y (3) ~ (4) i BT bLA S 2ReRY BT - 1 T
FIIA R B e i f%'?f'lJE“‘E” FIFTBREES (M50 [T = TRl ” heeY B

C FE[PYHEYT (Table 3) > ffif Wagner (1978)“ ’?T'E“' VST == I o T?f
D RN B e N L= E'Hﬁiﬁﬁt \

() B ) @R g Ep \

Twatsuki (1978) }fﬁiﬂ;fu%ﬁﬁuﬁiﬁﬁﬁ = ”‘ = FEINIFV IR E e e
IR S o ST A % hgstolog}’) i_ﬁll Wi BOBAR A 5 U
A RS [ s (=5 ?{ff W (Vittariay F/{xﬂi Vi (spicular cells) AIRIENS!
JEJ@{?’:%EI%EU’:’[F‘?H@‘JE& i YIE’FJI% #ffl*‘ﬁugjé% [Lo A7 B (e Twatsuki (1978) fiV7]
@%ﬁ[ﬁﬁ;ﬁg};ﬁ VNI FE S RIpVISTTRIE] (Table 3) -

Type A * [i"J% (Recurrent veins)

Fsy/tﬁf'g % 85 53 e B IR (sinus) AL - 7 P2 g L TR
(Tateral veins) .V [H]{E T =TATGHL 5K Twatsuki % Kato (1976) [WHIRY FiF 5
I »_fcﬁllﬁlgggpj | ZJZJH (pinnule) B g;;% ;Fﬁ—aﬂﬂj jﬁ o th st s
(spongy tissue) 57 [“Hy A = H - Té N e "ES‘- (mesophyll) pj‘ﬁwiﬂ =S =l
%J§£ﬁ9?ﬁ FFAZA8 (collenchyma) Fird e ﬂ[%&?jtﬂ_’éj—@}g [ rjj LFHP“
A A [F{J% EIiE DRvE Rk o NI [F{Ji:ﬁ YRR 2 B o FRERY IR
fij = Epp pos i PSR R - P
VR DU R SR T BRI LR
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[ E1%[ (Ophioglossaceae) Fy- ﬁ%’%‘{}‘ (Helminthostachys) (Camus, 1990) ;5 1= K

WA 7] £ %\ﬁ’f} | (Goniopteroid venation) HIEJ[H [IH AR [ 9% (excurrent vein)
R

Type B : 84 4% (False veinlet)

Féﬂfg’lfjf@ﬁ’f%%@ T% (veinlet) Hlp’lfﬁ%‘r?ﬁdﬁﬁﬁ Ry = e (R RS Y @EJZLBFFM%
G T E BT E A SRR > S R SR T PRI R
YIIERE (fiber) ﬁqﬂfdﬁ;ﬁﬁlﬁﬂ (boundle sheath extension) + f5 & ==/f BEF AT
SPUA# (stegmata) - iﬁtﬂfﬁ; U 1 AR E AR 093 M (distribution
behavior) » fi* F“F 103 70 SRR AR ﬁ‘/?ﬁfﬁ‘ﬁ ARV TR Y B IRRAT
Oy R It 2 TR e B BT Y Qasmlabf[é_ A (Cordaltes) T T
blpl= @?qu@ﬁ@%fﬁ’ﬁ%{‘l%ﬁg EIFIJI@QLT@PJC—'?J@}EE Jﬁj ﬁ&?{?ﬁu
L] AR B [ RN o TP HI 9 BT ‘“‘i*‘mi BETERAARSF [~ (drawfism)
LS fﬁiﬂ%ﬁﬁ FITE £ FT;J (Iwatsukl 1978 Dubulsson et al., 2003; Ebihara et al.,
2007) : 7 Qasimia fgtht » [F] mﬁw)@w ﬁu e S P S T

Yarrk 4 puEE R (Hill etal., 15 H‘m and.c;amus 1986) -
s - | | ‘

|
e w t !I {
Type C : ¥~ o (venuleid'idioblasts)

SO BIRE ) (o PRI R v T i s R
RRBTRHVR AR (mesophyll) ] (7] 177 o i B ib 28 L SR
Jrﬂb » HET ' i B~ PV (apomorphic character) Fiy [ AT FAVS T ARG
@FW$(W@MJW&O%E@ﬁﬁﬁﬂﬂ%m%‘%@%%‘@mﬁﬁ
(Adiantum) (Nayar, 1962; Mickel and Smith, 2004) ~ Jfﬁ%\iiglfﬁf (Vittarioids) °

BIVRL o E = (TR &?Fﬁl“ﬁﬁzfpﬁiﬁal B2 93 (T F fepusi
aa]%*{%ﬁ? AE R ] EJFT;JI,TFIJ o EAEL g IF[*J{E_J_%IEL’I [ R PR
Hi (Smith et al., 2006; Schuettpelz et al., 2007) » =" B[ ¥ 012 B IR HE (sister
group) ° PRI iﬁﬂfﬁiﬁﬁlﬁﬁ’ﬁ{&'ﬂ AP H* H“ »MJ H [r,Jpﬂélﬂﬁyﬂirl f' pJH J/
(precursor) » [P | 1y 5P e g BT 195 Pt -



Table 1. A list of taxa reported to have false veins in vascular plant

Clade / Family

Taxa have false veins *

Special anatomical structures

Commonly used synonyms References

Lycophytes 7 ({2

Selaginallaceae & ff %]

Selaginalla Beauv. & 1f 15

sclerotic warty fibers in epidermis -

Satake, 1934;
Mukherjee and Sen, 1981

Monilophytes B

Ophioglossaceae ¥ /[ K]
Marattiaceae @'?’, 4 ETE]

Leptosporangiates

Hymenophyllaceae x|

Polypods

Pteridaceae B ='fiA|

Eupolypod I

Aspleniaceae 2 F| |
Davalliaceae FIfFH %
Polypodiaceae 7}%%?}%[

Eupolypod II

Thelypteridaceae & [ §E|

Helminthostachys Kaulf. + fﬁfﬁ%ﬁfg‘j
Angiopteris Sw. %E'f, 4 s e
Marattia’ (Mesozoic species),

Qasimia’

Crepidomanes Presl. {4555,
Didymoglossum Desv. 15 1% .

Adiantum L. 5605,
PterisL. &' ="HJg,
Vittarioids ?;ﬁ%\tﬁﬁ?

AspleniumL. 5
Davallia Smith % |5

Polypodium pellucidum Kaulf.

Many genera

thick wall hypodermal cells recurrent veins

venuli recurrents

sclereids, stégmata false veinlets

—— —

oy, oy

spicular cel*s ‘(cpjéear_m%ll idirb“lasts) ' venuloid idioblasts

|
‘ -2 p
collenchymatous hypodermai ells
thiﬁ;k'wall q‘p{dermal cells anl?

‘ pseudoveins
lypodérmal cells -

callous membréihes (c;hloro;;hyll lacking thick wall cells?) excurrent veins

Camus, 1990
Iwatsuki and Kato, 1976;
Hill et al., 1985

Wessels Boer, 1962;
Iwatsuki, 1978

Williams, 1927,
Nayar, 1962;
Wagner, 1978

Chaerle and Viane, 2004
Iwatsuki and Kato, 1976
Palmer, 2002

Iwatsuki, 1962
Iwatsuki and Kato, 1976

Spermatophytes &~

Cordaitaceae E[3Ef7E| T

Angiosperm

Quiinaceae %~ %]

Rubiaceae /%1%

Cordaites’

Lacunaria
Bobea

sclerechymatous hypodermal cells -

fiber bundles -
fiber bundles, sclerenchymatous idioblasts -

Meien, 1987

Foster, 1951
Pray, 1959

() Fossil records. (*) Because of the presenting evidence is insufficient, Polystichum Roth (%! #/57) in Dryopteridaceae (#3#=" =) and Wyethia coriacea A. Gray in Asteraceae (3%[) which
are listed in Appendix 1 are not listed here



Table 2. Definition of false vein in previous studies

Author Year Definition of false vein

Foster 1951 Veinlets without tracheary elements and consist only thick wall fibers

Holttum 1964 Look like veins but not veins (for Hymenophyllaceae); Bands of regularly arranged cells without stomata (for Davallia)

Iwatsuki 1978 Morphological similar to the true veins but absence of vascular bundles

Wagner 1978 Epidermal idioblasts; tiny veinlets not attach to the true veins

Chaerle and Viane 2004 A narrow, elongated zone of abaxial epidermal cells, morphological different from the other epidermal cells, running from the sinus between marginal teeth

toward the junction of two real veins, not situated above the vascular system or at the border of the lamina

Summary:

1. False veins morphologically similar to the true veins or veinlets )

2. False veins without vascular bundles (or tracheary elements) = 3 "", i, A

3. Morphology of false vein epidermal cells often different from ordinary epidermal cells w1thout stomata e

* 4. False veins not connect to true veins d

(*) False veins in some taxa do not fit with this definition o

Table 3. Comparison of three major types of false vein

L

Type Origin Distribution - ‘ || r: Anggomical characters Taxa

A. Recurrent veins [f'fF Fusion of leaflets From the juﬁ&'idn of o lateral Veins to't e, Often have sclerenchymatous or collenchymatous Most ferns:
sinus of leaf margln Iobes never connect to {-1‘ ‘hypodermal cells; mesophyll might absence Aspleniaceae,
the veins = Davalliaceae,

B. False veinlets {834 4%  Reduced from veinlets Oblique to true veins or parallel to leaf Have some remained structures which can only be

margin; connect to true veins in some taxa found on veins, for example: bundle sheath or

stegmata

C. Spicular cell F° TJETYA MY Silica containing epidermal idioblasts Scattered in epidermis, often parallel to the Have thick wall silica containing idioblasts in
lateral veins; sometimes connect to the true

veins

epidermis

Marattiaceae etc...

Hymenophyllaceae,
seed plants

Pteridaceae,
Selaginallaceae




51= &7~ F 4B WE| (Pteridaceae) I/ 53 K wE i

Y Hrt 1 B R 2 I AEE Smith 37 (2006) % Schuettpelz 37 (2007) [iv
B R M Iqufﬂggﬁ uI—F“If_EJD;UI S P JTJIT 2~ (Bouma, 2008;
Liu et al., 2008; Schuettpelz and Pryer, 2008) ° .i 53 BE N TR S TR B B
[UHT =1 (monophyletic group) » H HIUIJ > Kramer (1990) 53 K= | 11 E et e
R Jb?;f“fﬁﬁl (Vittariaceae) (1M} gﬁqém@%m;‘y RS 53 K42
5%) 5 Copeland (1947) 5k IfU-[H#E| (Parkeriaceae) ~ & = A I }b%{?“%\fl (IF=

EL BRI fol (ALY 53 Bk o [ S RE 0 T8 = R A R e g
ARER[ 1) 5 W% [ F“[—%JD (Ching, 1940, 1978) [l1p% T 8 k&[] (Taenitidaceae) f
77 B ERE (T c[J 5 o B Histiopteris) ~ fHi#&|  (Acrostichaceae) ~ Fl 1B/~
(Sinopteridaceae) ~ & Mﬁ‘ﬁfl : ’Fffﬁ%%[ USR] (Hemionitidaceae) ~ F1 i x|
(Antrophyaceae) '] b%;?LWI (IF=H JHI[ES«'?FE#’J:‘“ fol R 53 3 k) o £ Y H
TR E'JH%J EIRE o 1S Tl gy 2 2 V*‘TE»F{?«%,W‘ Table 4. f[1 -

IS ulivprs ”“[Eﬁw’t B sz”_rq i E ;%V,p_ Il o HEK F/;];-Tﬁ}[ﬁ]’fﬁ‘ﬁs'
R 57 B T fi ?J Lo e :@ryptogrammmds CR clade) ~ k<
(Ceratopteridoids, CE clade)~ rﬂ“&'?ﬁuf/ (F’Iérldoids PT clade) ~ #7503 (Adiantoids,
AD clade) ') 7&'/1'117} i (Cheilanh]Lmds, CH cltitde) B 10 SRR TR R Y
R H ity FA[ Pichi Sermolli “(1‘1963) ﬁ’?ﬁ{l‘,ﬁfﬂ%ﬁﬁl (Cryptogrammaceae) [[If%
“F Bl (Cryptogramma) ~ Llavea il ] vw AT B = L Y B R R
(Onychium) ™ 75 Y i (Coniogramma) (Zhang etal., 2004) o <k e i
Wb FORR R AT B L2 fo- il (Ceratopteris) 'f M i
(Acrostichum) Frit' 55 > Nﬁﬁﬁlx% E[JF' F' R e fio-fs 4 e B R 2 B E
FA'[ Tryon = (1990) 53 KAk [l IpVE =i ~ T k]| % Platyzomatoideae == [

M o G SRR L F'@Fﬁ%l'{':ﬁﬂﬁ%%iﬁ )] N Y RS Hlﬁﬂﬁfi
ShsURJER (Adiantum) gﬂi'i”“%\ifpﬁ‘f (Vittarioids) ° 1ﬂﬂ P EER P gf e iﬁﬂ/ =
’g“, EYRER AV L (P BV BREE (sister group) ENFTJ = 5 N 2R
Ard FJB (Prado et al., 2007; Schuettpelz et al., 2007; Liu et al., 2008); ﬁiHC W HII = R
U £l Tryon 53 KE % A (1Y F W i RS 2k 3 i = T i BvR] T 1905 S 1
(Gastony and Rollo, 1995; Zhang et al., 2004) > [F! {Ef 55 K5 =7 pl 125 ffaf = %Ipﬂ%’fg‘ A’

H:T RLHTAHE (Kirkpatrick, 2007; Schuettpelz et al., 2007; Zhang et al., 2007) -
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T PR AT ) KR [0 H R Crane et al. (1995) % Crane
(1997) F IJZE}EE}HETE] i J?ﬁ“ e [ Vlttarla BIH I PJFF (%> Haplopteris &
o~ [ERSUREETE Kramer (1990) FY =27k flUgEH HT— (g} Monogramma fl1 - {FI7
Copeland (1947) p=a# [ 1f][53 5% Monogramma I'] = Vaginularia [} > &3 TAY5
R F i #5) SRS (Schuetipelz et al., 2007; Ruhfel et al., 2008) » P
Y |zf&r§ Ruhfel et al. (2008) p»@%ﬁ_ﬁjgﬁw@w— [ 7S !\I_FJ '[! Vaginularia
BIHT - [ RS A EED BLEE > Monogramma IS £ A Y T e B
(Haplopterls) MIZT o [iﬁjfv}f&i&/ Fl1 > (82 Schuettpelz 27 (2007) fUsHN - =2
Z VS o (Doryopterisludens) & it B~ gl (Doryopteris) 17 9f » FF‘
A L VLR > (LRI B & o £ =7 HURBITEE Shine (1993) VT U AT
Pl Gymnopteris &%[[F g Paragymnopteris T e SRR EH| (A8 Panigrahi
(1993) p@@%}ﬁ—] Hemionitis it 12F1~ J;ﬁé (dlmorphlc leaves) PURETERASFEF
Parahemionitis .V " o ﬁlj ot B B (smally, genera) ¥ G pJ?;IHI\ i
(Cheilanthus or Cheilosoria) ~ #"’“%E}’ (Aleurltopterls) <5z (Pellaea) ~ [BE7k
B (Notholaena) (sensu Ching, 1978) ; _ _“ ‘!‘Wg'%‘%’:zt}‘ (Midella) (sensu Shich et al.,
1994) = fIj[HEr] Elw L —rﬁg (Zhamg et al.;’ 2007) - L plIRE K B
(Cheilanthus) E‘ﬂﬁ@fq‘?ﬁzﬁ (Nothol agna) 1@ @i_j\a#i#gﬂl fifiY (Ching, 1978;
Yatskievych and Smith, 2003)> ﬁﬁgﬁ ;Eu‘ﬁévﬁ *”“fiﬁ%’ BT ST (Aleuritopteris)
L BRI | B PR DT A4S (Huangy 2003) 1 53 TSR o ISR M
73 ?}?ETE*EF'EFJE?J%J;'\%]%%M%E% [“HEZEIT Figure 1 f[1 -
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Table 4. Taxa surveyed in this study and their positions in four major classification systems

Classification system used in this study (Schuettpelz et al., 2007)

Kramer, 1990; Tryon €t al., 1990

Copeland, 1947

Ching 1978, 1940

Clade / Subfamily Genus Family Subfamily Genus Family Genus Family Genus
Cryptogrammoids (CR clade) |Coniogramme Fée &Y /g Cheilanthoid Coniogramme Coniogramme | Hamionitidaceae | Coniogramme
cllanthoiaeac
L Cryptogramma R. Brown 2k Cryptogramma | Pteridaceae | Cryptogramma | Sinopteridaceae | Cryptogramma
Ceratopteridoids (CE clade) |AcrostichumL. g Pteridoieae Acrostichum Acrostichum | Acrostichaceae | Acrostichum
LSS Ceratopteris Brongn. “[<#s Ceratopteridoideac | Ceratopteris | Parkeriaceae | Ceratopteris Parkeriaceae Ceratopteris
*Actiniopteris Link -+ '8 =" g Actinopteris Actinopteris - -
Tancitidoid Anogramma Link /g Anogramma Anogramma | Hamionitidaceae | Anogramma
aneitidoideae b -
Pteridoids e Onychium Kaulf. & %55 ¥ Ta‘é,?i‘t-idoideae Onychium Onychium Sinopteridaceae Onychium
(PT clade) A Pityrogramma Link 53 Jg) b : . | Pityrogramma Pityrogramma | Hamionitidaceae | Pityrogramma
R *Taenitis Willd. ex Spreng. T8 g | : Tanitis Tanitis Taenitidaceae Tanitis
Pteridoieae o o
iSL. E\Ee Ty P 1y : o] 2 Pteri - ~ i
e | PterisL. & o' /gf ; 'iﬁ\"l, ]Fté’rldg:leae (- -Pteris Pteris Pteridaceae Pteris
| T
Aleuritopteris Fée 457 g Pte(jp'd cea H;'E L I Aleuritopteris
| 1 L .
Cheilanthes Swartz -k %/ || == I Cheilanth Cheilanth Chellosoria
eilanthes Swartz fff <5 . eilanthes eilanthes
A e m 1' ) Pteridaceae Notholaena
*Cheilanthes viridis (Forssk.) Prantl ST ' "t Sinopteridaceae -
Cheilanthoids (CH clade)  |Doryopteris . Smith - i/ e l Cheilan‘h idéae - -boryOpteris Doryopteris Doryopteris
e *Doryopteris ludens (Wall. ex. Hook.) J. Smith {33 Blam ~ |, e |
Mildella Trevisan 45 : Y 3 Cheilanthes Midella Pellaea
ParagymnopterisK. H. Shing & =€ Hli/g . Gymnopteris Gymnopteris Hamionitid Gymnopteris
amionitidaceac
Parahemionitis Panigrahi 15 Ye3 i g Hemionitis Hemionitis Hemionitis
*Pellaea Link ! %5 Pellaea Pellaea Sinopteridaceae Pellaea
Adiantoideae o . . . . .
) ) e o |Adiantum L. SRV Adiantoideae Adiantum Adiantum Adiantaceae Adiantum
Adiantoids | SkHE]
(AD clade) Vittarioid Anthrophyum Kaulf. i ji#/s - Antrophyum Antrophyum | Antrophyaceae | Antrophyum
e 1ttarioids K I . . X _ i . K K
SRR T Haplopteris C. Presl 3 717k Vittariaceae - Vittaria Vittariaceae Vittaria Vittari Vittaria
=T RAE E LU 1ttariaceae
FITi ' Vaginularia Fée — {50 g - Monogramma Vaginularia Monogramma

(%) BRI IS ) O R 5 A B 7 A
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—— Aleuritopteris --—-—-— -
Mildella -----—-—---- 2 .

Cheilanthes ------------- =

Cheilanthes viridis ------ =

Doryoptetis -------—-—--{ Ch |-

Parahemionitis -—--- -

Paragymnopteris ------- -~

Pellamg ~<==—smimi -

Doryopteris fudens ----- -

Anthrophyum -~ -

Haploptetis -~

Vaginularia ----—--—--—-----

[
I
—

Anogramma ----=-=----
Pityrogramma  ---------
Taenitis --—-—-—-—----1 Ta
Actiniopteris -——-—-—-

Onychium --------=---

e e
Pi

Acrostichum --------—----

am

gl

Ceratopteris --——--—--- P

— Coniogramme -.-.———.

- Cryptogramma  --———--

am

Figure 1. Phylogenetic relationships of genera'surveyed in this study. The tree was modified from Schuettpelz et al.

Ch

(2007), which were result from Bayesian analysis of three plastid-genes (rbcL, atpB, and atpA) for 67 species. The
specific position of some genera was obtained from Bayesian analysis of plastid rbcL for 147 species in the same
paper. Only the branches indicate good posterior probability (= 0.95) and maximum likelihood (= 70) support was
showed. Both genera Pteris and Adiatum, which were marked with black triangles ('V), are comprised by more than
200 species, about 20% species in this family. The five major clades in Schuettpelz’s classification system were
indicated in the black boxes: Adiantoids (AD); Ceratopteridoids (CE); Cheilanthoids (CH); Cryptogrammoids (CR);
and Pteridoids (PT). The subfamilies of Tryon (1990) and Kramer’s (1990) classification system were also indicated
in the white boxes: Adiantoideaec (Ad); Ceratopteridoideae (Ce); Cheilanthoideae (Ch); Pteridoideae (Pt);

Taenitidoideae (Te¢); and Vittariaceae (Vi).
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SIPMET ~ B RE| f@ﬁ@“ﬁﬁ'%ﬁ"ﬁﬁfﬂ/ﬁ‘%ﬁ%

=T PR [ = Holttum (1954) A B o | a2
' (Pteris grevilleana) V4 F Al HhE 1 HJR6L (short raised lines) © [fi
Shieh (1966) 7 Z+#f ~ |14 ~ HIFE =BTl (synopsis) F[I Fﬁfgﬂtfﬁ
B = i ] (Subsect. Cadierii) 1 7) Ziglﬁjf’%? ’ LF“ﬁj féﬁ?g»iﬁ@%%& (Flora of
Taiwan) — & 745 (Shieh, 1975, 1994) [)Biﬁﬁ?émﬁﬁ?ﬂﬁﬁ (Kuo, 1991)
[IFM'”'J AP E |2 o Wagner (1978) JI1J P =EE 2 F'JE“&'%?EFI%?{EHI’L[J”#“\@
F VB R ﬁﬁ“&'ff'ﬁ‘ TR B TRLE VR BEY S AL B B 55 > gﬁiﬁﬁf‘ﬁw
YT TERE ) (mesophyll) fl1 T Shieh (1966) [953 K Ek | SR AT
" TT DR puREEED Tﬁiﬁ’fﬁﬁ% LR S P f’%iﬁﬂﬁx*ﬁi@ﬁ”@?@ﬁ‘ i
BtE JEI"TE%J%% > [fillY] Wagner *4 [H'%T“iﬂ PSR 59T » T4HENT BT
(venuloid idioblasts) [=E e [ETRVARFL o Pl F VE S (R A A B e
(epidermal idioblasts) ﬁ’ﬁ%&*} ’Fgf(i’xlflﬁﬁlfj%'rl:\f?@flﬁi? el (Adiantum) | JEIF‘:{
H#E] (Vittariaceae) YT A ‘(s'piculélr, cells, 3¢ spicules EL&HD & -
o PR AR Y ‘ J;EJBFFﬁgIJI/j\EIQEJ o R
75 1a) o Wagner |zf<~%‘£f§. Eﬁu;] | :ﬁ?j fﬁﬁlﬁ_ J[E[ﬂ 3’57F‘J’F_IH T IH%JJ(,@I
TR b Tryon % (1990) fi9 mﬂ%qsré‘ﬂ O B bR | 7 T e R T
TR IJ}‘”[ v I (Gracano et al 2001 Mlckel and Smith, 2004; Sundue and Pardo,

2005)
?ﬁ”“ﬁ’ﬁ»&lﬁ? JEIF AR VAHSEE GE W)= Poirault (1983) Vs » i Williams
(1927) RIS TR BRI g i B~ PR @l - Williams k{74
iﬁ?&’ﬂﬁiﬁ/r HF Jp/u (silica) V25w &2 Fﬁf%m E[f’\?‘{iﬁ?ﬁ*[ AlE
EV J@@t ]J R gt e T P01rault (1983) E'f“'éﬁ‘?‘?’ﬁr fisesal
[ (Monogramma) FlTpv Pleurogramma &Yy [l P27 1 21 % 3} ﬁlﬂ )
Benedict (1911) E[J@%;{ﬁ’;'f%? Eumonogramma 5 £ {fit g E:fz 127 Williams
(1927) I'|* Ogura (1972) pwglﬁu[am I [ 1 o R el iy
LF%QP/%”I/H\E'W ‘F‘Lﬁjt F“jf%ﬂw RIS f/}%&rﬁ‘ ° i~ 1 > Poirault
(1983) ~ Williams (1927) ~ I J » Bower (1963) 374 7 1AL S BUYA A 0
A [ U BRI ) Williams (19~ B9 L RDIE R R IR - 1
Nayar (1962) [I7 il alﬂ']?ﬁ"ig'%ﬂ_’ I%}H@@%%’I}T” Vi & OV R A



(thick wall epidermal cells) = AWl — 78 5/ B fch & 840127 @K (cell
lumen) [ Z A5 ri%1@%\@ﬁ FAEa— A G e BRI e P

& RATBRAY R B (sclerenchyma) b REER ATV BYA g R
TIRIPSEYR > ) SR (Onychium) F5 #1510 5 (Lygodium) fi' ') pLEAf!
1 %iﬁ ° i Chandra (1973) 7 &t S8R A LV 19 3 5 Nayar ol
i 27 2 VR - PR L AR U R AR VAR [ L
Adiantum macrophyllum — | rjfi=! Fjﬁipuﬁ/g_lﬁ/mElﬁwFFH',P;Tu?ia’lzi% Tt PR AL
AW o (17 Komatsu &7 (1996) | J%%ﬁr}lﬁ[lgl Eé”‘ ziEQ“Elﬁw [l A E@TF/
7ok (silicon) » SURF T SRfI953 50 KR ,iﬁgqh:ﬂsw 47 | I——R%F\L [
TR ~ T it WPy (trichome) 1) W35 =55 1 B 1 BETRE o M- apT
SRS RS ) (4 Wagner (1978), .1 BPRF78 174 A BT/ g
SHEITYAE [y LR TR (Mlckel ardSmith, :2004) S| | =R SRS
53 Z%rﬁf%% Eavaalibar #E‘Vﬁ RS A ma!Cfophyllum FELY lﬁéﬁ’ﬂﬁ% i/D

YA Elﬁwﬁﬁfi%ﬁ'w“wwﬂp Lnﬁ J/F;fifﬂ“"?{fm%\@ﬁf AR
RS S 2B (Nayar, 1962) | b@&;ﬁ (Gracane et al., 2001) f|1 > H‘H i
~ HERS BT (AD,clade) | ﬂ%{ lu@ﬁ#@&'fﬁw (PT clade) ; T3 %]
g e e R b (CGHE cla e%) HrE2 Zﬂfﬁ/[l Taenitis B} - Syngramma &if
(Holttum, 1974) % Hemionitis & (Gracano et.al., 2001) 3=t pOBatf thL T 51 %)
TR S o
P o pl e o Tt B R AR R [ oA AR VW R RS o

PP AR 2 T IR S RS T AR RS L Ay e a0 g
JTIRETYAT1Y (venuloid idioblasts) ~ #RET3F1@ (epidermal idioblasts) ~ Bk
WA (thick wall epidermal cells) I'J W77 £ 3149 (spicular cells) + BEfRs g™ ¢/

VRIS BTN E > SRR A PR FEF‘* L ] YR A s s
e p/ YR T AT RITJAM S 5 SR YA M L R
fp €78 PIFTR O PR R | RSB G gt - R R R R A
YA R - ) TR FEIYARS ) (veinal spicular cells) ¥ TR
r/##JA19 | (interveinal spicular cells) 15 7] 7’}* JE:*T fﬁj{‘jfﬁlﬂ/ TP o H Fli
[EE YRR BRI = @ S T - IR BRI g R L 9 -
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Y] R

Ykﬁﬁﬂ’ fol 73 B [ fls [*Iﬁ v 93— ?‘Bl e TR R RIS e AL
o RSB > PP SRS (anatomy) BB AFE 5 (microscopy) B
TR 8% 2 2P - E e X «Hﬂ»%‘ur % (Energy Dispersive X-Ray
Spectrometer, EDX) * Ji4z4 7} (1% (wet oxidation) '] X558 {~2#%4¢'| (histochemical
staining) AL S (MY 53 R o BT D Y SRS AT B R
PR RIS E ) B P e > r[J@%E'lﬁj??}fF'ﬁ*F b f Hlﬁj“ﬂ;ﬁll' FH £ A
IR (4Rt YRR o IR R AT R A A
(tabletop SEM) fif,*ﬁ"[ﬂ ﬁv‘ﬁ = §Y (@ (backscattered electron image, BEI) ?ﬂjﬁ%
B = R J?Zfﬁﬁ*ﬁépl_ SR R B Y 55 ﬁ“}-{ﬁj&@-f[
73 R~ Jﬂ&?ﬂz A == F%@q&Ec’W/ﬂ'ézF—ﬂ °
2 F R

," i

S
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o FPRE
BV ] BB TR R A - RO 51 )

() EERATR

A RIpUE R PIEEAT E  f (Pteris grevilleana) I #FrEf AR 1SIVE [,F .
TTETIBL IR 22 R (BNAT 12103372 558 25° 017 » 3849 50 22 1) « Hagigeh .y
ERIFI Appendix 2. 10 9 [FHE A AR - HE] A L‘lﬁmfﬁ_ﬁj@%?gﬁlﬁﬂrﬁ:
[ SSELERF VAR 2 i 2 R B 7 S SO e BRI E R
[ R e WW?WJ%@ﬁHﬁﬁJ%@gWﬁHWg%gﬁy@%;
HIS VPRIV ELEOPI,  (pinna)  flBSEAERSTS # T T (pinnules) » 53 B
EIE I (hE IR PR SEM 528 FPGA™ [l (EIF I U5 ) ~ Karnovsky's
AR (75 SEMURS IR ) I DRI (clearing technique) ECE! -

| rt;,_ |
(1) K SRHRSA I 3R l = | ;

FRIp D B f R B A Kt 3:4 % ﬁ JLI@ HAHE }iﬁ’ﬂ%ﬁ r%"(@ (Stereomicroscope) H5 ¥
UL SRR RS (Compound optlcal microscope) R S

(2) #AHEFE (epidermis impression) :
#{|7] Hilu and Randoll (1984) Fri fissh gk » I HiF HAHae 8 A A
ElY fg HJ%LI&( }7L %‘&3%@{%1&,—:@[& o

(3) FEHNE (clearing method)

SRFPRREAS 95% HAH IR I paupie Sk S AEPIR A B e gl
ATE (BIIHIRES 85°C HERTH BRI pE A RS -
A 00 B PP B S FPRIF ) - B R 4%
;;nazu'éfnﬁzrfww?40°0 MU AR VIR - o = AR ERERT (A6
T ﬁﬁj%ﬂ&j@fam’&ﬁ?ﬁ A D o B it kY] (ethanol series) 17745
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70% (UG I o

(4) ffIEIH (paraffin section)

SR FEV I AR O fl”t VEIARSS S x 5 mm® Yol IR 11‘" FPGA [l 3k
(formalin: propionic acid: glycerol: 95% EtOH: distilled water = 1:1:3:7:8) [l -~ 5
=PRI NN EIRS 4°C IR AT o %TE/‘@'%&EJ]‘ HIFIH G — 27 = 7 -]
(ethanol — tert-Butyl alcohol series) ﬁ?%’iﬁﬁ Prope— = PLF'I TRy 7 Eﬁifllﬁﬁﬁz ;
e 60°C HATH 124 (paraffin infiltration) — ““ &I (embedding) - K S I 7
K= 4°C Y]J“?ﬁfll o SIH E\ﬂJ‘ﬂJE'J AO 820 H@ﬁﬁ?“f’ikﬁ% (rotary microtome) %7
Mo ?FF‘";:" I (cross section) I'J— A 10 um VR =IH > I = 5T (paraveinal) fit
AT = A 20 pum e [l 4P ?‘f |71I Stay-on (Surgipath) Ziﬂ‘%ﬁ"m&&”
s I SRR PR (Xylene) ’if'ﬂ;“ }_m ‘Fast_Green — Safranin O SRR
(double stain) K5 A ik Y;f": l (hlstochemlcal stalmng) f A9 I I B JE"ESFF

fo - NYE '

3% = Safranin O —, Fast Gre n ;;ié_‘ﬁ); 1R OR] T A TR ) A
(rehydration) = 50% {Lifgz I |5 % ml**f[# Iz 005% Safranin O i%ﬁzgﬁl
& BEFIRTE 95% (EI;{%HH 95% {E‘IFP@ V :0:1% Fast Green q’g\ﬁz?g\“ﬂl °
i%%%%#ﬁwvEwﬁﬂw-#Flihﬁﬁ&ﬁH(mmm@)bgﬁo

(5) FIPRPE 7V (silica body extration)

7 IERF| PP B (3 (wet oxidation) TS A [|IVRTTREL > BT
M= g[ﬂﬁ:ﬁ Wang and Liu (1993) ~ Parr =~ (2001) * Piperno (2006) == HpUdf
RO 2 MR RE (S 1o RR R BRRARITR » FIR 198
# Lem® IJ™ ] IRE M ] BRANSON 2200 3£ 5 8 W g 2 1% 2857 b Kt
RIHHIZEFTI05S 0.1 g SZEERE 50 ml AT 9 10 ml P (HNOs) it
A A PR R > TP D RIEERS (KCIOs) i = 1T = 2
ENTPIRT - FTERAEEE 15 ml BESF] 1500 rpm B 5 T
oy > N 10% BRI (HCT) zgiﬁf‘wﬁ&#ﬂiﬁ“%iﬂ V2 PRS- F I
1500 rpm EE 5 55 G#H VTR S P IR TR T AR R~ R Ry~ - 2V
PRI [ B TS O 0RTE i SEM. BRSR H O SPATICEIIR © i
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I + AT 10 am B P BT Gy R g
250 pm [/iEMIﬁE[JI:[“TVr:Eié:{E rlﬁﬂ[/w[rﬁ‘ﬂ/ /ET&J’*}EI

(6) =% ([~255ld (histochemical staining)

E@’ﬁ%?xiiﬁﬁ“ Tp (IR RIVETER VS 55 R v BV, R 5T
I'l' SAC (Silver-Ammine Chromate) ~ CVL (Crystal Violet Lactone) '] & MR (Methyl
Red) Zld > iF%E FE1 | t@‘fﬁfﬁ/@ﬁl (silanol group, SiOH) 1'7| EJP [EJINEA
(Dayanandan et al., 1983) - £l [[1 SAC FiJIGIH* 3% NH4OH [*|V Ag,CrOy4 ﬁ@ﬂli?\f
k> &° R 'Jf— 1&[ %IH?FF;L CVL Fifilit % (Benzene) f[IfY 0.1% crystal violet
lactone » {1 .V & U BRI i BRSO 13 Coylene) fl1 - -
(specificity) I'] & @y (sensitivity)r fI55 H[J" J.Adiantum macrophyllum 537 fF*
B VRA T RE T‘rVH’.J/p/f‘&lﬁﬂlaﬁﬂ:‘ja JE'W?%\'E‘HF A% MR ES
# (Benzene) [|IfYEEH! methyl red °
(7) A EERTR GRS (optical m1cr0s¢opy)-

s |k SR | Ja'gj Lelpa i LEITZ DMRB & 5t
JE'%%[?P UESFEEFJE[ (dark ﬁeld) R 7_;; (pﬁelse cptptrast) [’Hﬁ (polarization) * 4 [ﬁr]
w201 [¥Nikon v COOLPIX 4500 F{‘/?{
D3 Hefb #fiES rf{H{lErF{ L= ﬁ?ﬁ%@# (Differential Interferential Contrast,
DIC) [[[#* Nikon OPTIPHOT-2 %I e ™ &S #l%s > '] Nikon p¥ COOLPIX

4500 o FESIE SR -

S (semi-polarization) &P ET %J

(8) fiffi=" P Bt o (Scanning electron microscopy, SEM)

A UERIIFH] SEM (III= 8~ BRpVFE: < W (secondary electron) -

fﬂ ﬁf FIE FLH (backscattered electron) |'] b’ﬁj B X 4f55L (characteristic X ray) o EI

HF s F-‘{Tm £ — :ﬂwﬁ»gﬁ;c%;gg%ﬁ&%q&m%%; ’F‘J‘[F,Jﬁ’oréﬁ?_fiEp%};tq’yga,?i«%
ELRER B S IR S PR T R R REE @ SRR T
F o BrRRVE R E P 7 R R 2 RIS (table top SEM) 2 TM-1000
(Hitachi) I'J %> PHENOM (FEI) : F§ & X FFs[ 57 Fo3 A -

SR PTEEATRI Y AT FEISEM B3 si U ATRENRA9AT (Sl Karnovsky’s [
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ik (57 0.05 M > pH 6.8 1 f5:[% 5% 1k (phosphate buffer) f[1fV 1%
formaldehyde > 2% glutaraldehyde * 1% caffeine Jfi 7 F‘ ifk) (Karnovsky et al., 1965;
Makgomol and Sheffield, 2001) F[1[iil R 5 o F4H]5 ’:Bﬁﬁj‘ﬁ Vi FR g
L= 70% {0k > FEET T (acetone) 7<= AT ff > =01 Hitachi HCP-2
FIFRFES & (“B% (liquid carbon dioxide) 3% [t Eﬁ:ﬁ% (critical point drying,
CPD) o Hiz% i 1 #1R| I"| #i ﬁ%ﬁ (carbon tape) iﬁ]ﬂ‘"ﬁ'—'ﬁ F (carbon stage) » ™ I']
EMI [V K950X &~ a8tk » S8t IV F18] 7] Hitachi 7 S-2400 j"ﬁﬁ Rkl S0
2% = W1 EY T FEL PSS 58 E}q‘?ﬁ»}*ﬁ‘[ﬂ F':LT*—J 2Ar%Sh (Field-Emission SEM, FE-SEM) © |
VRIS A e T JEF[@%@’E[W b i fFI'TE[% MR Y i (5L S5

% a3 KEVEX LEVEL4 FL‘.E v [ﬁrXﬁ hSE F[ % (Energy Dispersive X-ray, EDX) £
BT U B XSS 7 sk R Y 5 R (Silicon) Ko TR
(energy level) V=& P (Si mappingj'B EDX 7o gk 55 Frivadifd > JIII | # Fl'%#ﬂé'ﬁ'
fb Ef F’?FEWV*”&ﬁm [Hﬁﬂuﬁlr@rﬁ —in o PR RO Somb o3 P
S-2400 £LI'JF) (Si) ~ gk (P) | (Na) gCa) * J?I’E‘ﬂ:ﬂ*?h_rfy; 7+ FE-SEM
PILELE B A7 %@,w#ﬁ %w
Lr[ i
I
1

"r':.r ,I t |
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S1Z ]~ BRI R A

() HRRFPREZVR
¢§waﬁﬁﬂfﬁﬁﬁiﬁy%ﬂﬁﬁﬂf°@@%ﬂ%*HMWﬁﬁW
R 2 SUEA o S R (ecological niches) EARIE o iy R AN Y
Bt o OHS 2 RPN Y 2 TR 2RI -
BRI ikt (aquatic) ~ [ (terrestrial) ~ [ff (epiphytic) ~ §[# (rupestral)
N IESE Y fﬁfg[ (limestone) “Bfz4fi ﬁgt;f | PRI R O | T
KF[ % pﬁ[i?ﬂﬁiﬁlﬁﬁuﬁ [/ =TE T AT (clades) W EF12 Fylgﬂ‘*ﬁg“p
.jf[ﬁﬁ,—u FayErkepi- HEV T 19 TR 82 FEE =AY R - F
FIRATRIIE 17 B 73 78 | ‘EJ?DJWHF&??JE?’” ey Y 7 RETREF(H 9
FURPRS P o ZRp VRS ) KL bay,,,, R A B PP 7E e (sensu
Kramer et al., 1990 * Kuo, 199 Ll % 2 7%) E[[Jr??c'%’aﬁé‘ Table 5 [[1 »

FPRIF S TR e B /fi%?g JHFRERR] iy St R S g A ik
%%W“ﬁﬁpr*f@L%&Jziéﬁ%"bﬁm%@%@@¢ ok
R A g ) P%Lmﬁfmwﬁwyrﬁﬁwmﬁlwﬁm
Fﬁf [Fil= #IRET [P 5 (fi ﬁﬁ“’ﬁ&ﬁfﬁ? [ (2 WSt PV i 7 [ A
WS IV o FEAIVPIE £ 5] MO AT Appendix 2 1 FHRIVY FPR
EI AR '/Eﬁ@ o BB [/ff’lﬁlﬂ?viiﬁﬁl@lﬁ PRI A R V?J*FIE‘H £
FFIPH - (pinna) TV ASRS L B (pinnules) 5% AT RIS R
& (SEM) #<s o et I/ f:l%ﬁ’!’. EIFS (1) fﬂcfl I EYA (1ntervelnal spicular
cells) 7k ¢ (2) AL EZ S [FUHEAFHTRA GRS BHH TR (3) [T (lateral
veins or free veinlets) I RLapase— gl ?gpa Fj:k'i EFHEET (™ o iy

SR SRR 0 E R ROUPEY B -

() ft "F'Hﬁﬁﬁl B BRI B F' [[#% #& (post cooling method)

+ A R {E;I%JF' I Hitachi TM-1000 Jif_F-FJ4iHi=0 o B 36 1 5152 -
YRR 5! AL VIR R R (1) S R IR e R
RICANEE NG NI S S Eh Elgﬁ; W1 pﬁ:, JF]?J*EFE“‘?:‘
= RERESh Y, [ A Iﬂ%“*’ (2) ] IFIf§eH 7 (backscattered electron) » i
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e TR U @ TSR ISR R (average atom mass) sl E
#1.V 1]l (Bazzola and Russell, 1992) » Py [ (I PAPRLAL 1y SRRy A
ﬁ‘}?ﬁﬁ”{gfi |+ (Figure 2) ° U A R R[RALTRE (silica body) #1% [ﬂﬁg,
@%fﬁl | (Brandenburg €t al., 1985) » éﬁfﬁ?ﬂ? [IEH {2t (high contrast) B

SWARERF| (sharp) VFIFEPERY( 5 (3) DA RS (low vacuum) TR Ppt
Bl NFp s A J\Iﬁ[ 75 {#Z5[HIE (chemical fixation) ~ §f7f* (dehydration)
7% (drying) ~ L (coating) VM » AHTIARGHEIH L WA 2 1 DA B A
oo P IEFHEERETIR T SEM B pLE R (charging) » KIS 4 U
CHIAN TR & ke f%%ﬁ b AR IR 05 (post
cooling method) (Tong €t al., 2009) r el & e AR T e 57%@#
(Pre-cryogenic electron microscope speglmen hf)lder; Tong, patent pending) {4 i F‘ =%

SEEBEY $R (Figure 3) 18
DR L e T (ep1cut1cu1ar wax) *’EJ ; i/[lﬁflﬁ[ IJJ?{T»H ST (Vittarioids)

Vi A WE IR (chlobform) H&_ TR (eyleng) e Y ;i
HQETII?["*‘ M{’?’? arE s ) lﬁ [;J*"'J“ ﬁﬁdmp'toptens) A R fl E‘IF’T Il
G P IRE T o AR S f;ﬂfbrlchome) (Ft e ERRL
P'JE5=17 9 (double edge razorblade tﬁ"qﬁﬂ%ﬁl%&’%ﬁk J = F"JB%%RLJ ffim] @ﬁ@
SR AN R e T Pl 11’3} b WA~ SRR B e
R LRV b B - 1R o e T
Wiz AR ] R JIE bR 70% PG o T AR
7 &7 (amorphous) VIFIE = fifi gl | 2E 5 A1l -

(Z) SYIRGEEY ~ 53T ) R B = el

FapdER V2 BI750] SEM BRIE D R RS o [k ’f%ﬂ Sz e

e Fe #JF 7. [+ (Charge-coupled Device, CCD) #% 100 [fﬂv 500 |f, =

E%l P PR DB R T e R BRI ] e R L R
H'Fllﬁﬁﬁﬂg“ﬁf@@'%ﬁl%@F/E.”I//A\E[qul (spicular cell) 53 1] §fi— 71
Ry [ﬁ} °

o 4 W R R R R R PR L AL SRR Y
— AR AL B  S R AL R REEE ST ) R P B BA e o e
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it 53 #’ﬁﬁf‘iﬁif A=A ﬁﬁ'“ N T [F“Eﬂj: I Eflﬁﬂj fifil A
Karnovsky’s [ifl &k VATRIEY H g 2V Do W52 VPRS- ﬁ SEM 5 fl ik
£ EDX 7 SkoifT i iy F{lﬁ‘ﬂﬁﬁi%ﬁiﬁﬂﬁﬁﬁ¢§\7§ LS @l g
1% (wet oxidation) %EJ%J:ﬁEﬁ A o T FH] CVL Bee lfikffgégi: /f’fzﬁﬁ'@i
(%Eiiﬁ’l E1 ﬁ*)o%ﬂfﬁﬁﬂéiﬂ%p‘7%'£ b B AP RTRE T H[ﬁl“Jﬁﬁ,“?‘i4
T\EIWFEFH kR PRORRR S R TR 5 PR ATRI D2

-

YI:WZU/ Wﬁﬁﬁﬁ%\' Tt ﬁﬁ’\?ﬁj Mesquite Version 2.6. (Maddison and Maddison, 2009)
fIT > 2 5] Schuettpelz et al. (2007) #[*']+ ~“fﬁjﬁj§ﬁ'$pﬁ[ﬁj?dj/ rbcL ~ atpB I'] &
atpA zﬁgﬁ‘ﬁgﬁiwm@ﬁvﬁ%%ﬁzﬁ@% FIH s~ i B SR B el

JH 145 R AP £ {uqqrdéié&)f o
A 3 - 1:"
A ‘l ] —.I! ¥
= N P
- E
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Table 5. Number of species sampled in each taxa in this study

Clade / Genus (Genera) / Species sampled (Genera) / Species in the world® Taiwan (Genera) / Species sampled (Genera) / Species in Taiwan®
Cryptogrammoids (CR clade) Zkix3 2/5 3/23 2/5 2/6
Coniogramme Fée &' Y g} 3 20 3 4
Cryptogramma R. Brown 2k} 2 2 2
Ceratopteridoids (CE clade) ~[<i 2/2 2/6 2 2/2
Acrostichum L. Fi#gg 1 3 1 1
Ceratopteris Brongn. ~<§E] 1 3 1 1
Pteridoids (PT clade) &/=" 6/35 18 /540 4/32 4/36
Actiniopteris Link 3‘“% e R 2 == - -
Anogramma Link 245 1 ¥ E 'q -5 1 1
Onychium Kaulf. £ g & U _— 8 % 3 3
Pityrogramma Link 5% %5t 1 e 1 1
PterisL. '8'/='H g} 27 250 27 31
Taenitis Willd. ex Spreng. ™3 55 Lg'h P N5 - -
Cheilanthoids (CH clade) ¥ i 5/13 i AL Jegfso L 5/10 5/13
Aleuritopteris Fée ;b}ﬁfi)'%‘kfg‘;}’ ‘ :-;..—-’;-2 I p
Cheilanthes Swartz £ g g | = 150 9
Cheilanthes viridis (Forssk.) Prantl 7 m i £ -
Mildella Trevisan 551 ‘ l a= | 1 !
DoryopterisJ. Smith - &g | J‘s 1 1
Doryopteris ludens (Wall. ex. Hook.) J. Smith fiy =i 23y [ || o . i}
ParagymnopterisK. H. Shing & = ¥z 1 L5 o W 1 1
Parahemionitis Panigrahi 1% 55 1 *oIn  mmd 1 1
Pellaga Link %5} 1 35 - -
Adiantoids (AD clade) &i50HT 4/27 77290 4/24 4/26
AdiantumL. EsUHEr 19 150 16 16
Anthrophyum Kaulf. 1|} 3 50 3 4
Haplopteris C. Presl ﬁ;ff“f&#%‘{r 4 80 4 4
Vaginularia Fée — 776U 1 7°¢ 1 2
Total S 19/82 39/1100 17/73 17/ 83

 Sensu Kramer’s (1990b) classification system. ® Mainly Sensu Huang’s (2003) classification system. ¢ The species number is the sum of Gymnopteris and Paragymnopteris (genus
Paraceterach in Kramer’s (1990b) system, but excluding the species Parahemionitis arifolia). ¢ The species number is comprised of genus Hemionitis and species Parahemionitis arifolia. ¢ The
species number is the sum of Monogramma and Vaginularia
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Backscattered Electron Image

Image Image
(darken) (brighter)
B electron e electron

heam

=2
I~

Low Z number High Z number

Figure 2. Schema of theoretical bases of detecting spicular cells with backscattered electron image (BEI). (A)
Backscattered electrons (BSE) are high-energy electrons which were reflected from specimen through elastic
scattering interactions with specimen atoms. Specimen with higher average atim number (Z number) reflects more
electrons than specimen with low Z number. The detector receives more BSE signals when observing a higher Z
number material, as a result, shows a brighter backscattered electron image (BEI). (B) BEI of leaf epidermis of P.
grevilleana. The brighter region (pointed by white arrow) is an interveinal spicular cell, which was confirmed to have

mass silica deposit in this study.

Post-cooling method for small sample

] L
Move to
TM-1000

Cooling

Y

Small sample

Start Pumping and
Ready to investigate

Tong, 2008, patent pending TM1000

Figure 3. Schema of post-cooling method for small sample. A pre-cryogenic electron microscope specimen holder
was pre-cooling in liquid nitrogen. After cooling, transfer the specimen holder into the specimen chamber with a cup
of liquid nitrogen and put sample on it. The specimen holder can temperately maintain the sample in freezing status

when observation. (Original figure provided by Mr. Tong)
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5T~ A ~ R IR R AR R 57 57

(—) ASEIREET B E WA TR

IS E e R B A 39T (Figures 4A-D) - i
Hiz;'/ﬁﬁff"ﬂf? + PR EREV TG PIRIEY - R PR - 4 R
P S RO B (fertile fronds) W ETE#E (sterile fronds) I
T BT - B WA TR [ - P ALY RV - £ R
il L= PR 5 o KR = (Pteris) (1T [8YET 7 AYSE M BATATE Vo
'F‘Jﬁl » {HHEERIRTET (Adiantum) ‘é"ﬁ?;i” TR (vittarioids) [/ F' JE/‘EJP%[J%@%(‘%‘W
(AR I fﬁ‘jf{‘\iﬁ[?”%?@f BRI P‘J’f”ﬂfzﬂ*EflJ f'3%A (Figure 4E) :
%f SRR PR [T ] 3 EIJF?LJ%'T [[iiFET e, (Figure 4F) - it pLE 2!

BlESE R A

(5) IR Bl R
FS LI (epidermis n%a ression) (Flgure Sa) I R
YA (spicular cell, SC) | Fﬂﬁﬁ& [ BTV U, SIS T R TR
%E'ﬁ’fdﬁ HEL 55 o P EME (elearing thethod) (Figure 5B) P 7 B e i
YRR R AL IR o [ER — [EAGSI R (cell Tumen) § kAl IR
IS 28 V5 Efi (ornamentations) o TR~ A Fmah U DI 1 A0 Vi K e i
5.l ARITA (Figures SC-D) » (LTI ALAGE |16 9 LR 5 a0
B AR I S AR IR - (I ST o BT R Y
19 (veinal spicular cells, VSC) (Figures SE-F) » ‘i 55 Rl 11 7/ ooty
E A IR AT ~ | PR S E T, ﬁﬁjfﬁ (Figures 5D, 5F) ~ ='

A Vo B (VAT o

) T}‘/g.lﬁ/vElqnj I/pl:, 7{;.1_*1 fEn
IR TRIF BRI S L oty ﬁEEJ;ﬁFJEE‘ (bright field) (Figure 6A) ~ A1t (phase
contrast) (Figure 6B) Eﬁﬁjﬂit (dark field) (Figure 6C) - lﬂﬁ (polarization) (Figure

25



6D-F) I'] I A1k 2 T s (DIC) (Figures 6G-I) [i' fHE] 7 [FIFY4 SFRARLSARY 2 -
STEL 7 0 R S S S B AR 4 PR ORISR - R
APV R LAY [ 1% o BB S giwgu VR TR
(Pteris grevilleana) £4{7] > %7 30° ~ 60° ~ 90° [ﬂ IR RIS
e~ frea e pred (Figures 6D-F) o ML i 1 ) e ZRCERVE
e I > R iR B R A B AR - S b
RINRIRG o Jr B AR e - QSRR S R B A AT (Figure 61) 5 2 3 (™)
R4 ’ﬁ‘#a—¢ £hE, A9 (amorphous) PRl =, T E I 53 ﬁjﬁiﬁpffﬁfjglﬁj/;ﬁpq&}féj;f? I
[P (Figure 6K) -

(P9 F/ PR U FRE S 55T

TIIFIgeH P~ (backscattered electron) ?A?DF /?J@z}ﬁ’ﬂ%@ﬂmﬁﬂ ST

| @ mmieo) s gl R R 3
BRI H 2 e g ﬂ'@ﬁﬁ'%‘/ﬁﬁfﬁ Bl T MR R B SR, A
- Jﬂﬂ“ﬁlJ%%'Eiﬁw PREFj IE“ ” %E;J B T e
TR b R 53 %&'mt 7[“ B B e - et S
B yrqiiEr (adaxial) %’%ﬁiﬁlpl (szamal) F[ kFlgures TA-F) > {EI5h pAAs -] i
(costae, Ct) ~ [ 394 [l 111 (costules, Co) 1% &;i-‘ﬂ#?{;kl (false indusia) - 778 A1
V=i ) LEEREY T S fﬁ‘r"l'fé\'ﬁij‘ I"?:if?;%;% (leaf margin) ¥ 5 7" 5
P FHB A (submargin) o T3t VB IR EEER 5 Y R U
SRR R R - R RN T - L SR Y YRR
RERPI b o Ty O RO IR

[FilFR] > FIIH T ERRE T IR A ﬁw?ﬂﬁ”ﬂ P BRI ) YA T Y R
e et it e % =03 O A - e JFEF[:“ T BRKSA
AL Sl R AR gﬁﬁﬁﬂﬁ“&'fﬁf FEPIl o I e PRl
1> sy Tk e g P e ~ - T RS (Figures 8A-B) 3 B3
R PRSI {Qh if iiﬁ ﬁ;’#%%r% B{Afi (Figures 8C-D) ; fiji%< s Hig
LR AERE i @ﬂﬁlf [ (xylene) FiY{ (chloroform) HiRI[i' 2. [ 24z
RAGET (Figures 8E-F) -

26



(&) F‘:El “Ifr X ﬁﬁ%%’i (EDX) 7 %ksifT
[FII*TEDX [FRIR == i ~ Sl | = 2 SR RE L ) A TR
m,;&/ﬁ FEIE 2 IRy 5T SR F/mi (Figure 9) - pl— ﬂjl;, » =%} SEM gﬁﬁgﬂj
9= P Rl (Figure 10 £ % EDX TV oh o (ST 41 b
R Sk 0 R P RO (Figure 10 F1# mpw B (Pleris
grevilleana) (Figures 10A-C) ==5'='iji (Pteris multifida) (Figures 10D-F) /7
S ISR B A s R R AR TR 4 (Adiantum: monochlamys)
(Figures 10G-I) /7 S JIFs ﬁ’frfﬁ/éi‘ﬂﬁf'ﬁw‘71[7*"73'&— e A w = rr:dﬁ;?
(anticlinal wall) 5 [~ [5580 (Vaginularia paradoxa) (Figuress 10J-L) ==1fi
F‘f szﬁk (Haplopteris anguste-elongata) (Figures 10M-O) ./ a IS [DE?‘%@F&%JTF/
BT o hy b 5 7t [—H"""[fl ﬁJTH SRy MR (BED) Bt VAN AT T
(Figure 10, 7#1 - ‘ -
1] PRS2 5 e i e P A Jﬂﬁ%@"‘ﬁ’iﬁwﬁ"%ﬁ/ﬁﬁ (MJE5~ &)~
VG E RS (Figure 1)) E‘p/%'ﬁ L ER Vﬁ[fﬁf/ﬁﬁ?gl?’ﬁ LA L
AV (p < 0.05) o S 5 PEE RS ’ﬁ-‘ﬁ;& (Wet oxidation or wet ashing) T
FIPEBIE A1 = ol shes AR @Flguﬂe. 12 ( O (SRR EDX fj7
HIEZ =) /Hﬁrﬂ) "l | f '

Ch) TIPS VRS B
FIP IR i PR S 5 A (0 TS R E B 5 ST [ VIR T
VAR (silica bodies) « FIJ™ I L ENZAT R e L B i B PR O
TSI Y TR (Figures 13, 14A-D) - iy i AT E Y AR 1 e
TOBJA AL > T J2AP R SR > AT 300~ 607~ 907 A A E R BT
AT I AR Er ) pTe (Figures 13A-D) » 8 R <1 B LT ﬁ,‘gﬁ%’ww
B ] e SR R ORI o T PR < EI
ﬁjl*ﬁ“ Ik e hyFIR] DIC REEE AT B 2R PR #25-3D A (Figure 14A) -
[ B = A SRR EESL (silanol group, SiOH) &' f“ [Epuy9 SAC (Figure
14B)~CVL (Figure 14C) I'] ¥ MR (Figure 14D) &5 3 l’F‘“p FEJEET <o 2T E[1 SAC
SRR e e R 2 i £ S P PR
SR PRI RGP U SR R AT R PR R B

27



G Z SRR R SACHHAVAEE > fiH SAC %TL??E"?PJ%BJ/ TEELES M -
fif CVL FI% MR I 2760 2 T @i [P IR P IR st o iR - =
HIZ A o U Porea -3 gasUf. (Adiantum macrophyllum) (Figures 14E-F)
T P)AR W sl (Adiantum capillus-veneris) (Figures 15C-D) E*?t@?{fﬁ'“»%
(Haplopteris anguste-elongata) (Figures 15E-F) I P /E&?ﬁ'ﬁﬂﬁ A'l'] CVL B o [
I AP e e R TR T SRR PRI B A e b
T3 BT PR R [ R R B (Figures 15A-B)
fli 5! eige i (crenate) » (L HFUER (Y RSN Bl o fSopii ke IOl & o
2E M L i B R ﬁj A BLET~ e b /??’E}ﬂ/p/ﬁfz‘?% ﬁJ [ BLRGIRD 4
L ?}ﬁ CCRE e Al RS N AT AR A AN 2
(Onychium) ; SEasU gl 1T Fir i E'ﬁﬂl (Flgures 15C-D) £l éﬂ”%if*“ﬁ&ﬁ‘?liw
A (castellate) » ﬁ'?ﬁ%i@f‘ﬁw 71‘ . /F/I L IEE (periclinal wall) (7 £
wH T ﬁ] BB TARIEL — & Y F[f f?@?ﬁé’: VF/%”I JsFa (Figures 15E-F)

—

E”F“JE HI—E@I SIS L1k 4 —Ej; :? [J"T:—V EJ,@W i 1A B 1 FAFE I“[ﬂ@jﬁ&iﬁ
BN OTIRE R o e N /E%‘F’— VIS ft E,;ﬁs [IERA
b= E"Eﬂﬁfﬁ'fgﬂ o= i [ Jr“%! (ﬁ% LR Al ?iﬁ#lf['@mfﬂﬂ REEE
Y > R R = E?E‘IJfbiW{i}V* jlﬁﬁiﬁj [p 4%&7 fili 38585 i - (A3 ICPN
1.0 (International COde for Phytolith Nomenclature 1.0y (Madella et al., 2005) /33
IR NSRRI P&Jﬁ“ it SRR = 7Y (clongate) T

(trapeziform sinuate) ~ &GS, (trapeziform crenate) FY K11 (trapeziform) -

28



Figure 4. Light microscopic image of false vein of Pteris grevilleana. Photos on the left column are the upper
epidermal views; on the right column are the lower epidermal views. (A-D) False veins under stereomicroscope.
They are undulated long lines scattered at interveinal region of both upper and lower epidermis; dark green or dark
brown (herbarium specimen) in color and shining under light sources in some specific angles. (A, B) Bars = 1 mm;
(C, D) Bars = 200 um. (E-F) False veins under compound light microscope. They are light penetrable and show
different color under different partial polarization conditions, which helps to distinguish the false veins from the

ordinary laminar tissues. Bars = 100 um. Arrows (—) indicate false veins and empty arrow heads (\/) indicate true

veins.
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Figure 5. Anatomical structure of false vein of Pteris grevilleana — results form epidermis impression, clearing, and
paraffin section. (A) Replica of frond epidermis. Both of the veins and false veins have long epidermal cells. Bar = 50
um. (B) Interveinal spicular cell (ISC) in cleared frond. The ISC is significant longer than ordinary epidermal cells,
they have thick and hyline wall and only a very narrow line-like of cell lumen remained. Bar = 100 pm. (C-F)
Paraffin sections of (C, D) interveinal region and (E, F) veinal region of lamina. Position of spicular cells are
checked under polarization condition in figs D and F. Spicular cells can be found in both veinal epidermis (the veinal
spicular cell, VSCs) and interveinal epidermis (the ISCs), but the mesophyll under ISC do not differentiated form

surrounding mesophyll. Bars = 100 1 m. The arrows (—) indicate spicular cells and the arrow heads (\/) indicate

true veins.
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Figure 6. Light microscopic image of spicular cells of under different light conditions. (A-I) Pteris grevilleana. Bars
= 100 pm. (A) Bright field. (B) Phase contrast. (C) Dark field. (D-F) Polarization. The spicular cells have unique
polarization properties, they shows brown, blue, and white color at 30°, 60°, and 90° polarizing condition
respectively. The veinal spicular cells (VSC) can be observed with this method. (G-I) DIC. (J-K) Haplopteris
anguste-elongata. In some cases, spicular cells can not be detect under polarization condition. Bars = 50 um. (J) The
laminar is too thick. (K) The amorphous silica did not form crystalline structure. The arrows (—) indicate the spicular

cells and the arrow heads (\/) indicate the true veins.
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Figure 7. Distribution of spicular cells on lamina of Pteris grevilleana — results form backscattered electron image

(BEI). Photos on the left column are the upper epidermal views; on the right column are the lower epidermial views.
The spicular cells widely dispersed on the leaf epidermis except the costa and costule regions and the false indusia.
They often run parallel with the free lateral veins or sometimes parallel to the leaf margin when present at the

marginal or submarginal regions. Arrow (—): spicular cells; Ct: Costa; Co: Costule; FI: False indusium. Bars = Imm.
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Figure 8. Observing spicular cells on fresh material, herbarium specimen, and samples with thick epicuticlar wax
under tabletop SEM. (A-B) Adiantum capillus-veneris. Bars = 100 pm. (A) Fresh material shrinkage when directly
observed with a tabletop SEM. (B) The post-cooling method can prevent shrinkage temperately. (C-D) Vaginularia
paradoxa. Bars = 50 pm (C) Herbarium specimen often charged when directly observed with a tabletop SEM. (D)
Pre-hydrated the sample with 70% Ethanol prevents sample charging. (E-F) Pteris cadieri. Bars = 50 um. (E) Sample
with thick epicuticlar wax interfering the observation of outline of epidermal cells. (F) Briefly treated the sample with

chloroform prevents the interference of epicuticular wax.
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Figure 9. EDX element analysis of spicular cells in six Pteridaceae species. Silicon is the most dominant element in
all of these species. (A) Pteris grevilleana. (B) Pteris multifida. (C) Adiantum monochlamys. (D) Adiantum caudatum.

(E) Haplopteris anguste-elongata. (F) Vaginularia paradoxa.
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Figure 10. Epidermal EDX silicon mapping image of five Pteridaceae species. The left column is the secondary
electron image; the middle column is the EDX silicon mapping image; and the right column is the backscattered
electron image (BEI). All the images in the same line were shot on the same sample; the secondary electron images
and EDX silicon mapping images were shot on the same position but the backscattered electron images might not.
The silicon distribution is highly corresponding to the distribution of spicular cells in all of the species. (A-C) Pteris
grevilleana, both of the veinal spicular cells (VSC) and interveinal speicular cells (ISC) present. (D-F) Pteris
multifida, only VSC present in this figure, the ISC of this species is rarely found. (G-I) Adiantum monochlamys,
except the VSC, silica also deposit in anticlinal wall of ordinary epidermal cells, the BEI presents the phenomenon as
well. (J-L) Vaginularia paradoxa, spicular cells often aggregated at cell margin and midrib. (M-O) Haplopteris

anguste-elongata, spicular cells scattered in epidermis. Bars = 50 pm.
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Figure 12. EDX element analysis of silica body of
Pteris grevilleana. Silicon and oxygen are the two most

abundant elements in the extracted silica body of P.

(adaxial) side of lamina, the relative silicon content in grevilleana.
spicular cells were significant higher than the ordinary
epidermal cells (p < 0.05, n=3). JELEilE, ¥

Figure 13. Light microscopic image of silica bodies of Pteris grevilleana under different polarization conditions.

(A-D) The spicular-cell-like silica bodies extract from the lamina of P. grevilleana having similar polarization

property compared with the spicular cells, which shows brown, blue, and white color at (B) 30°, (C) 60°, and (D) 90°

polarizing condition respectively. Bars = 50 pm.
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Figure 14. Histochemical staining of silica bodies of Pteris grevilleana and spicular cells of Adiantum macrophyllum.
(A-D) P. grevilleana. Bars = 50 um. (A) Silica body under DIC condition. (B-D) Silica bodies stained with silanol
group (SiOH-) specific dyes (B) SAC, (C) CVL, and (D) MR. (E-F) Adiantum macrophyllum. Bars = 50 pum (E)

Spicular cells stained with CVL. (F) Spicular cells under polarizing condition.
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Figure 15. Histochemical staining and SEM image of"silica bodies of three Pteridaceae species. The left column
shows the spicular-cell-like silica bodies could be stained with silanol group (SiOH-) specific dye CVL. The right
column shows the SEM image of them. (A-B) Pteris grevilleana. (C-D) Adiantum capillus-veneris. (E-F)
Haplopteris anguste-elongata. Bars = 50 pm.
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Table 6. Four epidermal silica deposition types in Pteridaceae

Character

Criteria

Taxa

Silica deposition

Type I 1. No silica deposit or not consistently deposit at a specific region, no spicular cell CR clade, CE clade, and most of CH clade species
2. If there have silica deposition, it often deposit in outer tengential wall of epidermal cells, stomata, or Anogramma and Taenitisin PT cldae
wounded region
Type II 1. No spicular cell Some species in CH clade
2. Silica consistently deposit at tips of margin lobes of epidermal cells . -+ o Some species in genus Pterisin PT clade
3. Silica might also deposit in outer tengential wall of ep1derma1 cells stofnata or wo[unded reg1on
Type 11 1. No interveinal spicular cell (ISC) Onychium and Pityrogramma in PT clade
2. Have veinal spicular cells (VSC) or marginal spicular cells (MSC) or,l‘)ef.,l}'9 Y % Most of species species in Adiantumin AD clade and Pterisin
3. Some species also have silica deposits at tips of margin lobes of epi el?aaql cells I i l T clade
4. Silica might also deposit in outer tengential wall of epidermal cells, ‘sni)maﬁ" ullde region
. i
Type IV 1. Have interveinal spicular cells (ISC) 7 | m ' Vittarioids in AD clade and Actiniopterisin PT clade

2. Have veinal spicular cells (ISC)

3. Some have marginal spicular cells (MSC) or have silica deP031ts at L;is of margin lobk& of ep1dermal
cells e e

4. Silica might also deposit in outer tangential wall of epidermal cellé, stomata, or wou"t,lded fegion

-.rs\." ' (A

Some species in Adiantumin AD clade and Pterisin PT clade
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Table 7. Epidermal silica deposition types of different taxa in Pteridaceae

Clade / Genus / Species Species sampled Typel Typell  Typelll  TypelV Silica deposition type
Cryptogrammoids (CR clade) Zfijk+d
Coniogramme Fée &' Y %5} 3 3 - - - I
Cryptogramma R. Brown Zfiief 2 2 - - - I
Ceratopteridoids (CE clade) <3
AcrostichumL. phimk/gf 1 1 - - - I
Ceratopteris Brongn. < 1 1 - - - I

Pteridoids (PT clade) & ="

Actiniopteris Link 3‘“@# e 2 v
Anogramma Link Z i/ _ I
Onychium Kaulf. & 5 g/sf - 11
Pityrogramma Link #5355 I
PterisL. &' ' g 7 L IL 100, IV
Taenitis Willd. ex Spreng. T3 5y - I
Adiantoids (AD clade) #8780
Adiantum L. 5055 2 111, (IV)
Anthrophyum Kaulf. 1) 3 v
Haplopteris C. Presl 2 % ik/ef 4 v
Vaginularia Fée — l'gﬁéL = 1 v
Cheilanthoids (CH clade) @fv{‘ [
Aleuritopteris Fée ;{r;?’r’] Kf ; I
Cheilanthes Swartz ﬁin WER . I
Cheilanthes viridis (Forssk.) Prantl - I
DoryopterisJ. Smith E-“ e - I
Doryopteris ludens (Wall. ex. Hook.) J. Smith fiyt .=k - 1l
Mildella Trevisan &g} R I
Paragymnopteris K. H. Shing & == Hlis - I
Parahemionitis Panigrahi 5 Yeiig) R I
Pellaea Link £/ g . I
Total 19

Characters in () only found in a few species in that genus
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Figure 16. Epidermal silica deposition types in Pteridaceae (1): Type I & II. These two types do not have spicular
cells. (A-C) Type I, no silica deposit. (A) Cryptogramma stelleri in CR clade. Bar = 100 um. (B) Ceratopteris
thalictroides in CE clade. Bar = 100 um. (C) Cheilanthes chusana in CH clade. Bar = 100 pm. (D-F) Type II, silica
deposit at tips of cell margin lobes. (D) Pteris semipinnata in PT clade. Bar = 100 um. (E) Doryopteris ludens in CH
clade. Bar = 100 um. (F) Mildella henryi in CH clade. Bar = 100 pm.
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Figure 17. Epidermal silica deposition types in Pteridaceae (2): Type III and IV. These two types have spicular cells.
(A-C) Type III, have veinal spicular cells (VSC) but no interveinal spicular cells (ISC). (A) Pityrogramma
calomelanosin PT clade. Bar = 500 um. (B) Pteris biaurita in PT clade. Bar = 500 um. (C) Adiantum formosanum in
AD clade. Bar = 500 um. (D-F) Type IV, have ISC. (D) Actiniopteris radiata in PT clade. Bar = 100 pum. (E)
Adiantum caudatum in AD clade. Both of the VSC and ISC present in this figure. Bar = 500 um. (F) Haplopteris
zosterifolia in AD clade. Bar = 500 pm.
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Figure 18. EDX element analysis of some species with special silica deposition pattern. (A-F) Mildella henryi. Bars
=50 pum. (A-C) Silicon and oxygen distribution of in epidermis. (A) Secondary electron image. The concave regions
are cell margins. (B) Silicon mapping. The silicon signals are showed in bright dots, which aggregated at cell margin.
(C) Oxygen mapping. The oxygen signals are showed in bright dots. (D) Backscattered electron image (BEI).
Spectrum 5 and spectrum 6 are the dots sampled for element analysis. Spectrum 5 is at cell corner (white regions in
BEI); spectrum 6 is at cell lumen (used as control). (E) Element composition at cell corner (spectrum 5). (F) Using
the element composition at cell lumen (spectrum 6) as control, the cell corner is different from cell lumen by
containing much more silicon and oxygen. (G-H) Doryopteris ludens. (G) BEI of leaf epidermis. Spectrum 8 and
spectrum 9 are the dots sampled for element analysis. Spectrum 8 is at cell corner (white regions); spectrum 9 is at
cell lumen. (H) The cell corner (spectrum 8) is different from cell lumen (spectrum 9) by containing much more
silicon and oxygen. (I-L) Actiniopteris radiate. Bars = 50 um. (I) EDX element analysis, the spicular cells of A.
radiate contain mass of silicon. (J) Secondary electron image. (K) Silicon mapping. The silicon signals are showed in

bright dots, which aggregated in veinal spicular cells. (L) BEI of leaf epidermis.
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Table 8. Types of ordinary epidermal cell and veinal epidermal cell morphology in Pteridaceae

Character Criteria Taxa

Ordinary epidermal cell morphology

Stellate (S) 1. No significant main axes Acrostichumin CE clade
2. No specific orientation Most of species species in CH clade
3. Cell margin often deeply lobed, but there have no ornamentations on the lobes

Curve (C) 1. Have significant main axes, but often curved Some species scattered in CE, CR, and CH clade
2. No specific orientation
3. Often have lobate cell margin Al .

Simple elongated (E) 1. Have significant main axes ' '". :‘c i Actiniopteris and Pityrogramma in PT clade
2. Long axes parallel to the lateral veins or m'gdrrb 1 Some vittarioid species in AD clade
3. Cell margin smoothly ) .

Elongate sinuate (ES) 1. Have significant main axes w—- /’_‘\l, P Commonly found in CR clade and AD clade
2. Long axes parallel to the lateral veins or midrib ' "E_!Il .::'“'I l Some species in CH clade
3. Cell margin sinuate . 1 E,; '

Elongate crenate (EC) 1. Have significant main axes ; Commonly found in PT clade and AD clade
2. Long axes parallel to the lateral véii}s"or midrib ; mﬁ i ihe!
3. Cell margin crenate . L i i1

Branched (B) 1. Except the main axes, lateral branchegide.eg ot Ir&nal incisions w’llt}l L @ Pterisand Taenitsin PT clade

ornamentations) present SEE e .3

[ ]

2. Cell margin often crenate

Veinal epidermal cell morphology

Short, nondifferentiate (SN) 1. Cell short (length : width <3 : 1) Most species in CE and CH clade
2. Cell morphology have no significant different from ordinary epidermal cells

Long, differentiate (LD) 1. Cell long (length : width >3 : 1) Coniogramma in CR clade, Pterisin PT clade, Adiantumin AD
2. Cell morphology have significantly different from ordinary epidermal cells clade and some other species

Long, nondifferentiate (LN) 1. Cell long (length : width >3 : 1) Cryptogramma in CR clade, Actiniopterisand Pityrogramma in
2. Cell morphology have no significant different from ordinary epidermal cells PT clade, vittarioids in AD clade and some other species
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Table 9. Epidermal characters of different taxa in Pteridaceae

Clade / Genus / Species

Species sampled S C

E B Epidermal cell type SN SD LD LN Vein epidermis type Stomata complex type

Trichome type

Cryptogrammoids (CR clade) Zkix3
Coniogramme Fée &' Y #J5if
Cryptogramma R. Brown Zfiisf

Ceratopteridoids (CE clade) <3
Acrostichum L. [iggf
Ceratopteris Brongn. <z

Pteridoids (PT clade) & ="k
Actiniopteris Link 3‘“@# ey
Anogramma Link Zig)
Onychium Kaulf. & ¥ 5
Pityrogramma Link #7355
PterisL. &' ' B
Taenitis Willd. ex Spreng. T2 i/

Adiantoids (AD clade) 50
Adiantum L. 560 E)
Anthrophyum Kaulf. i /g
Haplopteris C. Presl = %y i/g
Vaginularia Fée — [zl

Cheilanthoids (CH clade) @i% W
Aleuritopteris Fée h}ﬁfﬁkfgﬁ
Cheilanthes Swartz ﬁZH\ g
Cheilanthes viridis (Forssk.) Prantl
DoryopterisJ. Smith F-o g
Doryopteris ludens (Wall. ex. Hook.) J. Smith fi$# fi1-< 7
Mildella Trevisan #E5!g)
ParagymnopterisK. H. Shing & == Hlis
Parahemionitis Panigrahi 5 Y&iik/g)
Pellaea Link ! /g

Total

—_

3 3% E - - 3 - LD anomocytic, polocytic
1 2% E,C - - - 2 LN anomocytic
- 1 S r - - - SN anomocytic
- 1* C r - - - SN polocytic
2ok E = - - 2 LN hypocytic
T -kt E% r‘ i s 1 - LD anomocytic
43 3% o e ) LD, LN anomocytic
J 1 E S N 1 LN anomocytic
- 27 B B - oo LD (SN) anomocytic, polocytic
- SO YBYIN - A% el S anomocytic
l Til"_“ % ll! l‘|l‘ i“’i H :
18 || =B I I - 215" 6 LD (LN) anomocytic, (hypocytic)
1 '- "‘-’E"’ I -4 -1 LN polocytic
4 - ,r[]a ' - - -4 LN polocytic
1 [- 3k 8 LN polocytic
P l S l| 3 - SN anomocytic
L2E7- — O B SN anomocytic
1 - _E OEE _48 LD anomocytic
- - S - - - SN anomocytic
- - S 1 - - - SN anomocytic
1 - E - - -1 LN anomocytic
- - S -1 - - SD anomocytic
- - S 1 - - - SN anomocytic
- - C 1 - - - SN anomocytic
39 39 15 1 46 20

clavellate
clavellate

clavellate

clavellate
clavellate
glandular
clavellate
clavellate

hirsute

clavellate

glandular
clavellate, (wolly)
clavellate
clavellate
clavellate

wolly

clavellate
clavellate, scale

Characters in () only found in a few species in that genus. (*) The species have dimorphic epidermal cell, they have branched neighboring cells and another type of ordinary epidermal cells. ()

Some species have two different veinal epidermal cell types.
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Figure 19. Types of ordinary epidermal cell shapes in Pteridaceae. (A) Stellate (S). Aleuritopteris argentea. Bar =
100 pm. (B) Curved (C). Cryptogramma stelleri. Bar = 100 um. (C) Simple elongated (E). Haplopteris zosterifolia.
Bar = 100 um. (D) Elongate sinuate (ES). Cheilanthes chusana. Bar = 100 pum. (E) Elongate crenate (EC).
Adiantum wangii. Bar = 100 pm. (F) Branched (B). Pterislongipes. Bar = 100 pm.
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Figure 20. Veinal epidermal cell morphology and some other epidermal characteristics in Pteridaceae. (A) Short,
not significant different from ordinary epidermal cells (SN). Aleuritopteris krameri. Bar = 100 um. (B) Long,
significant different from ordinary epidermal cells (LD). Coniogramme intermedia. Bar = 100 um. (C) Long, not
significant different from ordinary epidermal cells (LN). Actiniopteris semiflabellata. Bar = 100 um. (D) Sunken
stomata. Adiantum edgeworthii. Bar = 100 um. (E) In Adiantum, veinal spicular cells (VSC) often interrupted by a
special epidermal cell (arrow) in upper epidermis. Adiantum capillus-veneris. Bar = 500 pm. (F) Interveinal spicular
cells of Adiantum macrophyllum. Different from other Adiantum species in Taiwan, its veinal epidermal cells are
not significant different from its ordinary epidermal cells; and its spicular cells scattered in epidermis, which are not

been restricted on veins. Arrow (=): specialized cell on upper epidermis of veins of Adiantum. Bar = 100 pm
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Figure 21. Phylogenetic
relationships of taxa with
different  epidermal  silica
deposition type and veinal
epidermal cell morphology in
Pteridaceae. The maximum
parsimony character evolution
history was reconstructed by
unordered model of Mesquite
Version 2.6. (Maddison and
Maddison, 2009). Tree
modified from Schuettpelz et al.
(2007), based on plastid rbcL
for 147 species. Only the
branches indicate good
posterior probability (= 0.95)
or maxium likelihood (= 70)
support was showed and most
of the branches indicate good
support from both of these two
measurements. VSC: veinal
spicular cell; ISC: interveinal

spicular cell.
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Table 10. Comparison of different spicular cell studying methods used in this study

Method Cost Samp le . Equ'lpment Sensitivity Specificity Major advantages / Main usages in this study
preparation time  requirement
Stereomicroscope no no low - - A conventional observing method, fast and cheap
Epidermis impression very low short low - - A less harmful method to plant, used on tracing spicular cell development
Paraffin section low long middle - - Observing internal structures of leaves
Clearing low middle low - - Cheap, easily manipulate, capable storage for long time, and compatible to other
: _ microscopic techniques or staining methods.
Clearing + Polarization low middle middle _fine "~ _fine ““Cheap; casily manipulate, used on observing the distribution of spicular cells in
epidermis and used as a supplement data for cell morphology observations
Clearing + Histochemical staining low middle low .7 bad”  good _Double cheek the presence of silica in spicular cells
Wet oxidation low middle low - i‘ ~ "‘, - y'. P Cheap, capablé manipulating mass of samples at the same time and can store for long
h“ E = ki e. A conventional method in archeological studies. Good for observing silica body
| “a e morphology
‘ '
Wet oxidation + Histochemical low middle low goch ﬂqd 4\5I above
staining i I |
’ | .
Wet oxidation + SEM high middle high =7 q t - Aiolpd for observing the details and 3D structure of silica bodies
Ordinary SEM high long high S5 - - . Obsef{lihg the epidermal cells morphology and epidermis topology, high resolution
SEM + EDS very high long very high fine good __ One of the conventional methods in checking the component of an unknown structure
or the distribution of some specific elements; A reliable method for check the element
composition in spicular cells
SEM + Backscattered electron high long high good fine  Contrasting regions with different z number and observing the cell morphology at the
same time
Tabletop SEM + Backscattered Middle short high good fine  As above, but cheaper and faster
electron detector + Post cooling
method
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AT I 2 R R VR T 3 R 278 T g
TTEIA S SR SRR A NIRRT R S R

[ R T AR TR OB SR | o] SRk s T
KIS Pp 1R (Schizeaceae) (Ribeiro et al., 2007) ¥ & 1) (Selaginella)
(Chao et al., 2007) F AL FIAHIOT S [R5 pIgh » & Rfdpse s e
Wi e | R LE W ) 1 o F AR 5 0 SRR AR FR T
*&*Wﬁk,iuéﬁ‘&‘ﬁ@fl“ﬁ - ,,g = ,\F 2SI R T 5T DR
£ B R R AR A E“%Uﬁﬁ* HEAHGE T RIS PR >
W K 34 SV fl oé*ﬁ%’%ﬂﬂ/%“mﬁ*%ﬂu' | R
%] (hypocytic) T e\ |

TS eI R AR ’?E}’*p;é% | .cﬁ-m:ogrbmm) kG (Anogramma) -
SRR (Tanitis) @ F B =2 1 [Jrfﬁﬁp *ﬁtzﬁl;‘%_ FIIH] rbcl A B Ay
i g B o T %’E}’E‘"f fes BLFTJ‘J/%”J?E'% — Her (PR AT T L T
(Schuettpelz et al., 2007) - JRj li'¢@w~'g[l » LR B %

A RS R S AR AR S R (5 25 R A
Jose - ALY R BT RS A RS *ﬁ‘ﬁi*t LIS R (glandular
trichome) » AT TR ™ LRSI T | o SR

PG S R AT (IR B ﬂ»ﬁew%[@fm il
B G L KA AT MRS e s P 2R
B A S G i b AL d/#ﬁ%«ﬁ??’?{!ﬂ/?‘w’ﬁﬂE‘%Wﬂ%%’ﬁﬂE'ﬁﬁ‘d%
5! AT A R ROUAE U Rk RV SBT3 - ST
R -

T8 BT UAR] Taenitis blechnoides 17— f}}ﬁflﬁ\l?{eﬁﬂﬁfﬂ‘?i o (ETE R A

DI TRBGERE » [N IR %&ijﬂj EeITRE TR i %E‘f VR
FFER (EAC RS IRT - A% 2 A s - R LA 55 (= 1 f 'F 18 > R AW EL 5]
DR o ETFRRRRE o Q)ﬁ\tgwﬁg o
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B =g
e in[“ﬁ/ﬁé%ﬁfg%' st Erjﬁﬁﬁu ZAEE ¢z]3,%?1/ F[[F@:LEJDUI@

=TI B R (Table 11) - ELE[I5Y IV KTEIZ4S Shich
(1966) Artsiu ™ BIE < (Cadierii) fraj; i’fﬂr}hf[l%l Jt5EZH Campteria phafy

(9 A fE e qm%@%a:wmﬁw@@%am%yﬁiﬁﬁw%
(Cretlcae) il a‘“ﬂlp P ISETEY T KE] | F@@&'%Elﬂﬂlmﬁ' B o T A 3
TG = BRLSR 5T T KT 1o B o SR T R o b
AT (Excelsae) fl 1 BRACPIRIHIFIE P e | 053 KD 4 (M 1 1
f= o Ey “EIJF'[ R VR R e A BV AR T = e o =R B P - R

AP 24055 R F L = S e g A L TR (7 S T
R B oL [ G 2-3 Sy R S SR 5 ) TR
Fa | |

| -.F':I_- I‘lll'r"- |
() gsufid (AD clade) L[ 2 "“',,, || |
A

1

fi'73
W%%??ﬁﬁﬁ4Hw’Ewwf%¢ﬁ$§$fwﬂwﬁﬁﬁﬁﬁﬁwﬁ

o

(% -

A. S0P (Adiantum)

L %’ﬁﬁ'i?ﬁff”* 5 B/ 7 A0 9 (Table 12) o B8R (A
macrophyllum) JI[J=1 ¢ JRRF YA > B SRsURs. (A caudatum) ik i
2 RS 3RERR  TRE ) E E'EJ“JF[ FUR 2 s Bt b (Figure
20F) - g {1 ?{f”“fﬁ‘“i%lﬁfp T E'ﬂw:ﬁ'ﬁi{ﬁ@aﬁ%dﬂ’ﬁJﬁlﬁ'ﬁ/wxE'ﬁﬁfﬁfJ’Eﬂﬁiﬁﬁ’i
SRS (Figure 17E) SIS =R 7 YA - 19t - Venusta % (series,
sensu Shing and Ching, 1990 ; = /| 4 & 21— [E&RCY K > & ﬁ{,;i &@F Iﬁﬁ
[RS8 SAs U (A reniforme) FIIISE BI{TTEY T 2R AVAR gt = &
[“RHER - U py ER L RTT I—’q 2E ﬁ, RAE (Figure 20E) > F/’%E[
A A 1 L PR TR > - R fgi&lf = Bl (trichome) » iy a1 i
VSE e S U i e VAR B R L it AR Z A R
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o SESUIRETD — AR 2RV R Y 0 @RS S S 1R ["E[q“’ﬁ -
ek R Mas= B 7 - Chuang and Liu (2003) I?’i EL SRS P (ANEEET 50 ‘“f«cg\[
feg53 Bh e > APl SR ﬁ?ﬁﬁ[?iﬁ [ E =" F] Ching (1957), Shing and
Ching (1990) 55 K <=7 | 1] 153 B G750 AVETE! S50 (Caudata series) (Figure
20D) I'] % Tryon and Tryon (1984) =i f[Ifugsbudie (capillus-veneris group) [l
TN i VR R ERR o T PR ;@'uﬂmm Fe Pl PREER T M B o A
LELH]= (hispid) FYJRI=" (hirsute) o 5L EE DAY o (1B R ERER (A
edgeworthii) §& (] %[|#] (hypocytic) «

*‘H

1}7\

B. FipiEE (Vittarioids)

IR P SR Jﬁp@gpl I/F/fliI JAT VI TR AT s ! )
PRI RGBS B R ) S wl@:: [y ;El%‘a{[l s HU{EE ff - (RS
(Monogramma) AU TE'"EJ’/EJI At e (Wllllams, 1927) o ﬁﬁi R~
R R R F”ﬁ@@ﬁmﬂgﬂ’?‘uﬂ A [ 5

W5 A AR s — A e 'F’@"c e LRV o )RRV
JwH > {E4 Van Cotthem. (1970 "/n&‘f%&rln’ ~ BRAebit gy 5 pericytic =

1 |
desmocytic ./ 3¢+ Wr“ B ot | t 1 r
] |

(1) fFA ML (CH clade)

Eﬁﬁfl‘ﬂ‘ﬂ ST AE o (Ee A SRR e (Mildella henryi) e i B RS e
(Doryopteris ludens) A Hagig it fL= & (™ p/*éfﬁoﬂ%%'%&/%%“mwﬁﬂg
R EER T S H I SRR J\Eﬁﬁ A e [l fREE RS R

]5[4: YRR B BT B R Vg I/_LJFF,JEJ@%JE{‘;EI’}EJ%IJ/@EJ

FIIRR > R P PR B LR (Parahemionitis arifolia) 5 Al

B (EIERE RS AURy 55 5 e 55 7 FL V- B AR W 28 BER [E Cheilanthes viridis
ﬁﬁ ) (Cheilanthes) =285 B (Mildella) 5! PFJRH= il o 9% Fipijase -l
AT ﬁJ’ PR B RS TR R AL ELR (R gﬁF'ﬁA‘E R e BT
T f (Aleuritopteris) v & ] ' bl ~‘|w ARy [ L & R
(Paragymnopteris vestita) ===t f i (Cheilanthes hirsute) ' jL 7 [l =

= 5 Z44 1k (Pellaearotundifolia) 13 fLags 5 [y H @%J/%ZiFJEJ[JﬁfJ’FIJ pL= A
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VAR o I?Zr@ V528 T HIHIE] - Chang (2001) rlgqﬂwﬁaF T Bk AL
FREIF B — PRSI — R B HE eV RUNE T (D)
AR T RCH F BIR Aol - H A R e g L e o
A Q) fER Y N AL R R TR R Wi SEM [ scEL Y A H 1Y
WMLV H e Pl U EFEEE TS RS LR
(IR rengyFy VR ARG TR o 7 e A L S IR R R
o RL R S B
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Table 11. Epidermal silica deposition types of different subgenera taxa in Pteris

Shieh, '1966 : Species Silica deposition type Tryon et al., 1982 Shine et Z:.ll., 1990
Subgenus Section Subsection Group Section
Pterisbiaurita L. J7/E =i Campteria
Pterisfauriei Hieron. [[4 %/ =ik
Campteria  |Pteris scabristipes Tagawa 7" 15 &' 11
Pteris setul oso-costulata Hayata | [l ='T Quadriauricula
Campteris * Pterisx wulaiensis C. M. Kuo  J, &' = i
Pteris dimidiata Willd. - 323248 ="k Quadriauricula
Excelsae Pteris excelsa Guad. ?_&5’%‘ 3 - - Lorll Quadr?aur?cula
Pteris semipinnata L. =& EV=ik ;! Quadriauricula
Pteris tokioi Masamune &7 ‘S8 = .
Pteris angustipinna Tagawa & Bl Quadriauricula
Pteris cadieri H. Christ %55k Quadriauricula
Pteris grevilleana Wall.' @#ﬂrﬁ‘ EL i Y Wy Quadriauricula
Pteris Cadierii Pteriskidoi Sa. Kurata 15" I%@E'?r\f“»‘ | = nl“;_"} | v ' '
Pteris multifida Poir, 5 ik T | | P. cretica Pteris
Pteris plumbea Christ '# p Bt ik v S I | Pteris
Pteris ryukuensis Tagawa_. S S <! I"[_l | ¢
* Pteris sintenensis (Masam.) C. M. Kuo 519?“?{’,'_%‘5'% ‘ ) "
Pteris Pteriscretica L. 3 8 i ‘ [ ' [ Lo P. cretica Pteris
Pteris dactylina Hook. /i< k. - Pteris
Creticae Pteris.deItO(-jon B_aker 1? [ i j - - -
# Pteris ensiformis Burm. %ﬁﬁ’"ﬂ;“i—c’% P. cretica Pteris
* Pteris nipponica W. C. Shich F A R e
Pteris pellucidifolia Hayata [#2 /&' ' ik
Formosae |Pterisformosana Baker Zvyie =' ik I Quadriauricula
Longipinnae |Pterislongipinna Hayata -= 3 &' 'l 111 Pteris
Pteris Pterisvittata L. figi B ' i I P. longifolia Pteris
Tripedipteris Hypsopodium - Pterislongipes D. Don 3% &' = ijik I Quadriauricula
Tripedipteris - Pteriswallichiana J. Agardh 7| "WE' =ik I Campteria

* Species not described in Shieh, 1966. The species were classified into Shieh’s system by morphology according to the key in Shieh, 1966.
# Pteris ensiformis have type I silica deposition type
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Table 12. Epidermal silica deposition types of different subgenera taxa in Adiantum

Shing and Ching, 1990

Tryon and Tryon, 1984

Serios Species Interveinal spicular cell | Cell margin silica deposit | Adaxial spicular cell Group
Adiantum caudatum L. IS S5 No (Have?) philippense
Adiantum edgeworthii Hook. ¢ "% 750 -
* Adiantumwangii C. M. Kuo = “E55Ufk -
Caudata Adiantum malesianum J. Ghatak FZ, 9 8555055 -
* Adiantum meishanianum C. M. Kuo #4i[1[[ 1§75k ; o Have -
Adiantum philippense L. 4 £ | 7485507 o : No philippense
Adiantum soboliferum Wall. ex Hook. 2 §ginsliic p -
Adiantum diaphanum Blune = ='$855Uj » petens
Flabellulata Adiantum flabellulatum L. 33 857505 S N -
Adiantum hispidulum Sw. = it £5605 i s l...J'l‘ {) F! pectinatum
Veneri-Capilliformia Adfantum capillus-veneris L. 750 _ || == = | | Have capillus-veneris
Adiantum formosanum Tagawa * | 77 &5l [ m i ILO N6 R
- Adiantum raddianum C. Presl sf /3 &5605# 1T 1 No Capillus-veneris
Pedata Adiantum myriosorum Baker *ﬁ??;@?&‘\%\ H : ; l k l -
Adiantum monochlamys Eaton 7 < % L7 . W capillus-veneris
Venusta Adiantum roborowskii Maxim. var. taiwanianum (Tagawa) Ws C. Shich ' | « &
?’ﬁﬁq | B No Have Have -
Reniformia AdiantumreniformeL. var. sinense Y. X. Lin i 3 {2550« reniforme
- Adiantum macrophyllum Sw. 2 $55605 Have No Have phyllitidis

(*) Species not described in Shing and Ching (1990). The species were classified into Shing and Ching’s system (1990) according to the morphological description of the series in Ching (1957).
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TAR VI o ELE 1> (A g (el E RGN (Figure 21) APV (0.2 4 [~
VR EEVE = R I B [ 38U (AD clade) ~ B id (PT clade) I') &
ffEAF kY (CH clade) [T HIEHA 52 % *n[“’ﬁ/%ﬁﬂiﬁifﬁf HhEE TR Fp/fk‘
PJAR BT i L St Sl PO e L g R YA
JWeSE TIAIENR 5 [y S F IR B A e R R R E@ﬁiﬁf\@ag’\%\q’ f J%Iﬁf&%
KTHEEL ) 0 05T OSSR T e “@'H gmz'ugg i 2 ) S S
Pao iy R PRSP S Rl S Jﬁ':? I“F/fk"ﬁ E'ﬁw "L IE PR LA S P
il > E'*'ﬁ“ﬁﬂ)"iﬁ"p’ﬁﬁ’ﬁ’\ﬁjlllﬁl |

U Urjmlfll‘&lf'ﬂrf I#JEJJ@%'%P[; i j:‘f:#"i SRR R o

rfg[, o ELp[v o b A e el e RLEEAY fg@-@%ﬂ%_' FFIE S R
F RGP | Rk — ke g R “Fuﬂ;’g P%L%J:“E”iw ﬁr‘ém P 2 e = i
q,quf;w R SERB U - ’Ii*p 1‘& gL I #ﬁ’f%%ﬂ/ JH s R s

— st AT E | PR Eﬁ - Jﬁgiﬂz?“ﬁﬂ T = R A =
JE R e [T Bt Ry S AR F% LR35l TR PR
R E“ﬁwﬁgﬁp/l P D SRR AR VLG o e T BT i
R 1 JlT IR IR B R YAR o E R R 1 R B
okl WHY SOCENREY o [y B i s ﬁ’:‘%f’ﬁ/&‘ﬁ E'EJHJEJZ%JE*EF Al
73 e R Tl S ﬁt’%f’ﬁ/%‘%E'ﬁwq@F T B RPOTERT - g KIRVIRRITEY
A VR 53 P RITEEO BT e P T ’ﬁ”@‘&'%é@%@%ﬁf ARl i
s R LA S S PRSI o (R 0T T PIRRRVETRE S ] ﬂ HI S
%ﬁ?ﬁ‘-ﬁ#“g el gl ] v Adiantum macrophyllum IR S —Jﬁ rrfJJﬁé;,é [E'IEJ]J/
@IJI EIﬁuJ

eI St L e ) e R R et TR e P
E;[pfjjjrﬁt ) Eljf fgrph F,|‘I:F 5‘“?5'[ |7 SRy B ﬁmg{g{ s LR I

=" (Prychid et al., 2004; Ma and Yamaji, 2006) o HipE A i )R T JI%E‘@WF? [ 3
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MF o Fr==Fp T RS -
P P 28 2 i e R e A g [ i
= HETRIOMES -

(1) TRt Rl PRI R s = 305

ifVﬂﬁE’ pJF/ 53 B 3FH$EJ [E?E'Tp‘i?\fﬁfjj £l [’“'Tf JHERE 5 — lﬂ@:t f}*ﬂl{%ﬁ'
FIFF) PRI IPER £ B S F R (Wang and Liv, 1993 Pipero, 2004;
Hodson et al., 2005) » SRy ﬁgﬁﬂﬁ IR~ LF’A}H’ /ﬁf_—ﬁﬁkf > F\JEFT'
TR TITRPR o SRR l—?? F/F‘j%l fY= £ i ﬁ' w e A PIEIRE (S (Hodson et
al, 2005)- i Ma =* Takahashi (2002) fi J’FJ:EZ[‘* Z?#;‘%WE#’J’E;}HW AEE —
FERLH AR LR (Si- accumulators) S s fl] 12 F TR L IO (non Si
accumulators) ; Xl f[I F/ T i [fE pJﬁ;%”J Gl F E [[.7}1? iig (Lycophytes) ~ 7 [ &]
(Equisetaceae) ~ @f{ %%Eﬁ;l (Marattiaceae) ~Z= £l %[ (Osmundaceae) ~ &' =' i A| ~

= #E] (Blechnaceag) /J,?'l s (Schlzaeacqae) s 2L 1E] (Gleicheniaceae) ~ <&
B %&| (Thelypteridaceae) ') bEfrm‘..T"ﬁL ':— :__ 'yhaceae) lﬁﬂ‘“‘liglf,ipﬂﬂ *‘:‘ f B
H= RARPAET 5 = UIJFAIFJTJT ‘flf[rl_)avall,laceae) #[SiEe7E] (Polypodiaceae)

Py ] Dryoptetidacgach BEE AT A iR s -

Hm@m%@guﬁrmh (Ho. 1982) "% - 7U“' 15%ﬁﬁ ‘"‘JﬁJF/ﬁE'{ﬁﬁ&%\z@,ﬁf %]
6 FE P i = A o ELERII bl E‘ﬂg’H* R o [F=94 xf_ﬁ T S T P
AURKEETE € 4 A1 (Sedaginella) (Poirault, 1893) ~ 1 Eﬂﬁﬁ% | (Pant and
Khare. 1969, Ogura, 1972) #3157} £ %] (Ogura, 1972; Ribeiro et al., 2007) ~ L
| (Hymenophyllaceac) (Wessels Boer, 1962) » 8 6tk g1 | 2 o # i
(Williams, 1927; Bower, 1963) « [ ' i @R[ 1% e 1173 omesiiL it 2 7|
(R £ BRSPS R R @ilﬁ%"w L T

7 SLER APV VG TSR R R O e e

F ?*Z%WE?”@Z%‘ F"H?[;Jf BURLE| ]ETJ

T PI F PE e  8) h RPo [ f 2p
&P (Wang and Liu, 1993; Britez et al., 2002; Ma and Yamaji, 2006 ) - [}
Ex = Jj%?’*ﬁE'EUP"”?P&HV;IQ’E}“ SERRIEB P B (BT R

'Fl (Maetal., 2001; Zhao et al., 2002; Srivastava and Ma, 2005) » £l f[I Meharg (2003)
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Fﬁﬁﬁ = BAARA B EAST (arsenic hyperaccumulation) PYJF 1 - fHNEE: ﬁﬁgjpfj
Kt SRR R REL - BARE S TpEIREL - FL BRI S RIS
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HEIIEYE (Iwatsuki, 1978; Dubuisson et al., 2003; Ebihara et al., 2007) &% 5 £
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fASFRTF (Table 11) ; #1722 Chang and Liu (2001, 2003) [ AFFIfORL - fi
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Appendix 1: False veins morphology, anatomical characters, distribution and synonyms and references in different taxa

Clades / Family / Genus Morphology Anatomy Distribution Synonyms References
Lycophytes
Selaginallaceae
Selaginalla Epidermal sclerenchymatous bands Straight elongated thick wall cells, Along the side of midrib on Sclerotic fibers 2, 1,2,3
with warty outgrowth on outer which almost without cell lumen when upper epidermis * or lower Sclerotic warty fibers '
periclinal surface maturity, bearing 1-3 longitudinal rows  epidermis * of lateral leaves *
of warts
Monilophytes
Ophioglossaceae
Helminthostachys - Fibre bundlesprobably. composed of - - 4°
cellulose occur on the exterior df the
mesophyll cell wall
Marattiaceae
Angiopterisc Translucent dark lines parallel to the Histolegical similar to the margin of Parallel and alternative to the Fibre bundles 7, 4,5,6,7
veins visible from the lower surface. lamina. €omposed:ofhypodermal'eells “main lateral true veins, starting Recurrent veins >,
About five cells wide and consisted of ~ which may compased.oficellulose.o¢cur  from sinus of two marginal teeth ~ Recurrent nerves 7
elongated thick wall cells on the exterior of the meis'ﬂgiﬁhyll cell} tothe junction of two veins Venuli recurrentes ’
_ wall \ r.rf’L,Pn'“ |
Marattia’ Fibre bundles between and parallel to Cells are not 1den}1cpl to aW of the cells ' On both vegetative and fertile Venuli recurrentes ’ 7,8
(Mesozoic species)  the veins of pinpule'margin - - pinnules. Distribution is the
| i | same with-Angiopteris
Qasimia’ Fibre bundles between and parallel to - Ty ; ‘ i | Only found on fertile pinnules. Venuli recurrentes ’ 7,8
the veins - Distribution is the same with
Angiopteris
Leptosporangiates
Hymenophyllaceae
Crepidomanes One or two rows of elongated cells, One to several sclereids accompanied Submarginal or oblique, the Stria * 9,10
submarginal or oblique, never connect by stegmata, covered with epidermis. submarginal ones often have 2
to the true vein rows of cells outside (rarely 1 or
3 rows), may be interrupted
Didymoglossum d Various thicknesses, branch from the A central strand of sclereids Oblique, connect to veins or not.  Marginal veins 1 9,10, 11

veins (without tracheary elements),
parallel to lateral veins, or submarginal
(In Microgonium). The subnarginal
ones connecting the midrib and all its
branches

accompanied by stegmata at its upper or
lower side, or only consists of stegmata;
covered with epidermis

In Microgonium, the “marginal
veins” is continuous and just
inside the marginal cells,
connecting the midrib and all its
branches

(for Microgonium)
Spurious veinlets '




Clades / Family / Genus Morphology Anatomy Distribution Synonyms References
Polypods
Pteridaceae
Pteris Translucent lines scatter in leaf surface, Consist of long epidermal idioblasts and  Scattered on both upper and Irregular raised lines ° 5,12, 13
parallel to the true veins and may fork 2-4 layers of mesophyll parenchyma. lower epidermis at submargin, Spicular idioblasts ',
when facing a stoma. In dried The epidermal idioblasts are 1/2 ~ 1/5 sinus regions, or between true Sclerites ',
herbarium specimens, they are irregular  in diameter comparing to the ordinary veins of lamina Venuloid idioblasts '3,
short raised lines epidermal cells etc...’
Adiantum Narrow and highly elongated cells with  Individual non chlorophyllous, Scattered in epidermis Venuloid idioblasts '° 14, 15
tapering ends, the cell wall may thicken epidermal cells with hyaline and Spicular cells '
and protruding on the surface pronouncedly thickenrcell wall Il;hick wall epidermal cells
vittarioids | Elongated and indurate epidermal cells  Individual silica contaifiing epidermal Scattered in epidermis or near Spicular cells ' 1718 16,17, 18
containing spicules of silica cells 2 £ -the leaf margin '®
Eupolypod I
Dryopteridaceae N
Polystichum® One on each side of midrib, irregularly - — - One:on each side of midrib of - 19,20
toothed upward or black laciniate edges Rl | W’a £ == uppeér surface, beneath the
Fal=r' a1l margin of pinnules
Davalliaceae e | |
Davallia Strains of elongated rectangular short Consist of thick wall ep1¥nﬁaﬁeﬂs From the junctions of the veins Pseudoveins © 5,6,21,
epidermal cells with smooth margin, at  several layers of thick wall hypodermal % to the-sinus of lobes of lower Stria 2 22
the sinus between the lobes, bearingno  cells similar to thr bundle-sheath ar}d' epidetmis
stoma spongy tissues i ] L :
Polypodiaceae iy i ] 1
Polypodium® Transparent false veins extending from - o - “ Between the lateral veins, - 23,24
small margin sinus, basiscopic, not join o 7 extending from small margin
to the true veins 2 sinus to regions near costae
Aspleniaceae
Asplenium Zones of elongated, narrow, and less Consist of narrower epidermal cells and ~ From marginal sinus to the Scheinnerven * 25,26
sinuate epidermal cells at the junction 1-3 rows of collenchymatous junction of true veins of lower
of real veins, stomata absence hypodermal cells connecting the upper epidermis
and lower epidermis
Eupolypod I1
Thelypteridaceae '
Many genera Transparent callous membranes at sinus  Consist of large, thick wall cells At the bottom of sinus between Callous membrane ° 6,27,28

between the lobes

without chloroplasts. About two-third of
cell layers comparing with other leaf
tissues. Usually bearing hairs

the lobes, often unit into
excurrent veins from lateral vein
pairs

Excurrent veins
Sinus membrane **

II



Clades / Family / Genus Morphology Anatomy Distribution Synonyms References

Spermatophytes
Cordaitaceae
Cordaites’ Sclerechymatous bands between or Several rows of hypodermal Between or along the veins Subordinate vein fibers *° 29, 30
along the true veins sclerechymatous tissues between upper
and lower epidermis
Angiosperm
Quiinaceae
Lacunaria Single or grouped fiber strands with Veinlets wholly consist of thick wall Abundance, between the true Fiber-strands *' 31
undulate courses, between the true fibers, the branching behavior.is similar  veins, often terminated blindly
veins, frequently dichotomize to the true veins in mesophyll
Rubiaceae g s
Bobea Strains of fiber or individual fiber in Fiber strands associdted to the Tibers .. -In areoles, associated to the - 32,33
areoles extending from vascular bundle  adaxial to thé tracheary elements Ot .~ vascular bundles or not
into the mesophyll sclerenchymatous idioblasts within )
palisade layer -
Asteraceae i j i\ £ =) -
Wyethia coriacea - 5 ‘&l ;'J\‘ | ' At the apex of leaves after - 34

.-ii!l!
l __""‘ convergence of primary veins

* The warty sclerotic fibers occur on other place on Selaginella leaves, here we only show tl‘le dlstrlmon of‘ {'alse veins”

® Hill and Camus (1986)° do not find fibre bundles in Ophioglossales and cons1der this stru[nt re issantapomorphic charactgr"in Marattiales, but Camus (1990)* describes the fibre bundle of
Angiopteris and using the Helminthostachys as an example. ‘ .

¢ Genus Angiopteriss. |., including genera Angiopteris, Archangiopteris, and Macrjogll ossum l Il

4 Genus Didymoglossums. |., including genera Didymoglossum, Lecanium and Mlcrogomum ik j

¢ Some other synonyms of false veins were collected by Wagner Jr. (1978), but not knowing:if 1t is de;cribiﬂg the false veins of Pteris

fSpicular cell is a diagnostic character for vittarioids, Iwatsuki (1978) '° regard it as a special type of false vein

¢ In the available reports, the false vein is only present in Polystichum acrostichoides f. lanceolatum and P. fuscopal eaceum var. fuscopaleaceum in this family

" In the available reports, the false vein is only present in Polypodium pellucidum var. vulcanicumand P. pellucidum var. pellucidum f. pellucidum in this family

" This structure is widely known as “Gonioptrtoid venation” and “Meniscioid venation”, which are present in most of species in Thepteridaceae. In these types of venation, one to several veinlets
from adjacent veins groups joint together and give off an excurrent vein. In some species, the “excurrent vein” is not a vein but a callous membrane (Iwatsuki, K. and M. Kato, 1976), Chaerle
and Viane (2004) regard it as a kind of false vein.

- We do not find the related records in the available reports and this structure can not be found on the species in Taiwan

T Fossil records

III
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Appendix 2. Species list and voucher information

Clade / Genus / Species

Voucher specimen

Cryptogrammoids (CR clade) Zkikd
Coniogramme Fée 'E' Y B
Coniogramme fraxinea (D. Don) Diels = 748 Y
Coniogramme intermedia Hieron. &' Y R
Coniogramme japonica (Thunb.) Diels [ 7 &Y
Cryptogramma R. Brown ZiJ5g
Cryptogramma brunoniana Wall. ex Hook. & Grev. ﬁgjp B
Cryptogramma stelleri (S. G. Gmel.) Prantl 3 2k 5%
Ceratopteridoids (CE clade) “<i¥ . | =
Acrostichum L. gy i
Acrostichumaureum L. prifk

Ceratopteris Brongn. ik a3 "‘;;‘,‘ (,,_\i,

Ceratopteris thalictroides (L.) Brongn. <7k l '
Pteridoids (PT clade) '8 i d T'H\f_;-_—;—
* Actiniopteris Link +f < i || ==
* Actiniopteris radiata (Sw.) Link m

Anogramma Link Z
Anogramma leptophylla (L.) Link 27
OnychiumKaulf. &85t LIk
Onychium contiguum C. Hope fé,'Jp B 2T
Onychium japonicum (Thunb.) Kunze [!7% &
Onychium siliculosum (Desv.) C. Chr. & 5
Pityrogramma Link 53 #gf
Pityrogramma calomelanos (L.) Link $53 i
PterisL. 'E'="ifk5f
Pteris angustipinna Tagawa A 3 & X' ik
Pterisbiaurita L. J7V%/E = ik
Pteris cadieri H. Christ = %[5 ='Tfk
Pteriscretica L. 3 & =i

* Actiniopteris semiflabellata Pichi-Serm l

[ ]

K013750 Fyff}
K012060 £&[ 1%
K017026 48 [1], TT Kao 09033 #54

JY Haung 1500 F/‘,@W[, LY Kuo 455 7 ]!
LY.Kuo 491 (38|

oy

T Kao 09040 5|

YM Haung 1231 [%, TT Kao 09034 Zi]™

. ROI7254-| 4
‘ K01.5“(2$“‘5 "%f[gszl (;%afr»[)

1‘ “JY.Haiing 1615 " S TT Kao 08140 -y st

LY Kuo 461 ﬁ%’{'LT |
FWL 539 EI#%, TT Kao 08071 ““Zf{![FE, LY Kuo 445 J\F'?J'ﬁﬁp [
K019549 tﬁj

TT Kao 09035 #54
KO017245 7 i

K013260 %fHffs
Chao 740 35, TT Kao 07017 %
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K013261 g



Clade / Genus / Species Voucher specimen

Pteris dactylina Hook. /& ' i IJM Chen 031020 ﬁjﬁj
Pteris deltodon Baker {5 ™ FWL 872 ~* @%a KO013519 F 7|1
Pteris dimidiata Willd. 2 315 = LY Kuo 448 i |
Pteris ensiformis Burm. Fﬁii%’%‘é:’% LY Kuo 447 &I:L;J'ggp[, TT Kao 09004 'F"ﬁdfi[ﬁﬁ'
Pteris excelsa Guad. 158 ' TT Kao 09023 vk
Pterisfauriei Hieron. ({1 %8 'k LY Kuo 443 *Fﬁ'ﬁép [, K014297 Elfegl)
Pteris formosana Baker E:ff's} =ik KO013412 #ril|
Pteris grevilleana Wall. 248 =" T YM Haung 1202 -+, TT Kao 07014 ¢ %*ij', TT Kao 08051 &t >~ [
Pteriskidoi Sa. Kurata %=1 8 f' i _ . EWL 866 7 F¥-f
Pteris longipes D. Don 5% e g Fe' e o TTKao 09015 4}
Pterislongipinna Hayata - 3 /& ' . KO0134106. Fr|l|
Pteris multifida Poir. /i< TF Kao 09003 7 [i¥, LY Kuo 444 [
Pteris nipponica W. C. Shieh [ !7 &' =T e K0176‘“2'8;.“[$Jﬁ&
Pteris pellucidifolia Hayata [5 /i = £\ 1 | KOIMI5 |
Pteris ryukuensis Tagawa ZH5RVE ' i l ' "‘g'e_-_gl;-f;.: ﬁl . K013568 F#H
Pteris scabristipes Tagawa 5175 ' || T==2 | | Ko1326s %
Pteris semipinnata L. =18 ' i ' . ' LY Kuo 454 ﬁﬂﬁgﬁp[, TT Kao 09018 ﬁ.ljﬁﬁ
Pteris setul oso-costul ata Hayata  ffj/ '8 ' i 4 =, = | . TT Kao; 08035 =l [Hpi
Pteris sintenensis (Masam.) C. M. Kuo ??FFF,@J&'% LM Chep 020911 'F",%J
Pteristokioi Masamune &5/ “CE ' P . l l| ”L?(‘Kuo'452 %{BE&JL[[
Pterisvittata L. % 5= Ly “LY,Kuo 444 «wggp[, TT Kao 09037 ’Fi*ﬁ il
PteriswallichianaJ. Agardh | “</E/ ="k ’ S ER LYKuo 452 ﬁﬂ%lp [, TT Kao 09013 t%j
Pterisx wulaiensisC. M. Kuo  Jf, ¥+ /&' ' I KO013872 Fif
* Taenitis Willd. ex Spreng. T8 #Jg)
* Taenitis blechnoides (Willd.) Sw. T3 ik Chao 1254 YRk

Adiantoids (AD clade) #780fH
AdiantumL. &EsUEr

Adiantum capillus-junonis Rupr. [E/Y] &5 K014764 I ﬂr%}g

Adiantum capillus-veneris L. &z TT Kao 09002 1 [, YM Haung 1261 [, LY Kuo 451 8}
Adiantum caudatum L. 2 S2asU JM Chen 010423 5[1], TT Kao 09042 f' 2%

Adiantum diaphanum Blune - "' $&550f YM Haung, 1066 gﬂ%{%p [, TT Kao 09005 tﬁj

Adiantum edgeworthii Hook. & "< &m0 TT Kao 09042 #4[I[[ |
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Clade / Genus / Species

Voucher specimen

Adiantum flabellulatum L. t%i«% SR

Adiantum formosanum Tagawa *| 7 $855Ujk
Adiantum hispidulum Sw. =% % @n&«%

* Adiantum macrophyllum Sw. 3 S50k
Adiantum malesianum J. Ghatak [ J« &550f
Adiantum meishanianum C. M. Kuo #i[1[[ 157545
Adiantum monochlamys Eaton 7 < %

Adiantum myriosorum Baker *;«'FT;%{&L%
Adiantum philippense L. 2 F| #/$8ssu

* Adiantum raddianum C. Presl 5F I3 S85505 Xaa E

r
i

* Adiantumreniforme L. var. sinense Y. X. Lin i 3§76 -
Adiantum roborowskii Maxim. var. taiwanianum (Tagawa) W. C. Shleh gﬁﬁ [ [Easif
Adiantum soboliferum Wall. ex Hook. 2A7|§gisUs L

Adiantumwangii C. M. Kuo = "G4 é"r“”w,i I'.iﬂ-
Anthrophyum Kaulf. 1/ Y& "iﬂ_-’n..,,
AnthrophyumformosanumHieron =2 L EN A ; -"f'___;;

Anthrophyum obovatum Baker 513 F1 i
Anthrophyum sessilifolium (Cav.) Spreng [T 1 e
Haplopteris C. Presl ? 7] P
Haplopteris anguste-elongata (Hayata) E. H. Crane tzﬁ? fﬁj g, e .
Haplopteris flexuosa (Fée) E. H. Crane ;‘{if’ i iy
Haplopteris taeniophylla (Copel.) E. H. Crane ’?ﬁ F{ :
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Cheilanthes Swartz @ihf gt
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Clade / Genus / Species Voucher specimen

Cheilanthes hirsuta (Poir.) Mett. == ﬁi K LY Kuo 210 = iﬁ <
Cheilanthes tenuifolia (Burm. f.) Sw. 3 fff 4 i TT Kao 09047 ##
* Chellanthes viridis (Forssk.) Prantl K013187 %iﬁfﬁ
DoryopterisJ. Smith F-= k)
Doryopteris concolor (Langsd. & Fisch.) Kuhn f-& 0 KO013065 L F T, TT Kao 09011 t%j
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Paragymnopteris vestita (Wall. ex C. Presl) K. H. Shing & = ‘FEJ%#Q "
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Appendix 3. Silica deposition types of 82 Pteridaceae species

Clade / Genus / Species A B C D Note* Silica deposition type
Cryptogrammoids (CR clade) Zfikd I
Coniogramme Fée & Y 5]
Coniogramme fraxinea (D. Don) Diels = #/8" Y ik 0 0 0 0 I
Coniogramme intermedia Hieron. # &' Y ik 0 0 0 0 I
Coniogramme japonica (Thunb.) Diels [ % 8" Y F 0 0 0 0 1 I

Cryptogramma R. Brown Zfiisf

Cryptogramma brunoniana Wall. ex Hook. & Grev. F,'Jp B 0 0 5 I
Cryptogramma stelleri (S. G. Gmel.) Prantl A3 2R 0 0 I
Ceratopteridoids (CE clade) <
Acrostichum L. kg I
Acrostichum aureum L. i 0 0 5,6 I
Ceratopteris Brongn. <z -
Ceratopteristhalictroides (L.) Brongn. <7k ¥ 0 0 I
Pteridoids (PT clade) ' % =i
Actiniopteris Link 3’“@FE T e TR i _
Actiniopteris radiata (Sw.) Link /. e B 1 1 2 v
Actiniopteris semifl abellata Pichi-Serm =5 iy 1 1 2 v
Anogramma Link 25
Anogramma leptophylla (L.) Link 27k 0 0 I
Onychium Kaulf. & ¥ gf
Onychium contiguum C. Hope 1] 57 0 0 4,5 11
Onychium japonicum (Thunb.) Kunze [!7% & §5fk 0,1 0 4,5 11
Onychium siliculosum (Desv.) C. Chr. & 5% 0,1 0 4 11

Pityrogramma Link #5 3 55
Pityrogramma calomelanos (L.) Link #53 i 0 0,1 1 0 4 11
PterisL. &' 'iJg)

Pteris angustipinna Tagawa sf B & ' i 0 1 1 0,1 5 11, IV
Pteris biauritaL. V5" = 0 1 0 0 5 m
Pteris cadieri H. Christ ~ %[5 ="l 0 1 1 1 5 v
Pteriscretica L. 3 &' =ik 0 1 0 0 5 11




Clade / Genus / Species A B C D Note* Silica deposition type
Pteris dactylina Hook. 38" =c' i 0 1 0 0 5 I
Pteris deltodon Baker J;g [t e 0 1 1 0 1 111 (or IV?)
Pteris dimidiata Willd. 4 323Z/8 = ik 1 0 0 0 I
Pteris ensiformis Burm. ?;J“i%’%‘&'%\ 1 0 0 0 11
Pteris excelsa Guad. 158 =Tk 0 0 0 0 5 I
Pterisfauriei Hieron. ({1 %/E! =Tk 0 1 0 0 11
Pterisformosana Baker Zre 'k 0 0 0 0 I
Pteris grevilleana Wall. 24 =' T 0 1 1 1 5 v
Pteriskidoi Sa. Kurata %+ 71 8 = i - 0 1 1 1 v
Pterislongipes D. Don 5 ¢ i i =T 0 0 0 0 I
Pterislongipinna Hayata +<= 3 &' ' iff “ o . 6. 1 0 0 1,5 11
Pteris multifida Poir. 5 </ 0 | 1 0,1 5 1L, IV
Pteris nipponica W. C. Shieh [ !4 8=k ! R o 0 0 4,5 I
Pteris pellucidifolia Hayata /s e fe' b LN o\ 0 0 5 11
Pteris ryukuensis Tagawa = 5RVE i ik l & ,'5_3' -'Z“"I H 0 1 1 0,1 1L, IV
Pteris scabristipes Tagawa 5" 47 = : B=_ ' | 0 1 0 0 5 1
Pteris semipinnata L. =2/ E ' i ' m I 1 0 0 0 11
Pteris setuloso-costulata Hayata ' [ffj|/5 =<'t e = | 0 et 0 0 11
Pteris sintenensis (Masam.) C. M. Kuo %9??‘,%“ = ., [ 1 1 1 1 6 v
Pteristokioi Masamune £574 “Cg = R h t l| 0 - 0 0 0 I
Pterisvittata L. £ 5=' i M =& 0 0 0 5 I
Pteriswallichiana J. Agardh | "V& =Tk TN =0 0 0 0 I
Pteris x wulaiensis C. M. Kuo 45 'k ' 0 1 0 0 5 11

Taenitis Willd. ex Spreng. 773 i)

Taenitis blechnoides (Willd.) Sw. 773 ik 0 0 0 I

Adiantoids (AD clade) im0

Adiantum L. #5055

Adiantum capillus-junonis Rupr. [ElJ] 5505 0 1 1 0 111
Adiantum capillus-veneris L. 55Uk 0 1 1 0 111
Adiantum caudatum L. #fTt $8i55 05 0 1 1 0,1 5 1L, IV
Adiantum diaphanum Blune = ' {8350 0 1 1 0 11
Adiantum edgeworthii Hook. &< £&i550f 0 1 1 0 11
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Clade / Genus / Species A B C D Note* Silica deposition type
Adiantum flabellulatum L. 45 53505k 0 1 1 0 1,5 11
Adiantum formosanum Tagawa *| 7 560 0 1 0 0 4 11
Adiantum hispidulum Sw. =% ! 50 0 1 1 0 1,5 il
Adiantum macrophyllum Sw. 3 {5605 0 1 1 1 v
Adiantum malesianumJ. Ghatak [, s $8550f 0 1 1 0 4,5 I
Adiantum meishanianum C. M. Kuo #4i[![[ 158550 0 1 1 0 5 I
Adiantum monochlamys Eaton 7 |-< % 1 1 0 0 1 11
Adiantum myriosorum Baker *ﬁf];@?ﬁ% 0 1 0 0 I
Adiantum philippense L. 4 * | #8550 ) 0 1 1 0 I
Adiantum raddianum C. Presl 513 856U "'i: = 0 1 0 0 111
AdiantumreniformeL. var. sinense Y. X. Lin  fir 3 S8576Ufk “ ) 1 0 0 5,6 11
Adiantum roborowskii Maxim. var. taiwanianum (Tagawa) W. C., Shleh g?ﬁﬁ,ﬂ ST 5 1 0 0 1,4 I
Adiantum soboliferum Wall. ex Hook. ¥224|£2754 e R 0 il 1 0 5 111
Adiantumwangii C. M. Kuo = “C4sUf :"r“”*.i ' "'*F 0 "8 1 0 5 111

Anthrophyum Kaulf. 1§ | o \ e :-. “il I
Anthrophyum formosanum Hieron. Ee3# 1 it : -'f-__ - I 0 1 1 1 v
Anthrophyum obovatum Baker  F3[{2 F1 |- | | I 0 1 1 1 5 v
Anthrophyum seilifolium (Cav.) Spreng. [T 1 i - i 1 B 1 1 1 v
Haplopteris C. Presl iF‘ i l e
Haplopteris anguste-elongata (Hayata) E. H. Crane i@% iﬁ i k : [ || ) £ 0 : 1 1 1 v
Haplopteris flexuosa (Fée) E. H. Crane j‘ﬁ% Ly 0 1 1 1 v
Haplopteris taeniophylla (Copel.) E. H. Crane ?Hé FJ“E%% _ (] 1 1 1 v
Haplopteris zosterifolia (Willd.) E. H. Crane = ﬁ?{ m“fﬁ,z 0 1 1 1 v
Vaginularia Fée — (605
Vaginularia paradoxa (Fée) Mett. f17%— {5750k 0 1 1 1 v
Cheilanthoids (CH clade) 7’135-41 R
Aleuritopteris Fée 9"“%’%‘:}‘
AIeurltopterlsargentea (S. G. Gmelin) Fée AR 0 0 0 0 5 I
Aleuritopteris dealbata Fée Zu s ""F"’ 0 0 0 0 I
Aleuritopteris krameri (Franch. et Sav.) Ching Jh "Wf5 "F"J’Tﬁx 0 0 0 0 [
Cheilanthes Swartz ﬁiv} Fns
Cheilanthes chusana Hook. f I3t ff ¥ T 0 0 0 0 I
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Clade / Genus / Species A B C D Note* Silica deposition type
Cheilanthes hirsuta (Poir.) Mett. =% ﬁiv} Tk 0 0 0 0 I
Cheilanthes tenuifolia (Burm. f.) Sw. ## ﬁiv} T 0 0 0 0 I
Cheilanthes viridis (For6k.) Prantl 0 0 0 0 I

DoryopterisJ. Smith f1-= k)
Doryopteris concolor (Langsd. & Fisch.) Kuhn E &7 0 0 0 0 I
Doryopterisludens (Wall. ex. Hook.) J. Smith FiyZR £l 1 0 0 0 3 11
Mildella Trevisan $25! H/g
Mildella henryi (H. Christ) C. C. Hall & Lellinger + " EE{! ik 1 0 0 0 1 I
Paragymnopteris K. H. Shing & =% ¥lig) .
Paragymnopteris vestita (Wall. ex C. Presl) K. H. Shing £ = ¥l g & 0 0 0 0 I
Parahermionitis Panigrahi {358 N ).
Parahemionitis arifolia (Burm. f.) Panigrahi {357 0 0 0 0 3 I
Pellaea Link /g a4 I
Pellaea rotundifolia (G. Forst.) Hook 4241k £\ L) o\ 0 0 I
1 F ik
(*) The characters listed in this coloum might not be stable characters W () : : : l I
q:"'" - |

A: Cell margin silica deposits. 0: no cell margin silica deposits; 1: have cell margin silica d*p sits |

B: Abaxial veinal spicular cell (VSC). 0: no abaxial VSC present; 1: abaxial VSE present “i 'i | i

E: 1: Anticlinal wall silicified; 2: Corn-like silica deposits in spicular cells; 3: Cell margu;l secret1ons present 4: Margmal spicular cell present (MSC); 5: Outer periclinal wall silicified; 6:
Stomata silicified .

C: Adaxial veinal spicular cell (VSC). 0: no adaxial VSC present; 1: adaxial VSC present

D: Interveinal spicular cell (ISC). 0: no ISC present; 1: ISC present T

F: Silica deposition types
Type I: No silica deposition
Type II: Silica only deposit at cell margin
Type III: Have veinal spicular cells (VSC) or marginal spicular cells (MSC), but no interveinal spicular cells (ISC)
Type IV: Have interveinal spicular cells (ISC)
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Appendix 4. Epidermal characters of 82 Pteridaceae species

Clade / Genus / Species

E2 E2 E3 Notes

Epidermal cell type V1 V2 Veinal epidermis type Stomata type

Cryptogrammoids (CR clade) Zkikd
Coniogramme Fée B Y ik}

Coniogramme fraxinea (D. Don) Diels = /8 Y 7k 1 1 2 NC branched* ES 1 1 LD anomo-, polo-
Coniogramme intermedia Hieron. 2 &Y 7k 1 1 2 NCbranched ES 11 LD anomo-, polo-
Coniogramme japonica (Thunb.) Diels ! 7 &' Y 1 1 2 NC branched ES 1 1 LD anomo-, polo-
Cryptogramma R. Brown Zfiisf
Cryptogramma brunoniana Wall. ex Hook. & Grev. ffyf! [ I /'1 %3+ NC branched EC 1 0 LN anomo-
Cryptogramma stelleri (S. G. Gmel.) Prantl 3 2k % 1 0pe3 NCbranched C 1 0 LN anomo-
Ceratopteridoids (CE clade) <+ | — b
Acrostichum L. i >
Acrogtichum aureum L. 7 0 - TN branched S 0 0 SN anomo-
Ceratopteris Brongn. [~ e
Ceratopteris thalictroides (L.) Brongn. ~f<i#k r’q’\‘ﬁ| 0, ~.,3 | NC branched C 0 0 SN polo-
Pteridoids (PT clade) /&' l 'E : : I I
Actiniopteris Link =+ 155 g} ' -
Actiniopteris radiata (Sw.) Link m 1 L E 1 0 LN hypo-
Actiniopteris semiflabellata Pichi-Serm [ ams ¢ | i E 1 0 LN hypo-
Anogramma Link Z7#/gi t J
Anogramma leptophylla (L.) Link 7 | 11 ES (EL) 11 LD anomo-
Onychium Kaulf. & ¥57#gf £ g
Onychium contiguum C. Hope [ $37 ' 1* 13 NEbranched EC 1 0 LN anomo-
Onychium japonicum (Thunb.) Kunze [!7% &f557« 1 3 |"NC branched EC 1 0 LN anomo-
Onychium siliculosum (Desv.) C. Chr. & 57 1 1 NC branched ES 1 1 LD anomo-
Pityrogramma Link 53 $#g}
Pityrogramma calomelanos (L.) Link 53 1 1 0 E 1 0 LN anomo-
PterisL. & ' g
Pteris angustipinna Tagawa ' 12 & =" ik 2 - 3 B 11 LD anomo-, polo-
Pterisbiaurita L. 9Vj7/E o' 2 - 3 B 1 1 LD anomo-, polo-
Pteris cadieri H. Christ ~ %5 =" 2 - 3 B 1 1 LD anomo-, polo-
Pteriscretica L. 3t &' =i 2 - 3 B 1 1 LD anomo-, polo-
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Clade / Genus / Species E2 E2 E3 Notes Epidermal cell type V1 V2 Veinal epidermis type Stomata type

Pteris dactylina Hook. /8 =" 2 - 3 B 1 1 LD anomo-, polo-
Pteris deltodon Baker |8 ="i 2 - 3 B 1 1 LD anomo-, polo-
Pteris dimidiata Willd. 5 381248 ="« 2 - 3 B 11 LD anomo-, polo-
Pteris ensiformis Burm. FT”:J?& T e e 2 - 3 B 0 0 SN anomo-, polo-
Pteris excelsa Guad. 158 =Tk 2 - 23 B 1 1 LD anomo-, polo-
Pterisfauriel Hieron. ffi =</ ' ik 2 - 23 B 1 1 LD anomo-, polo-
Pteris formosana Baker Z:#e ' i 2 - 3 B 0 0 SN anomo-, polo-
Pteris grevilleana Wall. #2475 = ik Do 3 B 1 1 LD anomo-, polo-
Pteriskidoi Sa. Kurata 551 "C/E =i 2 -3 B 11 LD anomo-, polo-
Pterislongipes D. Don 3% ¢ /8" ' ij i:‘ 2 -;,',-3 B 1 1 LD anomo-, polo-
Pterislongipinna Hayata - % &' i 4 “ T3 o B 1 1 LD anomo-, polo-
Pteris multifida Poir. &' ' 2 - - . B 1 1 LD anomo-, polo-
Pteris nipponica W. C. Shieh [ 7 &' i 2F. 3 B 1 1 LD anomo-, polo-
Pteris pellucidifolia Hayata [ &' ' < ‘a"rﬁ”‘.i 2 fiﬁt_ 3F B 0,1 0,1 LD, SN anomo-, polo-
Pteris ryukuensis Tagawa Zh3fVe' ' i | - “‘_‘—g-, 5'—.'. WF B 1 1 LD anomo-, polo-
Pteris scabristipes Tagawa =" /|5 =" i = _h;" I B 1 1 LD anomo-, polo-
Pteris semipinnata L. = E1E =i | a3 $ I B 1 1 LD anomo-, polo-
Pteris setuloso-costulata Hayata ¢ {5 ' i : - 2bl fhe B 11 LD anomo-, polo-
Pteris sintenensis (Masam.) C. M. Kuo ;9??,%“ E S L \ l 28 - i l Fen B 1 1 LD anomo-, polo-
Pteristokioi Masamune &4 "8 ik g ‘ [ 2 - ‘ o B 1 1 LD anomo-, polo-
Pterisvittata L. A e = i L5 B B 1 1 LD anomo-, polo-
Pteriswallichiana J. Agardh 7| "CE ' i ¥ o W B 0,1 0,1 LD, SN anomo-, polo-
Pterisx wulaiensis C. M. Kuo ¥+ B ' e ‘ 2 - 23 B 1 1 LD anomo-, polo-
Taenitis Willd. ex Spreng. T3 gt
Taenitis blechnoides (Willd.) Sw. T3 ik 2 - 3 B - - - anomo-
Adiantoids (AD clade) 75U
Adiantum L. 55055}

Adiantum capillus-junonis Rupr. [E{JE750 1 1 3 stomatasunken EC 11 LD anomo-
Adiantum capillus-veneris L. #5550 1 1 1 stomatasunken ES 1 1 LD anomo-
Adiantum caudatum L. Hf75 58550 1 1 3 EC 1 0,1 LD, LN anomo-
Adiantum diaphanum Blune <= #5505 2 - 3 stomata sunken B 1 1 LD anomo-
Adiantum edgeworthii Hook. %% &750 1 1 2 stomatasunken ES 1 1 LD hypo-

XV



Clade / Genus / Species E2 E2 E3 Notes Epidermal cell type V1 V2 Veinal epidermis type Stomata type

Adiantum flabellulatum L. tﬁﬁ SRR 1 1 3 EC 1 1 LD anomo-
Adiantum formosanum Tagawa * | 77 8750 1 1 2 ES 11 LD anomo-
Adiantum hispidulum Sw. == B {5508 1 1 3 EC 1 1 LD anomo-
Adiantum macrophyllum Sw. 3 f555U 1 1 1 ES 1 0 LN anomo-
Adiantum malesianum J. Ghatak |2, < ég760fk 1 1 1,3 stomata sunken ES.EC 1 1 LD anomo-
Adiantum meishanianum C. M. Kuo i |[ 1760 1 1 1,3 stomata sunken ES,EC 1 1 LD anomo-
Adiantum monochlamys Eaton 7 -~ % 1 1 3 EC 1 0 LN anomo-
Adiantum myriosorum Baker ’“;eﬁ;@?&'\% T ) ES 1 1 LD anomo-
Adiantum philippense L. 4 * | /¢ 1 1 3% stomata sunken EC 11 LD anomo-
Adiantum raddianum C. Pres] 5f 2 8760k P ‘7‘ 1 1'«:_1 stomata sunken ES 1 1 LD anomo-
AdiantumreniformeL. var. sinense Y. X. Lin [ B! 8550 : Tyl . ¥ EC 1 0 LN anomo-
Adiantum roborowskii Maxim. var. taiwanianum (Tagawa) W. C. Shieh gﬁﬁ! L @,—.@ﬁﬁ% 11 e EC 1 0 LN anomo-
Adiantum soboliferum Wall. ex Hook. ZAf|g&nsUe e 1 1 _2 stomataSunken ES 1 1 LD anomo-
Adiantumwangii C. M. Kuo = “S#&550 e 1k *""'—p“«,i 1 1": 3I EC 1 0,1 LD, LN anomo-
Anthrophyum Kaulf. 1 i #</g Fal=— -',\ | ‘
Anthrophyum formosanum Hieron. Z3# 1 i ‘ E‘—ﬁ i; ' EC 1 0 LN polo-
Anthrophyum obovatum Baker {3 H1 i | m 1 I I - - - - polo-
Anthrophyum sessilifolium (Cav.) Spreng. [ i fi] ‘ = - i | e - - - - -
Haplopteris C. Presl 11 i F l - | L o
Haplopteris anguste-elongata (Hayata) E. H. Crane t@?{ﬁ“% g ‘ l In 1 i o o ES 1 0 LN polo-
Haplopteris flexuosa (Fée) E. H. Crane j;ﬁfﬁ Py Y ES 1 0 LN polo-
Haplopteris taeniophylla (Copel.) E. H. Crane ’?’ f :J“E??k ’ 51 1R3 EC 1 0 LN polo-
Haplopteris zosterifolia (Willd.) E. H. Crane = % él S 1 1.0 E 1 0 LN polo-
Vaginularia Fée — [0
Vaginularia paradoxa (Fée) Mett. 378 [ZibUk 1 1 3 EC 1 0 LN polo-
Cheilanthoids (CH clade) ﬁiﬁ [
Aleuritopteris Fée 93*"’%%7?
AIeurltopterlsargentea(S G. Gmehn) Fée =k ”"'“ 0o - 2 S 0 0 SN anomo-
Aleuritopteris dealbata Fée gﬁ*p 0o - 2 S 0 0 SN anomo-
Aleuritopteris krameri (Franch. et Sav ) Chmg il 'JC*"F"J’%?& 0o - 2 S 0 0 SN anomo-
Cheilanthes Swartz @‘Iv} [ ns
Cheilanthes chusana Hook. A3 fﬂﬁ} T 1 1 2 ES 0 O SN anomo-
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Clade / Genus / Species E2 E2 E3 Notes Epidermal cell type V1 V2 Veinal epidermis type Stomata type

Cheilanthes hirsuta (Poir.) Mett. == ﬁi%\ 7 - -2 - - - anomo-

Cheilanthes tenuifolia (Burm. f.) Sw. #:3 ﬁl@f i3 1 1 2 ES 0 0 SN anomo-

Cheilanthes viridis (Forssk.) Prantl 1 1 2 ES 1 1 LD anomo-
DoryopterisJ. Smith E-“ s

Doryopteris concolor (Langsd. & Fisch.) Kuhn F-&f 0o - 2 S 0 0 SN anomo-

Doryopteris ludens (Wall. ex. Hook.) J. Smith i3 £~ 7k 0o - 2 S 0 0 SN anomo-
Mildella Trevisan #5! #Jg)

Mildella henryi (H. Christ) C. C. Hall & Lellinger & #545! T ) ES 1 0 LN anomo-
Paragymnopteris K. H. Shing & =% Hli/g) -

Paragymnopteris vestita (Wall. ex C. Presl) K. H. Shing & == i 3 i:‘ 0 “-‘}I',Q S 0 1 SD anomo-
Parahemionitis Panigrahi 15 Vel ' “ . . G

Parahemionitis arifolia (Burm. f.) Panigrahi 15 7% 0 - VS S 0 0 SN anomo-
Pellaea Link /g i

Pellaea rotundifolia (G. Forst.) Hook &*& i < j"rﬁ”h,l 1 Q 31 C 0 0 SN anomo-

(*) NC branched: Neighboring cells branched; (-) not applicable 1 .Pi‘ -i:’sl-i l I

E: Epidermal cell characters

o o
-

E1l: Epidermal cell axes. 0: no significant long axes; 1: have single long axes; 2often have more thﬂ"Qne loin  axis (branched)
E2: Long axes orientation. 0: no specific orientation; 1: long axes parallel to the lateral Vel}s ] I

E3: Cell margin ornamentation: 0: smooth; 1: wavy; 2: sinuate; 3: crenate “ ‘ [ || o

Epidermal cell types: B: branched; E: simple elongated; EC: elongate crenate; EL: elongated lobate ES elongate smuate C: curved lobate S: stellate

V: Veinal epidermis characters

V1: Veinal epidermal cell shape: 0: short (length: width < 3); 1: long (length: width > 3)

V2: Veinal epidermal cells shape (compared with ordinary epidermal cells): 0: no significant difference; 1: have significant difference (longer, narrower, or smoother)

Veinal epidermis type: SN: Short, not different from ordinary epidermal cells; SD (very rare): Short, different from ordinary epidermal cells; LN: Long, not different from ordinary epidermal
cells; LD: Long, different from ordinary epidermal cells

Stomata type: anomo-: anomocytic stomata complex; polo-: polocytic stomata complex; hypo: hypocytic stomata complex
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Appendix 5: Leaf epidermal SEM images of 82 Pteridaceae species

s

Cryptogrammoids (CR clade) Zfik+
q%\'— Coniogramme Fée &' Y gl (x100)
Q%ﬁ': Coniogramme Fée &' Y g} (x500)
Eﬁ\'f Cryptogramma R. Brown ZikEf (x100)

D Cryptogramma R. Brown ZEiEf (x500)

Ceratopteridoids (CE clade) ik
il AcrostichumL. pkii#g ~ Ceratopteris Brongn. ~“<iEf (x100)
Q%\H AcrostichumL. ki~ Ceratopteris Brongn. ~“J<ikEf (x500)

Pteridoids (PT clade) '&'/="igd -
qﬁaﬁ'—“ Actiniopteris Link 45 & = i 5 (x100)
q\i‘aﬁ' A Actiniopteris Link 3"‘%‘ B g (x500)
Ea\'*} u Onychium Kaulf. = *ﬁ%{ﬁ‘ (x100)

A Onychium Kaulf. 5!5{%*‘%?‘%*%'?7’(2500)

Q%H - Anogramma Link :4"“' #’Eﬂ’lﬁPityﬁqgramTla Link ¥3 Jgf ~ Taenitis
Willd. ex Spreng. ¥ & (x100)

Q%H = Anogramma Link FES Pityrogf'amma Link #5355} ~ Taenitis
Willd. ex Spreng. T /5] (x500)

QEH = PterisL. B=HEFT (x100)

B Y PrerisL. BT (x500)
q%)'# T PterisL. E=HEFT (x100)
B+ PterisL. B R (x500)
i+ PrerisL. BRI (x100)
B PterisL. g EL (x500)
q%ﬁ'{ Ju  PterisL. B'='HFIV (x100)
=1 PterisL. g RV (x500)
q%‘[': 4 — Pteris L. B'="#5V (x100)
M= = PterisL. BEHEV (x500)
= = PrerisL. =gV (x100)
q&’: - P4 PterisL. E="HEFVI (x500)
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Q%ﬁ': 4 =+ PterisL.
q\%\': - + PterisL.
Q%ﬁ': - + PterisL.
q\%\':—{ " PterisL.

=RV (x100)
=RV (x500)
T VI (x100)
=V (x500)

Q%ﬁ'* v PterisL. E'='HEIIX (x100)
QE\'_ PterisL. B ='BBTX (x500)

Adiantoids (AD clade) #ErsU3

q%\'_:—{ —~  AdiantumL. &58UEFT  (x100)

q%ﬂ'_: 4 = AdiantumL. &0 T (x500)
q%\'_:—{ = AdiantumL. S5UE T (x100)

Q%‘HE - P4 AdiantumL. &SUEEI T (x500)

[f1= 1 = Adiantum L. SaaRREI (x100)

[ = 1+ Adiantum L. g BT (x500)
QE\'E{ - AdiantumL, RSBV (x100)
qg'['fﬂ I Adiantum L %@@f&f’rfzﬂv (xSOO);
W= ]+ Adiantum L. ;@@%Jﬁv{wm)‘
BPe AdiantumL. %&%}:’ZV . xsoo)
&aﬂpﬂ — Adiantum L. ;@a&ﬁr’f VI (XIOO)
P = AdiantumL, %1&%%’:}’\71 (x3500).
o = AdiantumL. SESSURHVI (x100)
QE\ID“H P4 Adiantum L. ERSUidBVIL (x500)
q%'['DH =1 Anthrophyum Kaulf. Fifji#Ef (x100)
QE\ID“H “+ Anthrophyum Kaulf. i |55 (x500)
q%'['DH - Haplopteris C. Presl Ei'f”“ﬁﬁ%’%’j’ (x100)

FH
[P 7 Haplopteris C. Presl ?{ff’ g (x500)
[fP1 J- Haplopteris C. Presl F{iﬁ g VaginulariaFee — [R5l (x100)

[f=r  HaplopterisC. Presl ?{ T Vaginularia Fee — [ (x500)

Cheilanthoids (CH clade) ﬁilf KA
[~ —  Doryopteris ludens (Wall. ex. Hook.) J. Smith i3 fl-= 7 -
Paragymnopteris K. H. Shing & =% #¥{i#/5} - Pellaea Link !5
(x100)
qa'fr{ ~ Doryopterisludens (Wall. ex. Hook.) J. Smith {3 fl- <k ~

XIX



ParagymnopterisK. H. Shing £ = ¥{ii5} « Pellaea Link 75
(x500)

qg[ljrﬂ = Cheilanthusviridis (Forssk.) Prantl ~ Doryopteris J. Smith F-“ 57 ~
Parahemionitis Panigrahi &' Yai#gf (x100)

qg[ljrﬂ [ Cheilanthusviridis (Forssk.) Prantl ~ DoryopterisJ. Smith F =g ~
Parahemionitis Panigrahi &' Yei#gf (x500)

[ =1 = AleuritopterisFée 37 #g) (x100)

[+ + AleuritopterisFée }57]H/5 (x500)

q\g\ljr—{ *+ Cheilanthes Swartz ffff i (x100)

q%ﬁ'fr{ " Cheilanthes Swartz ﬁitﬂ(%fﬁ’ (x500)

=1 1= Mildella Trevisan §55 i (x100)

qg[l# - Mildella Trevisan &g (x500)

100x scale bars = 500um
500x scale bars = 100pm
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q%ﬁ'— Coniogramme Fée E' Y igk/gf (x100)
Coniogramme fraxinea (D. Don) Diels = 35 Y ik 3T

Mmoo 0w

Coniogramme fraxinea (D. Don) Diels = /8 Y i mifiii
Coniogramme intermedia Hieron. ' & Y ik Tl

Coniogramme intermedia Hieron. 2 & Y e Jatdfli=
Coniogramme japonica (Thunb.) Diels 7 &Y i Tl
Coniogramme japonica (Thunb.) Diels 7 &Y f smedifi
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q%\': Coniogramme Fée E' Y igk/gf (x500)
Coniogramme fraxinea (D. Don) Diels = #8/5 Y iifc ZTqlif"1

T m o N Wy

4y

Coniogramme fraxinea (D. Don) Diels = 788 Y e amidflif=1

Coniogramme intermedia Hieron. ' & Y ik Tl

Coniogramme intermedia Hieron. 2 &' Y 7k ﬁﬂ;ﬁtf&'l

Coniogramme japonica (Thunb.) Diels 7 &Y i Tl
Coniogramme japonica (Thunb.) Diels 7 &Y f smedifi
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B
C
D

qia‘.'_: Cryptogramma R. Brow{ﬁ*?‘ R (éi |
. &

A. Cryptogramma brunoniana Waﬂ éx §

.

. Cryptogramma brunoniana;-\'fv'édlf,r e>§,Hoc'>k. &:Qréiz. F"Jp [FFe medpiie
i L Ll

. Cryptogramma stelleri (S. G. Gmel.) Prantl A3 2 il

. Cryptogramma stelleri (S. G. Gmel.) Prantl A3 2R mifli
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