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Thiz thesls ig o study of the snatony of covialn forvs.
It has beon divided into bwo sorbs, the first dealing with
bhe anabomy and the phylogeneiic velationships of the btrae
“ferng and thelr allies, and the pecond, wlith the anatony and
disteibuiion of O ”gamc Lognun reblounlabiug L.

Sk




Acknowledronenhy

I would like to axpress my sincere thanks o Professor
John Walbton far‘piﬁmihg'at‘mg digposal the facllities of the
Botoeny Departnent ab (lasgow University for the purpose of
these sbtudias. I should also lilke 0 thaonk hiwm Foy hig
kindly intevest, helpful sugsesitions and consbrucbive
criticiams nade ﬁuwiﬁg the course of the investigableans.

I ghould also Liks H0 thonk Protessor Relle HOLbwn who
provided much of bthe material for study énd for the nony
haelpfal discussions X,h&&»wiﬁh"him.' Hiw ﬁug@@ﬁﬁiwn@'&ﬁﬁ
adviece vwere given freely ab all tlnas. .

| fy é@@@ﬁst grotitude goes bo Dr. J. Villiams vhose hind
&ﬂﬁ.p&ﬁi@ﬁ@ supervision of bthe work wes 2 congbaih 1nﬁpiratidnsA
Hié_qiﬁ@ soungel and g&idaﬁ&@:iu allfmat%ﬁw&fiﬁuﬁary deaply
sppreciated. o D

 Professor H.J. Gem, Br. G.De Adems, Me. B Curtis,

ﬁ?n‘ﬁeﬁtﬂgﬂiﬁﬁﬂﬁé and -Dis Kqﬁg‘ﬁf&m@?; @lgm-ﬁh@4ﬁirsct@rg
Botanio Cardon; Kow, all provided maberial f@r'ﬁh@ shudy and
I should like %o $hapk thom for their ﬁ&@igﬁanaei“ i an
indebied %o #Mr. W Andorson whm;y@ﬂ;r@ay@mmib&m»fa§ mosb of
the phodographs, and also @Q'ﬁr;'ﬁ. Jack For muaﬁ‘magi&ﬁ&ncﬁa

This work was varrisd oub while osn the siaff of the
City College (Calcubte Umiv@wéity) and I thank the authorities
of this College for granbting me .study leave and obhar
facillities. " | ‘ J



PART




STUDIEE IN THE ANATOMY O TREE PERNS AND THELR ALLIES

INTRODUGTION

'

The genera malnly concerned are ithose included by Diels
(1902), in the single fonmily Cyatheaceae, l.ec. Balanbium

(= Culeita), Dicksonia, Cibobivm, Thyraopberis, -Cyathes,

Hemitelia and Alsophila.  They are usually confined to the

tropics and subbropics, but some grow in temperate vegionsg,
especially in the southern hemigphere, These plants are
chiefly inhabitants of hamid forestsa, alhhdugh Some are
xevophytic and grow luxurisntly in open places freely
gxpoased to the Bun, They are truly the giants of the fern
race, though all are nov dendroid in habity some are even
croeping. .

The fronds are large and usually amuech disssected, but in
certain genera the 2-pinnate or even lepinnate conditions
are vVery .Comnon. In extreme cases the {ronds may be entire.
The veins of the fronde are usually free, bub in some cases
they may be anastonosing. The surface of the sben, at
leant in the younger vegions, and the bases of the peivioles
are covered elther only with halrs or by both hairsg and
scales, The sori, vhich are globose or oblong, are either
marginal or abaxial in position, and usuvally gredate. The
indusia show a wide variation of form: they may be two-lipped,
saucer like, cup-ghaped, vestigial, or absent. The
gpovengia, which dehisce bransversely by an obliguely
vertical snoulus, may be almost gessile or sitalked. The
cordate gemetophyte at maturlty may have & conasplcuous
midrib, and the archegonia are of the usual type. The
antheridia, however, are complex and thelr walls consist of
five cells. Such are the main characieristics of the seven



ZONOYA.

Diels grouped the geneve into three Tribes eccording

to the position of the sori snd the shape of the indusium.

The seven genera were characterised according to the

folloving schones

Ao

B

Cx
®

Sori on the tips of ferbile veins, Indusivm QXLrorec,
beakepr-like, formed frowm the more or less modified tip
of the leoaf-mgrgin. Riw of the sporangium with a _
shonivum of Ghinner 0e1l8s.eesvsveesessoss Lo Dickooniese.
{i). Fertile leaflet hardly modified. Indusium
two=-Lipped, leathery.
Qe Pinong segments of the last order stvongly
asymue bricak. Stem hardly raiged above
Bhe ground.esceoscscsennconses Lo Bolonbiunm.

be Pinna segments of the last ovder almost
&Symmétrical.ﬁ Stem uprighte.. 2. Dickgonia.
(ii). Pertile segment lobe abrongly modified, and
gimilar to tho indusium.
Indusium bwo=lippedesssssccaoneea 2o Cibobiume
Sovri on the Htips of fortile veoins, indusiun infevrior,
£i 1uliy hemigpherical. Rim of the sporangium with
colls of tho same Kindessescscevoeeses Lie . Thyrsopberidenc.

4o Thyrpopterid.

Sori on the backs or in the bifurcations of fertile

veins, Indusium inferior, spherical, to beaker shaped,

very often more or loas irf@guia?ly 0rn, Oor scale-like

or absent, Rim of the sporangilum of alwmost similer

cells. Stomlunm oﬂly slightly diffeyontiaueﬁ

cceasecescsascace LLle Oyabtheecae
(1) Sorus with membranous, dimhw$hayedgfsmoath

margim@d; or &t Tirst spherical closed, and
later irrvegularly torn indusium’

% v e ¥ ..
éawoq_aeygoaneouamqa‘tjo i{ﬁ_é.?;jﬁﬂ%&o
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(lu)a borus vi %hEm@mbranauﬁg inemmglatm se&Lewthm

1n&u31umao,e@w,°oaa,uooa,u,,annu,,. 65 Hﬂmlu@li@e

(ii1), Sorus thhouu 1nduqivmo.ao.oogapaeo;7a AJganhlla,;

P?iOP o Dxeiﬁ, thage AGV@H y@na?a haa vcunivmd very
“fvurl a treatmeﬁh av yh@ hanéﬁ of uax@nomlﬁhm.~
- Prosl (18)5), placed Ly&bh@as Hemibelio auﬂ A]ﬁaph 1

in Lha Tribo &vmthmaaamm af uhe u&bwﬁfdﬂﬁ Holﬁmngyrxt&eo
Tnyr&unbér 19 Bn@ lecnxug wora graup»a with ?er;n&ma under

nhm TYlbﬁ P@ranamw?&&&, vhile Lﬁlanuium, ﬁiﬂkﬂﬂﬂlm dné

Cu)eéua uara ‘placod in the Tribe Dlcksoniacenc, both Tribesg
h@iag Lﬁ the Hub-order Co uhmtagy?aoaa. o
Je Bmibh (1@41)9 plaged . Diakaoni&, and C:bntxum 10n&

with ¢ jt@bo]lum (B@nnahaed i&) in. Dlﬁh&@ﬁl&@, ﬁ@ction 4 of

the. Wrihﬂ chksonieaa, ; then, ﬂomlﬁolla anﬂ ?richaptevx%
(Alﬂﬁﬁhilﬂ) wura p] acod in the Tribe CJ&bh@ﬁ@o

.Fee (aa%z) graupma Dickgonin with Hypﬁ@prrim, Yoods Lm,n'

atc. ﬁnd pl Laced tham in Dvukgoniuae, }alanmium almng iah'

”&@ptgﬂ1@u?i& and. bva%ﬁdlum uude mLanuLQQO, Gihatium undbr

1b®t&@aeg Alsophilo, Hend belia Amphadaamza, eta.-;n

annheaog and. Th?f&QﬁuOrl unﬂor Ihyfﬁapt@rldlea@.*" ’ B
Moore (1657), y&amad Diekmania, Denns b&O&uiﬁg Ghee in

‘ghe Tribe Polyp@éjnoae, whmla Thyrncg%eaxa, Ggathwa,

Ham&ueixa, Amghiensmg, Alﬁannglae, Amphxde&mi&m wers placedﬁf
in the Trib@ Gvﬂﬁh@iu@ae. o : g ‘_' B
, | In the bynop&Ls» llieum 05 Hoﬁler‘ana;ﬂﬁk@r'(1874);
'§gggpom9 Thyvscp%&rwﬁ, Humitelia, Alsaphiln, Dldﬂ&lpﬂ, and
LNau@aiaAchztltmte the Trzbm Qvauh@ae ﬁf uha E@lyp@ﬁi&euue,~

:hhilﬁ chha@nta, UOG@S a, DHGbLb&, mtc. &ra placa@:in the
?v&b@ DlGKqORLOdL-'g S ' ' '

N ., I EACI
e

adlra (1&93), placad Qvauh@n, Hemibeli&,iamd Alsophi

in by&uhQPLOd@, and Dlgksﬂn a{“andﬁia, otc, A ﬁolvpodmncene. e

Cﬂ?&dh (}897)7 placed Dl&kJoni&, Libaulum, Pyathea,‘

A



Alsophile, Hemd telia, and,Thyfsantefié.in.th@-family

Cyatheaceae,,huﬁ‘did,not.récggnize Balantium astavdistinct

form. . |
Raciborski (1898), 1ncluded Cvathea, Hemiualla, and

Alsophila undoer Cyathnaceae, but placed Dle onlq wnder

Polypodiaceaas .

Progrese in the taxonomy of these plamts in the periad
followving Presl's wvork was ulow. ‘fhis was due to the xact
that éurlng this p@ried the ﬁrauping of f@rns vag based

mainly on the characters of the qorL, sporangia and the
indusis, venation of the fronds, vhether the fronds were
adhorent or articulated with the rhizome.  With the
ﬂoo@pténce of - the théory of evolution as a basis for
systematic work, Christ (1897) made the first successful
mttempu, men tioned abova, 10 group these‘ferns unéer the
Cyatheaceae, after studying the charvacters of the whole plant.

Both Diels and, a little later, Christensen (1906)
included Balentium (=Culcita), Diokéoﬂia, Cibotium,

Thyrsopberig, Cyathes, Homztolla, and Alsophila in'a single

family, the Cyatheaceae., Phis arrangem@nt was widely
accepbed for o considerable period. It was, hovever,
ssrongly criticised by Bower, who, in his Filicaleg, vol. II,

divided the Cyath@acaae 2.8 recagmi%ed by Diels and
Chrisbensen into two families, the Dicksonisceae, and -the
Cyatheaceae. He subudiviéea the Dicksoniaceae into three
Sub-fomilies: i, Thyrsopterideae (Thyrsopberis);

ii. Dibkﬁbnie&eﬂ(Balantium, Digkaohia and Cibotium);'and
iil. Dennstaedtiinae (Denngtacdiia, Microlepia, Lepholepla,

Jaccoloma and Hypolepig). Three genera only - Cyathea,

Alsophile and Hemitelia - were placed in the Cyatheaceae.

The svidence on vhich this.soparation of the .
Dicksoniaceae from the Cyatheaceae is based is outlined by .-
- Bower (LoC. Cite, D.236), The greét@st welght ig placed on
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the position of the sorus, a feature which had led him to
recognise two distinet phyletic lines in the ferns at largo.
These wore the Marginales (with marginal sori) and the
Superiicialos (with superficial sori). The former series
led from the Schizpeaccae to the Dicksoniaceae; the latier
from the Gleicheniaceae through the Protooystheaceae to the
Cyatheacoas,. Other constant differences bebwveon the
Dicksoniaceae and the Cyatheaceoas, such az occur in the
general anatony, and dermsnl appendages, are also stregsed
and Bower coneludes thatb "The'diff@rene@ lopves little doubt
of the propriety of separabting the Dicksonilacene from the
Cyathoaceao®,

Christenseon's later schome of classificeation (193%8)
follove that of Bower in recognislng the Dicksoniaceas and
the Cyatheacesne as soparate families, Hig Bub-division of
tho Dicksoniacese ig, however, different, only two Sub-familics
being recogniged - the Thyrsopteroideae (Thyrsoptoris) and

the Dicksonioideae (Dickasonisn, Cibotium, Culolve (2 and
ity -4 9 #

Cystodiwn (?)). The content of the Cyatheaceae rewaing as
o <.

in Bower's schome,
sopeland (1947), did not recognisme the Ffamily
Dicksoniacone. He included Thyrsopieris., Dicksonia,

Gibotium, Culeits in the fawily Pleridaceae, an exiensive

family including also the Denustaedtis, Lindgaya, and Pherig

BT

groups and all the Gymnogrammoids. Ho recognisoed seven

g

genera - Lophogorio, Amphidesmiuvn (= Metexya), Ovabthes,

Irichoptorig, Cnonddaris, Gymnosphera, and Schizocasns in

Cyatheacene,

Holtbum (1949), supported broadly the systematbic scheme
of Bower, and derived the Dicksonlaceae from the primlitive
Marginales, though not theough the Schizaeacsae, while
Cyatheaceao was derived {rom the primitiV@ Superficiales

vhrough Gleicheniaceae., | He recognised Dicksonia, Cibhotium,
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‘ , . 6
Gy gboﬁanmq and Thyraonumrzx umdev Dicks Qniacﬁaa, bu niucad

gulcitn in the iamlly Denngt neétimueaao ne ﬂid n@L menum@n
any gon@vo um@er Cynth@&cmaag and wrate “1 uaa f@rm@rly
“the custom to. raeo i 50 gonara based on presonce or abmnnc@
of an indusium but these genera are artificial. (Groups of
mpecies basod on ﬁﬁh@f”@har&ﬂtﬂrﬂ'(SG&l@&g obe. ) have for
“the most part not vet been successinlly es ﬁbljshaﬁ“ He
arprosaed ohe view that much more information ig needad H0
estoblish o really phyletic scheme. He thought bha b gam@
rectors not mentioned by an@r-may bO'xmpgftant in phyTétjc
sohemes, ond further that different sebs of factdrs may be
the glgaificont ones in éiffﬁrmnﬁ'graupSfof TOTNnS.

| Holtbum (1957) ncceptod the Cyatheaceae as dolimited by
Copelond (bug éxalu&img hophogoria end Amphidesnia) as'a

napturel family. Ho maintnined, however, hiz objections to
the generic growpings suggested by Copelond and most esviier
vorkers, weg&r&ingnﬁhe criteria used os ﬁns&tisﬁa@tgry,. |
He suggested that guah‘g@neriﬁ sroupinge should be replaced
hy a division of the fanlly into Hwvo groups, possibly
sub-genere of Cyathos, on the basis of senle charactors. -
Specles with setiferous sc ileﬂ~(figo 5 ) should ho placed in
the Spheeropteris group, those with flabelloid sceleas
(£ige 54 ) in the Gymnosphoors Aroup.

1% may be noted that neither of tho wwo new femilios
of Bowor hovo remained stable. The two genera of
P“@ﬁ@ova%hmwaaﬁw, hophogorin, sud Amphldosnils, have been

, rebm?n 3d to the Cyatheaceae in HQ@O of the later
closgificntiong; bub Dicksonin, Cibobtiws, Culeits, end

: ghyrﬁagﬁeriag wh;ch hav@ been separated from the Cyatheaceae

as members of the Dicksonisceac have nevor been returned b0 .
its  The subthors vho do not accept Dicksoniaceae, na

Jimv ved by B@war elther in whole or -in pavé, uni @’Qﬂ@“@fi.
more of the componanb 5enor& wi th genera from tho
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Polypodincenc, gong. lab. in one of the neweyr fomilivs.

The above brief outline of the spysiemabic vicissitudes
of the forns associabed with Dicksonia on the onc hand and

those associobted with Cyathes on the othew, will sorve o
indliaate the difficnlity of the probloma ralsed, Therve ig
flrat the brond problem relating to the relatlonship betveen
the Dicksoniacoae . and tho Cyatheascenc. As shown above, '
the carlior systomatists rocognised these as geparate

foini. .08, Then followed o poriod when Dicel's view, thab
all the genera involved could be placed in the aingle family
Cyatheacean, wag widely accepiad, Folloving Bover, however,
2ll recont writers have reverted bto the earlier view that

bhe Dicksonin end Cyabhesn groups have doveloped along widely
separated evolublonary lines. Regently, however, Professor
Holbtbtum told the writer thait his morphological studies
indlicabe the posesibility that the Dicksoniaceae and
Cyatheacene are more olosoly relabed than Bower thought,

A gecond problem relates o bthe generic grouping: within
the fomily of the Cyathooceas, pgeng. ste. Az Holidbum has
indleated, there is as yeb no satisfactory snswer so thig
problon,

The anatomical lnvestigatlong described in this parst of
the thesis have boen undertalten %o provide data which may bo
of uso in voesolving these and other problems ralged by the
broe forns and thelr allics.
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b

Hig ?1e.w Rcviaw.of,An&tmﬂica&ﬁﬁéfksienaGyath@acéa@k

, xTnhnn&h H@le and &rau l&i& 'he “auﬁ&éiioﬁiaf piﬁms , 4
un&tmmv in the svveabeouth aentury, it 48 not wnbil - “ihe @mrly_sff;
pwr of the oxghtmemih ﬁanumry oh&h any notﬁble cony rlbvozanﬁ,f
Bo Lhe ana tmmy of tree forns are feuna Jﬁ “the 1t@ratur9°wﬂ*f
- “the First imp@ruanu wafk on: the aubJaeﬁ m; Bhit of Link
: (ls£6)§ who repmrtcd he! presenge of a. diqgantxﬁuou rlma'of
woOd @aahombhad by hrawn tiawua in EhP ﬂbﬂmﬁ of the tr@%
 _¢@rns 0&‘3?@&11. 5 SRR o i :

v@n Mahl (lujg) SAVC @ - ialler @boaunt of- tho mﬂatsmy Qt
jth@ mten of ggwﬂh@ and Alsglgiia." He noted the ouber
prﬁﬁmcyive 1uyar& eanmiatmnb of inner fibrous. and ouser
wwfonthMﬁh}us callbg the stele winh V= or Wﬂdh@yﬁd neristeles, -
the presence of emall mﬁduﬁl@ry bundles _the oharaetwr*mtie s
~oarra emen% of - the traces in the pabiola and the ‘connechion
Af'Oi the iﬁternal p@ﬁ;@l@r ~trand w;th the nedwllary sbra N

T A f@di&l ﬁlctyﬂdtijiﬁ Qﬂnﬁltlﬂn in thé stems of gx§§g3m7
ﬁufdm AJRQPhil@ miﬁraahy11a, ond A quadriwinnata .
o chhawar ia) wog roparte@ by K&erﬁn (18ﬂ7) 5”Th@ Loafe

brace. iy ﬁimple in Alaﬁﬂhl3L 1@gi1;nn&ta, but in the ﬁnhafﬁ
1t is divided. . : . ‘

“ N@r&linpev (1859); shated : Lh@t in Balenulum karsbonienwa -
the mh&m h@ﬁ a radial &ictyowt&la. - He famndxa slailay-

¢Gnaiﬁi0n uiuh 1nt$rnalfibrana din Hemlsnlia Lnue&rljgljao |
”dﬁ (1859), ound bhat thp s%omm mf Alg cphtlnv“*-‘

3 o . e

C ilf&lf"nlﬁﬂﬂe

:3,1 bumilc}.z };.ﬁ'iAl emy i B Ay

o flﬁ@@l‘@?&ﬁé&nﬁﬁ‘ff“'a%h@ sboun of Digks Qnim;"‘
skargte | dﬁhiedﬁl, 2 '
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C.¥gloucescong (Co: baromety) the wavy vasoular bundles. ore

arranged in a ring. The marging of theae bundles arce ocurved
outward. In Hemlbtelin, Alsophila, and Cyathen in eddition

to the wavy bundles, which arve surrounded by brown bissue,
there are small bundles in the pith. Thege bundles are
somebimes accompanlied wbyh brown. tissuce. Hawever; in
Alsophile prulnate (= Lophosoris pruinaia) end A, blechnoldos

(== Mebaxye rogbrata),y which are solenostellc, no nedullary

bundles are preosent. The numerous vagcular bundles in the
petioles of Cyathos arbores, Hemitolis capensis, and

Alsophila rodeng ore arrenged in o cheracberistic manner,
ond. some of the iunner bundleg pass through the leaf-gap into
the pith, and sngstomoge with one another, ‘

Russow (1872), veporited the prosence of gum canals and
tannin canalg in the cortex of cyathean stems,

gcott (1874), in his notes on the tree ferng of British
Sikkim, gave a suﬁarfioial account of the stem of Cyatheg
\spinuloaa, Hemibelia decipiens, Alsophila lailebroas,

As . contaminens, A. ornata, A.. comogp, A, andGersonii, and
B! globra. o D

In hig Comparative Anatony of the Phanerogams and Ferns,
de Bary (1877) referred to the previous work, notably to thab
by Mettonius,, and slso incorporated his own obmervations.
In Dicksonia snterciioce, Dickeonia karsteniana, Cibotiun

gehieded, C.. gloucescens, Algophila prulnata, and

T T A

Ao blochneides the vescular tissue ig a flubed cylinder,
perforated by foliar gaps into a veriable number of
merigbteles, the morgins of which are curved oubtwards. In
the majority of the species of Cyathes and Alsophlla, in

additlon vo the fluted cylinder, which is covered by a brown
tlgsue, numerous small medullary bundles are found. Thege
moedullary bundleas originate from ﬁhaafaliar gops and form

» delicwbe nepvork in the pith, while gome of them pess into
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the pebi oléas A@C@npsngjnn the medullary bvnd?@@ 2re .
d?l@?ﬂﬂbhymﬂuﬂmﬁ mhe%thp@ which nay Lhamaolvaﬁ Lﬁlm o ﬁaughlf
nehworke In. gone gpoclon . (@o)a Cyathos 1mrﬁvaua) ACCRRBOTY

d@rtima}fﬁumﬁlas;&ra aleo pregent, In the petiols the
- vascular sbHro ﬂamtﬂ?@'%vzanm@ﬁ in o choracterisbtic manner,
The raam 3%rmatu°a o8 AjgaﬂhiHL ﬂalaemﬁeta B 7a¥]

R

degoribed by “Liachuan, Qlﬁﬁg) CEn bhis -ppecies NURETOUS
cortionl bunaleag which:forn o ﬂ@uWQWRQ arve not conneebed to
-uh@ shele but 0 the 1@@5 %rmc@&e le@@ﬂlﬁﬂ the . nuRerons |
aauu mfﬁlﬂlﬂ- insersed 91 th@ corbical stf&ndaeffﬁﬁe alﬁe"
*ib@& uhQ ﬁtem astrucure - of Dicksonin aquar?m ST
3&91 -(l“ﬁ?)s vhile aﬂawfﬁhing the morphology of Lhm
Cyathﬂma@ump &150 Hoolk &n&@ mGQQ&ﬂﬁ thamr‘ﬂnaﬁmmcnni

pharac CEYHe
By the begl nning of uh@ conuufyg th@&ﬂf@?@g the na La
'ﬁnshﬁmwmnl P@&Luraﬁ Qf the tree. ferns had baon 1nVeﬁt1gata@

in a gederal RENE ‘i- in the §or&&d 3*&@3 .h@ns the vork of a
. fow invesbigabors hag groatly exbended our. knovledge ofb '

theoso plentas. ﬂav&r in mnrtieulw@ nede nany. %anartnnt
Pmn%r&butaons whleh neoed. n@t be detailed hevo- 8&ﬂ?® all uhe
main poinba arm ‘cloarlky &Qt out in Vol. 2 of The Foras (1.926).

Cwyun@wV@ugh L (mqaﬁ) hqd a?rc@dy workad out. the ana bomy 0?
Qabmuium haromno s and the. @aua@@ny 0; Lh@ v&naml&? wjﬁbﬁm o

A‘Sﬂﬁhila e?eaimas Othow c@nt?ibmtiana mﬁéo An the nmwia@
1900« 1926, may: b@ briefly menu%gned ' nr19969 ubhmtéd '

'wuewv&@a tho p regence of ”aa?qa mlevo: %vh&m“ (ur-ua@ggﬂhi&l-
4?@11m5 m uh@y,ar@ ﬂﬁv ﬁ&lTed) 1@ the ﬂP?lJb@lﬁ a?faama

troe forns end also Lhu aqsocxaniea of @%ﬁretnry; i&a vabn _

‘the*yhieen.ﬁ*'Th@ davalapment of. y@uﬂd plenta. oE'Qg%Qgg% and.
Diﬁ?zcnia Uy dameribﬂa by Sb@ph&nn&n in 1907. ‘;ln 1008, ;

hoNz@@L dﬁ&erwh@a th e&v;ey garﬂnahyma which 1& aaa@axaaeﬁ
wlth- the: proy @xylem f@u$an i bhe goui@laf'ﬁrae@ wg h

‘Angghilw eka@wsa, Biakﬁenia ontarﬁtzaﬂ and Clhatium baram@ta.v,
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The pinna iraces of a number of itree ferns vore described
by Davie in 1918,  Williams (l925):de$c?ibed some Toealtures
of the angbomy.of Dickoonis qnttzﬂujv“ ond e SQUATTOHN.

a

~The most inmportant a@dmtiﬁﬂs-uo our knowledge of tree
forn snotomy in the period fbll@ﬂimg the publiﬁﬁ%ion of
Bover's Vol.2 of gggiggggg'ware mande by Ogura. - In papers
published in 1927 and 19%0 he deseribed the anatomical
sbructuro of o number of prancbu tree Forng and gove s key
based on thisg for their. specific determination, Ogura (39 f)
also déscribad the anatomy of two mesozoic tre@-f@rnsg
Cyathogaulils and Giboviocaunlls, whi@hg.altheﬁgh'gan@rally

vopembling modern types, shoved lntcresting differences in
debvall, For instance, the marging of the moristeles
projected invards and root-braces occurred in the medullo,
Another fossll tree fern (Dendrophe ris -cypiheeidos) from bhe

~;vﬁl@anie sovies of Hount Blgon, Boov Africn, was desceribed by

Baneroty (19”’) :~Tm,1952 alaoy Godvin desceribed the complex
vescular arvgngenents in the stem of gyothea medullarig.

T4 is clear from ohﬁ above survey of the liberature thot
‘most of vhe anabtomical i 1gaL%Dns on the Cyatheaceae and
rolated Yerng nove bcan aamccrmed wi th the venayal fe%uure
of the voriable and c@mpieﬂ.vaacmlar gystem of the sgtems.
Tege attontion h&s‘b@@n pald o cher’featureg, such as bthe
detailoed hLSuélcgynof the various btissues, the strueture and
rdevela@mant of she svomata, tho anaﬁomy of the fronds, and
thw'uurtanure and, dovelanment of the dorial. appendoges. AS
Halttum h&b~inﬁiﬁabbdg nore faebh about guch Gatu:@s arc
needed ag o conbribution to the- u@?uowan of. the di“fleulb

| ac@nonea prablgnm presented by those forng,
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Cyathea Smith (1793)

Introduction

The nmajority of the species of Cyathea are tree ferns with
eroct stems, the yéunger part of which is protected by broad;-
chaffy scales. The huge fronds are usually rhomboidsal, mostly
bipinnate or more highly dissected, or, very r&rely (e.g., in
C. ginuaba) simple, and are spirally arrvanged in a crown.

During the early‘stagés of development they are protected by
scales and halrs, the latter being simple or branched. In
gome species (e.gs C. capensis), near the base of the petiole,

there are modified frond-like sbructures, known as aphlebiae.
The veins are free apart from very rare fusions, and the
gori, which are guperficial at maturity, are borne on them or
in their axils. The sporangia are borne in gradate»sequenee
on the hemispherical to globose receptacles, and may have an
inferior, cup-like or flap=-like indugiuvm, oy the indusium may
be absenv,. | Paraphyses are commonly associated with the
gporangia, which usually have stout stalks. The obligue
annulug hag a definite stomium and lateral dehiscence. The
gporeg are tebrahedral. '
Previously it wag the custom %o geparate the gpecies of
this genus into three genera: Cyathea (with cup-like indusium),-
Hemitelia (with flap-like indusium), and Algophila (without any

indugium) . Studies of Smith (1877), more recently of Copeland
(1947), and Holbttum (1954) show that this distinction is quite
artificial, and the present practice is to place all the species
in one large genus (Cyathea, thls being the earliest of the ’
generic names.

The genus in its broad sense, includes about T00 specles
(Chrisgtensen, 1938).



Cyathea contaminans ( Wall.) Copel

Fig. 1

ﬁgc 2

Fig. 4

Tig. 1. Unbranched hairs. Fig. 2. Hairs showing various types of branching.
Fig., 2. Stages in the development of hairs. Fig. 4, Stages in the development
of scales showing uniseriate condition during ontogeny.

(1, 2, 3, 4 c=h, x 50; 4 a and b, x 100.)
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" Cyathes contaminans (Wall.) Copel.

(= Algophila conbaminens Hool.)

Cyathesn conbaninons is one -of the most outstanding btypes,

boing the largest among the tree forns of the Malay Peniusula.
At the mame time 1t is snatomically one of the least

investigated,.

YOURG PLANT

The mederial fovr this investigotion was obtained from the
- Royal Botanic Gard@ns, Kew, and from Singapore, through the
kindness of Profesgsor RiL! Holbttum.

HABIY

The stem of the young plent is erect, unbranched and
oylindfieml with an obeonlieal bhaso. The- lover part of the
gtem is covered with the remsins of petiocles of old leaves ond
wi th numerous much branched adventitious roots, most of vhich
are btoo short Lo reach the soil. Ab the distol cnd of the
stom there is afcrgwn of meveral leaves of varying ages, the
youngey ones showing circinave veruation. The gtem apex and
the young leoves Bre protected by halrs and scalesg in various
atages of develapmént. '

(a) Bpldevmis and Dermal Appendeses

. The epidernis is single layered and is composed of living.
‘cell&”whaﬁe ouber walls are cubinised. 1% is, hovever, shord
lived and is peeled off as the stém.ag@s, “From the young
epidermal layar'ﬂ@%@lmp the scales and hairs. The hairs .are
‘neually unigeriate.  86me of them remsin unbranched with
' either &%r&ight or curved tips (fige 1)s others branch in
various waﬁﬁ‘(fig. 2-33 Developnental stages are shown in.



Cyathea contaminans (Wall.) Copel.

144
1 e

(=]

FMige. 5, A setiferous scale. Fig. 6, Stages in the development of scales
showing omission of uniseriate condition during ontogeny. ( All, x 50.)
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fige 3 o An epidermal cell enlarges radially and divides %0
give an inner cell, wvhich is the basal cell of the haly, and

an ouser call? wvhich, by further transverse divisions, forms
the muliicellular hair, The ouber cell or, later, ony of ils
daughter cells, may form a lateral projeciion (fig. 3,e) which,
laftef boing cut off from the parent cell by o wall, proceeds

50 divide btrangversely. In this way o branched hair is formed.
Further branching of the hair way follov by the same process
(fig.2,¢).

The flat scales (fig. 5 ), consisting of elongated cells,
are pale vhen young, but at maturity become brown. Rigid,
pointed sebtae, which become conspicuously brown wilth age,
develop laterally from the edges of the scales. Such scales
“are referred to by Holttum ap setiferous scales.

A secale dovelops from an initial cell which is easlily
distinguishable by its larger size and denser protoplast
(fig.4s2)s The sgeale initlal enlarges and divides by a
trensverse wall into two daughter colls - the outer and bhe
inner (Ffig.4,b ). The inner cell contributes to the stalk
of the scale and may remain undivided throvghout (fig.6,g )
or may undergo longltudinal divisiong, giving tvo, three, or
more cells (Ffige. 4,h). If there is a longitudinal division
in the basal cell, it always takes place after the upper cell
and its dorivatives have formed a fev segnents. The behaviour
of the upper cell ig quiie variable. At first it may give
rige 0 o sories of cells due to successive transverse
divisions of this cell and ite derivatives (fig.4,d ), and then
both transverse and longitudinal divisions btake place
irregularly, resulting in o gcale several cells in length and
width (figs. 4,e-h). Frequently the upper cell and its
derivabives undergo irregular btransverse and longiﬁudinal

divigions so that the unisoriote stage is omitied (fig. 6).



Cyathea contaminajis ( Wall.) Copel.

Leaf-trace

Leaf-trace

Epidermis
Outer parenchymatous layer
Outer sclerenchymatous layer
Middle parenchymatous layer

c, Meristele
—_
c, Medullary bundle

Root-trace
Inner sclerotic sheath
Outer sclerotic sheath

Fig, 7. Transverse sections of a stem at different levels. ( All, x 5«)



Cyathea contaminans ( Walle) Copel-

Fig. 8. Mucilage sacs. ( Both, x 160.)



15
- TFrom the young stage onvards, some of the marginal cells of

the scale proper form sobiform projections which afe cut off
from the mother cells by walls.:

(b) The Corbtex

The structure of the cortex is variable in the same plant
in different regions. A trongverse section very near to tho ‘
bose of the stem (fig;ia,) shows ﬁhatbthe cortex is made up of -
only three layers. The outermost is a layer of parenchymatous
cells without int@rcellular gpaces and with walls Whieh are
thicker than those of the:ofdinary pavenchyna. = There ig a
gfaaual_transition between these cells and those of the nexﬁ
‘1QYer, vhich are sgtout spindle-shaped fibres. These two
hypodernal layers congii buie the protective tiggue of the stem
after the epideramis has peeled off. The third layer, which
-eompfises the bulk of the corﬁéx, is composed of parenchyma
'with intercellular spaces. These cells are packed with starch
graing. In sechtions cut a few mn above the base, the cortex
‘consista of the same {ype. of tissue, but within the inner
parenchymatous 15y9r, there are present mucilage sacs, which
ey be igolated from one another or,‘mpre often, occur in groups
of two, three or more (fig. 8 ). In longitudinal sections
they are found in irregular vaertical rovs. Often two or more -
gacs unite at their ends and form a continuous tube that ends
_blindly. The mucilage turns violet with H,50, end Iodine.
It also stains a deep blue with methylene blue. A transverse .
section at a higheyr iev@l (figd,4 ) shows the appearance of
patches of sclerenchyma within the inner corbtex. These form
a discontinuouvs ring lying almost parallél to the vaacuiar tlssua
. In a trangverse section at a gtill highér level, it is seen
that the inner p&reﬁchymatbus layer hasfbécome differentiated |
into three distinet layers (figd,e ). . Two pareﬁchymatous layers
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are separabed by o stouk mdﬁﬁ'o? nei@venehym vboua cells, So
in this reglon @hﬁ cortex consists of five ﬁaﬂuin@t layors,
vhich are os follows: 1. bthe ouber ldyﬁﬁ o parenchynabons
calls, iiq\ﬁhe QEQf@nehymoaaus pheath of the sbom, B

iid, ﬂhe‘midﬂla perenchymatous layer, iv. the hard
maler@nahymataus‘eutﬁ‘ shaath - of the v&scngr'Lissus, and Ve
the loner BONE of pavaachymwtauﬁ cells ?mhu,in%@rcelmular
spaces. In this lost ﬂqn@,ﬁharefﬁre no mucilagé soes at this
lovel, but higher up %heyg awyeax numerous mucilage sacs
similar to those in the mi@dla pafwnehgm-taum ZONG , The
sclarenchyna ig separatod from -the ?ﬁf@h@hyﬂm on each slde of
Lt by & layer of shord, alwost ia o&x@u@tria~aellue These
cella axe living, devoid of starch grains aud are poculidr in
having the wall adjacenit to the stleronchyma very sivengly
thickened while the opposite well remalns thin {(soo Tig. 27 ).
Zach of shem conteins o eryotalliine ﬂﬂbuﬁﬂﬂ@@a Ogura (1987).
Cdn hig description of Japanese Cyathea spp. vrofors to theso
Cgells as onbiesd gells, tub decs nob menitlon suything mboud
tholr erysitslliine inclusions. Copuienl vasoular bundlon,
whieh‘hava beon fownd in some spp. of Cyathes, are abseni in

A

ggahhnm Cﬁﬂﬁﬁﬂlﬂ@ﬂﬂ

(@) Tha pbolo

Tha nmhreﬁu hage of %hﬁ vyoung ploanks available fov
i not possgible o

expninabion had alroady daaaye& an that it ig
give o complabs socount of the steler onbogeny. The series ot

e sections which will now be described will, howeve 3 o

adl put - the Gayli& ab sbeges in the dovoloprent

HEONSVaY
C BEQYVE %@'imdiaanm

of thoe characteristic Cyathenn abela.
| lready shov & solencobolic conddtion

v

The lowash secblons & .
‘ aholoe

1@@¥«t?ae@ daparsing from this soloenosiy

which passed pe the abaxial

A LYy ey LT
bass.  Ahe 10rndl

(fige T+  Tho firad
conslsbs af thiroe sbrands, anw of

and Huo ) &h@ yapnial side af mha lond



Cyathea contaminans ( Wall¥*) Copel.

Fig* 9* Selected sections ( arranged in acropetal order )
from a transverse series, showing departure root-traces (r*t

and leaf-traces (l1.t*) from a node at higher level.
- Explanation in the text. (x 6.)



Cyathea contaminans

Fig. 9 contd ’

(Wall.) Copel.

oo



Cyathea contaminans (Walle) Copele

Fig. 9* Contd.
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departg from aneayr the bage of the agsociabted leat-gap vhile

the latier depari, one. £rom bach ide of the gop, ab & glightly
higher level (£ig.Tsb )o This_&ap closes at about the sanc
lovel as the next higher gap is opanung The latter, hovever,

efinltely 0%0?1 3 bhe Sap papsociated with the nexs. higher

dof
leaf and in thisg vay a dictyostelic condition ig esitablished

“":

"i50 T5C Do The succemsive leaf gops in this reglon only
lightly ovorlap one anotvher, 0 thab while some scctione show
wwo gaps, ovhors show only o gingle one. Near the apex of the

young plant the fronds are wmore closely inserted and their
Leal gopg overlap o a greaver exbent so that vhe highewr
sections of the series oll show either two or three leaf gops
(fige T,0)0

The departure of the leaf-traces &t one of these higherw
nodes ig illusgirated in fig, 9 by selected sections from o
brangverse geriesn qrrﬂp red in acropotal order. Plge 9 , A=C,
shovws the opening of the gap in the vascular tipgsue and; ot a
grightly higher lovel, the opening of geps in the scleren-
chymatous shenbha. These flgures also show the ingevrtion of
oot troces, one f?@m each edge of the gap, end the dowavard and
ounbvard pagsage of these. Fige 9 o HeDy shows the depariture of
the two abaxial gtrands of the leaf=frace from the gides of the
leaf-gap and thelr pagsage oubwards into the poetiolar base,
sraversing in bheir path the sclyrenchymatouns nlabte bebusen
the latter and tho siom,. The depariuvre of the adaxial traces
follows at o slightly highey level and the path of these into
the petiole base i iandicated in flg. 9 4 Q=W Above thig
level the lead gap narrovs, the sheaths of the tw merigteles
vwnlte again, and uwltimately the leaf-gop is conpleiely clogod.

In addision to vhe wain stolar gsysbtom described above,
the ghen of Cyathen possesses an eccespory system of medullary
bunﬁlaag the origin and suvrucbure of whiech will now be
deseribed. This accesgsory systen first appears at o level .
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whore the digtyosbtelic condition has been emtablished.

Pige 10 Cillusbrobes tha origiﬂfof & madullary bundle ag a
projection of vascular tigsue from the inner gurface of a
merigtole. This projection then bocomos frec as o meduwllary
bundle vhich, at a slightly higher level, fuses again with the
meristele at the margin of the leaf-gap. AV higher lovelg
(Goe fig;Tﬂiand e ) an increasing number of medullary bundles
form an anagtonoesing sysitem, Jone of these strands aroso,
Like the first one, from the ianer surface of a merisielo.
Othors arose dc novo from cells of the medulla and thus ond
blindly below. dtvands of this medullary systom unite at
higher nodes with leaf-gap margins, often at & level near she
deparibure. of the adaxial leafl-traces. An example of this
behaviour is shown in fige 19 M-0, wvhore two medullary
bundles, wvhich at lowvor levels were running vertically in the
pith, turn shavply outwards and, passing through the. inner
selerotie sheath, uniteé withlth@ merigteles, one to aach glide
of the gap. Jometines, as in this Qxampio, one of the
bundles. becomes free again before again uniting with the sane
nevigtole (fige -9, P-8).

(4) Avatomy of mevisteles and medullary bundloes

The meristeles are surrounded by an endodermis which
congiates of cellg vhich are olongated tangentially and show
cagparian strips on their radial walls. The endodermal cells
con often be recogniged Just below the apical veglon of the
agyven by  their saminiferous contenis, apart from the
charscheristic thickening on btheir radial valls. Beloy this
level they do not show such high tennin content. |

The pefiCycle z0n@ eompriaeé 1=3 layers of parenchymetovns
cells, . The cells hove thin wvalls and do not convain any |
gtarch grains. Each meristele iz a hadroceniric (amphicribral)
-bundl@ vith .xylem surrounded by the phloem.  The xzylem is
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megarch and containg a lot of parenchymg amongst the tracheids.
Veagels are absant,. Sxcept for ocecaslonal tracheids with
helical thickening in the very i1ll-defined protoxylem, the
entire xylem mass is composed of tracheids with scalarviform
pitting. These trachelds meagure aboubt 300 o 850 u in length
and 352.5 to 63 v in breadth. The wall of a scalarviform
trachelid measures about 5.5 u in thickness.

The zylem parenchyma consisis of more or less olongabed
cells placed in verivical series. Their walls are thick and
slightly lignified. Tannin occours in the protoplast of these
cells and impregnates their walls, It often foms small
rounded bodies vhich sometimes fuse into masses in the cytoplasm
and completely magk the nucleus. Whatever may be the
physiological functions of bthese teunin filled xylom parenchyma
elenents, they certainly increase the nechanical suppors of the
plant. The ecoells of the xylen parsnchymna have an average
length of 250 u and bhreadth of 42.5 wu.

The phloem is composed of sieve cells and phloem
parenchyma. The sieve cells ave arranged ond o end. They
are relatively narrow in the young stem and have sieve areas
on all valls. Often the sieve areas are in linear rovs.

A mature gsieve cell vhich is enucleate, has an average longth
of 185 u and breadth of 25 u. The protophloem, which is
bounded externally by bthe pericyecle, congigts of a very ill-
gefined layer of sieve cells, Immediately within the
protophloer layeyr there lies & layeor of cells, uvsually 23
cells deep. These cells are elongated btangentially in a
btransverse sectlon; hence they are cut transversely in a
radial lonzitudinal seqtion'of the gten. Zenetti (1695) found
a similar typé of cell in Qsmunda ond tormed them
fauergestreckie zellen®. Ogura (1927) also recorded the
presence of such cells in his description of Cyathes ogurae




'yathea contaminans ( Wall.) Copele

Leaf-trace

Leaf-gap
@)
Fig. 10

Endodermis
Xylem
Phloem
Xylem
Phloem
Endodermis Fig. 12

Fig. 10. Diagram showing the origin of a medullary bundle (mb) as a

projection of vascular tissue from the inner surface of a meristele.
Fig. 11. A medullary bundle. Fig. 12. A medullary bundle showing

(10, x 6; 11, 12, x 220. )

bifurcation.



Cyathea contaminans (Wall.) Copel

Sclerenchyma

Tangential cells

Phloem

Xylem

Fig. 13# Part of a transverse section of a stem. ( x 83.)
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{Alsophila ogurae Hoyata) under the name Ysangentislly

alongated cellg?, or briefly "tangential cells", Theose cells
are devoid of nueclei, and have aieve'af@asien all wallg
(figeld e In faect, apart from tholr orientotion and
slightly thicker walls, they eve exectly like the normally
oriented sieve ¢ells of the melaphlocn. Aﬁﬁther diatimcﬁion
i3 that the tangential gallsfin this Spaéies are gometimes
Tilled with.mueilaginaug_ﬂub@taﬁees. Inai@@ the layer of
these peculiar cells, li@a the metaphloem. The phloem iy
soparated from the xylem by ﬁar@nehyma; althaugh~s0mgﬁim@a 8.
gieve cell lies directly against a scal&rifoym”tracheiﬁ.

The medullary bundles are more or less circular in
tfansvérae section and cach is surrounded by its om endaﬁ@rgiﬁ
with characbteristic thickening (figsll,lae The pericycle
conslsts of & single layer of parenchymatouns cells. The
bundles are anphleribral, with or withamt~§aranchymatous
tissue in bhe centre. The protoxylem, which is endarch, is
composad of btracheids with helical thickenlag. The metaxylem
consists of scalariform Sracheids ond xylem parenchyna. The
xylem parenchyma, walile that in the nmeristeles, does not show
any lignification of the walls or tanniniferous contents in
the éytaplasmg The phloem of bthe bundles is composed of
sieve cells an&,phloem parenchyma vhich are gtructurally similar
Ho thoge of the meristeles. The "tongential celle" which lie
adjacent to the phloem in the meristeles are not present in the
medullary bundles. |

(e) The Medullas

The medulla, with iis system of bundles described above,
increases in anatonical com@lexiﬁy from the base of the young
plant wpwards. Ab the bamo of the plant the medulla consists
of rather loosely arronged parenchymatons cells with
intercellular gpaces. At this level, muclilage sacs are absent.
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Mucilage sacs

Medullary bundle

Fig. 14. Part of a transverse section of a stem. (x 90.)
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Endodermis

Phloem

Xylem

Cavity parenchyma .
Fige 1

Fig. 15

Fig. 15. Part of a frond showing open venation.
Fig. 16. Transverse section of a petiolar bundle.

(15, x 9; 16, x 160.)
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A feow mm above the base a strand of d@l@rﬁnbhyma appears. in a
contral position, bub, as serial sections show, this seon dios
out and the pith bLecowmos enblrely par@naﬁjnhﬁeus a&aane A%

s6i1l higher lovels bthe pith is difforen tlabed into nareé

diatinet layers (Tig.7,e )s. Tvo porenchymatous zones ars - -
separataed by a layer of sclerenchymatous calls, the lotter
being bthe inner sheath of " the stolo, Muceilage cells, similar
to those in the covbex (fige 14 ) are present in the contral
mess of parenchyma.

,l

AHE FROND S

(o) Bxbtaernal FPorm. The fronds are btripinnaitc. Afber the
doath of the fronds the bases of the stipes persist and form
one of the compononis of the protscting sheath of the steme.
A mature frond of an old plent of this specics is known Lo be
among the largost oroduced by bres ferns. A drond of a young
- plant investigabed, however, measured 0 cm ia length. in

such & frond, the stipe ocoupies about one fifih of ita entire.
length, Both the stipe and vachis are purplish in colour,
- but in sthe young stage. they are glawcous and ave coversd with
seales and halrs, nmost of which fall off abt naturivy. ALvor
the seales are shed, ths cells of the persistont bases divide
acblvely and form thorn-1ike projoctions, composed of elongated
Tibras. [iovever, the stipe and rachisg of o youuy »lont are
not 80 strongly thorny as those of an old plant. The pinnulos
are sessils wlth a truncate base and acuminate aploes; the
mavging are lobed.  Veins divide dichotomously ond are opon
(fig. 15 )«  The texture of the frond is leabthery..

------

(b) Inke vnﬂl _ebructure of the sbipe and vachim.  The

persisbont bases of the series of frenﬁﬁ produced by a young
plant during ivs developnent show an iocressing complexiby of
thol v vasculary supply. The lovosh Bﬂip@ observed hap » single
vaseular stranéfin‘which the vasculax elum@nﬁ“ ars sagreg&%ad
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g.
Pinna-trace
Fig. 19
yir\/
fig. 20
S
Fig. 18
Fig. 21,a
Epidermis overlying
a vei
Pneumathode
Epidermis
Sclerenchyma
Fig. 17 Fig. 21,b

Fig. 17. T.S. of a petiole.

Fig. 18. Serial transverse sections through the frond axis,
between the members of the adaxlal strands and also among the members of the
Extra-marginal origin of the pinna-traces is also shown.
Epidermis on the adaxial surface of the

showing the fusion

abaxial series.
Fig. 19. Stomata in sections. Fig. 20.
lamina. Fig. 21. Stomata on the abaxial surface.

(17, x 22; 18, x 18; 19, x 205; 20 and 21, x I150.)
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into three groups. The stipes of higher leaves show three
separate gtrands, one abaxinl and two adaxiol (fig.30 ), vhilo
thoge of the functional leaves at the top of the young plant
have four or five sbtrands (fig. 17 ). An example of thig
lagt type will be desceribed in detail.

in bransverse section the base of the stipe is more or
legs civeulay or oval, somesincs with twaAlat@ral vidges
(fige 17 )o. The cpidermis.is one cell thick and consists of
living colla. Itg outer wall isg roather thick and cutinised.
In longiitudinal gocction the epidermal colls are much elongated
and recvangular in outlinae. The cells of this layer give rise
t0 seales and halrs similar to those borne on. the stem. The
epidermis is interrupted at intervals by pneumathodes. The
hypodermis is a:sheath of sclevenchymatous fibres several cells
thiclk, The’r&maining ground tissue i parcnchymatous end
mucilage sseg, similar to those found in the stem, are presont.
Out of the four or five petlolar iraces, two are adaxial in
posltion, the romaining onee are abaxial. This arrangenment
is continued into the rachis, but towards the tip the two
adaxlial pirends fuse and, ab a'still_higher«level, fusion of
the ahaxial strands also occurs, 80 that here thers isg a single
abaxial and & single adaxial sbtrand (fip. 18,d). The exbra-
marginel origin of the pinna traces is aleso -shown in fig.18 .

(e) Structure of peblolar bundleg. Petiolar bundles may be

ﬁg V, or Weshaped sbructures (fig. 17 ), the lasgt type
corresponding to two fuged T or V~shapod bundles. The
endodernnl cells of a petiolar bundle (fig.16 ), apart from
their characterisitic thickening in the radial walls, may
contvain tanniniferous substances, colouring the cytoplasm
The pericycle consisgts of one or two layers QfgthinewaLled
cells, The sieve cells of the protophloen form an almost
continuons layor inside the pericycle. In longitudinal
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fkicilage cells

Scalariform tracheids

Sieve cells

Fig. 22. Mucilage cells associated with the sieve cells of the petiole
(longitudinal section). (~ 270.)
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Fig. 25. Longitudinal section of the petiole showing penetration of
parenchymatous cells into the lumen of the tracheids. (x 270.)
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sections the sieve cells of the mebaphloem are very prominent
and form continuous veriical peries. The siove cells are
slender.and elongated and hove pieve areas on all wiklsy
their end walls are usually slightly oblique; - they ueasure
about 360 u in length and aboudt 10 u in dbreadih. Asgocinted
vith the sieve cells, are found several thin-valled cella
containing muecilage. A longlindinel section shovus thav those
“ecells are arvenged in veriical sories, and that the individual
cells ave charvaetveriged by vhe presence of large vacuéles
(fig. 22 ). These cells have an average length of about 150 u,
and breadth of ahout 18 u. The xylem is usually separated
from the phloem by the conjunctive parenchymo. The mebaxylom
is ecomposed of scalaviform~pitied trachelds and o few xylém
parenchyma elements. The lﬁ%t@rw Like those of the stem xylen,
may show th@-presehea of btanmminiforous bodies, but their walls
do not give any lignin vreaction. The lengith of the metbtaxylen
bracheids varies from 3500 %0 415 v, and their diameter from

20 to0 3% wn. The protoxylem is made wp of tracheids having
annulayr to helical thickening. - Ab maturity the proitoxylem
becomes crushed and lies adjacent to 'caviby perenchyma?

(fige 16). ’ ‘

Thae cavity parenchyme, which lies adjacent to tvhe
protoxylem of the petlola, conéi&ﬁ&oof loosely arranged,
comparatively large par@nchymatous cells (fig. 16 ). Tig. 23
shows the penetration of certvain parenchymatous cells inte the
lumon of a tracheid with snnular-helical thickening. These
parenchymatous cells are actually the outgrowths of some of
the conjuactive parenchyms, which separated the xylem from the
phloen. The penetration of those oubgrowiths into the annular-
holicel tracheids tokes place soon after the éifferentiéﬁion
of the protoxylem elements, and isibest.a@anfin & longitudinal
aaation- ol a cirginately cailed fr@udxgrjof a Bip of o
comparativély young frond. Immediately aitcer the peneﬁration,
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pruding }ﬁrcn@hymahovv 60138 bbggn 50 cnlar and
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ho

ultimaboly break thoe valls Gf phie” lﬂfdd@@ bvacheidg Wesulglng
in a protoxylem cav1uv?,TiLlao ulth' vhese TQoqely-arrunnud
eellg._‘ The walls of Lhmae pay on@hyﬁauoug cells ofton attain
0Qns*ﬁerablo thchumsm. in o transverse - -@Qtlon of the bam~
of a %cfy neture. pe$i01 ¢y 1% 18 seeon thab: thcso loos cly

avrenged eells, vhich Que~time]br0ke the w&llahal the
@?QDGYJ1@mg have- disintggrﬁ@ed, deaving ‘ cavity, sometimes

Ulbh CvWémeut& off protoxylen eleuonis uithLu, even uhen she
adjecent thin-valled cells are fﬁum& o be iunCﬁLOQJL and @ait
active (f g,olG Yo These cavity pmranehym ‘cells thus diffarv
from tyloses, which_dcjnot disrupt the xylem‘QXQménts in ﬁhich7
they have developed, but remain ag hall@on4lihe'intrusiona.
Vorious theorios have been postuloted os o the funciiona of
bhe cavity par@nehym& in the ferns. It seems thet the cavity
leﬁt after the dLﬁlnnaﬁwabion of. the. pvatayylom and- invaded
?éﬁenchyma.pexls, acts as a sitore ﬁau e of waber in the pGuLOlﬁA

(4) Poewmpbhodes. Pneumatho@es ocour in discontinuous
TOVs aloﬂ the uwa %Ldem of tha- p@ulole and rachig. -They are
not wewdily scen on young Lronds bub. become ;nureaﬁlnuly
gonspicuous as the. frondsg maturu. oo Lhe region of a young .
.pmeumuuhcée the hygode?mal band  of sclorenghyna is replac@d by
Laronohyma vhich is covered by the epidernis with snamuba.A
The~vbama$a‘ara harb 1ivad. ‘Ag the frond matureg the i
f@nldarmﬁs ”ﬁd“%he qerﬂnchjma o£ the pn@umathadebecome necraticﬂy
anﬁ a8 o “03&7 . of bhid a e@vity Pilled with loosely
fJ}dggrem.neﬁ &eQd vella u&th uuberlbeé wal 13 is xorﬂed. ' ”hi&"Jj
:*{powdery nzs&uo is 1p eantacu Wi h bho llvin” parenchyma of the

:"%;fgravnd ni%uue and‘ hua prevmde% & V@nuLL&tiﬂé channel bﬂf@ﬂfb

tha mCLGTﬁblG hyped fMISo
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g(”)’The l&mlﬂ&.‘; The- Lutin1aed apldbrmal ¢cells on bovh

j3gurfaees of uhO lanina hnvo Uavy anulclinal wvalls (figs. 20, 21)

‘*;buﬁ over uh@ vcina th@y are ol onguted and- huVQ agvraight wvalls, |
Sﬁcmaﬁa @re-prasenb,pnly on th@;dbznial surzac@, and they ocdur

both ovaer the veiné'éna the intervening mesophyll. The |

”meqophylu 15 nab élfievunnzatea, ‘hut the- nall; Are nore Compacht

" on the unper uurfaee than on. thé 1ower, th?@ more conspicuous .

1nuavch3u3ar 8pages are f@uu&. ‘The vraces are call&ter&l in
gbructure. ALl shough lacklng hhe ahar&cﬁorxstle thickenlng
-ﬁhé éndaéarmul cells of the veing ave recognisable by bthelr
-?ﬁahninrcmnténto Th@ traces have proito xylsm facing the adaxial
“gide and phloem the abaxial one. - The phloen, heuevor, is not
‘_vory U@Ll deve?opﬁé.n' Xylem parcnehyma and. mucilane gells are,
hawavor,‘vorg consg pi@uans,i ‘

(£) Thn stono ba. The OVLl suomatﬂ usually have o

subsidiory ce11,~ CThey measufa‘ah@mh 45 by .25 u. . The walls.
‘of ‘tho gﬁaf& callﬁ are unevenly thiek@neazaﬁ& there arc ledges
'*éf éu%{ﬁ; 563 wall ampserial, appoaring aé:harﬁ“‘in Qectiona,
nro&egtlng over - uhe “exvernal Gpaning of the dt@ﬂdb&l pore
(fig.lg,d Yo o Ehg»diifer@ntlntion of- the gtomate was followed
in seetions’a?Vlamiﬁa- oL varVing ases. | The stoma motheé |
calia are e @él]y dSShlnguishable ﬁanﬂ Lhey hav& dengex
'”protcpl&zbu and Marpov nuclei than tho surrounding cells of |
the protoﬁarm.i'fThe nother cell: then divides by an qnn&&l;n&l
'~w31'-o0 give the tuo. guard cells (ilg 19,2)., " The wails of
;Lheq HQV’POOGmO ﬁifierontlally thlﬁkened and cutlnlﬁed, thc_
.%{OUuG% walle ' being Lho most str@nblg thickenod (fig. 19, 0).~
‘“VO]lGUln - the. dlﬁ%OlﬂblOﬂ a[ $he- intereallulmr na terzal between
'”ahom hhe Buo- gumfd cell -seﬁarato to forim the" mtou&t%l pore _
'fﬁfx 19 d) ¢ Lh@ra doeq nob dpp;&” to be any . dexlnltm aequence‘
"in the dciol epmenb of the stomata on o youag leaf and ,“
*5,'§¢aqa¢ntly5var;om d@V@leantﬂl s»ﬁp@ﬁ can ba Qbaervod nGdF to -
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Outer cortex

HInner cortex

Endodermis
~e>1)0 .V

Pericycle

Phloem
o
Yo-,

Fig. 24. Transverse section of root. ( x 275#)
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THE ROQT SYSTEN

The obconical aster of the young plant is clothed with
nuerous, richly branched, voots wvhich doveloped in aercgetﬁl~
gequence o8 the plant grov. The wppermosy roots developed
just below the crovn of funcivional leaves and these, with
others arising just below bthis lével; had not yet reached the
soil, '

The root anatony is gimilar to thet of other advonced
ferng (fig. 24 )o The piliforous layer bears o zonc of root-
haivs Just behind the apex bub in the basal region no rooi~hairs
are presente. The structure of the cortex varies at different
levels.  In the roob-heir region it is entirely parenchymatous
but above thig level the innev cortical cclls bhecome gtrongly
lignificed, vhilc the ouler zone of cellg reowmoin thin-wvalled
(fige. 24 ). TIn the basal vegion of the root the ontiro corviex
ig svrongly lignified.

The diarch svele ig surrounded by a primery endodermis and
a one 1o bwo layoered pericyclo. The gpiral tracheids of the
protoxylem abut divectly on the pericycle; the metaxylen
congisbts of scaleriform tracheids. In some otherwvise motare
‘roots the meibaxylem trachelds remain thine—walled and unlignified,
a8 in the rooil figuved. The phleem is in two grouwps on the
two sides of the bar of xylenm.

The dovelopnent and functioning of the Cyathoan rootb
systen, which iluvests the sten of young planis and the lover
regions of the stem of adult plants, sre not ontirely clear.

It has heen gtated that many of the roots do not reach the goil
and sorve for the abgorpbtion of atmospheric moisturae. Roots
vhich do reach the sgoil serve both for abgorpiion and as
atrut-r00ts supporting the obeonical stem.
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Root-tr
Leaf-t
Merist
Cortex
Fig. 26
Fig. 25
Sclerenchyma
Fig. 29
Cubical cells
Fig. 27
aerenchyma
Sclerenchyma
Fig. 28

Fig. 25. A leaf-scar showing the arrangement of leaf-traces. Fig. 26. T.S. oi

the stem. Fig. 27* L.S. through a part of the cortex showing the transition

between parenchyma and sclerenchyma. Fig. 28. T.S. through a pneumathode.
(25, x 3/5; 26, X 3/5; 27, x 156; 28, x 160; 29, x 5.)
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- ADULT. PLANT

Piecos Qf ayiod 8% ems Gogether withgh@?harium'aheeﬁﬁ of

the. fronun of a@u) )}l.ﬂtm were wade available to the writer

" dhrough sh@ cauvvmng ‘of Profeasor Hed. Lam from- RLJksh@fbarium.
S Phig mansﬁ L u&} coiloeuud in farech 1939, , during the bhird
stﬁau ﬁulﬂf ) po&iuwan of . thu Ame”ican hu&eum of ﬁatur&l stoOﬂy,

Cpu a_aég nee. of wbmuﬁ'4 K s @ubhwhmmu of hcrnha“d cﬂmg,
g Id@}bv h Riverg'mb an. albtbuac of 850 By whcro thls nlwnu wos
‘”éuﬁa ST0 wxng very abunﬁanniy anﬁ vas a conspicuous for ua;e oA 
_‘10w 39511 11n 1or6uu Qn bhe mandy banks of Lhﬁ rLVew"'

THE “mr *;“1?4

(m)-ExtevmaTﬁfea%urego-E‘Thm single &hort ?@ngth of ‘sbem

©x ained eame Eram 2 pl&nt abouu 9 6 m in helght and 12 cm in
,dlqmmbor vndev Lhm_m@ WVon agd u;th_a aio meuer of ovor & meter‘

| thr@ggh thanba&@*ox 8 cgnisél~ﬂasslof &vontitiouw roobs -
covering the stem o the héiphﬁ~of 2‘ma This piaea»allﬁtem,;3
shoved geveral WGa?mscxr arﬂangea 1n o very. cloge &nirol.‘ : 
Thoge pa ?0, 0?&1 Leaf-gears neaaur&pg ﬁbcub 1.4 x 5.2 -cn, are
probected by hard :ale?@tic pl&t»s thr@u&h which th@ remnaﬂtﬂ
of uh° 1oofnurae0ﬁ project. Phoqe b;ace » Varying ;reu 110 -
115 in nuaber, are arrvonged in. & dofinito HANNGT, lormln

5 Frovps, - one of uh13h is &haaiﬁl, vhile-the other two are |
adakiGT in nob1tann (it 25 ). The abaxial group rem@mblogli,3
OR BTGy which 1 u!maqﬁ parﬂllel peR the lawsf margin of the -
glaﬁimacmr Tho on@s 0& this arc bend jnw&rd an& mrojact
dmwnWﬂrd" for a she;t disnaﬂae, Whe adleal traeem are
‘orrwﬂgcd in 8ueh o vay bba Lhay farm bwo groups, 0Nng

‘ rvuenbijng gn 1nverh¢d T (- ) and. ‘tho other the numorlcal fi gire
's@van 1) 5 acing oaeh athar o In @ddmtimn 40 the bundla o
fbrﬁingfﬁhe s¢ HPhroo groups, . thsre are 1@&? cher isniabud and o
iéfegul ~1y ﬂrrang@d h?aga in tho adwxmml g 1@&; | o

G
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Thomae {1886), and Ogura (1927) in their description of
cortaln s8pp. of Cyothen, classiflied the petiolor bundles into
abaxiol and adax;alls@fies, viille Godwin (19%2), in hig
deserintion ofGvathen nodullaris Swv.proposad a differéent and

detalled nomonelabure for them. But nong of them found the
Tour irvegnlarly arvanged btraces in bthe specices they doscyibed.
Ag Boweyr hag pointed oubt {(¥ilicales vol. I, pe 16&),th35"sq%
apporently complox arvangemont was probably dovived from tho
ROTE pyimitivé horse~ghos type leaf-irace in relation %o
inereasing sire of the leaf, The two deep lateral luvolutions
botween the ahaxial and the adaxial geries z@rve clearly related
o bthe pregence of pneunabhodes on the sides of the petiola.

Betvoen bthe leaf-scars, all over the ﬁtém, there are
remnaniys 0f gonpactly avranged brown gsetiterous seales, vialeh
vepomble the seoles of the young planha in all respocis
greepting thelir size, The thorns wvhich arve so abundant on the
rachis and the pebiole do not ocouy on the sbtom. Balow tho
seples, the stom is covered with an oxvronely hard protoctive
£18BUG.

(b) Apatomy. In o transversc gection, the oubline of tho
shon appears more or legs irregular (fig. 26 ). The peripheral
protecbive blssue, vhich mensures obout 1.5 mw in thiclkuness,

ig composed of two alwost equally thickenad layers, the ouler

X

of which is much palor than the ivnor deep brown one. Within

i
tho provechive layer lies the vhitisgh fundanenbtal bissue, with
& varying thickness of o5 « L5 ane A% the perviphery of tho
fuadamental tissue, and in rolation to leaf-gops cut across ab
various levels, nunerous leaf-tvaces with & dlameber of X - 4 nm
arae. found, Those loaf-btraces are surrounded by sclevenchyanstons
sheathe, The meristoler, about seven in number, are arranged
in o ving, 5 - 5.5 om in diameter. Bach meristele is o

U=-ghaped gbtrucbure 2aad iz surrounded by o sclerenchymaitous shooih
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about L mm in thickness. The nedulla, vhich varies from
2.5 - 5 em in diametor, conbains nunerous dbundloes, which appear
as browun dobts to the nakod eysG.

dince the piece of stenm available for examination is a
Rijksherbarium specimen il was noit possible to dissect 1% so
as bto investigate the mode of departure of the leai-traces and’
the course folloved by the medullary sirandsg.’

The detulled abtructure of the variocus tissues is sinilar
in most respecis to that alveedy dGescribed for $ho Wpper pars
of the gtem of a young plant, Tho corbdical parenchymn contdins
miciloage sacs and a very characteorisiic fenbure, already noted
in the young plant, ig the occurrence of a layer of Youbical
cellg" at the junciion between the sclerenchymatous shoaths and
the surrowding porenchymns. In this layer bthe tongential walls
adjacent to the scleronchyma are very strongly thickened and
are btraversed by numérous pitsy the radial walls are thickened
0 a lesser exbent vhile the tangential walls adjaceond o the
parenchyme cvemalin thin (fig. 27 ). These "cubiecal cells”,
although differing somevhat in shape from the corresponding
cellsg in young pleants, possess the same crysitalline inclusions
as the latiter. Another Yeature ocourring in both the aduli
and the young sbtem is the presence of a layer of "tongentinl
calls™ ouitside the metaphloem region of the meristele.

One or two features in wvhich the adult dififers from the
young plant may he mentioned. The endodormis surrounding the
meristeles ip secondary in type ond the endodermal cells do not
contain the boanniniforcous contents go characteristic of the
ondodermis of young plantg. Another point of difference is
the fact thav it proved impogsidble o recognise the protophlemn
and protoxylem elements in the merigteles of the adult.

The medullary bundles are similer in structure to those of
the young plant, They are amphicribral and the rajority of
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Dichotomously branched veins

Fig. 29/A. Part of a frond showing abaxial sori and open venation,

(X 4.)
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them have & parenchymatous central rogion.

THE FROND

{a) Bxternal foatureg. The plant from wvhich the material

vag obtalned is gtoted vo have had 14, thorny, curved but stoutd
leaves, The stipe and lemina of o leaf measured about 66 and
324 om respechtlively. In the living condition, an interiyupied
green stripe was noted on the sides of both stipe and rachis,
which ig purplce at maturity, and has thorng, doveloped from
bases of scales. Often hairs and soales are fownd in gread
abundonee on the rachis even at mabturiiy, ‘The pinnules, vhich
often avtain & length of 15.% cn and breadth of 2 om, have an
acuninate apex and btruncate base. The edges of the pinnules
wvhich are vthin but Tirn, ave slighitly crenulote and heve rounded
apex. The venabtion ig diechotowous (fig. 29/8. The sori are
superiicial and alvays circvnseribed and are arranged in 2 row
near costules, on olther side. Tusiong bobween adjaceni sori
ware never found. There ig no indusium, but, in rare cases,

a reduced scale ig present. Multicellular paraphyses occur
among the gporangia.

(b) Aupbowy of the rachis. in vransverse section bthe rachis

ig oval,. The gingle layered cpidermis conglsts of living cells ‘
with thelr ouber wall thick snd cubtinised. In longi tudinal
section bthese cells arve much clongatbed. Thorng, halrs and
setiferous meales ave bornc on the epidermis, vhich ig oftem
interrupted by the presence of pnewnathodes. The hypodermis

of the rachis is a sheath of sclerenchymaious fibres, 25 - 3L
cellg deep. Below the hypoddrals, lies the fundamental
parenchynatons tissue with intercollular spacas, and & nwobor

of mucilage saCS. The numerowns pneusabhodes, arranged in w0
rows doun vhe sides of the rachlis, provide a channel of
aerenchyme bhrough the sclerenchyma of bhe bypodermis (fige 28).
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Sclerenchyma Petiole with 3 bundles
a
m
Petiole
with
4 bundle
Root m
&
Cortex Stele Outer sclerotic sheath
Mucilage cell Medullary bundle

Fig. 30. Photograph of a transverse section of the stem. (x 9%)
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The individual w tiolar vascular strands, which may nwiber
1310 - 115 at vhe base of the frond, undergo lateral fusion in
the rachis to forwm conbinuous ribbons; but the distineiion
batveen avaxial and adaxial series of strands is mainteined
(Tige 29 ).

Each corvrugaved ribbon may be regardsd as a gseries of Ve
or Weshoped bundles united laterally. The detailed structure
of each of th&ae wai s 1s identical with that of a separate
petiolar strend of a» young plend (sce fig. 16),

(¢) Structure of the lamina. A %ran&verSG necbion through

the lanina shows that the epidormis GOQuLﬁba of a Psnglc layer
of closoly fitting colla, with ouber walls thickencd and
cublniaed. The mesophyll is nob differenbiated, but, os in
the young leaf, it is more compact on the upper surface than on
the lower, The btraces sre collateral in sbructure. The
stomata are on the abaxial surfnce and rescmblo those of the.
young plant. ' |

(d) The sporangia, The spovangia are borne on homispherical

rocepbtacles in basipetal succession. They vary from 2 = 3
o0 = o4h mm and hove an abliqua'annulusg a poorly defined
asvomivn and o short stallk, The gpores ave tebrahedral, and
triangulay in polayr view. Tholr gides are c@ncave and have
rounded angles. The trilete mark is sxmple, and the rays
extend almost to the equator. The exine, vhich is thin and
measures about 1L w, is smooth. MHature spores arc hysline to
alightly yvellowigh, and vary irom 30 - %2 u in diameivor.



Cyathea pulcherrima Copel.

Fig. 31

Fig. 32

Fig. 31 * Part of the stem showing the arrangement of leaf-scars.
Fig. 32. A leaf-scar showing the arrangement of leaf-traces.
(31, nat. size; 32, x 4.)
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Cyvathea pulchervimo Copel.

Cyathea pulchereinma is a very graceiul sree fern wibh

-

horizontally spreading leaves. It often atbtains o height of

56 meters and is very abundent in sheltered moist hollows in
the tall forests of the Cyclops Hountaing in Netherland New

Guinea,.

ADURY PLANT

The material was collected in June, 1933, on the east
slopes of the Cyclops lounteins, at an altitude of 57H mebers,
The material on vhich the folloving account iy based came
from & plant which had & stem measuring 3 cm below the crown
0f Tronds. The latter were 5 in nunber, and were lSO'« 160 cm

in length including the stilpes.

JHE HILM

The stem is erect, unbranched and has spirelly arranged
leaf-gears with projecting leaf-tracen showing btypical
cyathean avrvangement (figs. 31, 32), The spaces bebweon
the scars ave covered with rather thin, densely packed, deep
brown, clongated seales, beneatvh which there is an aexbrencly
hard protective vissuo. Pneumathodes, penetrvating this
gsclarotic tissue, ocour belowv each leaf-gear, protection
against the entrance of parvasitic organisms being given by

the dense covering of sezles. As in Cyothea contaminang,

the leafescors aro oval, and measure aboubt 2.5 x 2 cn.
About 41 - 43 leaf-itraces projecting from a single scayr
show the characteristic arcangement. The two pairs of
odd traces associsted with the two adaxial groups, and the

vraces forming the inturned margins of the abaxial sewmicirels

in the leaf-scars of Cyathes contaminans are, however, abgent

in this specioes,



Cyathea pulcherrima Copel.

Sclero
she;
Cubical
Leaf-trace Endode]
Meristele Xylem
Medullary
bundle
Sclerotic
sheath
Fig. 33
Hypodermis
Mucila,
Sclerenchyma— Med%}la
Cubical cells un<
Hedull.
Fig. 34
Lea f-trace
Cubical Sclerenchy
cells
Fig. 33
Cubical cells
Fig. 36
x
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Fig. 33. T.S. of the stem ( A - E, position of leaf-gaps). Fig. 34. T.S. throL
a meristele. Fig. 33# T.S. of the external part of the stem. Fig. 36. L.S. of

part of the stem showing the trsinsition between parenchyma and sclerenchyma.

Fig. 37. A dissected leaf-gap: overlying sclerotic plate and parenchyma

partially removed. Fig. 38. T.S. of n medullary sclerenchymatous strand.
(33, x1.3; 34, x 13; 33, x 13; 36, x 264; 37, x 2; 38, x 160.)
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- Anabomy

Anatouyioyre 33, vhich represents a transverse section of
the stem, shows that the outline of the stem is more or less
irregular, The peripheral hard tissue measuring about
.5 mm in thickness, is dark brown in colour and surrounds
a zgone of white parenchyma, which is about ,1 - 3 am in
thickness,. The gtele forms a disconbtinuous vring, about
2.3 cm in diameter, and is interrupted by 4 - 5 leal-gops.
The meristeles are of uniform width except vhere the marging
curve outwards. Ag a result of outward curving, the
nerigteles form flattened U=ghaped structures. They are
surrounded by a dark brown gclerenchymatous sheath varying
in thickness from ,7 -~ 1.5 mn. The outer sclerenchymatvous
sheath is a continuous layer, bub the inner one ig interrupted
at inbervoals by parenchyma. The mode of departure of the
leaf-traces can be followed in relation to the leai-gaps
wvhich are cut across at varying levels (fig. 33 ) e These
traces, each surrounded by strands of sclerenchyms, are usually
given off in pairs, one brace from each side of the gap. At
A in fig. 33 1is seen the lowest pair of leaf-traces given off
from the base of a leaf-gap which has just opened; at E,
the highest, i.e. the aﬁaxial, traces are seen, the gap from
vhich they departed having just closed. The gaps shown ab
By Cy and D and their related leaf-traces are cub across atb
internediate levels.

Cortical bundles which have been found in ceritain spp.

of Cyathea are absent in this species, as they are in
Co. conbaminang. The central part of the stem is occupied

by a pith about 1,7 om in diameter. In this region numerous
medullary bundles and isolated sclerenchymabous strends are
pregent.,

The cells oi the epidermis are rather btubular and form




Cyathea pulcherrima Copel.

Fig. 41

Fig. 40

Fig. 39

Fig. 43 Fig. 44
Fig. 42 Fig. 45
Fig. 39. A setiferous scale. Fig. 40. T.S. of the external part of the cortex

showing epidermis (ep), and hypodermis (hy). Fig. 41. A .bristle with setiferous

projections. Fig. 42. L.S. of a bristle. Fig. 43. Unbranched hair.Fig. 44. A
setiferous scale. Fig. 45. An oval scale.

(39, X 17; '®W, X 102; 41, x 21 ; 42, x 108; 43, x 21; 44, x 100; 45, x 100,
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»;aweéntinuous Iayer éxc@pt at the lenticular openings. The
outer wall o I the @placrﬂgl cells are thickened and cutinisad‘
(£ig. 40 ) A% GGF%&LH rag lﬁnﬂ, the epidermis as it ages ig
peel Qd a¢f4,bu% in most of bthe regions it is persisbent.

The sebif ?eus soples are the. anlj apidexmal appendagoes of

the Suﬁmg and prabnhTJ persiast ohrauphouh the life of the
plant.  As in Gyathop coabamlnsn}, these senles are composed

of nuech @jangahod cells wzth thelr long axes developing in
the same direction as the 1en& th of the scale (fige 39 e
mheélengabeé cells ave nodified parenchyna Wi th esnsidérmbleA
Lhwbkﬁnin and Arvogularly distributed pits in their

o 1»1&1 ‘walls.  The B@nifcim projeciiong of tho naPWLn
‘ar&eal hickmwallcé, and dork “brown in colouv.

" The hyp@d@rmis, which is composed of thick-yalled
'par@nchymaiéua cells, is about 4 - 10 cells doep. Thege
cells are radially elongated, and gradually pass into the
noxt fibrous layer, about 24 - 30- ¢cells deep.  The fihres'
are shortly aleng&té,.an& have pointed onds. Tha pits on
their walls ave 5imple and irvegularly distributed. Due vo
wrﬁah dep@aition of li@nxn, the lumen of these fibres ofven
becones VO?J NATTOW. Internally this tissue ondg abruptly,
being lined by o layer of cubical cells with thoir characior—
igtic ilnclusiong (fig. 36 ). NWellwd@veloped plis ore found
on the thickened tongential walls of those cells.  The zone
inside the cubical cells is composed of parenchymatous cells
‘ with‘ﬁnter'ellu1sf SPACeS. The leai-sraces, vhich are
. situnted ab whe. pormph@xy of this tigsue, are more-or less
reniform. in oubline, ond have their discontinuous sheaths ,
 quvr@unde6 by a layer of eubical cells (fig. 35 }. Within
fbhe cell @frthis ZONE nunerouns pucllage s009, elther iaalamad
,0; in Hroupﬁg art Tound, These facs are oval 0 elLiptzeal
'VLn Lengluuélnel SOOleﬂ, and GiﬁDﬁ ;arm blln&, irreg mular rove
due; LO Lho hroﬂh%nb éawn af thm common v&11s Qi two or more
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adjoining 2008, The fibres lying ingide the parenchymotous
sone, and forming bhe outer proteibbtive sheath of the vasculap
timeud, ore exbremely hord and are moro. elongated (ofbon
abtaini ng « 99 hﬁ) thon thoso conprising the iunner layer of
tho peripheral nr@t(guz¢0 bisoue of bthe stems. - The outer
provecvive %h@auh of the vascular btigsue iz surrounded by
& convinuous loyer of cubleal eclle (fige 34 ). The noxt
inner layer of parenchymstous cells ls vory sinilar o the
niddle parvenchymatous zono of she corue“.' In thig zone
also mucilage Sacs ars found., The endodermis surrounding
the mevistoles is of soeondary typo. When the endedermal
cells are breated with Methyl red, the woll-doveloped
casparion ebtrips on theiy radinl walls bocome red, vhile tho
thin suborine lamellae 1lining their inner tangentisl valls
only, colour yellow. Lying internal #Ho the endodormis, and
engheathing the vascular btigsue, ig the 1-2 ¢ells doep
parenchymatous pericycle.  The probtophloen leyor is nob
ovidents bub in some sections an 111 delined layer of crushod
eells ia found., Tangontlal colls are gfesant next o the
~pericycle or the crushod layer ﬂfvaellsgl They are very
cgimilay to those of Cyathes gonbamlnons, bas differ in thab

thoey lack the mueilaginous subgbances, vhich are occasionally
- Tound within the cells of the latter. The sieve cslls of
tho phloen are variable in length, and ofbsen attain 20 v in
widbh. _

The xylam, unich is s@péyaﬁed from the phlw@m by the
canjun@ti#@.paréngnyma i“, Qmpmggd of tlmﬂhaids and paronchyma,
vesgels being abéﬁmﬁ, All %r&ehex&% in o matuve plant show
.Saﬁlavxrermnpiﬁtcd thickeaning, soe that. the Pﬁﬂitlﬁﬂ i the
protoxylem cannot be ascertained. These ur@ahoidr are abaut
2.4 mm in longth, and aboubt 0.12 mm in hfea&nh.ﬂ The wall of
a mature tra cheid wxuh its secondary- bhlak@nxn m@msuyaﬂAabﬁﬁt
12.5 u in thlcknﬁd&.: B
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The hollow pith can be divided into three layerss
Le the first loyer is parenchymatous, ond ig vory similor
in conabrrction and thickness -tdh.: the innermost coriical -
layors Li. the second leyor 1s o discondinuous selerein-
chymabtous shenath on the inglde of tho wmeristele (fig.e 34 ),
and ig composoed of extvemely hard fibres. Bach of the
selerenghynatous nasscs ig gurroundoed by & typical layer of
cibleal cellgy 1ii. the innermost layer of the pith is
parenchymabous.

Pho medullavy bundles, which appear elliptical in
trangvorse sectvion, have no saléranéhymatnua shoathg, and
structurally resemble those in G, conbaminans, Thoe tracheids

of bthe metaxylem of a wmedullary bundle vary fron .2 - 35 mm
in length and 30 - %3 u in brooadth, while thoir wall measures
about 2.5 w in thickness. A medullary bundle either unites
with a merigtele of the ouber ring, or directly passes into
the peviole through o leaf-gap. At maturity o bundle often
baoones «9 K o2 BE.

In transverse gsection medullary strands of sclerenchyma
appear oval or elliptical (fig. 38 ). The poripheral layer
of rather dark colourcd Tibres ig ofben associsted with
cubical cells. Sone sbtrands have regulerly disbributed
cublicol cells, Torming & distined layer, while in others the
cublieal cells are isolated. As shown by longitudinal
soctions, these medullary strands form an anastomosing systel.
A Tibyre of a modullary strand measures about o35 mm in length
and 30 u breadth, while lts wall with irregularly distributod

pite attains a thickaecss of T u.

Loaf=gop

" ina section, parallol to. the surfoce of the stom, o
leaf-gap ie fusiform and varies from §v« 3.5 om in longth,
ond 1 - 1.7 cm in broadth at the widest part, vhich is about
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L em fvom the top of the gap. The bottom % - 1 om of the
gap romaing covered exivornally by the protective tisgus of
the stem, vhile the romalning poart of it ig covered by the
hard sclorotic plate ol the leaf-scar. Mg. 37T shous o
digsected leoaf-gap. The imgediate overlying sclerotic

plate and the parenchyma of the leaf-gep have been pariially
renoved. This digsection shovs btwo medullary bundles
curving oubunrds surough the paronchyma of the leaf-gap, and
pagoling oub inte the petiole vhere thoy ulilmately Join with
other nemberp given off from ﬂhe'margina of the gap. Beforo
emerging from the leaf-gap, they become laterally conunected
yith the oubtwardly turned margins of the meristeles nenr the
apex of the leal-gap. This disgection elso ghows in tho
middle of the leaf-gap, another palr of medullary bundles
separately uwnliting with enother paly of &racos given off from
the marging of the gap to form o palir of combined atrandg.

THE LEAK
n:-\-‘-&:::ml?-kmmmm

The move or lesp rhomboidal, btripimnate leaves hove

gbout, dark bo medium brown giipes often attaining » length
of 60 om. These sbtipes, with deep adaxial and lateral
grooves are covered with a few halrs, and numorous radially
projecting, stiff colwenar bristles with setiform projections
(fige 41 ).  The bristles are longitudinally ribbed ond
dork browa in colour. in croes sectlon, they appear circular
in outline, vhile in longitudinal section, they arc seon o |
he a@mp@séﬁ of much slongated, thiekmwélled parenchynatous
colls (fig, 42 ) Aﬁ'matu?iﬁy these bristles attain o
Longbh of 2.3 ome | ‘ ‘ ‘

~ The modium brown rachises, which often aﬁtaiﬁ a longth
of 100 cm, are ﬁimilarlyfehannglad on the adoaxial and on
lateral gi&@sg and are emvoré@ with columnar setiforous
bristvles, and almost egually ireqrent wnbranched hoirs
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Epidermis
Sclerenchyma
Fig. 46
Fig. 47
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Fig. 50
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Fig. 46. T.S. of a part of lamina. Fig. 4?. T.S. of the rachis. Fig. 48. T.S.

a part of a petiole. Fig.49. Vertical section of a receptacle. Fig. 50. Part

a frond showing the sori on the abaxial surface.
( 46, X 162; 47, X 5; 48, x 200; 49, x 108; 50, x 6.)

of
of
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(fige 43 ), vhite to pale yellow in colour. Intermingled
with these bristles and hairs, there occurs onother typs of
geale, which consists of an oval mass of paronchymabous
cells with laterally projecting sebtae (fig. 45 ). The
mges of colls is whibe in colour, wvhercag their setlform
projecuions are &ark broun. It seems thot these Yoval
sealen” have devoloped by modification of flat setiferous
noales.

The pinnne, vhich are borne more or less ab right englos
toebthe rachis, often attnin a length of 50 e, and @ breadith
of 13.3 cm. They are medium brow, and are provided with
gialks 2 ma o 1L em in length. On both surfaces of the
pinnae, bul only over the veins, numerous halrs, "oval sceles®
and fov setiferous senles (fig. 44 ) are found. The
pinnuleg, which are about 9 cm by 2.2 om, are shorvitly stelked
and are borne in aboub %4 poirs, though the pairs oa eithoer
side of the piona are not exactly opposite. The pinnules
of the second orvder are pinnatifid,

In trongverge gection tho outline of the rachis ig
alnost oval with one adaxial and btwo lateyal indentations
(fige 47 ). The single layoered opidevinls, is o conbinuous
layer, execept atv the pneumathodes. In {rangverse section,
the cells of thls layer appear neayly isodiemotric, and cach
coll bulges oub a little on the surface of ithe rachig.
There ig a thin onticle on the outside of bthese cella. On
the epidernls are borne scoles and halrsg. Beneath the
epidermig is a layer of brown thick<ralled sclerenchyma,.

15 or more cellg deep. Below the hypodermal sclerenchyma
lies the fundamenbal timsue of parenchymnatong cells with
intoveellular gpoces. Within this tissue wucilage saca,
mimil&r«ﬁc shoge of stem, ars often found. The peticlar
bundlos within the rachis unite laterally with one another,
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~*éndﬂ§0ﬁa thrge or four groups of hundi@w; @f uhxeh ono ig
a&aﬁia and the romalning two or- throea ﬁroup@ of bundles
aro obexial (fig. 47 e The detailed abructure of o
»patia-ar4buaﬂid ig woPe or loss ginilar to thai of

Gt @Gﬁbﬂﬂiﬂﬁnu. H@wafﬁr tho muailara“éaﬁlé, which vers
found aonsccinbed with hh& mhlau% 0F G. conbe m&ﬂmns are
absent in thig apscies (Aiﬁa 48 Ve

Tha. @ﬂ@nﬂﬁbhﬁﬁ§ﬁp vhiah nremh the conbinuity of the
epldornig, canqi&t of very loosdly arrvanged’ vhick-valled
ge@lls DX thm hyp@u@rm*wg and comaunieato t&%h‘ﬁhe‘@xﬁ@rﬁﬁf
by, neans of an @pmwzn s ?Guulbjﬁm Tron the-doath of one or
lnﬁro @pimermal ae loe . It i% n@ uoytaiv yhothor ot tho
aarly aba&@mlak-éevﬁl@pmant, the @evoa&hyua 16 uavereé by
en epidornis with sbomata.

gbructurg @f'ﬁhe,lam;nu

AL the upper surfaco of Ghe lamine there is an unbroken -
epidernis @f quy msy&lna& aallr with o thih cuticle (fige 46

'Qvur-nho vainay whe. uyxmarm&E colls are elongabed and
reciangulor, ‘while elt ewu@reyubh@y 2PQ VOrY wavy in suriace
-wiowe lany oval sbomaba, about 42.% x 25 w, broak tho
continui vy of the lowoer. @piﬁermis. Lﬁﬂ?d @ﬁ@ absum 145 of
- phen g@r SquUATe M. Th@y nr@.met &t a l@vul %13
ir}@r than the usighbouring aoli Sy ond %h@; have 1ﬁﬁﬂﬁ$ o
&ﬂﬁlnlwud vaal mauar&al &Evoarlmg ae norng in a.aection,
“The Q&l&@ @x “the 1Qwer Gpiﬁﬂ?mﬁﬁ &re snhaller aﬂd;nér& Vavy
thon uhamu Qf $ho: ada~l W1 urzace. The Lh;chne 5 of the

- laming va@i@g ?@m 1 i abothe velne to o2 min vhere the

;ﬁQQQ@hvll cells are woil &@V@JOﬁoda- Qn. ﬁhp adaxial side,

Bho mcaephyli\a@lls &ﬁtm mn & mawﬁ ﬁaﬁ&inuﬂuﬁ layer of
fyﬁiAwnéaml&hw‘awliﬁ. he ¢x$ ﬁ@&@@h fin bhe aba:ial half

‘Sias he Q&ﬂ yﬁﬁaran@hjma are large. : ?hc vblna ai uhﬁ' endﬁ

ra aallat@rala
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SORE AND SPORANGIA

The recepiacle

The elevmﬁeﬁ, oval 'to hemigpherical gporanglial-
receplacles are borne on the abaxial surface of the fronds,
vhere the lateral veins bifurcate (fig. 50 ). Scalariform
and aAféw annular traeheids supply these receptacles
(fig. 49 ). The menbranous indusia, wvhich are l-cell thick,
are waucer-shaped, and are atbached at the base of the
receptnclos, '

The sporangia

The gporangia are club-sghaped with short and stoul
padicels. They vary from 445 - 49 x .25 = 435 mm, The
annulug ig oblique cenough to pass the pedicel.

Ihe sporeg

The gpores are tetrahedral, anisopolar and yellowisgh in
colour, They are Hriangular in polar viewr with concave
sides and breoadly rounded ang@es. The trilete mark is
congpicuons, and the rays almosgt reach the aequator. The
exine varies from 1 -« 1.5 u ln thickness, and is spiny.

The épines are goft, and oxtend up 50 % u. Mature sporos
neasnre from 50 -~ 56 u, ‘



Cyathea orientalis Koore.

Leaf-trace
Epidermis
Sclerenchyma
Outer sclerotic sheath

Meristele

y //I— Endodermis
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.Phloem
-Xylem
Root-trace v »
0/ A'y—Tangential cells
() Pericycle
Fig. 51
19 Mucilage cell
r Epidermis
/y Hypodermis
scl h Cubical cells
— Scierencayma BSclerotic sheath
Fig. 52
Fig. 53

Fig. 51# T.S. of the stem. Fig. 52. T.S. of the peripheral part of the stem.
Fig. 53* T.S. of the inner part of the stem.
(51, X 10; 52 and 53» x I08.)
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Cyathesa orvientalis Moore.

“Much of the snatomy of Cyathea orientalis, which is an

inhabitant of Java, resembles that described above for
Cyathea conteminbus. Only features of particular

gignificance are described here.

YQUNG PLANT

The following descripiion. is based on a single plant,
collected in July 1959, from the Royal Botanic Gerden, Kew.

The material exemined had a stem about 2.5 cm in length
and 1 om in diancter., Tigure 51 shows the general
annvomical gtrudture of the stoem, while figs. 52 and 53
shovw its debailed histology.

The epidermis consiste of short cells with a ocuticle,
vhich has o smooth oubter surface. The only cpidermal
appendages of the stem are scales of a choracteristic
structure; they form o thick coating over the surface of the
aten, The gcales are flat and consipgt of a central zone
of tshieck-walled, dark coloured cells and wmargins of thin-
vallad cells. The central zone, which congigts of cells
elongated in tvhe long axisg of the sonley tapers at the distal
end of the seale and terminates in o stout seta. The thin-
valled elongated. cells of the wings diverge from the cenitral
Jregiong in a fan like feshion and terminate in short celled
projections, thus.giving a lacerate margin (fig. 54 ).
Narvow setae are also developed from some of the marginal
cells. Prof. Holttum (1957), found &, gimilar type of scale

in Gymnogpheers glabra and gome other species of Cyathes, and
propesed the term flabelloid for this type of scale. The

lateral setae projecting from the soale marging have boeen
' ! N 3 . -y N _§,

noted only amongst the Cyabtheacese (geng. shr.) €.g., on small

soales borne on the costae of Cyathea kingii and on stipe




"yathea orientalis Moore.

Subsidiary cell

Guard cell precursor

Fig. 58

Fig. 57
Fig. 56

Fig. 54
Fig. 54. A flabelloid scale. Fig. 55* Stages in the development of the scale:
showing uniseriate peltate condition during ontogeny. Fig. 56. L.S. of
flabelloid scales showing peltate base. Fig. 57* T.S. ofa part of lamina.
Fig. 58. sStages in the development of stomata.

(54, 55 b-h, 56, x 50; 556 a, x 80; 57, x 170; 58,

Fig. 55

x 350.)
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scales of Cysthes Lotibrosa (Holttum, 1957).

- Development of flabelloid sceles

The developmental stages of flabelloid scales are shown

in f£iges: 55, 56 » Ao initial cell first divides into an
inner and outer ¢oll, - The inmer cell bulges out labtorally
and elongates to form a peltque hair (figs. 55¢c, 4 ), Tho
newly prOJ@Oulng ari Gf Lhe poltahn halr is then cut off from
the inner cell, Tho third division ig tranuverse, and
diVL&eS the inner coll into two cells which then un@ergo
repeated transverse and longitudinal divisions and form the
stalk of the scsle proper. The two arms of the peliate hair
udergo divisiond in all difections; all the divisions being
anticlinal, so that the scale remoins one-cell in thickness.
The short marginhl cells of the flab giéructure, derived from
the armg of the peliate hair, rediate from their neighbouring
olongabed ¢elly to give a lacerave margln. The setiform
prodecbions dpvelap by modification of some of the marginal
cellag, and also of the tip coll. The thickening of the valls
of the central cells takes place at a lote stage -of development.

~ The hypodermal btissue 0f the stem is parenchymaious, and
i very-variable in thiclness. No mucilage sacs are evident
in this layer (fig. 52 ). The next {fibrous layer is also
“variable in thicknesg, ang is limited'internally by a leyer ol
cubical celleg. . The cubical cells, however, foirm a definite
- layer on either side of the ianer and outer smoothAmargined;

bGl@fObiC sheqths of' the wvascular tissue (fig. . 53 ).

Development. of cubical cells

The cubical 00118, which aro defefenhlaued ln the
groun& merisbton, and algo in the pracmmblai ugsaue. are
recognisable eﬁén”in.ﬁh very early suagea of th@xr
’develbpment, when no appraciable thiek&nlﬂb-has bwken place
in their walls, Qﬁér the mrinady éelluldse wall, which
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stains wifhuiadinq,aiﬁer 3reéﬁmeﬁt.withjgmlpburicfa¢id,
'ﬁhéré»is a dfa@u&l d¢position ¢f*seq0udary}ﬁﬁll”mat@rial.:“
In the cquo ol radlal deL éndjalsg_throe téngentiallwalls, ’
the secondary walil maberial. oonsisﬁ& of”béth cellulose and - -
411gﬂ1n, but it canalstm only: of eollulosa in the cose of the
fother tqngentlal whll of the. oubicql cells. The charaOUQr—f
'13%33'0911 1nolwslbns‘are Vialbl@»gpaq‘yfﬁer théAdiffer@ntiation
of these ‘colls.” A% early stages, the nuclei of these. colls ..
are very active, bub in‘the later st&ges;of~d6v@ippment,ﬁhéj ‘
disappoar. | | . |

4 The third and the fifbh layors of. the. corto are
~’pa?anchymﬂtous and. conbakn mucilage smos. :

The Quelo, even alb the. dpparonb base of. hhu sten. i

molene Lelxo, bub it gradually passes into ¢ nyptcal cyathean
.dichyoauelo . The individual merisieles are similar 4o those

of Cyathea cenbﬁnlntns.‘ The endodermwm‘ 9115, apart from -
‘bhomr oharacuer1sble llgnlnusubgrim &epo&ltlna, are '
*weoegnxsab1s by their ecntgnua.. ‘Fhe par@nahym@toug pericycle
is 1-2 cells deap. The prcuophloem Iayor ig not evident.

The Lﬁngenui&l celly form & definite layer,. 2e6_collg in
thickness, | S ' . ‘

Devolopmenh ef banpnnuia1 gells _ .

S The tang thi&l callq dl&ferentiubb wxhhln the cells of
Lhe procambium. » Durxng early uuageg of dcvalopment, uhess _
cells. ar@ noYe. or less cublcal in appearance, They. gradually
olongatc tanbenhxally, and - un@erga a.pvofound ch@nge during.
onhagonv._\.Tthr nub1®i, whlch are very. nzomln-nt during
3Lhe early *tagé gradua1iy dlsintewrmﬂe, bub bhloleniﬂF of”
fahamr wullq abi1l conbinues. Siave areas gcour bebwesn

” vertlcxlly @n& latorally canujmuous cclls. - Thus the
devclopmantal‘stages of Lheso oéLJs are very sxm;19r to

S uhoae of he aieve eolLs of. uhe phloem.
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The tvacheids of the xylem are of the. scalariformapitt@@
"bype, and the pith, as usual, is differentiated into three
roglons. The medullary bundlos originate do novo from the
cells of the pith, and no bundles have been Aound to originate
as intefnal prajgotioﬁs of the neristeles. Some of these
bﬁndles are without any accompanying gsclerotic sheath, vhile
in chers:tbe sheath may dcc&pylabouﬁ halt of their entire
circunference,

THE TRONDS
The sri-pinnate fronds are spira lly arranged, and their

petioles are daxk brown in colour,. Numerous scales btogether
with a few halrs occur on the*petioia, but the hairs becone
dense over the rachis. The hairs are usually unbranched,
but occasionally they way be branched. The pneumathodes are
arvanged on.either side of the petiole and rachis, but they -
never form & conbtinuous row, The primary pinnae are nowb
atrictly at right angles to the rachis, but are glightly
~ineclined., = The Jeaondqry pinnae, however, ave borne slmosh
at right angles to the primary ones. The uliimate pinnules
are gessile, and ohlonamiancso1abe. The lamina ig
corigceous, and is black-green, but paler beneath. The veins
are free, and may be branched or uwnbranched.
Anasony _

The anatomioal details of the ymﬁidlé'are almost identical
%0 those of Cyathea ccntamlnan : The main @if?eTenbeiis |

that the epidermis uovarlng the pneummohode ?éésesses _
_suomab&,.whlch.hre pewszsteni~ﬂhroughoum, ab leaﬁt,in‘the
young pumﬂbS- .“The7ventilating tigsue consistg of very
loosaly arrang@d aor@néhyma}ﬁith a mase of gclerenchymatous
-tissue beneabh. ?he acronchymatous cells of the veniiloting:
‘tissue are usually oval to elongate, and they are unique in
- hoving numerous ll@ﬁilled peg-like projections on their ualla.



Cyathea costalisora Copel.

%

«

Leaf- trace

Inner sclerotic sheath

Outer sclerotic sheath
Meristele
Medullary bundle.

Fig. 60
Leaf-traces
Meristele
Cortex
Fig. 59
Fig. 62 Fig. 61.

Fig. 59. T.S. of the stem. Fig. 60. Fart of the transverse section of the ste
Fig. 61. T.S. of the inner part of the stem showing cubical cells (cc),
endodemis (en), protophloem (pp), tangential cells (ts), phloem (ph), =xylem
(xy). Fig. 62. T.S. of a medullary bundle showing phloem (ph), xylem (xy).

(59, x 3/5; 60, x5; 61, x 102; 62, x 55.)
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Cyathey cosbaligore Copel.

ADULT PLANT

C. cogtalisora is one of the tree=ferns with an

occasional distribution in the foreste of moist hollovs of
Dutch NewaGﬁinea, This fern attains the maxipum height of
4 meters, an&‘bfanmhes from. near the basa, The materiol
for the pregent study was obtained from a braunch having a .
dismetor of 6 em Below the fronds, which were 9 in nuubera.

The stem

The ﬁetfumemrs, vhich are arvranged in & very close gpival
oﬁ the gtem,varé circular to oval in ouitline, and have g
diameter of 2-2.3 omi, . The vertical distance between two
seors varies from 1=1.% cm,, while the horizontal digbance

between thom Lg 0.7 -~ L.L cm. A in C. vulcherrima,- the

'aéaxial leaf-traces, projecting through these scarg, form
shape, and there is no edd bundle betweecn thom, The number
of these traces varies from 24 - 26, The abaxial bundles,
about 22 in number, Form o semicircle with incurved morging
and thus regemble the abaxial group of C. contaminang,

Anatomy

The general distribution of vissuves ig siwmilar to thab
degeribed above for other species (figs. 59, 60 ),

The ecpidermis bears peltatve, flabelloid soales. These
are remarkoble in having superficial as well as marginal
thicks alled unicellular hai rs. These superfieial hairs
regomble: the single verminal cell atv the tip of the cenbral
band of thick-ralled cellg, It may be noved that this
terminal cell may occasionally be brenched (fig. 64 ). The

- presence of superficial hairs on sonles is an unusual feature
in the ferns, bubt they are of uniwersal oacurrence in

Tholyptoris ond in gome species of Cyathen.
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”Ehe aof&ex showy tha, game zonatvion as previously

described species. Cubical cells occur round the
scleronchymatous sheaths of the leaf-traceg and round tho -
outor vosoular shesih. Mueiloge gocs in groups, Qr; vory
rarely,'singly,'eccnr in the parenchymatous zonegs .

The dictyostele shows. T-8 merigiecles and, in rolaiion
to therintervenin@-1eaf~gapd,_bho origin anﬂiguﬁwarahyasaage A
of the leaf-traces can be traced. | Numerous medullary bundkmé,

each agpoclated with an incomplete cylindoer of sclerenchyna,

are present, The structure of the vascular tissuc is very

sinilar to that of C, conbtaminang. The prosophloem forms-a
definite layer outside the layer of tangential cells (fig;:6l ).
These latter do not show eny mucilaginous ﬂontent.and, like
the sieve cells of Lhe metophloen, they are ravher thiclk-
walled. The medul]A?v buﬁdles in the oujer region of the
pith are larger wné IOTe AUMeTous than those occupying £ more
cenbral position, The bundles are mogbly-accompa@ied by 2=3
shrands of gelerenchyma, cach of vhich ig surfbunded by a layer
of cubical cells (f 62 ), o |

The meavila, a8 in gpecles proviauslv d@scr budg ghovs
three zones. ‘ The only noteworithy feabure is the pfesence in
vhe oentral parenchyms of large aggrogations of mucilage cells.
No such aggr@gaticns vere nobted in either (ysithes contaminang

<

or (e nulcherrima.

THE TRDND
The stout stipe, Which Lw medLum brovn in c¢olour,

measures about 25 cm in TGngth and is densely covered with
sealeg, The ¢ oalev near Lh@ base of the étlna are lmrgo but
they gradually beg&m@ smallor and narrover LOU&L&B Lhe rachis,
A seale glitvated near the sbips measures aboub 2 8 cn Ln
lengih and 1.5 em in breadih. - The rachises are also medium_
browm and densely scaly@ Botween the scales are found
multicellular, mbrenched, pale halrs. fhe largest plona is



Cyathea costalisora Copel.

Fig. 63* Part of a frond showing sori on the abaxial surface and flabelloid
scales. (X 7o)
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about 22 by 8 'om, and -is borne almos bt ab right ﬁnéla %0 the
rachis, Unbranched appréssed hairs associated with scales
ave found on the Q&aximl_siae of the ‘pinng rochises,  while
on the abaxial side, only scales, vory rarcely inbteramingled
vith o fewv hairs, are present (fig. 63 ). The penuliimate
sognontd ore pinhstisects. . The pinnules, whieh”aré’adn&ﬁe,
are about 3 by I ma, On the adaxial side of the cosba’
appressed h&ifé“aﬁe‘found,'ﬁhile;the abaxial side appsars
glibrous, The sori are found on both gides of the costa.
They are in' fact borne in pairs on cithor side of the costules
and. on the first pair of veins. ~Somebimes the secand'pair of
uﬁﬁs algo produco sori, Tho indusla are cup~ghaped,: and

completely surround the gporangisa in the yovn stag@.

THE SPORANGIA AND SPORES

The club-shaped sﬁcraﬂgi& have gtout stalks, and vary
from 2% ma %o .5 min in length and 80 - 90 w in breadih.

The spore are an;sopclsr brlangular and hwv& Sufalghu
Yo sllghuly convex sides. Thc trilote mark 18 clear wilth
gimple rays re aeh;ng bhe equ&ﬁor; the angles are blunily
pointed.‘ ‘Exine'is smooth, pale-yellow, and about 1w thick,
The matureispores are about 35 u across.



Adaxial surface

Indusium
Fig.65 ,a
Indusium
Fig. 65,4
Indusium
Fig.
Fig. 64,b
Fig. 64,a

Fig. 64,a.

Cyathea costalisora.A flabelloid scale.
terminal cell of a ilaoeliold scale.

ment of indusia in V.S.
indusia. (64, x 50; 65, x 250; 66,

Fig. 65. C. dealbata.
Fig. 66. C.

Fig. 65 b
Fig. 65,0
66 ,a Fig. 66,b
v — Epidermis

"X'"YS£1Ti”Mesophyll

AIndusium

x'"Maw"”,

Fig. 66,0

Fig. 64,b. C. costalisora. A
Stages

'ifl "TfTy éiop-
capensis. "Stages in the development of
a-b, x T20; 66,c,

x 85.)



Adaxial surface Adaxial surface

Indusium Receptacular primordia Indusium
b
Receptacular primordium Sporangia

Fig. 66/A, Photographs from slides of Professor F.O. Bower.
a, Cibotium schiedei. Vertical section of a young sorus.
b, Cyathea dealbata. Vertical section of a young sorus.

c, Gleichenia sp. T.S. of a young lamina showing the inception ofthe
receptacle on the margin, but very close to the abaxial surface.
d, Gleichenia sp. T.S. of a comparatively mature lamina showing theabaxial

position of the sporangia due to growth of the marginal tissue.

(All, X 55.)
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DEVELOPHMENT OF THE SORUS TN CYATHEA

The developuent of bthe sorus was studied in Cynthen
doalboti. in thig 8p., the mature sori awve borne.on ithe
abaxlal suriace of the frond. The recepinele is more ov
legs hemispherleal, and it boars spovangla in strict hasmipetal
gucoesslione The sporengla are protected by a cup-like
indusiuvn, '

Barly singes in bthe developmont of ithe sorus. can ho
gtudied in the stlll tlghtly circinate pinﬁulaa At Tivsts
the mavgin of the embryonice pimnule becoues more ov less
flationed, and noon it becomes, as seen in a voriical seebion
of leaf, a throc-lobed gbruchbure (fig. 65,2 ). The adaxial
lobe Torma vhat appears o be o conbtinuaition of the lamiann,
and develops ot o much fagter rato then the other tuo lobesg
(figs 65b), The middle 1

and uliinately dovelops into the recepitoclo, Any puperficial
f

obe quickly bocomes conicgal-in forva
cell of the recepbtacle may devolop into an initial cekl,

wvhich may glve vige Lo a sporvangium by obligue segmentations,
or wmay dovelop into o thin halr. Bower {(1899), has describod
the position of this rocepbacle as superficial from the very
indtiation, but during early stages it geemg that abt least, in
cerialn coges, the initiation of bthe veceptacle takes place

at the mowgin (flg. 66/40, and that abt thia sioge tho young
Tertile Trond is clogely similar to that of Cibotium scheidel,

in which the initiation of the recepiacle has been dosceribed

by . Bover (1899) as stricvly morginal. 0 eourse, due o

very rapld vose of growbh of the adaxial lobe, the receptacle
very soon appears as superficial in position. The abopxinl
loba soon after its differentiation appears ag o nere ilap,

but by subsequent elaboration ib @@#@10@8 into the indusiwm,

Aa the frond ages, the indusium. oxtonds labverally and forms

o sauncer-like structurs (figs. 65,b and ¢), vhich later bocomes



50

cup—ghaped pnd eovontually overarches the hemigpherical
receptocle (fig. 65, a).
)

Pirg. 66, e, shovs a btransverse soction of pars of a

fertile frond of Cyathes capensisg. The recepiacle, which is

aupplied with vascular tissue, is more or less circular and
bears an inferior scale--like indusium of variable thickness.

In somc exanples the flap-like indusium terminotes in
a number of hair-like segments (fig. 66, b).
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SUMIARY

1.  The stems bear eiuhor sotarerous or flabel1eld ucﬁibﬂ;
~the former - dovelop irom a imple haidrg, the 18000f fron pelitave
ones. In no6 species do both Lheﬂe types occur togethers
However, .other types of -gcele msy ocour in addivion to either
the petiferous or the flgbelloid owes. . For instance, oval

goalog end stout bristles ocour in Cynthea pulchervims.

2. The stem is dictyostelic, and always has numerous
medullarylbundles; The meristelss are always prot@cte& by -
»ﬁclaroﬁid‘sheamhs, bus she medullary bundles may or nay notb
be protected by suoh sheaths.

Be Gubical cells with“characterisﬁic inclusiong are present
in the pith, and also in the cortex. They generally form a
single layer round magses of solerenchyma.

4 angenuiaT cells are always associantod. Wi th phlcaem9 they
may or may nos cantain mugilﬁgﬁ.

5. Mucllagé sacs are present in the stem and also in the

peti
wi th Lhu phloen of the peticlo.

#

iocle. = Bubt they are not always preseni in association

6. Numerousg vascular sbtrands are pregent iﬁ the petiole,
and they form typical 7 shape. Scales and hairs which nay
be branched or unbronched, also protect- the young petioles.

T dori, vhon mabure, are ‘bazlal in pgs:tien.;‘

8, Dven where the indusiuﬁ ig a cbmplete cup -at maturiby,
it develops from a simple fldpwllk@ suruccule, and is inferior -
on a round to hem;spherlcal reaopsacle.

9, Thao poranglw &Lw&ys show an oblmqu@ annulus and lateral
dehisgcenca, and the spores are betrahedral with trllote mark
The exine of the sporem may be smoo th or splny. "



10 Baech of the gbtomata on tho abhaxial side of tho loavoes

is veually survounded by o single opidevmal coll, and the

walld soparating the guayrd-coll mothor-cell from lis sister

t23

cell (i.¢. the subgidiary coll) is almost elliptical.

52
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picksonia L'Heritier (1788).

Tubroduction

The members ei th% genus are %rbareﬁeenk. Both stem
qnd atipe are a@nuely covers& w1th slmﬁle halrs, acalc&

"_)being abaent. The trlplnnate fronds are udually rhﬁmhoidgl

in cutl»ﬂg, and ‘are large in size. The ulbinate pinnules are
dimorphiﬁ, the l&ﬂina of the fertile ones baln &1ightiy o
convracted or nanting. The costae of the ulttnate pinnule&»
are raised on the adaxial surface, and the veins are freé.

The sorus is marginal and iz borne on & single vein.
The recepincle ig flat and develops sporangis in basipetal
guccession. The latier are protected by a hiwvalvat@
indugivm: -the upper valve is very similar to the Llamina,
vhile the lower ¢ne ig hard and different from it. The
aporengia may be'longéstalked and have a emﬁépicueas obligue
annulus,. The spores are tetrahedral.

There axe about 17 gpecies in the southern hemisphere
(Christensen, 193%8).

Dicksonia squarross 9w.

Do squarroga-is o tree fern of New Zealand, and Chatham

Tslond. The small stem oxamined was 4.5 cm acrogs, and vag
collected from New Zealend in 1925, Fronds were obbtained
from a plant, abeuo 4o nebers hlgh, groving in the Boitanic
Garden, Gladgow
THE RN ,_

The unbranched stem has a ¢overing of old persistend
leaf-baneg. lMany adventitious roots emérge from the pevioles,
but most of them fail to reach the soil and form a tangled



Dicksonia squarrosa Sw.

Hair

Parenchyrn

Sclerench

Fig. 67

eCubical cells Cubical ce

Fig, 68
Fig. 71

*Endodermis
Pericycle

Tsingential I

cells
Phloem
Xylem Cubical cellf
Fig. 69

Fig. 67. T.S, of stem. Fig, 68, T.S. of the peripheral part of the stem.
Fig. 69, T.S. of the inner part of the stem. Fig, 70. T.S. of a mucilage sa

within the peripheral tissue of the stem. Fig, 71* Part of ein equisetoid
hair, 67, x 2.5; 68, 69, x 152; 70, x 50; 71» x 150.)
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mass over the sioem.

The gtenm and petiole bases are clothed with simple
wnigeriate hailrs vhich form a densge mass over the gurface.
The leaf-bases algo bear dark coloured, much siouter and
longer hairs seabed on multicellular OMETHEONCEH. Both types
of hair shov the "egulsetoid" condiition resulting fron
frilling of the peripheral regions of the btransverse gopia
(€ige 71 )

Ana oy

The gtem in cross section is neavly clveular, bubt it hos
an irregular margin (fig. 67 ). The pevipheral protociive
tissue, which ig hard and browm in colour, varieg from 2-6 mn
in thiclkness. Within the peripheral btissue ave found numerous
irregularly arrvanged hysline islebts of soft tissue. Nexb to
the peripheral zone is & hyaline layer of soft Hissue about
1 mm in width. The corrugated vaseular cylinder consists of
4-6 meristeles, which are either U or W-shaped structures,
and are protecited both externally and internally by bands of
solerenchyma. The loaf-gaps are shori and {he numerous
leaf-traces Lo each leaf depart from the gap wsrgins,  The
centre of the gtem is occupied by hyaline soft tissue and has
& diameter of about 1.5 cm. Within this btissue, espscially
tovards the periphery several isclated brown patches of hard
tigosue are found, No medullary bundles are present.

The peripheral tisesue is composed of two layers of colls,
vhe outer boing parenchymatous, wvhile the inner one congists
of sclerenchyma (fisz. 68). The outer margin of the
pavenchymatous zone, which is about 4-8 cells deep and containg
& 1w irrvegularly distributed mucilage sacs. There is a
vraansition bebween the cells of the first and second layer,
Sometimes there is so mwuch thickening in the walls of the
ovber zone due to deposition of additional material thabt it
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bhecones imﬁ@ssible in & Stransverse section to distinguish
the cells of this layer from thoge of the next zone.
Hovever, the distinction becomes evidend in o longlitudinal
section. “_ | .

'the second laver is about 36-40 cells deap. The lorgost
fibre obgserved in this layer measpured pbout 1.5 mm in length
ond 35 v in breadth, while its vall including the socondary
thickening. wag T w thick. Iglets of paronchyma are found
irregularly distribubed within this zone. These pavenchy—
matous masses contain one to several mucilage sacs, and are
surrounded by a layer of cubiocal cells wlth the characteriptic
inclusgions (fige TO )e The séconﬁ layer, unllike the firsi
layor ends abruptly and ig delimited by o layer of cubical
colls (fig. 68 )« The next layer is compoged of parenchy-
matous cells vith intercellular spaces. ﬁumerous‘mucilage
sacg, usually igelated, ococur in this layer. Ofton, depariing
loaf-traces, %hich,app@ar reniforn in transverse section, are
seen in palrs in the protscbive or in the third layer. The
fourth layer of the sbem consbituisesthe outer protecitive
sheath of the meristele, and is composed of sclerenchyns
fibres. On oither side, this layer ig dolimited by a layer
of cubical cells, The nexs layer is p&ranchymétaua and haog
intercellular spaces (fig.69 ). This layer is alme b
miform in thickness and containg mucilage sacs. The cells
of the third andlfifth layer contaln numerous starch grains.

The meristeles are surrounded by endodermis and the
paricycle. The cells of the endodermis show Casparian
gtrips and have thickening on both inner and outer Lengenibial
walle. The periecycle, which is 24 colls deep, is parenchy-
matous and often contains ressrve food material. Ag in
Cyathoan, bthe meristeles are amphicribral bundles, having the
xylen surrounded by phloem. The latter congigis of clongatled
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sleve cells mnﬁ?TQW'parenehym& eloenenta. The sieve cells,
which have almost transverse end walls have gieve areas oun -
all vallas. - Distinction beiween prﬁﬁe and‘meﬁayhlaam“is not
pogsible, bul. adjacent %o the pevicycle, several layers oF
sangential cells ave prasent (fig. 69 ). The conjunciive
~parenchyma ig usually one tﬂlﬁwexc@lla in thickaesgs, bub
gometines a siove cell lies direcily next %0 a bracheid.

- The xylem consists of sealarifomm. tracheoids and xylem
pafenchyma, and noe annular and gpiral tracheids are found.
A sealariform bracheid haﬁ_a length of about 2,95 mm and o .
breadth of 80 u, vhilo its wall including the secondory
thickening measu?eénahout 10 u.

The pith is paronchymatous and has inbercolluvlar BPACES.
Mugcilage sacs, compavabively few in number, arc algo found in
the pith. Ag in the cyatheas, the lnnoer vascular sheath
ig differentiatod near to the periphery of the medulls and
follows the corrugations of the stele. Patchoes of sclerenchyna,
surrotndod by cubical cells are found egpeecianlly dowards the
peripheyy of the pith,

THE_FROUD

Usually more than 35 rhomboidal to oblong-deltoid fronda,
yhich ar@_tripiﬁnaté, ara)fdumd‘in a véry cloge gpiral at the
top of theqylan%. | The.yaung’frén&a shov ¢ircinate vernation
and remoin covered by demse hairs. The sblpe is chesbnut

" brown in colour, and méasurea about 90 cm in 1éngth. ~ The
rochigs which is aaap‘bréﬁn tovards the bage and gra&ually
becowes light broun towards the apex, measures abous 60 om.
The gterile segménta are voothed, The texture of the frond
ig rigldly leathory and th@ veing are frea. Both the adexial
and ohaxiel sides of the lemina are groen.
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m,A
Mucilage cell
.1=n
Fig. 72,b
Fig. 72,c
M
Fig. 72,a Fig. 73
oubsidi
Receptacle
Indusium
Fig. 74,a
Fig. 74,b

Fig. 72. Dicksonia squarrosa Sw. Transverse sections of a leaf-axis at
different levels (a, extreme base; b, middle of the rachis; c¢, top. of
the rachis). Fig. 73. D. squarrosa. L.S. of a part of a petiole. Fig. 74
2* scMuarrosa.a, Stages, in the development of stomata; b, mature stomata,
“ig. 73. D, antarctica. V.S, through the receptacle.

(72, X 2.3; 73, x 83; 74,a, x 300; 74,b, x 160; 73, x 100.)



Anauogx\: ' : A S y ‘ :
in 3?0%3 scetLon na&r tho base,~nho sblpe appeafs i

“”,-eLfQHTar'Lﬂ ouulwne wmuh a small rlﬁg@ on tha adayxai Ulde.

 iLhu pngphcral tiazu& i hafd, ala i enclases uhO pﬁrenchyma B
SAn whlch 1eaﬂutrasem uumbarinn abaut BOm 25, 8?8 foun& cmb*aded.r
g;LhLuﬁ ur&883, as in O athcd, shou 0 T 7 ahapﬁd arfangehanﬁ '

7 The . Lndmvxduul'traces are. nore cr leoss rCFlfom, and -

”OPGQSAGnaLIy o ne;ghheuriﬁw Lr&ces upite laterally to form
Y &_:haped sbructure (fige 72,2 ) ‘7* Boch'of the ieaxw»raaea

ig ufr@undcu by selcrﬂnchyma. A transverse gecbion ab about
the mxdd10 of the rlcnis ‘ghows that all the lwazntracm; unite
Alutera1ly to. f@ﬁﬂ dingla gavrugatcd ﬁb?and, wvhich h,gwonly x
nh@ inner- p?ObGGLlVP sheath (fig.72 b Yoo ‘Ainother gection
ne&r Lhe Hip ef nhm raehlm &haun bhat the vavy 8t ructuf@ has-
-lasu Lh@ Anner protactxvo ghoa th~a voll (fig 72 c ),

‘ 1n ourface vieu the opidormal‘ge1ls of nhe patiole are
Fcebangular in’ eutlinaa.' The suter wall ie haavily euuvnlaaa
~ ond Q;&.%tomava are abs ant._ on o - u¢aes of the peb 1910,
the epiderna 2 gontinuity is brokan by bhe pn@umathudas. - The
Aey&de;mis bea?u unimer1ahe, unbranched hairs, which rasembla~A
thaa@~ofi§ﬁé:$ﬁﬁm;w' ‘The. hypodornis is 0cl3rcnehymatam and
is about 15 or nore cella doep. uectlcn through the |
pneunathodes. shéw thdt-ﬁh@-ﬁypaﬁermal ﬁclerunchymﬂ ig replbcad
- by hx hlj ventllated, 1ocsely arr&nged calls w;nhcuu any
Uaolly ngmlfied outgravthu, and eevereﬁ by thb apLdermL
vxth.atamaﬁw._ mumerauﬁ mueilage sacs are founﬁ within the
Loells of “the fuﬂﬁaman tal bissue of the petimla.~f‘Thene sp.ce

*u%a&Ely ogour, smnglv, but it agpra&uted in graupg, their
'cammou wa 113 rumain intactg frequennly, however, neayr ﬁhe
| ’baﬁwl regio& of the potiole, their end wallg;break Qqun to
- fornm a canhlnuaus duch that ends blindly. ‘ )
~_ ‘ The - pebiclar‘bund?os nre- ﬁurr@undgd by the ondode;mlg‘
hnﬂ @ermugcie. The endoﬁeﬁmalqcella uhpw»chaxaaterxshic
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ﬁhi@koniﬁg.an their r&éigl*ﬂalis, but in- addivion to this;
there is a guberinvlamallarcoﬁering the whole inner tangential
valls. In young fronds the’ ondodornal cells show tanninie
f@f@ua ééntenﬁSa' Tho pericycla Lg dwd cells de@p and isg _
shin wmmﬂedu ingide the purieyelg 5 oa lwybr of pvmtoph?oom
éells, whiah are. ianyab@d and narrow. Fex* 50 the pratamfv
phloen there i fg'eiuaer B Hayor'cg pthSﬁ p&renehvmn or & laycr-
of mumila e G@llﬂ, whioh may’lia_nemt to Lhe metaphloen oy |
(lelotal vrabed Lrom bh@ la ber. by a layer of yar@ﬂchyma, one. o
nore - ella ﬁ@ep. ‘ The-gieveicells of the nmuaghlcem are.
a“van?@d end Lo @n@ auﬁ h&vo uheir Qna valls 0h11qm0 (Tige T3 )
Th@ gleve areas are 40uud Oﬂ. 51l wallag Gondunohiva nurenuhyma
mwy hv pregent beﬁveou the cylen and phloem, or OmcasionQTBy
& sieve tube mey lio in diwecu ewnuauu with a8 so alqrx&@xm
'T&@held 'Rarely a. nucllage ce]l in: Eauna in, &S%OQléhLﬁn wi th
- tho uaﬁjunebive par@nvhymaa_ 'The wylem-ln trensverse soction
- dg oihh»r V= Ovr Wﬂﬁhﬂpad s&ruchure agcording ta'%he shapa of
vhe leaf=trace. = Neor the. angmgs of Vm-or lhahaged xylemy
~there are a. few broken annular and mpir@l uracheié89 which
adnstitum@ the protozxylen. .The crushed protoxylem lics |
dircctly ag amnmﬁ'the'cavity parenchiyma, which is couposed of
‘lgamcly arranged naranohvmatoua colla.

In purface viev the epzdermal cellg of the adaxial sido
-of the lomina appear as rectangular cells with wevy wollss A
there aré 1o Stnm&ta. " The cells of this 1 éyer are heavily
Gutlnisn& on. thciv axposed u&Pf&@ﬁ.- The epidermal cells on
tHe abaxial &ide are ainuﬁu &y and ﬂumereus stomato, which ave
-oval in oubline are pfemept (xmgﬂﬂ,b).  The hﬁﬁmﬂb& usually
have their 1ongraxem.lyinw5paraliel“%0 the veing, bub their
fbrieﬂtation is snmewhao vmriable. The masophyll cells arc
gpongy bh?cu houb. ,
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Developnont of stomats

The development of astomate wes astudied in surfeco view
(fig. T4a), A protodern eell usually divides enticlinally
into two cells by an elliptical or half-elliptical wall.

Oue of the daughier cells moy fuwaction ag the stoma mother-cell,
or varcly, before hechaving ag such, may wdergo another
dlvigion simllar to the first ones The nucleng of the stoma
mnother-coll divides into two, ond o wall, which uwsuwally lieg
along the long oxiés of the oval sbtoma mother-coll isg formed.
Froguently, however, thisg wall may lie at vlght angles to the
long axisg eof tho stoma moither-cell., Thore is uswally
congidorablo deposition of cubinised moterial on vhis wall

and the two guard cells separvate to form the porae. Twin
stomate ore frequently found ian this specics.

Sporaggis and spores

The sporangia, which are borne on o ghori rogeptacle in
basipetal succession, are about +4=.45 % 23,206 mm, and arve
probeched by a bi-valved indusiume.

The agpores are betrahcdral, anigopolar, and a sriangular
in polay view, with slightly concave sides. The wvalls are
thick, espocially at the angles, which are sruncate, The
brileto mark is thin and the rays almost reach the cquator.
The exine is verrucate, and is 2-4 u in thickness. Mature
gporeg are about 50 U ACTOSH.
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Dicksonia antarciica Leblll,

YOUNG PLANT

The material used was supplied from the Botanical .
Garden, Glosgow.

(a) * Anatony of siom

A btransverse gection of the gtem, which in the material
invesbigated was about 1.5 om in diameter, and a little over
4 em in length, shows that the anatomical detalls of this

species are almost vhe same as those of Dicksonia squarrosn.

In ghorit, . almost all the epidermal cells develop multi-
cellular, uwnbranched hairs. Thege hairs unlike those of
Dickgonia squarrose Go not show any equisetoid appearance ayb

the btransgverse sepba.

The hypodermal parenchymatous cells, though thick--walled,
are¢ eagily differentiated from the next fibrous layer. The
latter is not linited internslly by a layer of cubical cells.
The third parenchymatous layer contalns nucilage sacs, elther
igolated or in groups of up vo 15. The fourth sclerenchymatous
layer ig lined on either side by a layer of cubical cells.

The degree of maturation of cubical cells is relatively glovw
as comparaed with that of the neighbouring tissue. The
innermogt layer of the cortex is parenchymatous, snd does notb
ghow any mucilage sacs near the basal part of the stem. They,
hovever, appear near the apex of the siem.

The basal part of the gtem is decayed, and the internal
gtructure is not intact. In the region where the internal
gtructure is preserved the stem is solenostelic. Even a few
mn above the apparent base, the stele is very much corrugated,
and iz bounded by an external and an internal endodermis, the
colls of which contain temniniferous bodles and show Casparian
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Strips. The pericycle is one o two cells deep, bub atb
certain regiong, the tangenitial cells lie directly over ihe
endodermis. 1t secemg certain that young pericyclic cells,
uder certain conditvions, wmay develop ilnio tangential cells.
The phloen is not differentiated into proto end metaphloenm.

The xylen as usual-is composed of scalariform tracheids
and xylem perenchyme, with vhich every pracheidal. element
comes in-contact at some point or other of its surface. TH
has been suggested by Williams (1925) that this close |
association is due to certain physiological ronsons.

The nothod of leafwirace departure has been described by
Williame (1925): it is very similar to that of Glbobium.
bharometz, the chief difference being that the leaf-irace
breaks up in the pevipheral region before it is cut off from

the axial strand.

(b) Anotomy of the petiole

The structure of the petiole ig very similar to that of
Dickgonia squarroso. The openings of the puncumathodes on

the lateral gides of the patiole are covered by epidermis
with stomata and the ¢lements of the ventilating aerenchyma
or crumpled sclerenchyma do not show any lignified peg-like
out-growths as in Cyathea oridntalis.

(c) Anabomy of the lomina

The lamine in transverse soction ghoys a thick cuticle
on both upper and. lower surfaces. The adaxinl epidermal
calls are larger than those on tha abaxial surface, whore the
stomata, each sufreundeﬁ by an epidermal cellg OCCUY. The

development of stomabe is very similar to that of Dicksonia

squarroga.  The mé&ophy*l cells of the adaxial half of the
lanine are most compact and angular, ‘whereas those on the |
ﬂb&kl&l side are oval and loosely arranged.
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(d) Ansabony of the rookb

The opidevmis is singleo layerved and some of its cells
groy out o Form walcellular root hairsg. The cortex isg

differentio ad into btwo regloung: - the outer zono consists of

c!-

shin-valled parenchyma, wher@ag/£§ner zone conglats of thick-
valled sclexvenchyna, formning o firm mechanical sheath around
the central vascular cylinder, The end@d@rui ig single
layereds -tho outer btangential wvalls of the aﬂdoﬁermal‘calls
arve lignified, wvhercas the inner stongential wallg are thing
Cospavion strips ore found on their radial walls. The
pevicycle ig donble layered, and consigis of thin-walled cella.
The xylewn is diarvch and oxarch: ench xylen gr@up conghsto of
vwo protoxrylom end buwo mebaxylowm olementa, and the two groups
are wited with each other by 67 uvndifferentiaved, large,
thin-walled cellks. - Albernabting with the xylem groups are
arropged the phloem naseeg. |

ADULT PLANT

The sporanslie and the spores

The recceptacle, vhich ls marginel in position, is flat
and extends on Lo the adaxisl surfaoce of the lover indusium
(fig. 75 )« The gporangia arc more or less oval and havo
stelks about 190 u long and 30 u in width. The lattor
congist of -5 rvows of cells, 6~8 cells in height, and do
not interrupt the oblique annulus.  The upper and lower lips
of the indusium are not structurally idenitical. - The upper
ong ig veyry similar to the Laming pr@por but ﬁh@*Wgwar one -
congighs of mueh move elongabed and anguwa; cells wish smail
AL T=BPAceT, A Tew stonmabto ocouy on the abaxial surface of
the lower 1lip. o

 The spaféﬁ;are anisopolaory triangulor vith sides alwost
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sitraight and anglesg broadly rouvnded. The trilete mark is
thin and does not exstond vp bto the eguabor, The exine is
snoobth, hyaline, and isg loss than 1L u thick at the sidoes,
hut at least 2 v at the angles. Habture sporcs ore about

B2 1 D0Y0sS.
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‘Sumﬁﬁgg

1. The stoms are arborescent, aud are thickly protected by
maliicellular, wnbranched hairs.

2e = A8 1n Cy abhea, the stems arc dictyOSuelxc, but withous
any medu11afy bundles, _ The. sﬁele ig very much eorrugabed,
and is probected by sclerob;c sheathss

Fe Cublcnj ceJTS are nreﬁant both in the oortex and in the

'

4.  Tangential cells are associsted with the phloem, and
they do nob contain any mucilaginous subgltancos.

5. Muecilage cells arve present both in the stem and petiole.

6. The lemfwtraces are numerous, and as in Cyathea, they
show in tranaverqe section the characterlsbie T - shaped
arrﬂngement, '

To The gori are marginal in position, but the recepitacle
shows & btendency bto slide on to the adaxial surface of the
lower 1lip of the bivalvate indusium.

8. The structure of the two lips of the indusium is
dissimilar: bthe uppoer one rosembles the lamina but the lower
one is different from iv. ‘

e The sporengic have an oblidue snnulus, and the latter is
not interrupted by the stalk. The receptacle is Tlat,

10, The spores, which are tebrahedral and show trilete mark,
have exine ususlly broadening at the angles.

11. The wall gseparating the stoma nother-cell from ibts sisber
cell, which surrounds the gltoma at maturlty, may be eliipsioal

as in uxmgmﬂg, or hali«clllptioal. Twin sbomat are often
found in some spe cles.
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Guloite Presl. (1836). |

Insroduction

The stoms are prostrate, but may be ascending. They
are, however, naver arborescont. The young paris of the
stem are probécted by stiff and coarse halrs. The fyronds
are wsuplly delitoid, eand the fertile and the sterile pinnae
are almost similar. The pinnae are usually borne obquuely
on thelir reap@ctiva axes, ond tho cositae of vho ultimatoe
pinnules are pgrooved on their wpper surfacea. Thé sorus is
marginal in position and is bhorne on o vein.  The veceptocle
i raised and flat, and is protected by a hi-valvaie indugium.
The upper valve isp similar to the lanina proper, but tho
lower one ig vory duzfﬂrany xrem.itq The sporengis, which
develop b&ulpg ﬂTTy on the r@captﬁc1e have on obligue '
annulug and may or moy not he HlL 161y dInterrupted by. the
abalko .. The mpﬂi@g,mlﬁ uo”“whedraua

There are nine species in Lr0p1eal and subbtropical

regiong, one 1n the Avlantic islwndk and south - Spain
.(Chflitenﬂuﬂ, 16 3) '

Culeita moerocarpy Presl,

Culelia m@éraearﬁa s a ﬂ&tiva of Madelrs ﬁﬁ& Auar@gg
ond is 80 ﬁhun&ant thore that the woolly . PQVG“.ﬂg of Lhe '
plﬁﬂu WOE OBCG an o?uguie OL:emmmvaoe» | L
The - m%tbraalAfu 1eﬁ§yéaenu huay vas obtaiﬁe&‘ffomp
‘%h@'teaehing~céllé&%?¢nabé the Deparbments: o fev slides

)

UG?Q als 0 anll@bl 1 @m bh@ huynnemVaughdn colliection.




Culcita macrocarpa Presl.

Fig, 76

Fig. 77

Fig. 81

Fig. 80 Fig. 79 Fig. 78
Fig. 78. T.S. of stem. Fig. 77* T.S. of stem. Fig. 78. T.S. through a pa

of a petiolar bundle. Fig. 79>a-c. Transverse sections of the frond axis
at different levels (a, near the base; b, middle of the rachis; ¢, top c
the rachis. Fig. 80. Mature stomata. Fig. 81. Vertical section of the

receptacle. (76, % 8; 77, x 108; 78, x 250; 79, x 3; 80, x 160, 81, x 1
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H

R : '* NL, . : o ) N
BRQ ghom ig u@V@?vé Ulbh danuag ahining  forraginous -

hairs. iitA&cvclup& 1@&@@3 unﬁ advan%& tious roots on all.
81308, R .

Aoy e
 hnasony

in tfénfverée ﬁ@ctfaﬂ'ﬁh@ ﬂ%@m'mhowf an - erc&ulev-
] &utl&ﬂog aug L0 ttacﬁmvn% of two to thrae petiolar bagos&f1g76)
The ip % ¥ ore @omyar&tzvv ¥y loree and m»ten atbain the same
diancter ag tho gbemn.~_ﬁor expmple, o6 one region, the stemi
oxomined vam. 0.9 on muraﬂgg-WﬂlTQ one of its petiolar bases
neasured abeut D¢85 cn in @?amennr ‘ g : o

As dn the trée‘f@rngg the- wr&uoat*vo thssue of She abon
‘coneisbs of Lo layers of collo.© The oubor, wliich
Limibed exbornally by the api&@?mi in 1-5 collg +d‘

thickness, and &ana&aa of thick-walled pave nchymﬁtﬂuq

e?@mortxa iost . of the colla of bhu epidoveis bear
wigoriate shiff hairs.  Thoesgo are unbronched, and have
their eross walls slightly. fringed (fig. 77 ). Next to the

~hyp@é@r&im*iﬁ tﬂ@;fibroma layer, oloo of varl&ble'%himkn@aﬁ;f~‘
Tho largest fibrd observed dn this rogion measured %bﬁu&

0.3 wm by 20 wy, vhile ito wall was aboub 5 u thicke The
tronsi tion hebucen %h@ﬁ@;ﬁﬁ@’l&&@?ﬁ, as &ﬂﬁu.,iﬁ pyadu oo v
Howevar, th@Ap?@t@éﬁiv@ tiaauéfénda abruptlily: wnm i imlbad

by a layer of cubical @élls,‘ﬁhi@h ghou the cha mL rlauls
inalumieh\' Dvring Gaf“y &hah&a of &Gvalaimgnus the colls

of this lsyey ﬂn@w mueh greator pover of givision bhan &ha
n@ighb@mriﬂn 0118. A1 Ghe GLVJwiena are untioljni,g &0 ‘
the layer of uanioal 3@11 never beeanau nove than Qne‘

in thickneps. Tho Lnglusx@n uwuhlm the 1n@1viaualAeeL1uﬁ
abﬁai; a ﬁﬂﬂsi@9£9b1@ ni 2o oven whon th avgcleus ig very |

agtive and uhere ia an ﬂppfaciaﬁle Wi eh@nxng oFf tho coll
walls, Tho bthird 1&ymrlaf the stom consists of thin %&.1bd
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cells with numerous gtarch graing. Nexs to this layor,
lies the ocuiter proteeciive sheath of the vascular tlssue.
The sheath is limited on either side by o leyer of cubical
celln, The fibres of this zone are longer bui more slender
than thoge of the outer sheath of the atom, The largest
fibre of this zone measured 0.5 mm by 18 v, and its wall
vag 4.5 u thick,

The central cylinder ig omphiphloiec solenositelic, and
ig eclireular in outline ag seen in o Hroansveras section. The
leaf-tracen depari as undivided U-ghaped sirands. Tho
endodoymis is of aocondary Lype. The pericycle is 2-4
colls daen. The tangon tial collg, vhich may atiein 0.2 mm
in lengbh and 17.5 u in broadth, aro 2-4 colls deep. The
distinetion botween the proto and metaphloem io not posslible.
The xylom is sinilar to that of Dicksounin sauarrosa, bub

aiffers from the latter in haviﬂg foyer xylom narenghyma
cella. The medulla congists of 4 layers: +the ounber is
paranchynatons and is sinilar to the innermost coviical
layer: the second layer is méler@nahymatoua.and BEIVES. a8
the dnney proboctive tigssue of the vascular ring, and 1is
idontical with the outer one. The centrally placed
scloronchymatous mass is separated from the inner protective
shoath by o layer of paronchymstous cells, contaeining starch
graing, ond is surrounded by o layer of cubleal cells,

THs FROND S

The quadripinnate fronds are sub-coriaceous in teziture
md are arranged in aeVefal rous. The rachises are almost
gl&hraus and are deep ﬁg m@aium_brown”in colour, The lower
© pinnules are é@ltmid,.anﬂfth@ir divisions are ovale. The
pneumahh@iem form an almost conbtinuous line on eLLhor gxde

o

of h@ raehis an& the poe t301a.3
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Anatomny

In trangvergse section the haps of the petiole ig almost
cireular with an indentatvion on the adaxial side (fig. 799.
As in Cyathes, the peripheral proiective layer surrounds the
fundamental tissue, but bthe leaf-trace is noi dissecied into
gseveral bundles to form separate adaxial and abaxial groups.
N@vertheléss,‘th@.laafmtraa@ resembles the walted leal-traces
of the cyatheoid and dicksonioid radiises. Thaugh there is

no indication of gegmenbation of the petiol&r strand, the
'abaxial are ig clearly corvrugatod. The vasculoy strand as
usual is surroundsd by a brown proteciive btissue,. Serial
sockiong from the base to the tip of the leaf-axis show thab
the potiolar strand remaing unchenged throughout the entire
length of tho axie (figs.79,0,C).. '

The detailed histology of part of the petiolar trace is
shown in fig. 78. The openings of the pneumathodes ab the
sides of bthe peltiole mre guarded by stomata, with guard cells
ugually swmaller than those of the epidermis. The hypodermal
thin-walled cells of the prneumathodes may be variously
bronched, and the innermost: selerenchymatous cells are spodth
walled.

The leming

The upper epidermal cells of the lamina are rectongulor
and vavy. The colls of the abaxiaol epldermis are more sinuous,
The stomata have usually a subaidiary cell adjoining_nct nore
then 3/4 of the entire circumference of the gtomatal complex
(£1g.80 )3 bub somebimes no subsidiary cell can be recogniscd.
The mesophyll cells are little differentiated. |

The receptaclo

A section through the receptacle showa that it is flat
and that at its base it ls supplied with vascular btissue
(fige. 81)s. Tho sporangia, vhich are par~shaped, and aro




, . 69
ahout 0.3 by .02 mm, develop more or leoss bqéip@t&11y~and
~have-long atalks, about 04 mmo .uomab*mas this bos eganai
fmecosBLon is now dl stinet;  but ¢ertminlg thevc is ne "
evidence of a mlreﬂ condvﬁien of Sp@?ﬁnglhc The annulus i&_'
veyti&mm}hand‘aamay$me& iﬁ~veyj dlzghtly interrupioed by the
pedicol. The adazlal 1lip o¥ the indusivn ia now different
from the lamina propey, but the lowor one eonsiatélcf
gompactly aff&ﬂgéd calls, and does nob show any sﬁbmata ov
alr BpPLCOS. o |

The gpores arve tetrahedral, ﬁriangular in polar #iews
‘anloopolar, ﬁrilet@ and have roys almost reaching the
cquator. The angles arc broadly rounded, end the sides are
stralsht t0 sbrongly concave (figlo3h),  The exine is
wniformly thickened throughﬂuhg“hyalinég srnooth o faintly
granulabte, aud ils about 1L w thick. The mature spores are
. ah@ut’41 W OCrOBT. - | |

"I‘Ii:: AiUO'}f

The roots are slender and much branched.  Thoy arise
t the base of each leaf close %o ity junction with the atem.."

3

Anabomny

in older roots thé cpldermls is fap1aecd by . the Qu%ermome
'oeﬂbhcal layers. The oubor gortex is gclarunchymatamms
vhile the inner one is thin~-wvalled. The xyiem is diarch,
and is not in the form of a p1ata., The byo xylom groups af@_
geparated from ¢ach othor, by & LGW umrgc, und;ffe?enuiatg
FnhlnmuaTQGQ cella,
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Guleibs dubel

Transverse section of the netiole

It Ls ghroctueally sindlar o that of Qulelite Bacrocarnn.
Thae ondly differvencae ip that the lenf-brace shows o

shope instead of the arrangencnt of thoe latior specles,

131 . X -
3 A i
the sporos

The aspores are bobrahedral, triangular in polar vioy and
hove very rounded angless  The rilete nmork is prominent and
the rays reach the spore sguabor. The sideg of the spore
are alwnogt pbteaight and ths oxine is verraﬁgﬁgg byaling and
about 2 u thick. lMobure spores noasura aboud 47 v across.
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Summayy

L. The plants ave prosivate and are covered wlith hairg.
2o The siten ig solenosbelic and the vascular tlssue is
nrotectad by outer and inner sclerotic tissuc.

e Gubical cellg and tangential cells are present in the
Bheni.

de Mueilage cells are -absent in the siem but are present in
the po:-tiole, '

5 The leaf-trace is undivided and may form or
gtructure.

6. The stoma has usually a smingle subsidiary cells but
somebimes no subsidiary cell can be recognised.

Te The recepiacle iz {lat and is protected by & bivalvoed
indugium, The uwpper valve of the indugium is very similar

in giructure Ho the lamina bub the lover one is wmodified.

B The apores are triangular in polar view, and have broadly
rounded angles.
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Thyesopteris Kunze. (1334)

Introduction

A twvee foran, protected with hairs, but withouvt scales.
The frondg are deltoid and dimorphic as to their paris.
They are gquadripinnaie, anﬁ_ﬁh@ pinnao ave borne obliquely
on thelr axos. The costae of the uwliimabte sogments are
grooved on their upper surface. The sori ave marginal, and
serminel on veings ouch is protecied by a cup-shaped indusium.

Thyragonteria ‘elogang Kunze,

Thyrgonteris clogong, which ig the sole spocles of the

genus, s endemic to Juan Fernondez. This ils & vree fern
with an uwpright axis, wvhich spreads by mesnsg of runners.
Thege latter develaop erect shoots at some distance from the
parent plant.

The moberial for the dresont invesbtligation was obbained
from the preserved colleetlon of Prof. F.0: Dover. A fev ‘
ironds vere algo available from a plant growving in tho Glasgow
Botanic Gavden.

The erecet ston attains o height of about L « 1.5 m, and
is provected by dense golden halva and bristles, bubt without
33&3.@,‘&30

Anabony

| A wvrangverse section of the stem shows a superficial
apidernis, a broad corivex, and bthe siele, the structure of
vhich varies according to the age of the plant. The single
layered epidermis ls composed of brown cells covered with a



Thyrsopteris elegans Kunze.

Medullary
bundle A
Leaf-trace, Medullary
bundle
Cortex
Leaf-tra
Fig. 82 Fig. 83
Pneumathode_
Guard cell
Fig. 84
Sclerenchyma
Cubical cell
Fig. 85 Fig. 86

Fig. 82 ,a-c.
departure of
of a stem at
higher node:
llary bundle.
stem cortex.

(82, x 3

I4

Transvcrce sections of the stem at different levels showing the
a leaf-trace from a basal node. Fig. 83 ,a-c. Transverse sectior
different levels showing the departure of a leaf-trace from a
no leaf-gap is formed due to the compensating action of a medu-

Fig. 84. T.S. of a petiole. Fig. 83. L.S. through a part of th
Fig. 86 ,a-c. Stages in the development of stomata.

63, x 2.5; 84, X 2; 85, x 100; 86, x 200.)
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thieck cuticle.  Tho uvnbranched eopidormal haivs are composed
of thin-valled ecells and btheir sepia do nob: show any'
aquigetold appoaroanco, The hairs tovards the g?@ﬁing region
oy contain mucilaga. The brisiles aro deep brown in colour
and mey be wicellular or mulbticellular. They are unbranched
ond very atidf due bHo heavy deposition of lignin on theiwr
wallse Jometines thelr lumen is virtually'oﬁlitarateée
Numerows pits ave found on all wallo. Frequently, due to
periclinal diviglons, the brigtles becone mbfe than one cell
in thicknosge. ' |

The coritex consists 0Ff three concentric regions: the
outer is variable in thickness and is made up of thick-walled
parenchymatous cells. Those colls shov & gradual transition
40 the middle sclerenchymabtous HONG wvhich is unusually thick.
The fibres of this. zone measure ahonbd 450 « A70 by 50 - 65 u
ond are provided wvith aumevous irregularly scabtered simple
XA Numerons cubicol cells with their characterigtic
inclusions are distribubed throughout bthe sclorenchyma in an
irregular monner (figs 85 ).  Usually they are solitary,
but sonetimes bthey are found in grvoups of two, vhen they have
thoir common wall thin and ether wells thick. Very rarely
8ll the walls .of o cubical cell may be thickened. The middle
cortical zonc pasges abruptly into the inner, bthin-walled
pavenchynmatous layor. gomebimes a few cubical cells nay be
found between the second and the third corbical layer, bub
these cells, unlike those of (yabhea ovr Dickgonia, are nod
arranged in a conbinuous lay@r. |

In the young plant, the vascular tissue is a

*

solenoobele, but in the mature onc, Lt consisis of a
peripheral unbroken vascular cylinder vith 3 = 6 medullery
_ bundles, .

The peripheral. vaseular ring is consirueted according to



" the normal aurnmhync and is dmph1ph10Lco It i externn !y
and. internally dimited by on endodeymal layer. “The endode rmai
eeils Bre 311ghﬁly_@lqn gated t&ngonti& lvg and pramxn@nt
Casparian sbrips are found on uhevr rodinl woelle.  Doth the
dnner and the outov‘ paricycle layey are 2 = 5 cells deop,

and- are npr@ﬂchqutouﬂa. Bosween the perleyclo snd the phlaem

—r

1i¢s q,iwyav of nﬂpgonula? cclLﬂQ 3 -‘4 colls. deep. - The
phioen conmob bG‘llflOFOﬂbrm od into probto- and NOhaDhlﬂem.
The siave tubes are about 300 by 23 1, and hawve gicve nreas
on all walmua- The ;y1@m Qﬂnﬁi%tﬁ‘mﬁlﬁLy a? scélavifovm; _
;trashéidm nSO?minglod with a fou parenahyw@hous cells. }}Theq
tracheids of th@ older shens thV a L@nd@n&; tovards irregular

i uhrng on nhc latar&l ua11U9 %ha’ Pits boing small, cirvonlar

or QTlLDﬁiG Lo in outline, ~ No. spiral or nnnular tracheids are .

fownd in the adulé gbem, 80 that tthe position of the Proto« .
sylem ﬁannaﬁ bé ameersained.  Howoever, ig;yaung_iiaguag nho
xylom is mesnrch. o o

‘ Thb p&th eﬁguplss uho gveabov pwr» 9» the: gton, and con
bhe ﬁlmmﬁoé nto nh?oa ragicn&. f,Th@ euu@rmaau mayb? ig

sbructurslly ié@nulmwl with the lﬁﬂ@?ﬂOdu layur QP the Garte“,-

bubt slighily narraﬁﬁ and onds” ﬁbiﬂﬁﬁlyt The . m@?@ﬁd H%v@r

LS aclarenehymAaaa Leuwomu uho Tirey and uha- qoeen an01,.'

ﬂa Tou cubical cells Qb?ﬂ“'&ﬂds dike Lhe cortical ones, they

~ave not ar‘@nged i a eonbinuous luyor Ofven they are. fauné"

gularly eaﬁbeﬂed wzthiﬂ the .second” layor, ualch passes
G"aduwl£y mnn@ tho 1nn0$ pawonghymatauq zane,(ln vhich bhe
mg@vlluyy buﬂule@ aro emhe&@ d. f'lﬁ the older pnrb of thu‘
gb@uy tho amhir 1un@r ﬂart Qt uho maau?la, cxeepb Lho C@Jlu
’&@3 cpnu ta ohe bunﬁlasg boaumes ﬁelaranehvmatou s

Tha ne duTLQLJ bundle“‘* a1 di ££DPGHU shaﬁo and BLEGS, -

some of nhom ﬂvalg othe;s elonbated in meﬂdVOTMO ectjéno

’SﬁThey nre’ hadroeenbrle buudlaa &nd each of them 1$ ﬁurvoumdci_ ;&ﬁ'

‘"by an inazvlduwl an@odermi " ueparutod sram nh@ ondodermJ
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by a layer of pericycle 1 - 2 colls doep, ds o layer of
phloen, The solid core of xylom consisgts mpinly of
sealariform brachedids though roroly o spirel oloment is
present tovards the cenitre.,  Topgential cells are abgent in

the medullary bundles.

-The _solid construciion of the sitele

By comparison of successive trensverse gections of tho
gbem, bthe solid conagbtruction of the stele var situdiod. In
the young planit, the stele is & cylindrical tube wiith fusiform
perforations, i.e. the leaf-gops, vhich do not overlap one
another ab any lovel. The leaf-traces pass out as undivided,
orrugated shraps of the vascular eylinder (figs. 82, a=c).
In the mature plant, however, the cylindvrical tube containg
%« & irvegalarly digbridbuted solid stronds in the conbre.
Hore the leaf-traces depart in the seame way from the peri-
phefal gylinder, bubv without forming a gap, because medullary
bundles function ns compensation stroands (figs. 82, a«0).

JHE FROND G

The {ronds are deliold, guadripinnate, and are horng in
a close splral. The petiole is purple browm, and is covered
with golden halrs and dark brown bristles, vhich gradually
bocone Tow in nuwber Gtowards the rachig, There is a furrov
on the dorgal side of the petiole and this extends to the
entire length of the rachis.  Pneumathodes occur on the sides
of the petiole, bub never form a continuvous lina, The
privary, secondary and the tertiery sogments of the fronds
are alvays borne aliernavely on thelr respective axes, fovming
an acute angle towards the acroscopic sidege. In these angles,
nade by the frond pgogments and their axes, bthere is aluvaye
2 dork brown tissuo. The lowest pianules ave usuelly largest
or equal in gize o those of the guccecding onasg. The
pinnules are also delbtoid, and the first segments of the
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sacondary pinna@far@ alvays on the acroscoplc gide. The
ineised pinnules ave loathery end lanceolate.  The lamina
ig apperently glabrouvs on both the sidesg, and the veins ave
usually wtnbranched and free. The fertile fronds differ
from the gterile ones in being paritly dimorphous. The upper
pinnace of the ferbtile fronds are gvorile and they rogemble
the pinnae of the sterile frvondsg, vheroas the lower pilanac
are reduced inteo axes, which bear termineld sori and form 2.

pandcle,

Anabony
in brensverse section the wtiole is more oy lass oval
wlith two latoral projectiong and an adoxial depresgsion
(£ige 84 Jo . The single l&yérﬁ& epidernis is heavily
cutiniged on ite outer suvrface, and ig continuous except alb
the pnevnathodes. The pocunnthodes ore structurally sinilor
to those of Digksmonis.  The hypodevmis is sclerenchymabous
and ig variable in thickness. The fundomental Htiagsue
conbaing noe mucilage cellsg, The vageular trace at the base
of tho poetiocle aspumes the oharacteristic T shape, but ab
highor leovels, i1t divides o form two sdaxial bundles and
an abaxially U-ghapod bundle. A diseontinuous sclovenchys
masous bond may line the ianer side of the vascular traceo.
In o tvonsverss section, bthe trachelds of the leol-trace are
wniseriately arranged, slithough occosionally they may be more
than one cell deep. avivy parenchyme ig prominent and the
nunber of the protoxylem points is varisble at different
leovels of the sane fronde. The structure of the phloem ig
similar to that of other dicksonioid Fferns. - The mucilage
cells, which ore found in close associatvion with the sieve
colls of ﬁicksoﬁi&,.coulﬂ'neﬁ-b@ detected in this species.

A longitudinal section pagsing bhrough the acroscopic angles,
made by primary end secondary pinnae and their oxon, shovg that



Petiole

Indusium
Receptacle
Fig. 89
Indusium
Petiole Fig. 87
Vascular
tissue
Fig. 90
Indusium Fig. 92
Subsidiary cell
Indusium
Fig. 88 " Fig. 091

Fig. 87. Thyrsopteris elegans. V.S. through a young sorus. Fig. 88. T. elegans.
V.3. through a mature sorus. Fig. 89. Lophosoria pruinata. T.S. of a stem.

Fig. 90. L. pruinata. L.S, of a stem. Fig. 91* L. pruinata. Stomata. Fig. 092.
Cibotium schiedei. V.S. of a very young sorus.

(87, x 237; 88, x-114; 89, 90, x .5; 91, x 170; 92, =x 235.)
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vhe davk bissue ls composed of elongabed and pointed {ibros.
Due o haévy deposition of additional lignin on thelr walls,
vhese Tibres greatly increasge the mechanieal efficiency of
tho bases of the primary and scgondary planae.

A trangvevse gecetlon of the lamina shows that the
gpidermal cells of the adaxial surface arve somevhats largoer in
size than thogse of the abaxial ona. The stomata are presont
only on the abaxlial side and Quring the early stopes of
dovelopment bthey rosemble those of Cyathoa (figs. 86, & ond b).

‘The only sirilking differences are shat the wall seporatin

&

the guard-cell mother-coll and 1ts sisgter caell ig slighily

g

curved, and in-some cases almost stralght; also the glster
cell of the guard-cell mother-cell undorgocs one or more
divisionsg. A & rosult of these adviagiong, no subhsidiary
cells are vecognisable (fig. 86, ©). This type of stone nay

ba compared with the apopooyiic or ivvegular gelled Lype of

sboma of the dicotyledons (Egau? 1960).

in transverse section a fertile pinnule is more or leas
Qirculafe The single layered cpldermis bears stomata on
béﬁhsid@§e- The megophyll congists of spongy parenchyma and
shows no differentiation, The vascular trace is concentric.

The development of the roceptacle

A longitudinal section of a very young circinately coilod
fortile pinnule ﬁhews'a rgceptacle developing by the activity
of an apieal cell (fig., 8T ). gimul taneonsly with the
dovelopment of the regepitacle there is a projection of the
tisgsue Tfrom both the adaxial and aboxial surfaces. These
gxtonsiong boecome the indusium, which during the early sbtages
ig slightly two-lipped, but later on sub-globose, and finslly
a broad cup. A secition through such a structure shows that
both the abazxial and adaxial part of the cup ore struciurally
gimilar (fig. 88 ). The cells of the upper epidermis are
elongated and larger than those at the inner side of the cup.
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stomata are pres&nt'bﬁ both thé.éid95¢ The intervening cells
congist of -oval Lo globose spongy parenchyms, recalling the
structure of o lamins. Hovever, there i no vasoular supply
in the indugiwme.

- The recepiacle atb early‘sﬁagés is conical in seciion,
but later on it becomes 3iréulaf~ﬁé‘pvalg‘and ig provided
with a compératively giond and-shdrt=stalk.~ The vascular

tigsue endg blindly in the centre of -the recepibacle.

The gporongzia and the gporos

The sporangin, which vary from 170 - 350 by 130 -~ 180 u,
develop basipetally and have vory shori mbalks. . The annulus
ig oblique, and uvnegually bthickened. The dehiscence is |
lagersl. | ‘

The sporeg are tetrahedral,fﬁriangular in polar view,
anisopolar, and have aides straight to concavd, The angles
are broadly rounded, and the trilete rays almost reach the
eguator. The exine, vhich ig hysline and smooth, is
uniformly thickened being about 3 u. The mabure spores are
about 55 u across. | |

THE, ROOTS

RES LS Tt

The roots are adventitiouws in origin in & mature plent,
and they d@velap directly from the pervipheral vagoular ring
of the axis. Soge of them pass almost horizontally through
the cortex, while others take a dowﬁwﬁrd course for a ghort
distance before finally emerging. A trangverse sechion of
the root shows o single layeved epidermis of large cells,
from which root hairs arise. The coirtex consists of an outer
sclerenchymaous zone and en innér parenchymatous layer.
The endodermis is very distinets The pericyele is thin-walled
and is one'cell deep, The gtele is dlarch and exarch. The

phloem forms two bands on either side of the xylem plate.
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Rummary

1. The plants are déndroid, and are covered wibth hairs
and brigtles.

2o The stem ls solenostollc, but at labor singes develops
medullary bundles. |

ey

D Cubical cells are irvregularly distvibubted in the cortex
and in the pith..

4. Tangential cells ave present in the stem, but nucilage
cells are conspicuously absent.

Fal

5. The leaf-trace is at first single but later divides into
one abaxial and two adaxial bundles. They form the

charactierigtic 7 shape.

6o The wall geparating the guard-cell mother-cell and 1lis
sleter cell ig svraight or slightly curved; the sigier cell

mdergoaes ong or move divisions.

To The recepiacle is c¢lub-ghaped and ig protecied by a
cup--like indugiui, Both the upper and lower sides of the

cup are structurally identical.

8. The sporangla develop bagipetally, and have an oblique
Cannulug,. The gpores are tvetrahedral, and like those of
Cyathea and Digckgonips do not shogaperispore.
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A

found thabt the dormant huds abv tho base of the trunk may

develop into runners.

The invernal structure of the stem is relavively simple
(figs 89 ). The epidermis, one cell thick, is composed of
elongated colls with’&ligh%ly thickened. external valls.

Hairs ave th@ only epidermal appendages. They are mul i
cellular, thin wolled and brown in colour, Usually their
tips\&fefattenuéﬁcd, but some are glandular. The cortex is
differontiotod into ﬁhrme moness the oubter is abous 2-7% éell&
in thickness end consishs of vertically olongated parenchy-
ﬁmtauﬁ collg, which in tvhe -older sitems are heavily lignified,
and are bhen borely digbtinguishable from the middle scleren-
chynatous layer in a transgverse sectvion, The parenchymatous
calls arve paclked with starch grolng. The fibres of the
niddle zone are broad end their walls are greatly thickoned
and- ghov élitwlike pita. Towards the ceuntre, the fibroup
HONO gra@ualiy‘m@rges inte the inner parenchymatous zone
conpoped of  thinwwalled cells with intercellular spacoes.

These cells olse contain starvch graing. Mucllage cells arve
absent. The inner cortex contains o disconiinuous boand of
sclevonchyma, the individual strands of which ave variablo in
length ond about 2-10 cells doep. At thoe marglions of thesge
stronds, solitary cubical cells are found.  Somebimes the
éubical colls undérge modificasion and bacome clongated, buv
they always contain the characterigtic inclusions. There is
little variabion in the structure of the vascular bissue in

s plant at different regiong, and also in plants of various ‘
aga&.' The stele i@raiways aﬁ_amphiphlaie gsolenostele. The
stele is domareated externally from the cortex, and internally
.from'%h@'@i%h_by the clearly rocognisable outor and inner
endodernis respectively. The walls of the endodermsl cells
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THE FROND S

The fronds are bi- to tripiunnate and are spirally

arronged. They arc sub-=dcliold and often ovtain a size of
about 3 by 1.2 @ Thely petioleg ave cark brown and dengely
hairy ab the bases, wvhile appevontly polished towards the
apleoes. Phere is a continnous line of pucumathodss on either
alde of the paﬁioles. The vachises arg ﬁﬁdium:bxawnp and
ars alnost glabrous below, bulb appﬁmgge@.hairg above. - The
primayy pinnac, abkoub 44 by L8 oms, bre ovateglanééalatog

and ave albternasely arranged. The me@anﬁary’yiﬁnaé are nlso
allersabe and are oblong-acuminabe, while fhe-ultimobe
phonuleg are lancoolate. They ore deeply sorrate and their
tips are aculto. . Thoe leoathery lamina hag iits maagiﬁ glightly
inenrved and is glaucous beneabh. The free veins as woll as

the costee and the costules ave quite hairy.

The_anatomy |

A trongverse gection of the maﬁigle shows the epidermlg
vith rectangular cells, obout 20 uw in length, 12.5 uw in cach.
of the other dimensions, Tthe outer wall is considerably
vhickened. The persigvent basgal cells of the hairs are
nuaerows and have. o diancter of about 50 u. The fundanontal
slesue of the petlole consists of ouwier scloronchymatouns and |
inner paroanchymastous reglons. Both the epldermis and the
hypodornal sclevenchyna ore continuous oxcept ab the latoral
lines, where gtompbte are found at the oponings of the acvating
tissue vhich is structurally similar to that of other treo
iorns. '

The single 7 leaf-trace may divide in bthe pebiole bo
- form an abaxiel and twvo adaxial sirvandg, which .mey again
andergo fuslon within dho rachis. The strand is surroundoed
by o waliad@fiﬁed endodornig whiéh is separvasted from the %hin‘
walled fundamontal tissue by a layer of sclerenchymatous cells,
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13 oelle doep. “The dracheids of the leafbroce are of

yarlable dioneter, and are uauziﬁy wrranged in =2 vowa - - o
exeeph in tzu nﬁzrhbsurhaﬁ she protoxylem Zroups. . Whé

traco is endarvch vvﬂ1avari ble numh > of protoxyleon 0"0unsg.
whideh are a%way& aaaaupﬂnlod'wkw- &SVBbf p&ven@byﬂ& Phlﬁ@m

ig present on both the sldes of the ﬁylemo The proh@phlﬁng ‘
vhich ig gitupted at thoe ocutpide of the phloewm, ig aapupatsé.;
“from bhe endodevmis by o layer of parenchymatous paricyﬁlég
2% cells deep.  In young fronds o fovw mucilnge vells are
Tound asseclabed with the phloes

The lanina in hrvansverse section ghowvs o thick cuticlo on
both the sbaxinsl and sdaxial. suriaces. The epidermal ecslls
on the abazial surface are nore sinuvous than bhose on the
adnxinl sido. . Stomata cgour eaiy on the abaxial side, bvt
hairg ave present on both surfacses. There is no development
of palisade tipsue, the bulk of the leal belng composed of
Joogely arranged mesophyll cells conteining chloroplastse
The vascular strands are civeulsy in oubtline, and are embedded
in the mnosophyll. Bach strand is surrounded by an endodernal

layer, and lg usually conconbric in construction.
The gtomaia both developmentally and atb meaturity differ

from those of Cynthen. A protodern coll divides inbo two by
& half=clliptical wall, The lavger ceoll bocomes the svbeldiarvy
cell and lies pevollel to the long axis of the stomatal cmmplezg
while the smeller cell divides into the two guerd cells. The

stomata ave sunken (fig. 91 ).

the sporaneio and the sporas

By

The sporangia ave borne abaxially on the basel snadromie
veinlet of the uwltimate pinnules. They develop almoat
aimultaneously in groups of 5H5-20, more Lfrequensly 5=10, on thé’
wilgh Ay ralaed TQGGQLQLTQQ and are inveymingled with halrs.
They are almost apherical in shape and have shorb sbolls
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composed of 68 roys of cells. The annulus fg g%llauag and
~bhe &Ghimoaﬂée'ig lateral. = The spores g botrahedrel, ond

Chewo w peculiny snooth. exine vatu aumeyob& 13 o + Ab one
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side, bhe exine @Kiﬁnﬂd out 50 for o ving Tha gize o

)

S HPOTRS v&riea Lram (580 14

ln an odul plant all the roots aro sdventltious, and
are froely bwanﬁhad. Jome of thom ave sublorronoan, i while

the majority of thom ave aerial.

The shatomy . ‘ .

A A tronsverse seciion of the voot shows that the ouber
volls of th@’spiﬁ@rmal golls are thickened and subovized,
especially in uh@ older r@gionéav The couparatively broad
cortox is ALfs aféntiatcﬁ inte tuo concenbric zones of verieble
width. The Gut@? Gartex ig 53-8 cellsg in vidth and ig
composed of angular cells without iﬂt@ré@llulaf~apaémma

These colls noy contein mycorrvhizal fungus.  The inner corbex,
vhich varies ivom 4-9 colls in width, is modo up of scleren-
chvmabamn fibres wiﬁh‘gf@&tly,ﬁﬁickénéd'wall&a The sbele is
saparabted fron . the goviex by a layor of endodornis with
fﬁh&:&@i isui@ caspariﬁn;gﬁripg@ The gtele is dlarch and
Ci%e xylem ig ugue Aly in the form of a plate with o small group
of protoxylen ab cach ond of thé plate.  The. phloem is
geparatod from ﬁh@‘gnéﬁsurmis by o buo layered pervicycle ond. .
is ?r&s@nﬁAﬂﬁ el ther side of the xylem plate. - "



e The gien ig ﬁrﬁ%@ctaﬁ-by hairsy  advenbi bious buds
”a?Am@ on the nain stsm Just holow base of the petioles.

g The astom | d‘amghluhlﬂlﬁ %ﬁl@uoqtmllc, gublcol cells
aroe progenty bud bhey ave izoloteda

%. . The single leal-trace divider in the pebiols Ho forn an
ahaxlal and $wo ﬁdﬁx’al ahrands.

4. Tho stamat@ arg sunlten eud have a swosidiary cell, vwhieh
li@&lﬁ@:allol %0 Lthe Lang axia of the stomatal complex.

Be y&xmngia ﬁbVﬁLag ﬁimultaueaualj, ant the &parax have
a8 pmauﬁ &?ﬂﬁhh @iiu@ with nunerons pi e

g
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Cibotium Keulfuss (1320),

Introduchion

Most of the spocices are arborvescent wibth & crown of
leaves ot the apex, while others have prostrate massive stoms.
Both gvem and fronds bear unbranched, soft holrg. The fronds
are delvoid, tripinnate or nearly so, and the fertile and
sterile leaflets are alwost similar in gize and shape. The
sori are marginal and the indusium is bHwo=lipped: both the
lips are ginllary and differ in sbtructure from the lamina.

The sporangia are baglpetalous, and have an obligque annulusg.
The spores are tetrahedral and have no perispore.

There ore 13 sp. in Eest Aslia, Heawailan Islands, and

Central America (Christensen, 1938).

Cibotium baromebz Link.

Cibotium baromelz is widely distributed in Assam (India),

South China, Malay Peninsulas and Islands. The prosirabe
plant often reaches o congldersble size and hears o tuft of
large fronds. The rhigzone, which is densely clothed with
hairgs, sgometines developy lateral shoots. The delitoid
fronds with sub-coriacoous bLexture have stipes often
attaining 120 om in length, and may be tripinnate or nearly so.
The bage of the gtipe is dark brown and heiry, vhereas its
upper parv is glabroug and mediuwm brown in colour, The
primary piannae are borne obligquely on the rachis, whereas tho
pinnae of the gecond order (or pinnules) may be obligue or
almost at right angles to their axes.

The anatomy of the plant has previously been studied by
Guynne-Vaughon (190%), Dover (1926), and Ogura (1927). The



Gibotium barometz Link,

Epidermis
Cortex
Stele

Fig. 93

Ehdodermis

Pericycle

Tangential
cells

Phloem

4 Fig. 93
4 Subsidiary cells

Endodermis m
Phloem

Mucilage
cells

Fig. 97

Fig. 96
Fig. 99 g

Fig. 98

Fig. 93» T.S. of a stem. Fig. X. T.s. of a part of the vascular ring. Fig. 95»
Serial transverse sections of a lateral branch; cortex, only partly shown.

Fig. 96 . Transverse sections of a leaf-axis at different levels (a, near the base;
b, middle of the rachis; ¢, top of the rachis). Fig. 97* T.S. of a part of a
petiolar bundle. Fig. 98. Stages in the development of stomata. Fig. 99« Mature
stomata. (93, x 1.3; 94, x 88; 95, x 3; 96, x 5; 97, x 123; 98, x 200; 99, x 130.]



88

account of it here glven ig mainly based upon the slides
available from the (Gwynne-Vaughen colleciion.

() Anabomy of Rhizome

A transverse seection of the rhizome (Fige 95 ) shous
a lavge solenostele which, unlike the siteles of Cysthea and

Dicksonin, is not.accompanied by sclerotic sheaths. The
lenf-traces are wndivided ab their origin bub soon becowmo
divided into separate shbrands. Numerous roob-traces arve
ingerted on the main stelar rving and on the proximal regions
of the leaf-traces. 1% may he mentioned here that Ogura
(1827) described Japanesc dpecimons an showing a dictyostelic
condition,.

‘The epidermis, bearing uwniseriate hairs, 1s heovily
cutiniged. Below this lies a narrov zone of parenchyms
merging into a band of aclerenchyna. Inmide the latter
there ig a broad band of parenchyma without mucilage sacs.
No cubical cells are prosent abt the junction of the
sclerenchyma and thie inner zone of parenchyns.,

The ‘deteiled structure of the vascular tissus is
egsontially similar to that of Dicksonia sguarrosa. The

endodermis is secondary in type; bangontial cells arc
pregont inside the pericycle,

The pith is'@ntirely_parenchymat@us; no mucilage cells
are progent,

(b) Anstomy of lateral shoois

Sevial trangverse seciions through the lateral shoot shov
that near the base it is protostelic (fig.95,a); &o lititle
further up, in the coentre of the stele, there is an
appearance of parenchyma mixed with tracheids (fig.95,b).
Above this level, it becomes an amphiphlolc solenostele from
which leaf-traces, like those of the rhiszomatous portion,
depart, (figs.95c-f). Adventiticus roots are also developed
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from the undissecied leaf~traces of bthe lateral shoots.
Histologically the lateral shoots are identical with the
rhigzonatous parb.

{c) Apatony of the leaf-axis

Mg. 96 rvopresents the c¢ross sections of the leaf-axis
at different levels. Near the basce of the peiviole, the
petioloy bundle undergoeas repoated divisions to form throe
groups of traces. - As in Cypthea two of them are adaxial and
form ssructures, whersas the abaxlal one forag o
semlcircle (fig. 96,a).  Within the rachis these bhundles
uandergo latoral fusion and form three wavy bundles (fig. 96,1 .
Tovards the tip of rachis, these bundleg unibte to form a
gingle strongly corrugated bundle (fiz96,c).

In histological detall the petiole is identical with thab
of Dicksonia gguarroga. HMuellage-sacs, which are absent in

the sbem,are found associnbted with the phloem (fige 97 )¢
no muellage-pacs are, howvoever, found within the fundameninl
tissue of the petiole. The acrating cells of tho
pneunathodes do not show any lignified ount-growths, and they
are covered by an epldernis with stomata.

(&) T:8: of the fertile leaflel
A soction bthrough the fertile leaflet shows that the

recepincle is raiped, only 40 & slight extent. It is
provected by the two-lipped indusium, which unlike the lamina,
is composed of compact cellg vwith no air gpaces. Stomata
are usually absent on both the lips, bub very rarely one ov
more stomata may be found on the abaxial*surfacé of the upper
indusial 1ip. - ' ‘ ‘




90

(Q) The stamatﬁ

Pho qtmmata aro vavy dijfuranb from thoso of g&ﬁh@e,
Dioks onin, end Culeita. A maburée sboma is ; usually -

n::-mxmmuw:.: T3

"7

aurréﬁnded,hy‘g cells uhich differ slightly in shape from

the ofﬁinary epidernal collg, B These subgidiary cells are

- clog ely relau@d OntOWQﬁOUiCElly to uha guard cells, end flank

" the shoma, parallel to the long axls of the guard cells(fig. 99)

nTha & bype of” utomats nay ba cqmnar@d with the nthQYtic typc

or_p&rallelwcallg& type of: Lauata of tho dicotyledons
(Esan, 1960). | |
. An initial cell Tirst divides by an Efr,m;ie.li.na.fl,tv'a‘l.l_9
into two cells (fig. 98 ). The larger cell agoin divides
in tha gane wayy but the enda of the seporating wall touch

. the vall of the firsb cell. In the same way one or more

cells maj.b@~eut off. The central cell functions as the
guavdaocll mother—celi ana iermu tvo guoard élls-in the usual
maﬂnar ' " ‘ o ‘

(£) ZThe Lporangi& wnd the &poroa
B Tha Spﬁfduéla, which are more. Qr 1035 elllpﬂoidal in
‘foza, vary from- 350 - 380 x 2“0 - 97 D ou. Th¢ annulug ig -
incomplete and obllquely vortical, and ig not Lnuerruptea by
the Sbalk, vhich:.ig: about 250 u 1ongc

The spayes are tebrahedral, triongular in paﬂar V1ew,
| and anis apnlar. . Tho angles are narvow, and the sldes are
atraighs to concave, The- axino is hy@lina, falnuly verrucate,
.’.anﬂ is about h.p uin thiekn esg,  The mature SPOres are
':ubauu 68 1w acrops.
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() Development.of indusium 7
The development of the indusiun wag studied in
Cibhotivm sehiedei. . The margin of the youg frond at first

becomes flattencd, and from the centre of 1% develops the
initiel coll of the receptacle (fig. 92). By the achbivity
of this cell, and its doughiber cellg, the flatiened recepiacle
ig formed. The two dips of the indusiun develop by exbengion
and multiplication of the cells of the uwpper and lover
surfaces of the frond. During the early astages of developmant
those twe lips and the 1amina'afe identical in streucture. .
But later, the lanina develops apongy mosophyll cells, and
phomata on the abaxial surface. The c¢ells of- the tvo
indusial lips, however, remain compacht, and no intoercellular
‘gpaces are usually formed. In surface view the epidermal
calla of the indusium are sinucus, aad usually stomabtn are
lacking. In very exceptional cascs, howvever, vea;, fow
ghompba appear on tha~ab&ﬁ al surface of the ﬁpper lip. The
lipa‘whigh are structurally almost idenitical, and are devoid
of any vascular tissue, differ. from the lamina proper in
colour and texbure from o very early stagg oi developmnente.
Very often, unbranched, muléticallular haivs are developed on
the adaxial surface of the lower 1ip.

On tha‘raceptacle the agporangia are developed in
basgipetal succesgion.
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Cibobiwm hovaiense Nakal and Ogura.

(e) The stenm

The stem is eroct and is covered with numerous
persistent deaf-bases and adveniitiong roots. The leaf-
bases never fall off leaving scors on the gtom, o feature so
characteristic of Cyathea.

The protvective vissue of the stem isg composod of tvo
layers of celly, the outer is parvenchymatous, and ig aboutb
1.5 mm thick, while the inner one, which is ocbout 2 mm thick,
ig compoased of shoyt fibres. The fundomontal tissuwe consisis
of thin-walled cells filled with sbtarch grains, end does nob
show any muecilage cells and cubical ccllis.  No other
mechoanical tissuo, except that ot the periphery, is found in
the sten.

The vasculer tissue is diectyostelie, and its dotailed
higtology 1ls egsentially gimilay to that of (Gibotium baromnetbs.

The majority of the hairg protecting the stem are thine
valled, but & few of them are gbiff and thick-valled. The
latter are narrvow and pointed. Both types of hairs are -
unbhranched and darlk brown in ¢olour.

(b) The petiole
The interanal gbtructure of the petiole agrees with shat of
Goe DATONECLZe '

(e¢) The roois

The transverse section of the rool shows that the epidermis
“has numoeorous root hairss  The cortex is usually divided into
two zoness the outer three to goven layers are usuelly thin-
valled, wvhile the inner cortex consists of lignified cells.

The ondodernls is single layered. The astele ig diarch. The
two protoxylem groups are connected by mebaxylen tracheids, so
vhat the xylemn foras & plate, on either side of which there
lies the phloen,
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1, The atem is solenogtelic or diectyostelic.

2. No mechanilcal tisgues oxcepting thope which form the
outer provective Hissue are found in the siem.

Do No mucilage cells or cublceal cells are found in the stem,
but tangential cells are present ouiside the phlocn.

4. The leaf-tracos, as in Cyabthea, form one semicircular
inforiovr series, ond two superior series of the charsctoristic
patiern. '

He llore than twuoe subsidiary colls flank the gtome parallel
with the long axis of the guard colls.

6. ‘The receptacle is marglnal and little clongnted. The
two indugial lips are sbructurally disbtinet from the lamina
Proper.
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Hobaxya Progl. (1836).

Tatroduchion

Hobaxya is a handsome creeping fern with large pinnate
fronds, about a meter long, with the tips hanging over. The
pinnae are lLong-lanceolato, and profusely halvry during the
early stages of development. They araxgarratevat the tip,
buv elsevhere smooth or abnormally lobed. The sporangia are
borne abaxially on flat receptacles. The indusium is absont
and the spores are tesrahedral.
It is a manotypic SO0,

Hetaxyo reostrata Prosl.

Metaxye rosbrobo is a native of many localities in

Tropical America and in algo found in Trinidad. The plant
has boon found in Suriname by Dr. Ki U. Kramer (p@rﬂona1~4
conmunieation, 1961) in three different ocological situations.
Miratly, it wvas found in the mabure state on & hillock of
iron-oro end gravel in a rain foresi, and in the young stato
on o moss covered troc trunk in the vicinidy of an open forest.
Sscondly ., both young .and mabtuve plants were found growing on
banks of sand in the deep shades of a creek on a hill slope,
ond thirdly, the plant was found in an aveo of sandstone,
vhich is covered by o gavanna fovent. In this fovest
Hobaxys was found o be fairly common in dawmp shaded places
on ¢liffs bordering waberfalls ond .creeks, accomponied by
nembors of the Hymenophyllacese, also Lindssya sp.s

Cyclodium sp. or Dryopteris meniscioides.

The following anatomical description is based on moberial
kindly furnlshed by Dr. Kroamer in February, 1961.



Metaxya rostrata Presl.

Cortex Stele Subsidiary cells
X N

Fig. 100 T Fig. 102 Fig. 103

Fig, 100, T.S., of a stem, Fig. 101. T.S. of a part of the stem showing
endodermis (e), tangential cells (t), xylem (x). Fig. 102. T.S. of a
petiolev Fig. 103. Stages in the development of stomata.

(100, x 3; 101, x 125; 102, x 2.5; 103, x 90.)
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HABLL
Ehe gtem ig gvoub and clothed uwith numerous hard, dark
roots and ragged porsistent leaf-bases. The branches occuy

Treguonily and thoy arve similar to those of Lophosorias; the
?

appear on the abaxial side of the leai<bapes.

SLEM ANATONY

(a) Epideornis and cortex

Most of tho cells of the external layer of tha gLen
elongate vadially to form halrs, =0 that the opidermis isg
hafdly rocognised as a distinct leyer even near the groving
region of the sitch. The young halrs consigt of a zingle rov
of elongated cells, each of vhich usually hasg deliecate wallg:
the transverse wvalls arve slightly wavy near the margin. The
tips of the hairs are broadly attenuated. Unlike the young
hairs, the mature hairs are howvever stlff, with btransverse
gopta throun into deep and regular corrugoations with the
vegult that those heldrs show exactly the same 'equisgetoid?
appearance ag those of Dicksonia squarroso.

»

The coritex consistg of three primary reglons. There is
an outer cortex of one Lo three layers of parenchymatouns
clomenits. The middle rogion ig occupied by a layer of
sclerenchymasons cellsa, The inner region of the cortex ia
nade uwp of thin-walloed cells and ig limited internally by
the endodermis. In the older part of vhe siem, however, ithe
sclerenchymatous zone gradually extends invard until the
ontire inner port hecomes sclorenchymatous.

{(b) The gtele
The central eylinder in the adult plants is an amphiphlolc
solenostele (fig. 100),  The average diameoter of the sieole

ig about 1.2 om and the thickness of the ring from the
gxternal to the internnl endodornisg is 0.5 = 1 nn. The
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endodermis ig ol gecondary type and in the young condition
conbains tannin.  The thin-walled pericycle is aboub 2-5
cells deep ond is fellowed by a layer of tongential cells,
l-4 gells thick (fig. 101). The xylem, as in the bree ferns,
congigie of scalaxriform tracheids and a fovw parenchymatous
calls. The pitg of the tracheids arve voery much elongated,
and the btendency to form oval pits is not evidonib.

The mednlla in the young condition consists of
parenchymabons elemonts packed with starch graing, bub in
the older part of the stem, it sometimes bocomes completely
scleronchynatons, No cubical cells or muclilage colls are
found in the stom.

(¢) The loteval branches

The latveral branches, which are borne on the abaxial
glde of the petlicle ore solenostelic from the very beglinning.
As in Lophosorin, the medulla of these branches ls in dirsch

contact with that of the parent plani, and the vasculay tlssue
of thege branches is o dowvnward exbonslion of the leaf-btrace.
THE FROWDS _

The frondg ore uni-~pinnate and in the young condition

are eovered with profusely branched hailrg. The pinnae arc
leathory, and are about 29 x 4.5 om, The tips of cach pinnan
are deeply sorrvated, but the margine are smooth or rarvely
dentate, The regular gervation of the tip (and occosionally
olgevhere), probably suggeshs that the uwnipinnote condibion
of thigs fern is a derived one, and, probably, cach of thesc
planad represents o medified pinna of the second order of a
cyathoan fround. It is iﬂt@fmsting to note in this connection
that Dy. Kramer found lobed pinnace in some young plants of
Metanya (Holtbum, 6L, persoanl communicabion).

- The pinnae are berne obliquely on the cachis forming an
acute angle btowards the acrogeopic side of the frond. The
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velns are poarollel, and occasionally forked. Jometimes bwo
parvallel veing fuse half-way or nesy bthe margin: occasionally
the bronches of & bifurcating vein fuse again to form a
slongle voin.

{(a) Anatony of the pebiole
| The epidernis of the petiole is interrvupted abt the
puounathodes. - The openings of the nneumanhadvq ara covored
by the epldornis wvith stonata and the cell walls of the
ventllating tissuwe do not show any lignified ovtgvﬁwthsa

The g?oun@ vinsue of a young petlole consista of thin-wallod
clenents, buit in the mature one it bocomes vory hard and
gelerotic. The pebiolar trace comes off from the sbem ap

o gimplo meristole, and soon asocumes a complicated shape.
(£ig.102 ). The leaf-trace even in the mature frond remainﬁ
undivided throughout. The endodermig of a young petiolar
strand contvaing tannin. Here bthe bracheids are arranged in
14 vous,. The protoxylem strands very greatly in number,
ﬂm@enﬂing lovgely on the size of Lhc bundle, No mucilagoe
sacs ave found in the petiolo,

(b) Anctomy of the lemina

The epidermal cellg are chlorenchymabous. The mesophyll
colls are more oy less isodi@metric, and are not differontiased.
However, btowards the adaxial holf of the lamina there are
only a fow alr spaceds.

The stomatn are very similar t0 those of lbotium
(r Tige 103). Lach gbomn is ﬁurr@und@& by threc o MOYe
aubmlé;&?y collag, uhigh yl@ paraliel te vhe long axis of the
guard-collg. ALL subu1d1avy o0115 and uhe ﬁﬂ%?dw call

wmobther eell have & common ovigin.
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Ihk _ROOT
Hiventiticus voots are formed in relation %o. the leaf-
broces and @ btrensverse &GQtIOR of a stem shows numerous roob
traces cxbending rodially from the base of each leaif-trace
and out through the coriex. There are no wausual features

in the structure of the root.

LH RrCLPTAChL

The dovelopment of the receptocle hos been studied in
thé young pinnac, vhich are cireinately coileod. The first
evidenco. of the dovelopmont of the receptacle is seen as &
hunp of mevistematic biss me on ‘the obaxial side of the frond.
There docs not speem 0 b@,any spicel initial rvosponsible for
this d@vmlapﬁent; Copioug hailrs, brenchaed or uwabranched,
re found a1l around ithe receptacle. The recepuacle ig
glightly raisged and ig semicivcular in a trenaverse section.
Prom the early condision tho receptacles arve suppliocd with
voscular tissue. Often morve then one receptacle develops

on o single vein.

THE SPORANGIA AND THE SPORES

The sporangie develop simultancously as in Lophogocio.

The annulus is slightly obligque, end way or may not be
slightly 1ntofrupt0u by the pedicel, The nature sporangia
vary from 500 - 550 x 220 - 240 u. | ) -
The gpores are roundly btrianguler in polar view, an& are
and sopolar, The trilete mark -is prominent, and the guture
and She lipa are visible. The rays exbtend up to the equotor
of the ceniral body, vhich ds surrounded by & thiclk, mgfe or
1%gs)amoath givdle, ahoub 4 n wide. Moture asporos arc"
57 «-50 U across. | o
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Lo The sten ig protectesd by unbranched halrsg, but the halvs
£ the fronds may be wbranched oy variously bronchod,

o

2,  The sbon is solenosbelic. Toangontial colls form o
layer of 1 - 4 cells daop. Cubical. cells and muclloge cells

ave, howvever, absont.

o The pebiolar gtrend . comen off ag o single mesmeoTeo
1t soon asgwmes chovacterisiic T shope and romains undivided.

4o, The stomatn are vory similer to thoso of Cibobtium.
Y, The recepincles dovelop on the abaxial suriacse,

Go Suture and lips ave v} giblo in the srvilede merk of the

totrahedral 8pOros.
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SUMUARY AND DI SCUSSEON '

(a) Habit
A comparative survey of the genera described above. shovs

that these plants are diverse in gize and habiit. The
rhizomabous condibion is found in Culeita, lMetaxys and

Cibotium, though in Cibotbtium, erect stocks are Not uncommnOn.
It mey be noved, hovever, that the rhizomes are never _
dorsivenitral, thus différing from those of the Gleichenisacene.
Iin Lophogoria the stem is arborescent, bubt at maturity the

trunk liss obliguely horizontal. Thyraopteris is a smell

bree, while in Gyathes end RDicksonia the plant may be several
netvers high.

Branching in these genera on the whole is weak: mony
apecies 4o not branch, while others branch only sparsely.
As o resuli of branching, certaln gpocies of Cyathea (e.g.
Co mexicana, C. aculoata) become more or less shrubby
(Bower, 1926)., In Lophogoris, Hetaxya and Thyrsoptoris,

though the nain stem is usually wnbranched, numerous lateral
bfanches are developed and these gerve for the vegetative
propagation of the plents. |

(b) DNormal appendsces

The young parts of the stem in the majority of the genera
are covored with muliticellular hairs, wvhich are morphologicaliy
vory diverse in the grouwp. These halrs ave usually unbranched
but in Cysthea they may be variously breuched. (It may be
noted, however, that in very exceptional caseg, ceritaln hairs
on the fronds of Cibotium gcheidel ey show branching. )

In Dicksonip end Culciba, as the hairs mabture, they beoons
ceoarsa and more or less stiff, vhereas in Ciboiium they always
remain soft. The hairs ol Dickgonia squarross ond Hebaxyo

are peculiar in having an equisetold appearance due to frilling
of -the peripheral region of the transverse septla. in
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‘lhgraﬂpteris mnd Cyathea pulcherrxmw stifd bfisg tles, WhlGh

Lare pore than one cell thick and,. in the latier: species, .
"\hava sosifomm projectionua wrm-asgoel&ted with hairs.

_ Sceles ore unlvers&llv premﬁnt in Gz abtheg. The _ g
6evelopm@utﬂl hlatury of these neale& indicates- thely probébl@a
 ev9lutlana?y origin from haixrs. The ecarly sitages of i ‘
developnents of hairs and meales ave almeat\idgutical. . Thoge :
initinls, whiahlare'a@stined to form hairs,.éfter o fow
Brangverse divigioné, olongate and Alvide no furthef, whil@

in a scale inibial the cell divisions ave continued further,
not only in a btransverse dirvection but also Llongitudinally,
thug giving riﬁé to a flat structure. In structure and -
dovelopment . the é&atﬁeei@-&eal@ﬁf&re of two types: -the
setiferous and the-flabelloid. ~lTh@faetif§rou$-ﬁcalea develoyp
from simple hairs and may thefefare~be‘eenﬁiderod‘as

relotively primiti?e' vhereas the flabelloid scaleﬁ'&ré
a&vameed, an they develop from: pelbaﬁc hairs, which are -
certainly more advanced than the simple hairs.  Some flabslloid
scales of Cynbhon boar superficial haive and vhese are probably
the highest form of scale strucbure in the group.. The briatles
are also formed by the elaboration of hairs. In many speéies
of Cyathen, and also in Dicksonia sauarrosa, the scales or |

Chalrs ave ultinaﬁaly shed and thelr bases are olevated inte
:peg«like atructuras by the ackive division of the persisting
basal cells. Th@m@ %trucburms are more gongpicuous in
Cynthen than in(g;ohmmnla, '

(¢) Stem Juruchure

- In the mwgari vy of Lh@ genera the gtem is provecied by
*persisu;nt l@&fubaseq, and adventitious roatﬁ, ag well ag the
‘v~d@rmal épp@ﬂda”@ﬁ alroady deseribed.  In mony species of

"Cx Lhen ané Dxcksania Lhﬁ 1eaf_b ﬁe%~leav@ a. soar on vho sbtom

ﬁxtor theiv d3¢%h and dac&y. Th@o@ 800 vﬂ;ar@'protaéted
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oxbornally by a hard covering th?augh vhich the remnanta.aff
‘l@afmtr@ceﬁ projoect. The number and arrangement of these
broces ig varisble in different epecies although the. funda-
mental plan ig the samoe in all. _

The internal strucbure of the sten of these Terns is
cemplox, In oll genera the tissuo belov the epidernis
congints of Hwe loyors of cells. The relative thickness of
these layers is variable in different genera ond even in
difforent specioco. The cells of the ouser layer, though
parenchynatous, are usually bthick walled and gradually pass
into the nexbt fibrous layer, whleh'ncs only protects the sbton
but also giv&s it mechanical suppors. - In Dicksonia aguarross

o foy nucilage sacg, elther isolated or in groups of two or
nore, aro present in the outer parenchymatous layer. Iin all
the specics examined, except for Digksonis sguarrosa and

Thyroepterig, the fibrous layer is homog@nceuq in congvruction,

but in the latter {“hyrsepteris) nunerous cublcal colls vith

their charactorigtic 1ncluﬁlcnu arq &rrﬁgulartj diatributed
throughout tho unuswally thick laysye of gsclerenchyma. In
Dickeonia squerrega islets of parenchyma are found irregularly

distribubed within this zone. The paronchymatous nasses

contaln one to several mucilage sacs and are surrounded by o
layer of cubical cells. The second layer, unlike the firsi,
onds abruptly and in Culcits macrocarpa, Digcksonis sguarross,

Cyathoa pulcherrime, ¢. orientalig it is delimited by o layer
of cubical cells. Thescsrtical'zona ingide the external
”ibrouﬂ loyer may be entirely ‘parenck yma#aus, as in Cibotium
&nd_Thyraept“rgg, r there may be,-ad in chkmonma, Culbmta,

Lophogoria, and ‘g hﬁa, a . zone of gclerenchyma lying between

o breaﬂ outur zone and a narrowev inger one of pﬁvenchymm.

In mata. Qs the LG?tIGal ZONEy 1a&1d0 :the external fibrouu~< A
Kaya:, i& paranphymauau& in the younv condltmon, hut in the o
older ?aéﬁﬁ.ﬂfiﬁhe Pl&nﬁfth@ fibrous Z0na Gh%ﬂnaﬂ iﬂward unt11



103
the inney part becomes entirely sclerenchymatons. The iuoner
gelerenchymatous band of Dicksonia, Cyathen, Culcelin and

Lophosoria acvs as the outer proteciive sheash of the ssele,

the corrugation of wvhich 1t follows eclosely. The sheath ig
shin in Lophogoria, but thick ia Cyothas, vhere, in transverse

secbion, it may appesr ag & continuous or & digconbinuous
layer according to the sgpoeles. In all the gensya where the
Tibrous layer is presendt Lt is limited both exbernslly and
intermally by a layer of cubical cells.

The sitele in all the gorra congidered shovs o wide range
of shructura. Guynne-Vaughon (1903), vhile studying tho
ontogeny of the sporeling of Cyothen excelan, found a pProio-

steolic condition at the base of the stem, But, except for
vhe lateral branches of Qibobium baromebtz, none of the plaonts

investigebed, showved a protostelic condibtion. The very base
of the yowngest plants aveiloble shoved & well doveloped
solenostala. The solenestelic condition ig P rmanently
rotained oven in the odult plants of Glbotium, Culcite, Melaxye

and Lophogoria as a natural congoguenes of the distont insertion

of the leoaves. Thyrgopieria dovelops a Yevw bundlos inside

a continuous peripheral vascular eylinder. In Dicksoniao and

Cyathea, as the young planits grow, the simple solenosbele ig
claborated lato o dlctyostelic condition duwe to overlapping of
loafw-gops. A growth continues, numerous medullary bundlos
aevelop in Gyathes either direetly from the pith or as inner
projoctions of the meristeles. The nmeristelos of Diclgonia
and Cyathes, especially those of the former; bhocome very much
corrugaied. However compliecated the vagcular tlssue nay he,
it is always delimited from the surrounding tigsue by an
endodermls which is usually of the secondary bype. In certain
cases, the ondodermal cells may contain tmniniferous bodies
or soma other subgbanced.
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The vascular tissue in oll goneva is constructed aftber
the general fern type in having the central xylem moso
surroundod by phloom. The sealarviforn trachoeids of the xylem
have irregular pitiings, the piits being olongated, oval or
almost cireular in owtline, Gven in the very young plents
the xylem is noever purely uracheidal,. Yoosgelg, which are
Tound in ceritain advancod ferms, are abgent in all the specics
investigated. Bxeept In very rarc cases the protoxylom
gloments cannot be debtechad. In thosc cages whore the spirol
clenents ean bo detected, the xylem ls always mesarch.

The phloen is composed of sieve ceolls and phloen
paronchymn. The siove cells are arrangod in vortlical serios,
and is nost cases, a digtinction botwveen: the proto- and motow
phloem is not possible. In all those forns, either insido
the protophloen or immediately oubtsido the phloem layer,
there ig o layer of tangential cells., The dtangential colls
are alvoys provided with siove areas, bub vary in their contenis.
Somevimes, as in Lthe young planis of Cyabthen conbveminong, they

are filled with mucilagoe-like gubstances, while in other casos,
these are absenb. Ogura (1927) found mueciloge cells in
ceriain Japanege species of Cyathes ouitside the phloen layer.
He had algo recorded the Prosence of wangential cells in she
sang vogion fov other Jopanese spocies and it seooms corialn
that he did aobt appreciobe the fact that the tangential cells
may contain muclloginous substonces under certain conditiong.
The poricycle in all cages is parenchynatous and voaries Lronm
2-4 polls in thickroessa.

The medulla shovs wide variation. In Glbhotium, ib
acouples & greater part of the stom end is wholly parenchymatous.
in Dicksonila, Cyathop, Culcita and Lophosoris it is divided

into three regions. The euﬂcrmssu layer ig parenchymatouss
and in the first two gensra contains muecilage ceolls. The
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‘second layor ig golerenchymatous and octs ag the inner shoath
of the vasculayr bissuc. The bthickuness of this loyor ls
almogt idontical with that of the oudor sheoth. As in the
cage of the outor sheath, thig layor may or may not bhe
conpinuous according to the gpocies, and itg inner norgin
lying tovards the centre may be amooth oy dontate. In all
cages, 1t lg delinited from the adjacont parvenchyma by a layor
of cublcal cells. in Meboxya, the medulla in tho youag
condition ig parenchynatoug, but in the older part of the stem

g3

it bocomes complotely sclavenchymatous. In Thyrsonteria,

althouzh the medullao can be divided into three rogions in the
young state, ot maturity the onidlre innoer port of the wmedulla,
ezcept the cells edjacent o the bundles, becomes sck robtlc.

In Gulcite bthe central part of the medulla is selovenchymatoug.
In Cyntheo ond Thyrsgopiteris modullary bundles are aluays

prosent. These bundles In Cyathes mey boe withous eny fibrous
sheath, but more frequently they ayre accompenied by ascleren-
chymatous tisgsue, wvhich may or may nob completely srround
bhom, Surrounding ooch medullary bundle is an endodormis.
The pericycle of the bundlos is usvally single layered and
conglste of parenchymnatous cells. The bundles are hadrocentric,
and somebimag way hove parenchymotouns btissue in the centre of
the xylceie The ondoreh protoxylem conglets of trachelds
with helicol thickening, whoereas tho trochsids of the mobaxylem
are scalarviform-piited, The phloem does not shov any
tongential cells, and a digtinction bebtween the proto- and
novaphloen is not ovidont. ‘

The loaf-gaps in all the cases arce fusiform. In Cyabthea
and Dickaonis the vascular btigeue lying at the margins of a
leaf-gop bonds outward very cousplcuously. In Thyrsopioris,
dus to the c¢ompensobting action of bthe medullary bundles, there
ig no formabion of l@afmg&ps in the older part of the stem.
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(&) .Jloots

The roota in all the mature plants aro adventitious in
origin and dovelop from all sides of the stem. The gemral
structure of the root in thoao gonoivi does not differ from tha%
in the leptosporangiato ferns. The cortex in many species is
either partly or almost completely fibrous, but in certain
cases, 1t remains po”renchymatous* The endodermis in all genera
is well developed and there are no thin walLlod passage cells ,
which are sometimes found in certain leptosporangiate ferns.
The xylom is diarch and exarch and in certain oases some of

the tracheids of tho metaxylem remain millgnifled*

(o) Fronds

The fronds in all the genera are spirally arranged,
though the phyllotaxy varies even in the same individual at
different regions. The fronds of Gyathea and Dicksonia are
more Or' less .rhomboidal in outline but in Thyrsopteris»
Gulcita, and Lgphgsoria they aro deltoid. It is potseiblo
that the deltoid condition has been derived fi’om the rhomboidal
state.

Although tho fundamental plan of construction of the
pneumathodes in all these genera is the same, they.are of two
typeBE in the first* type, for example in Gyathea oriantalis.
the cells of aerating tissue have numerous lignified peg-like
projections on their walls, whereas in the othor typo (which
is very common), the walls of the cells of this aorating
tissue are smooth and do not have any lignified projections.
In certain cases the epidermis of the pneumathodes possesses
stomata which may be perslstent, or,ephemeral. In other cases
the first formed pneumathodes are provided with stomata but
later formed ones have no stomata and coBimmiicate with tho
exterior by separation of the epidermal colie.

The fundamental tissuo of tho petiole consists mainly of

parenohymatous colls, but often part of it, espooially towards
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the vascular Higsue, hocomes sclorenchymabtous. In Cyathea

and Dickeonis nwaerous mugilogo nacs are found embeddoed in the
fundonental btissuc.

The vasoular tissue of the potiole in Culeite ond Hétaxya

Jmbn
et}
]

continuous band; in Cibovium, Lophosorie and Thyvsopteris

3 A
A0 LB

b

at Tirst o conbtinuous band bus loter divides at o higher
Lovel in

vbo three traces)  in géﬁﬁhem and Diekgonis there are

numerons troccss  Though the mwber of leaf-btraces is

vorioble in these gemare, bthoy aluaysn form a typleal
T=ghapod strucburo. The condition of the loaf-irace in

o
Gulelte pocrocarps is and thig is wndounbtedly dorived

from that of Culelte dubei. The gtructure of the paitiolaw

bundle or bhundles shows 1ittle variaition. The endodarmnal
calls of thoso bundles apart from thelr charvscterisiie
whickening on tholy redial walls may conbain tonniniferous
AUDATANGCOS. The pervicycle congigts of led layors of lorgo
pavenchymatons cells with thin walla, Ingide the pericycle

lies & layer of provophloen, In Gyatheo, Dickoondn and

Cibotium mucilage cells ave found funside the protophloen layer.
This is valgue in tho ferns. The netaphloon consisis of
glove cells in 3-8 layars and obundont parvenchyno. The
parenchyna apsociated with the scalariform-plited oclements of
bhe mobtazylem may shov tanniniforous subsionees, The nuvaber
of the protoxylem groups is variable, and they are aluays
ocoonpanied by cavity parenchyme, which consigte of loogely
arvanged, comparativoly large, vthin-walled cells. The oroto-
xylem clemonts shov annular opr spiral thickening.

The lamina in all gonera is falrly corincecus, The cells
of the uppar epidovmis hoave sinuvous wal ls, bust the wallg
bocome move or less stralght over the velns.. The cells aro
often chlorenchymatous, Usuplly the negophyll ia not vory
cleavly differantiated, bub those cells towards the lover
epidernis are more spongy than those near the adexlal surface. -
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Tha 3tamaﬁ&‘&?é confined to the lawerqcpidermiﬂ and thoy show
o vange in struchbure and developient.  In Thyraopterig, tho

woll separating the puard-cell mother-coll and iis sister coll

s almost straight or slightly .curved, vhile. in Cyathon it is
ellipticols in Dickoonls some of them ave ollipiical, bus

otheors are haliwellipbical, and in Lophogoris the wall is

alvays halif-olliptical. -in lobaxye and Cibobium, ab least
thres Sﬁﬁh‘hglfﬁﬂlllﬁblﬁﬂ walls are formed bofore bthe
differentiation ol the gua wdwcalL wother-call,.
in Cyoihen, the stomabta ot maturity have o singlo

gubgidiary cell. This coll encirelos the storaand is adnabe
with 1t ab one point eﬁly.'h in Dickgonin some of the stomaio,
like those of Cyathoa, have o subﬁidiary~c@ll encireling the
stomaiol comploxm, bui heve the . wubuid iavy cell never adjolng
tho gu&°d colla over move than 9/4 of the entire circumferonceo
of the ﬂﬁamaval‘cemplam. In onh@wﬂ, hovever, 1like thoge of
Lophosovia, the avbgi&iary eall 1Lank8 the stomata mere or

less ot one w;da only. ;mau&“g g and Cilbotium have ot least
bhree subsidiary cells lying pavallcl ta'ﬁhe_long.axiﬂ‘af the
gunrd--colls, in Thyrsopteris no subsidiory cells con be ‘

rocogniend ab -maturity and fimaily, in Culciue somo of tha
shomata have:a gubslidiary coll mdjuininw not more than 3/4 of
tho entirve cireunferonce of the gtomatol complexy tho remainder
of the stomata have no ?@eabzi able ﬁwbsiaiary.cgllﬁs

Leot diporphign is of universal. occurronce in
Thyrsqytafi%»9né~ﬂi&kaaﬂia; In ﬁho latbor, the lamina of the

fertile frond lS_l@aﬂ exy@mﬁed, wher &8 1n the former, the -
_'@rtilo Eren&m ay 1lm9”ph10 ns: b0’ their pavts.  The lover
X xw&u}ofaﬁhxgwgpmecim frond are . fewb110° they erd slendew

- ond conghat of numeroaﬂ ﬁinnuLc aﬂch Uith & torm1nal e
”nhergna, vhe upv*r:pinna@ ave carlaaoeu and &immlar‘ GO uho~
cof a gie ”ll@ frando " Th& ledf a1m0fphism in those two gcﬁara

probal 1y reprewwaus a przm:tiva eondit&oa anﬁ is probably due
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0 compleie or pafﬁial failure of syngenesis, l.e. the loteral
fuglon or webbing of eporengia bearing axes, and ig difTerent

from the condition found in Onocles or Cryptogramms, wheroe

K3

leaf dimorphism is believed %o be dve to reduction in tho
Jaming of the fertile fronds (Bomes, 193%6). No such mavked

dimoyrphian is h@weverﬁprﬁﬂan% in’ other goenero.

(£) Receptncle:

‘In the mavure condition, the position and shape of the
vocoptacle in these genera are. both variable. iﬁ'Thyrsapﬁérig
the vocepbtacle 1s %%r&cbiy mar inal and io mara or less

clreular in SOCHLON. In Cyathea it is hbmxﬁpherical B0
zlobosa, qnd ig superficial in position. The supe:riicial
recepiacle of Lophosorie is rounded and flat, whereap in

Mebvaxya it is slightly railsed and genicircular in transvorse
goction. in Diclkeonin, Culeite and Cibobtium the roceptacles
are digtlncvly flattened, vhough nobt very conspicuously in the

lether gonus. Developmental study shows that the receptacle
in Cibotium and Thyrgopteris orviginates at the nergine Lt

has already beon secn earlier that in the laticer the position
vemains unchonged evon ab maturity, bub in the former there
RRE =35 ﬁondancy of the veceplacle B0 slide down on to the ndeoxial
gurface of the lower indusiun. In ¢yathea dealbaba, Bover
(1899) has. shown that tho raceptacle originotes on the abaxial
surfaco, bub in thig Jpccleﬁ,’game of the rcaepiacles can
f‘GO?Lainlv bo uraoed o the marginal mevisten. - (L% lw

wmuliieano Q noto thab in huOiGhGﬁia, which uccor&#aa b

Qjowe¢~ hed. ﬂcqmir@d the B r"iciaT characubr dgrxng the
Palascozeic pariod, an&‘atamas at the botbton Qf»ﬁhGAﬁupe?fiBial'
sories, the receptacle does noi. dlvays originabe os o cnooth
swelling ab the abaxial surface as has been 1 statod Ly Bover
(1899).  In this. fern also, at least mome of bhe recowtqc1es
(fig. 66/4) show © he ‘phyletic & lde’ ulmil‘f bo- those of
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Denngtacdiia puncbilobs, vhich vas included by Bower in his

Dicksoniacoae. ) In Metaxye, however, ithe receptacle
originates ag a smooth swelling on the abaxial surfaco. Tho
prinitive position for the receptacle is the narginal ones
the change of pogition to the abaxial side of the leaf ig
obviously o derived conditvion.

The indusia in these genera are outsvandingly different.
In Thyrgopteris the indugium is obscurely bivalvate vhen

young, but bocomes a completo cup at maburiisy. Strucburally
the cup is similar on both the sbaxial and adaxial sides:

the digtribution of sbtomaita and interecellulayr aspaces is the
same in hobh. in Dicksonia, Clhobtium and Culelto the

indupiuw is two-lipped from the very beginning and thig
condition ig mainbained in later stages of devel opment. The
adaxial 1lip of Dicksonia and Culcita is not very difforent
from the lamina proper, but the shbaxial one is delicate,
vhoreas in Cibotium both lips are distinet from {the subsvance
of the lamina. Anatomically also, the upper lip of Dicksonia

ig different from thoe lower one, and hag move stomata and
intercollular spaces, wherecas in Cibotium both lips are similar,
are composed of comparvatively compact tissue and havo very few
sutomata on them, Although the young stoge of the indusium

in Cyotheoa dealbave is cémparable 0 a bi-lipped condition, it

ig o closed ocup ot naturibvy. The thickness of the indusial
cup in this specios ig variable in different indusgia of the
some irond. It conslsts of very comm.obly avrvanged cells
and stompba are absonte  The indusiuvm of Cyatheo capensgis is

gavcer like, wvhile in Cyashes conbaminang, Lophosoris, and

Hebosye the indusla arve absent.
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{h) Morphological naiture of the indusiuvm in Cyethen

The morphelogical nature of the indusium in Cypihea hos
beon the subject of much discussion For o long time. | Robert
Brovn (1810) first of all suggestod that the indusiuvm in
Hemitelia (= Cyathea) vopresents an involucre.  Hooker {1864)
interpreted this as squivalent to the dermal scaleg fouvnd on
the vegetobtive orgons. Hebttenius (1856) objected Ho this
idea @p bthe landusgivm, wlike o scele, is porsistent, and is
different in tho menner in which it is borne on the receptnclo.
Goebal (1918) interpre?@d the hemiteliold indusivm as the
~derivative of the diekeoniold condition, Bower (1928) agrecd
with Hooker and eonsldered that the differvences boetweon the
scale and indusiuvm ig due Lo specialixatiﬁn in the lajtor.

Hisg infercnce is based on comparavive sioges illustrated by

mature sord of (leichenia, Lophosorin, Alsophila (=Cyabthen),
Hemitalin (= Cyathen) and Cysithen. lle helieved that these
faorns form a phyletvic sories, which acquired the superficial
position of sori during a very carly goologleal peviod,
prasunably the Palaocogoic. In Glolchenin the sorus is neked,

and there are no halrs intcermingled with the sporangias in

Lophosorio and Alsophila (= gggthea) aimple hairs avc found

[ = =

soabtered among the sporangias somotimes in Alsophila

(= Cyathen) and consbantly in Homitelia (= Cyathes) a spabthew
Like indusiun protects the recepiacle from one side, while in
Cyvathea the sporangia are protecited by a complete cup. The
gradual increase of comploxity shown by the indusium of these
ferng led Bower to believe that the cup-like indusiunm in
Cyanshen wvas evolved Tfrom primlsive hailrs, prosumably as a
lateral exteonsion or by webbing or by both.

Howover, the ontogeny of the indusiuwn of Cyabthen dealhaba

doas not support Bover's hypothesis., If we believe that
recapltulation during ontogeny 1s o definito help in solving
the real morphological nature of an organ, he cyathean
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indusium in ccetamuiv o derivative of the dicksonioid Hype.
In the early sboges of development, the merigtempiic leaf-

maygin of Cyathen deelbats forms more oy less a. three-lobed

gtructure o8 seen in section. The niddle one dovelops into
the recoptacle and, ob least in certaln coscs, 1% is coertainly
a continuebion of the leaf-mavgin (figdS,a ), buit subsoquently
1% is shifted o the lower side of the adaxial lobe due o V
rapid g*ovbh of the latter. Tha lower lohe or flap fron iis
inception is e mulilcollular structure and does not give the
impreassion of having doveloped fron o single: Initipsl 00119

as is the case with the dermal appandagos. During this sgtoge
of development the upper end lovor lobes con be compared with
the bHwelipped condition of Clholiwn. The upper 1ip condinues
it growuh o8

port of the lamine.  The lower 1ip, which ab.
this stage is 2 meoye flap can be interprebod os bthe oxtension
oi the lowor margin of the frond. Gradunlly this fia P oxvends
round the wee@pbwcin and bhaecomes agauvcey like and ul%mu* ely
develops into a closed CUpe Thus the @@velepmental hisvory
of the indusivm in Lhis gpeclies shows ﬁhat it has not
developed by laveral oxbension or by the wobbing of severnd
hairs bub vather from the lowey 1ip of an indusivm such os

that of Cihotiwm, Had the indunium been formed by the lotoral
extension of o hnir, the &@velapm@nﬁal stoges would have shown
Toaturos eempar&blﬂ to those described for the dovd opment of
a wypleal dornal scolos

The developnentol stoges of the indus shum dn Cyathen

ERve

t’t

capsngis show that it remeing flaop-like in mogt cases, but in
rare cases the flap-like indusiuvm terminotes in a number of
haip-1ikae ﬁeum@ntso 1% may be inferrcd that the indugium in
anggca \3 nos consgvant, probobly because of the fact that

a ~ing 1 phyletic alide of tho gomus from the marginal Ho

the ﬂupa ficial conditlon, uh& indusial flop has become plac tlc o

in certaln cases it forms a cup, in obher cases it romaing in
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168 avchaic vondlvion, and in gbill others 1% booomos

veotiglal .

(1) ZIThe sporenaio and the spores

The gporangia in most of the gengrye are much alike in
diagnostic characters. Ian all except Loohosoria and lghaxyo
they develop basipebally though someotimes in Culelbn

mecrocarng the latter formed sporangia may not be clearly

basipetalous.  In fLophosoria and Metaxye the sporvangia
davolop sinultensously. The sporangial sbalk may be short or
long according to the speclies, bub in oll cages bthe annulus
ik oblique-voriical and iz not interrupted by vthe stelk oxcopt
in Culeltq snd somebimos In Heboaxyo, vhore vthera is slight
iatorruption. - The dehisconce of the sporangium ls bransverse
bo lavoral,

_ The sporves in all the spocies are btotrahedral.  Their
sldes nre wvweually ebtralght or concave. The ongloes noy bo
narroy 0r rounded, In Dicksonia the walls are bthiek,
especially ab the onglos, whieh are sruncnte. The exine moy
be snooth, fainbly granulase OF Verrucatd. The btrilete marvk
ig prosent in all cases, HUv 1% noy bo digtiact or fainte

The spoves of Lophosoria are very digtinct and have a psculioar

exine, wvhich at- one side, extends oub o form & rim (fig.10%/A).

() ZTamonomy

Though these forns vary & greatv denl due to diversity in
aloboration of ceviain strvvuctural feabures, they constitute
a wniform group as do other fern families. The conmon
characters vhich wnite them in o single group ara:
L. Formation of the protective sheath of sbtom by tvo layers
of cells - outor parvenchymatous and innor scleronchynatous,
2. Proegence of cubliecal colls with characterisbic inclusions
in the stem (oxcopt in Ciboitium and Mebaxya)e 3. Formabion
of tengential cells in the phloem of the sbtem. 4. Usual




Spores of Cyatheaceae

a

Fig.103/Aa : and b, Culcita macrocarpa PresLjo, Cyathea pulcherrima Copel. ;
d and g, Lophosoria pruinata (Sw.y Presl.; e, Metaxya rostrata
Presl.; £, Cyathea costalisora Copel.; h, C. contaminans (&&QL.)
Copel.; i, Thyrsopteris elegans Kunze, Jj, Dicksonia squarrosa
Sw.; k, Cibotium barometz Link.; 1, Dicksonia antarctica LabiQl.

( ail, x 500.)



dennstaedtia [dennstaedtiaceaeT

A

CIGOT IOIOEAE CYATHEOIDEAE

CIOOTIUM METAXYA LOPHOSORIA CULCITA DICKSONIA CYATHEA THYRSOPTERIS

Fig. 103/B. Diagram showing the phylogenetic relationship of the
different genera as proposed in this thesis.
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absence. of annulay ov gpival tracheids in the moture stom.

5. The characterigtic asasumpition of 7 shape by the pstiolar
bundle or bundles in spibte of the variabion in their number,

6., Sporanglia with obligue-vertical annulug and usual
bransverse Lo lateral dehiseence. Te Tobrahedral spores
without perispore, and 8. In ceriain wiees formation of
mucilage cells either in the coriox. of the sbem or gmtioie

or in the phloom of tho latter. ALl the genera have nosb

of those. chavacters, although gome of them are not conflined
only to this £roup. Por example, Qsmunds develops tangential
cells and mucilage cellsi but no osther plervidophytes hoave
thisg peculiar assemblage of choaracters. Yhile the combinatvion
of these charnctern keepsoll these genera btogether, the
presence of bangential cellg and the typical pattern of tho
loaf=brace or traces are evough to disbtinguish them from ony
of the lmown leptampor@n giato fernse. It geeng coriain thab
conatancy Gx all these charecters in these ferng ig due Ho
close phylogenetic banncptlans bGbtueon them as uniform
homoplastic developmenu iz~wo nany respecsts in videly separated
forng ig improbable. He the inclusion of all the genera in
the Cyatheaceae by Chright (1897), and later by Diels (1982),
Christensen (1906) and otherg, has the merit of being based

on gstructural similarities rother than on opinion, Thug
Bover's cmphasig on the prevalence of the two major lines of
degeenty in the Htree ferns, referreod Lo as the ﬁ& rginales and
 the Juperficiales, and the qubmequent sagreg&tion of Dickponio,

and 1ts related wenar& €y0m myabhea can no longer he rogax‘dcc}~
A nasura S ‘
Taxononveally iu scomg r@ﬂson@b?e b0 dmtaeh grimavy
iporiance: ﬁﬁ the prosence or »bw@noe of tho eubleal eglLs and
also o uh@ urucburm of uhe $i0mth’ and 40 pl ace all: the
geners Of the Lyathoaacﬁa into t wo ﬁvb;ﬂm1iles, Lha |
Cvath&e&ésae ane thb Cibotioidenos (il JOJBJ : Tho
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Gyathediﬁ@ae"inoiuaaﬂ‘fivc ganara ond hm& cubical cells, and
stomata. cach wiﬁhaa subsidiary cell vhich almost encircles

the guard-cells og,fin other oxomples, lies pavallel Ho their
dong axise _,Baﬁh“typemfof stmmmtg ey bho presond in the same
loafe  In gome 0ases, bho subsidiary cell is not recognisable.
voshen and Thyvsopterig differ from the rest of the sub- |

Q
family in h&ving modullary bundles. The goenus Culelto hasg
alyays o single loafebrace; in Lophosoriga and Ih fsagt@fin

ial -

though thoe leaf-l.race 1s o gingle gtrand at the bwuo$ higher

up it divides opposite the lobteral pneumathodes of the 1@3101@‘

into three SEraps. Qimkscnia ond Gyothen, however, have
AUMerons 1racos. Th@'aub;faﬁily~Cibatioid@a@.¢Qnta$ns but
two geners, and has no cubical cells in the &%?m; The &tomata
always shov ab least three subsidiory cells lying pavallel to
the long axis of the guard-cells, MG“wgga has o single
undivided leaf-trace, vhile in Cibotium tho le dImLP&GQ dzv1ées
into meny sbrende. ) . o
Ag vegords: the diﬁi&ion'ﬁfatha7genu3'Qgggge& (in the sense
used her@)y.it leliintay n@yufaT t@ divide this genus into Hwo
sub=genera on the basis of tho soale cheracter as hog hoon
proposed by Holt tum (21957). Tt hos been soon carlier thai
L not only morphologically but also in developnentol detoil the
‘goales ave diff@venua The setiferous scales, which are
choracterigtle of the sub-geaug &pﬂaavapuefis develop from

simple hairs, vhorcss the flabelloddd Scﬁlgsw‘whmch avre present

in the sub-genus vavouwhner', dafo1op rom pel tate holrs,
In neither sub-genus are both sotiferous and flobelloid scales
presen te o ‘

-
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Rolabionship of Cyathoxésme

The structural rescemblance botween Cyathea  and Gleoichenia
has been emphasised by Bover (1926), Holtbtum (1949) and
obhers. The two are undeubﬁaaly guch alike -in having

gupe v &clal sori at mnburaty, seulferau seales snd gimilar
leaf-form in. the primitive pﬁeeaem. : Thg lcaxubragg of
Gleichenio i Cwshaped ( sdnrolled horse shoud and is notv very

different from Lhah a; Cgvuheﬂ in its patterns Despite this
ﬁlMllﬂ?&by‘bh@qb %wo genora stand %pav “from each other iun
soveral important chavactox g:  the rhizome of Gleichonin is

dorsiventral, its leaves: show false dichotomy and grov in
abages. {(However, the fronds of very young plants of
Gleicheniag gloven do complete thelr growbth, end resamble the

frond of young planbs of Cyabhen (Holbtum, 1957,b)). - The
hairs of Gleichonia are siiff, unicollular but brenched; the
acalaes though soviferous, a?a*pnltatc*'=sparaﬂai dehigeo
10ﬁgitadinally. No cubical ocells or tangential cells, whlch
ave uwniversally prosanb in the Cya thoaceae, aro found in vhe
pbomg of G1L 1ﬁhun1d, These daha thF@LOTG augsest Lhah the

Cyathoacene h&vo not cky ﬁalnly been derived directly from the
Glaignanlaewme, buu bhau they have probably evolved from o
connon svock. |

- Bower included Donnataoedtia within hisg Dicksonioceae,

‘Holttum has shown tho fel&tianéhip 0f this. gonus vith Culcila.
These Lwo g@ﬁ}ra agree ln h@Vlng 8 crecping hab&t hairs Qs the
ﬁ@fmal appenda og, gori maréinal in origin, bub iu the formsr
gonus,  they Slld@ ﬁownwafds MQPu cénﬂpicuouﬂwy.. Jhe»eaama%a
Care also v&ry sjmxl&v (seo Tigs. 54, and 266 GGna*d, 190%)
The m@ra or le 88 Ummh&pvd 1@wf~strand of D@nnsua@gtla i85 ot

very &tfforant from that of Culclha. "The presonce of cubical
colls: with the char&ehevasbla crys tale corteinly shows that
thy are fery g108uiy rol@heu. - However, thé.abaence of
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vangential cells. Jjustifies ivs geparation from the Cyatheaceae
(in the sonse here uped).

Svructural regemblances bheiwveen the Bchizavaceae and
dickgonioid plants hove been emphasised.  fGohlgeea does nob
shov any cubical cells or tongential cella. A full discussion
of the relationship of JSehizaece with the Cyatheacseae 1lse
hovever, deferred wnitil o detailed . histological gitudy of the
gonug is nodo.

Onocles and Dryopievis were shought 0 have o direch
relobionshin vibth the Cyatheos, bus the asnatomical devails of
those genera 4o not supporh such o conclusion.

The progence of tangential cells ond mucilage cells in
the stoms of Osmundaceac indicates o possible relabtionship

between these plants and the Cyatheacese.



FART L)
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Notee on the anntomy of Qphioglossum roticulatum L.

with apecial reference to its distribution in India.

INTRODUCTION

The Ophioglossoceae Alffer in several roegpects from all
othor groups of ferasg. The characteristic features ol thease
plants. are the peculiar fertile spike, non=circinate vernatsion
of the leaves which have gtipulate sheaths, slow rate of
grouth and lack of well developed protecting and supporting
tigouvea in the sporophyte. Unfortunately‘thare are no fogall
racords of thess plants, bubt bthey possess features vhich
guggest that thoy are of gveat antiquity and that they
repregent o relobively primitive type amonget ferng. For
oxomple, the occagional dichotomous branching of the gtem and
root, dichovomous branching of the leaf-trace snd vein endings,
1&r§e agperangia with massive walls, vascular supply and
atomata, no elaborate mechonism for dehlscence, and large Bpore
oubpus by individual sporangia: all are characters found in
the primisive members of the IMilicales. These unigue planibs
with their peculiar fronds have aiiracted the atitention of
Pieridologiats since the time of Roeper (1826) and have boen
repeatedly invesbtigated asnd discugaed.

The following account relates bto Ophiogloasunm

reticulatum 1., with special proflerence to 1ts geographical

distribution and anatony. The problem presented by the

~ morphology of the f&rtile‘&gike has also been re-cxamined.

The earliest account of the anatomy of this species is that of
Bower (1896), ﬁhich deals in particular with the developmont
0f the gporangla and spores. Reeontly, in hig studies on the
Japanege gpecies of the Ophloglossaceae, Nosu (1956) referred
briefly to certain feabures of this specles but Nishide (1957)
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hos axpf@aséd doubts about the identity of the plants
desoriboed by Nomu, considering that they might simply be a
large type of Q. vulgatumn. No full account of the

digtribution and anatomy of Q. reticulatum hasg hitherto been
published. ‘

DESTRIBUT LON GP OPUTOGLOSHUN RETICULATUY

(a) MNorld distribubion
Ophioglosswn reticulabum has been recorded from Norith

Argentina, Bolivia, Peru, Brazil, Dutch CGuinca, Venezuela,
Colombia, Panama, Honduras, Guatemala, Cosita Rica, Mexico
(8tates of Jalisco, San Luig, Potosi, Vera Cruz), lest Indioes
(Grenadsa, Hispaniola, Guad@ﬁaup@ Porto Rico, St. Thonasg,
Jomaica, Martinique, Isles of Cuba), Galapsgos islend
(Villomil Mt.), HMadeirs, Cope Verde islands, Liberia,
Cameroons, Nyassalend, Natal, Re Union, Mauritius, India,
Burman, Nepal, Ceylon, Philippines (island of Luszon, Province
of Battan, Batengas, Benequet, Ilocos Norta); China, Xorea,
Japan, Fomosa, Bastern Polynesia, Singapore.

The world distvrihvution of this species shows that it is
Gondwanic in digtribution, and further emphasizes that bthis
species is of great antiquiiy.

(b) Distribubion in Indig

Ophioglosgun reticulatun has been recorded from the

following localitiocs: Agsam: Thakureswvari or Monkey hillss
Gaubati Grand Trunk Road, Goslpara Dist. (altitude about 200°,
gollected by J. Marten, Nov. 190%); Khasi hills (collected
by S. Bose, 1956). DBengal: Darjeeling (collected by
 UcT. Sen in 1958)s Malda (Vieary, 183L); Agartalla (alt.
600 ~ 800" collected by P.M. Debbarman, April 1915):; Indian
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Bmﬁwnie Ga?deng' hiﬁyﬁvé (oéllnctéﬁ-by:Dé&ia;'Auguaﬁ 1896) 3
Jadavpore (A kﬁ Gaﬂwuly, L9)4)~ '-Bihaﬁ° “Parasnath Hill
(oolluched by J. Andarson at -3000', and alsa by tha yriter
in ¢ Gﬁugx 9)8 at ﬂlultudes ;000 - 4,430'), H&“arlbmgh (near
rallway wuatian by the urxuo; in Septs. 1958).
’,chgmg (now, Mah@r&qhbro) : *?oona (W d. Mahabale) .

Uytar rrad@dh~ ﬂusaoarj (eollagtad by Pells Machinncn,_
'Oct. 183;, and alﬁo by nhe wrlber in.19%4); Dehra Doon’

. (collecked by l.B. Reizada, 19%8).  South Indigs: Noxth
Canara (coll@osﬁd by Jalbot, July 1888), Hounb Stuart,
‘Annamalax Hilis (altwtude, 2y ?00' collecied by Pischer in
’Auvuat 1905),: Qui long ‘Travancore (eollee%a& by HeAeo Lowson,
Nov., 1839),,fér3653mt, (Tclliers); Courtallum; *Bangalore
(on” th@ ﬂandai Hillg ,‘edliacﬁéd by\Tgﬁ.'Mahabale); Nilgivi
. Hills (Beaaene).,.=xasnmir (collectod by T. Singh, 1957).

(ALl planue, exeentlnv hDSB marked with %, recorded
ubave have bemn eﬂamlnsd by bh@ WPlLbP )

’ ;fg§g§RLAL

‘ﬁat@rialifg%"ansﬁamical stndibmﬂwaa collected by'the
vriter from ‘the. Parasnabh Hlllm (in chober, 1958) and also
‘;rﬂm Mu&sm@r&e (in November 9“4) Maberial from Dehra Doon,
'coll@aue& and fixed by Dr. MaBe R&lzada in October 1958, was
'gcnb to Lhe writer fo; his studicd. HMaterial from Jadavpore,
‘Ka&hm&;,'@nd-bsqun wagﬁavaxldblé'thraggh the courtesy of the
aubhorities awaﬁé’City“éellege;*célcuxta,1Mf;»T. Singh, and
'lﬁhc autnorltlos o& the” BOuBnlC Qa?dan, Ceylon,. PGQPGGLLVPlY.

' "5Tha plantd w@rc eollacted, washo& uharouﬁhly and Were
'lmmeaianelv flmed Ln elbh@r of ho two fallovzng fixatives Tor
>tw03vh hauis. ‘ o |



| 121
e 70 ALCONOL «eeesas

1 pard

Commercial Formalin 1 pari

A5 Acetic Acld ... 1 pavid
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The mabOfTJL wos then trannferred 1nt0 ACthb s Alcohol
.(1 )) for bwelve haurs and was then fjn%lly preservaa in
CTO% Alcohol. '

HABITAT (1 TINDIAN LOCALLITIRS

In India this species is found both on the hills as well
a8 on the plains. The mogt 11xuriant‘growth of this plant
voa recorded by the writer on the Parasnath Hills (altltude
4430 feet);‘;'mho soil there ig o gt;ff,reddigh'lcam with o
high percentage of ferrous magnesiun silicate. - The mazinun
end the minipum rainfoll ocdur& usually in the months of July
“/and Dccamber_resp@ativaly. From July to Sepiember the
climate s warm ond wed vith a varying temper&ture or 22 =
“566; while it ig dry ond comparatively cool from the middle
of Qcteber to the middle of February, vhen the temperature
ofton folls bolow 10°9C. On bthis hill bhe'glantﬁ vere found.
in colonies in ag &oclaticn winh 5elqginella (two species),

Adiantun (one species) and Q?&S&OS (three species), under the
-shade of atum ted Brees and shrub&, vhere these smell farns
hardly got nmore ‘than an houvf& exposur@ of lighﬁ in a doy.

On the Mussoori Hil 1, the writer collected those plents
at an altiitnde of 6000 fact durinm the month of Qctober wvhen
thore was hoavy rainfall and whﬂ temper&turm Was . comparablvely
jvaim, - lere Lhe plants were found growing in asgoc3& vion - U1Lh
'ﬁwo spepic of gr&sn %n@ under - uho shade of gmall husheu.

Ib YOR gathered from the local p@opla of both: the above
'-menuion@d loealttis thas uhla plant bugin o ncrnnumto &TQ

;earlv Novembor vhea extreme cald @@tm ine
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On the plging, some hundreds of miles away from hills
this plant has hoen found, though noit growing vory
luxuriantly, on moist, ghady, grassy slopes during the ralng.
Often theoy have been found on dry open places, and even on
voadgides during bthe same s0a80n.
In Bombay Presidency the plant hag boen reporbed vo bo

groving under the thickeivs of Lentang camera, Caesalpinia
pulcherrimg, o0r noar the trunka of Caguaring couisetifolin.

AXCERUAL CHARAGTERS

L

The plants ore herbaceous and perennial, varying from
4 to 40 enm in helght according to the nature of the habitab.
The plante growing on the hills in a varm and wet climabe
are usually larpger than those growving on plains in hot and
comparatively dry woathewr. A high wabter content of the geoil
aleso secons o promobe the growvth of this plant.

The stout, orect rooit-stock 1ls more or less cylindrical
and ig glabrous throughout. It ig usuvally uubrenched but in
rare oxamples, branching occurs as a rosuly of the developmenth
of oxillary buds. The pale brown rooi-gtock shows apirally
arrvongad leaf-scars near its base.

In the majority of plants available for examination there
18 o horvigonitnl root present at the bage of the planb. This
is due o0 the fact that the vegelative propagation by
adventitions rooit-borne buds is general, almesi all the plants
in a colony avisiang by this means. The basgal horigontal oot
is thus a rool of the parent plant. The roots developed by
the nev plant are usually inserted bhelow the lesf-scars and
grow obliguely dowmwards. Thegse roots, which are devold of
root haivs, are mogbly unbranched but a few of bthem show
monopodial branching.

" The ereet fronds varying from 7 to 26 ewm in length, the
divigion into sterile and fertile voglons occsurring aboutb
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half-way wp the frond. The sterile pard consiste of o shory
stalll (2-6 mm in lepgth) bearing the undivided blade. The
latter is mombranous, globrous, breadly ovabe, or moyre or leas
cordate; tho apex is rounded or obtuge; 1t meagures 2«9 cm
andt 1.,5-5 cm in broadih, The venation of the blake is
rebiculate and there is no distinet midrib, The veing Torm
small polygonal arcos varying from 0.4~12 mm in lengbth and
0e4d=3 mn in breadih. Veins within the arcolog ond others
near the blade margin branch dichotomously and end blindly.

Under natural conditions usually only one frond is
produced each year and this develops during the rainy season.
On the Parasnath Hill, vhere the dry seoason begins in lote
Ochobor, the leaf dies down in labte Novembor and the plant
begones dormanti. The new lead boglng to develop in ocerly
July,

Undor culiivation, hovever, plonts hove boon induced to
produce up 0 throo leaveg in o single year before they
bogamne dormant, Ten plants, collected from Parasnath Hill
on the 10%th September, 1958 were planted in earthonvare pobs
contoining soil and hunue from bthoe game localiiy. The pois
which ware watered once in a woek, were placed in a damp
shady place, where sunlight vas available Tor about one hour
por day. The temperoture ranged from 22 - 2530a Seven
plants either died or became dormant without producing further
Tronds during the year of the experiment. The remaining
three behaved as follows:

Plant 1 -« A new frond developed early iun MNovember. This
vag followved by the production of @ second frond late in the
folloving January and of a third frond (with spike) early in
April,

Plant 2 -~ Development followved the seme course as in
plant 1, The firasbt new frond was produced late in Ociober,
the 8@0@36‘(béaring a spike) in the middle of the following
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January and & thivd earldy in April.

Plant 9% -« A nov frond vas produced in the niddle of
November and a second: frond cavly in Fobruary. Bhe plank
then dicd.

It is cleay bthervefore that the conditiong of the
gxporiment tonded to retard the onget of dormancy and 40
geinulate the continued development of two or three young
leaf rudimenis already vpresent at tho apox.

buring the oxperiment it may be noted thot the intvensity
of habitet factors like bemperature, dally axposure of
sunlight (insolation), ground moisbture, and atmospheric
humidity wag kept more or logs similar (o that ovailable o
the plant on the hill during the months of July to Sepienber,
vhon tho plants show sctive grovih. L4 seong likely thot Af
there had been no adverse environmental condition on the hill
and elpevhere, the plants would have produced a new leaf ab
intervals of 2-3 monthg, and there would have been no poriod
05 dormancye. In other words it can be comcluded {rom the
abovo experiment thatv tho monophyllous nature of the plant ig
an acquired charvacter due Lo extremo specialization,

The fortile spike is borno about hali-yay along the
length of the Lfrond. It has a gterile stalk (peduncle)
measuring =17 om in length while the fertile rogion wivh its
two rows of labteral gporangia measuros l.5-4 om in length,

ALl the freonds produced by the plent do not bear o fertile
spilke. These gsterile f{ronds, hovever, bhear aboriive spikes.
Such abortive gpikes are visible even on the leaves of vory
young plants, vhen they regomble the withered remnants of
fortile opikes. Bower (1901) domignatod those leaves vhich
bear wodeveloped rudiments ag sterila sporophylle and regarded
the imperioct aplikes ag vesitigial, '




OphioRlossura reticulatum L.

Leaf-traces

Young fronds

Apical
Root
7
Fig. 105
Fronds Root-tra
Pig. 104 Fig. 106
Cauline strand-
Parent root
Fig. 108
Young fronds
Apical cell
Fig. 107 Fig. 109

Fig. 104. An adult plant. Fig. 103# L.S, of a stem. Fig. 106. T.S. of a stem
near the apex. Fig. 107. L.S. of the stem showing the apical cell. Fig. 108.
Vascular skeleton of a stem. Fig. 109. An apical cell of a root (T.S.).

(104, x .3; 103, X 8; 106, x 20; 107, =x 40; 108, x 7; 109, x 130.)



Ophioglossum reticulatum L.

Fig. 110. An apical cell of a stem ( T.S. )e (x 220.)
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(a) Gener&l dGSLxlwblﬂn of &plcal r@gion s

’ Tho ap@a&l r@&ian of the reothbock ig occunxbd by a bud
'*(&Lg.104 e Lcngxbudxnal and uvansverao sections through thg
'.bud {fig gad05 andlo6) shew that 1d 00n81db C0f- Gmb mpir@lly
arranged rud&mentary Leaves 'Qf various D08 Bach of uh@sa
rudinents ig surraunﬁcd by o stipular sheath rermo& by the
bhase . ﬂf'the preceding leaf. A modian langznudxnul SQleOﬂ
of the. bud ahmwa thats th@ apex of th root-gbock. lies in a
emall, eﬁviuv'sofmaé by th@ DVQPD?GhLﬂg of the sh@mbha'of the
7uu® younges G leaveg (11@ »105 l®7) Thlw.caVLty opens to the
-axto ctor by a minube pore. UL

,(bj The apical oell _ | |
The g brouﬁh of the atem le due ta tho acuiviuy of a giﬁglgff
Bruneasod avranldam apleal c&ll whlch in lOngltndLHQJISGCtiQﬂH
ig fouv-sided with a narrow ane?‘und b*cader baae (fi 107 ),r7
wvhile in traﬂﬁverﬂo section. iL is three uideé (x*&.llo ).
Afber eutbting ofx ‘thirce lateral Negm&nta, Giﬁhb? in a glackulae'
oy anticlockvisc dira@blung the apical eoll euns;of “the _
fourth segment from its basal wide. The fif%h?anﬁ ho ulkth
divisions are in o vbrbieal pi@na in coch of tha 13&@?&7
 é®gment$. Purhh@r &Lv;szons avre - in irrerul&r aequencea .

The apieal region shewm no- sig mf iavmation o? cauline
pravasomla .tligsue. cannentxn Qithor umLh uh@ vamau1wr syﬁnom
baelow the- apie*l J@PTSqu uv o that af tho latoral
wpponda nel:l (1i 105 Yo o Mah@axa in uha cdlls of thls reglon ;_‘
;i 3000 vory. frequeat, inuxcabinu the very slow fato of wrovth

0F the atem.,. o ' ’

(é) uhQ“t aocount of the zenerul ﬁﬂatomg cf root-mbenk

~Tha xeatw t@ok ig d fxerentﬁated inﬁa epidcvmxs, eovtex
and goele, " The. opiuermls im s1nglo 1la yerad, thck uau1cd
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and gconaiste of living cella. -The cortex is composad of
parenchymnatous colls with intercellular spaces. These eolls
arc packed wibth shtarch grains, An. én&sﬂermis ig progeni only
in the bassld region of the root-stock, Tho bagal part of the
root;atoek'shﬁwa on onbogenebtic recapiitulabion of stelar
QvaluxionAin being protostelic fov thoe Tow ncﬁeé, ectophloic
solenostelic for the nexbt node and dictyosbtolic sbove thism.
Boch merigtele is endarch. Jecondary growbh ig lackinga.

(d) Zhe vasmeular systen

The goneral form of the vapcular sysiem iﬁﬂ%ﬁe gtem of a
young plant‘@riming from a vootd ds shown in fig. 108, Thao
proparation wpon vhich the drawing is bhased wvas obitained by |
uging Sporne's ra@id cloaring technlque. The root-ovock vas
imperged in alkaline Hydrogen peroxide for about 48 hours and
then heated in pure lactic acid Tor about Four hours. This
metvhod, aldod by careful dissecihon during vhe hoating i ocess,

gives a clear'picture of the onitire vasgeular sysiem, which ig
seen attached to the root strend of the parent plant. 1%
renaing unbronched for & short digtence and thoen breocks up
inte & reticulum due to the overlapping of several leaf-gaps.
The leaf-gaps are large, eleng&tad‘and are arranged neayr the
hasal rogion in compact gpirvals. The leafl braces are clearly
delimited from the ceuline strond in the basal part of. the
root=stock wnile in the uppe? vagion vhis aclinitation bobueen
the cauline and the foliar strands ig not possible. In the
lover region of the stom usually a gingle leaf-trace and a
roobt=trace coan be a&sigued to a single gap wvhile in the upper
reglon such ossignment cannot bo made.  The leaf-braces
vomain unbranched i1l thoy emerge into the getialee- Some

of ~the voot-traces, speoially those in the baanl pars, .
immediataly afier shey ave delimited from the eauline gwrand,
pass uvpwards and outwards for & short distance and then bend
douwn, vhile tha«cthers.are direéted'downwardg from the very -



Cphioglossum reticulatum L,

Cortex
Stele

Fig. 111. Serial transverse sections of a stem showing progression from
a protostelic to a dictyostelic condition (L*, $ Lz, leaf-traces;
R”,R2, etc., root-traces). (x 20.)
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begluning.

(¢) Deseripbion of bvengverse geries

A trangverse scctlon abt the besal part of the root-stock
shows that in tho centre the phloem surrounds ﬁhé snooth core
of the xylem to form a haplostelic gbtructure (Fig. 111l,a).
Anotheyr scevion a fov mm above the basal vegion, shows in the
contre of the xylem the appoarvance of a parenchymatous 1moas,
Mich bocowmes more c@napicuoué farther up to form the
siphonostelic structure (Figs. 111 ,b-c)s Thus in this
gpecles, it ilg evident thot the pith is intrasbelar in origin,
A sinilay geetion further up shows vthe vascular. cylindor
perforaied by a leaf-gap vo form o solonostele (Fig. 11l 4).
Further up, dvue 40 overlapping of sevoral gaps, the vagonlar
vlesue breaks up into poveral moxisteles to reach thoe
diotyostelic condition (Fig., 11)£).

Figure lll,e shovs a projection (R.) from tho outer
surface of the sivele. This pr@jaatian“is cut off at a higher
lovel from the stele, possos wpwards and oubuvards for a short
digtance and then béndﬁ baeck to form the root Lraco
(figs. 111 ,d~h). Tigures 111 ;¢ and £ shov that the stele
bfeaks up invo four strends, one of wvhich posscs wpwards and
outuprds to supply bthe first loaf (LK). Figure h shows the
origin of another rool trace ag an ouber projection of a gitrand.
This trace, immediately after geparation, goes doun through
the corvex and wlitimately supplies the second root (Rg)

(figs. 111 g,€, end @), 1In bthe succedding sections it is
found that after giving off the second root trace, the parent
strand passes upwards aond ouibvards, ultimately supplying the
sooond leaf (L,) (figs. 111 ,hej).

The third root and leaf traces are found to develop in o
similar vay.  Often a cauline strand is seon to bifurcaie
(0ege ¥ ond 'Y in fige. h and i). Figs. 1ll,h-j shov corbain
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roob tvaces (R@, ﬁﬁg and Rﬁ), which have originated ot higher
levels, going domuard and onbvard.

Thoe leaf-trace thereforo originates as o zoctor of the
cauline strand, In nony caseds it is found that the eize of
a leaf-troon, 08 seon in & ronaverse secition, ia sinilar to
that of a merlstele. This simllarity in size and the method
of ovigin by dichotomizabion, iag probably an indication of
$he morphologleal eguivalence of the vasoular axig in the sten
and tho frond. A ginilor type of loaf-bracce {ormatlon wae

found in Boirychiuwm by Chrysler (194%), who considored such
a btype of branching as dichotonous (dichotomy 1). AD tho
loai-trace ageonds throuzgh the coriox, %h@r@‘app@arﬁ a
gongtriction noar the middle of the inner side of its zylem
rasg. . Thig constrietion moy be considored vegviglal of the
next dichotony, and ig- gimilor to bthat of Ophioslossun

nudicanloy ond Q. kawomurag (Nishide, 1957). The conglricilon,

howovory ig temporary and soon the leaf-trace regains itg former
ghapo, end hecones &iigh%iy Curvad. Xmmadiatal& after
enioring the gomnon-agtelk, bthe curved lenf-trace divides into
throe by radial pasrpendicular divisgions. The lateral strande
ocoupy the adaxial position of the commen-gtalk, vhile the
contral one moves to the abaxial side (fig. 132). During

this orvientation of the gbronds, thoy feﬁat@ in such o way

that thelr protvoxylem points tovards tho centre. Tt ig

o
oeia

3

significont that thoe arvangemont of these traces roealls thab

]

£ the epuline gtrands.

i3

(£) The svlem

The xyleom is wade up of Hrnchoids and -parenchyma, vessels
being abgoent. The thickening of the walls of the protoxylem
tracheids, oo goeon near the growing régien, ig annular.

These trocheidal olements, o in tho Haratiiacene, gradunlly
grade into annuwlar-reticulate elements. TPrachoilds with only
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m

piral bthickening a?@,nOt.qun&; but rebiculote~gplral .
alements are common in the met&xylema However, a far gr@aﬁef
nunber of the tracheids show sealaviform-rebiculate or
robiculate thickoning and have uniseriate or muliiseriate,
digtinetly bordered, pits, vhich are wore or less clrcular

or clongaied. Baou (1953) has also veported tha Prepence

of borderod pits in the protoxylém cloments -of the .
Ophioglossaceae, but Nozu (1956) conld not recognise them in
Japanese maverial, which also included Qphioglogsws rebdoulsiun

The tracheids of the nebexylem src obont 0.4 mm in length and
abont Q.03 mn In breadth, By using gtaing like Tannic acid
and iron alum with Safranin and Ovange ¢, or, Haidenhaing
I7on=Hemotoxylin and Safranin, it can be demonstrated Hhat
tho btracheid walls are mage wp of three distined layers, the
prinary, the secondavy and the tertiary. 1t may be nobed
that this three loyered condition was also observed by
Loughridge (1932) in the trachelds of Qphioglossum vulsatum

ond Ophiosloggum pendulum. The primary and alse the

secondary wall take cellulosé'ﬂﬁéin, while the third layer
vakes the lignin stailn. The well of the mature Yracheid

with its tertlary deposibtlon meonsures shout 7.5 w in thickness,
vhile its pecondary thickening elone meagsurses about 2.9% w.
Jections through the pit-pairs show the presence of pit celosing
menbrencs similar to those of Ophioglossum vitleatun as shown

by Wright (1920). The parenchyma associated with the
tracheids are clongeted colls ohd have their long axes parallel

P

o those of the tracheids.

() ih@ ohloen

The phloem ig composed of siove cells and parenchymo.
The =ieve cells are arfang@d en&.ta(eﬂ@ vith their end wallg
sharply inelined. The mature siove cells as observed in
langitudinal soctions of the rooi-stock are enucleate, thick'
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wallod and have sicve areas on all walls,  Those colls .
eonﬂeﬂly vory id wi Ldth, being either_unifofm throughout thelr
vhole length or wprrover ob one end.,  The wall congists of
primary wall Qalyg which staing as“ceilulca@o - The ﬁallsﬁ
ave thicker then those of the adjoining parenchymn cellsiama'
becone conglderably shickonod a% moturity. Gallaw'would not ‘
be debeched usﬁuw anilia blue, zing Dhioriﬂeg and 1oéineﬂ |
A mnﬁnve sieve coll hag an average length of 0.175 iy and
broadith G ‘O 01 i, Oxucn the thjckenﬂng of the. walﬁ
MOD/UTOS ﬂbout 2 U, ‘Tho pavaﬁchyms cells aB &oe!aso& Uluh
uhezphw@em 2re. a?&e alcnfabecp hoving btheiy wmng a3 s parelle
uq thJQ of the sieve 0&3389 and ofton shau Prime 1ﬂ pi b fi@luaa

(h) ‘“The developuenl of siave*eellﬁ

“Tho doveloopnent can be hesiy muudmeé at & digte 2100 back
from the s stom, root and spike apices., The vory young sie?o
cells can ravely be distingulshed from the other pfOL@Bbl 1 -
colls. Like the procombial 00313 thay are nucleabe and

vaculatod, urwaua31y uhav bobemo very mueh elong 1s@d'ané
Nnarrot. ”h@ nuolous also becouss elonpab@a butb Tinally
digappearde. Sieove areas con be soen in the doveloping siove
colls and thegse aveas becone ine?é&Singly congpicuous as tho
'5ieve.@alls_maﬁﬁ?és' Storeh graing, vhich arve so abundont
in the pareﬂahynﬁ*cal?é; could not bo &bﬁbﬁtcﬁ in the sioeve

cells at any stage of dovolcpmenta, o dlsuuneuion could be
mado hetween the prstomh&agu ané mehaphloena,

THE LEAT

(a) Develupmvnt

Longluudxnal and trdnsver&O Jeotleub o¥ the raatmsnock f'
rﬁﬁeml h&b threp, 10ur five,: nv evan ix rud*mentary leav&¢v
aurrauﬂé the ayok. Au a dln sle - 1L&l La u&ually praducad by
o p1ant in o yaar, ih can be said uhat & 10%& tmk@g Lour, 1Lve,




Cphioglossujn reticulatum L.

Sporangia

Apical cell

. 117

endo

Fig. 112

Firr. 120

uporanjium

Fig. 118

Young spike

. Apical cell
Fi,'. 11 Fir. 114 Sporangiogenic cells

Fig. 119



Fig. 112. L.S. of a young frond. Fig. 113. L.S. of a young frond with a spike.
Fige 114, L.S. of a frond with an apical cell of the spike. Fige. 115, T.S. of
of a spike. Fig. 116, L.S. of a part of a spike. Fige. 117. L.S. of a part of a
spike. Fige. 118, T.S, of a wall of a sporangium showing the region of dehis-
cence. Fige 119. L.S., of a spike. Fige. 120, T.S. of a root showing the endoder-
mis (endo), phloem (ph), xylem (xy).

(112, x 625 113, 14, 119, x 60; 115, x 105; 116, 117, x 48; 118, x 100;



Ophioglossum reticulatum L.

Fig. 120/A. L.S. of a young spike showing the sporangiogenic cells

( X 280. )
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ﬁix;‘ar eVCn SOVen years o matura. - A leal devclops by
neang of on apical cell having btwo cubbting faces (fig.ll2 ).
The leaf primordiuwm is difforentiated frow one of the dauvghier
43@gmant@ of the apicel cell of the root-stock, It conglets
of o conical mass of meristematic btissue vhich increases in
gize during the First two or three yearg of its doevelopmonts
but does not show aay differentiation boyond the formation of
the spike initial (xig¢113 )9 Procambial gtrands then appear
at the base of th@ rudinent and vesculay vissue ig fully
divferventiaved in the lead ilitself about two years bofore the
loaf oxpands,

The eells of the nperisteomatbtic tlissue derived {from the
activily of the lear primoydium beconme active before the year
of wnfolding.  In the veglon above the point of atiachnens
of the gpike, the mer*&temahin tisoue difforentiates the
narginal merig ueﬂsv vhere nore valls are Tormoé by dividing
cells anbiclinally bhan periclinally. As a resuld o flat
tisoue or lemina is formed, A% the vime of unfolding, each
leal breoks through the stipular sheath of the preceding leaf,
ag in the other species of the genus.

(b) Anobomy of the conmon stollk

A cleared common svalk shows that tho three traces at its
bage uwndergo repoabed divisions as they pass upvards and form
twvelve traces at the lovel where the CORNON sumlk divides into
the fortile and sterile lobes (fig.128 ),‘” 0f these twelve
bundlgﬂ,«nine supply the atevile yport, and the-ramaining three
pass int0 the fertilﬁ‘lobe. In the commanmgtaik there is no
- sign of anaobonosis anong the tracoes. Serial brangverse
ﬁecﬁipns of the common-gtalls confirm the above descripiion.
Figure 1%2 » vhich represents a transverso soction éf the aton-
| apex,Surrwunéea_by’aanumbar of common-stalk bases, sheﬁs'the
'&ivigioﬁ Qf‘thégs;ngl@'le&f@&deﬁ lﬂuO Lhr&n. "Jﬁsﬁ below -the



Cphiog:lossum reticulatum L,

Fig. 121 . .
idermis
Fig. 125
Phloem
Fig. 126
Fig. 123 "ein
Rootcap
Fig. 124 Fig. 127

Fig. 121. Epidermis of the common stalk shovying a sunken stoma. Fig. 122. T.S.
of a part of lamina. Fig. 123. Part of a lamina shov/ing reticulate venation.
Fig. 124. Epidermis overlying the veins. Fig. 125, a-f. Stomata in the stages
of development. Fig. 126. A mature stoma. Fig, 127. L.S. of a root-tip.

(121, X 42; 122, x 150; 123, x 9; 124, x 50; 125, 126, x 275; 127, x 115.)



Cr*hioglossum reticulatum L,

Lamina
Xylem
Phloem
Epidermis
Sporauigium
Fig. 131
Sporangium
Fir. 120
Fig. 130 Fig. 12$

Fig. 128, A part of a frond showing dichotomous branching of the vascular
strands. Fig. 129. A fertile spike, showing vascular supply to sporangia.
Fig. 130. T.S. of a sporangium. Fig. I3I. T.S. of a peduncle.

(128, x 5; 129, x 9; 130, x 60; I3t,x 65.)



Cphiopjlossum reticulatum L.

Leaf-trace

Leaf-bases
(= common stalk
bases)

Young fronds—L

Fig. 132. Transverse section of a stem apex shov/ing the common stalk
bases. ( x 80.)
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Oihioglossum reticulatum L.

Fig. 134- Photograph showing the differentiation of veins at two
different levels.

( X 10.)
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axternal division of the frond into the sverilc and fervile
sogments (F1g.133 ,0) theve ig a ring of colloiteral sbrands.
Pigures 133 b,c and 4, cut at successively highey levels,
show the depariure of bhree of the adoxial bundles to supply
the fertile sogment.

The xylem and tho phloem elguments of the vasculor strends
yere exanincd in gserial longltudinnl secviong. The prosoxylem

o

conglpts of trachelids with helical thickenling and measuring
about 0.5 mm in lengbth and 0,01 mn in breadih. Tho netaxylen
tracheids ugwally have uvoniseriate pitting, bthe pits being
rounded o ovalg they measure 0.7 nm in longth and 0,02 in
breadith. The sieve cells, which are very gimilar to those of
the stom are usually sbout 0.4 mn long and 0.0 mm broad.

The epidermal colls of tho common gtalk are much elongaied
and have extremely obligue end walls. The sunken stomabo ore
dlgbributed over the entire surlface. They resemble the

shonata of the sterile bloge in siructure (fig. 121) and also
in dovelopmont,

(e) Yenabion

The reoticulpte venation of the bladels well shown in
cloared gpocimens (figs.128 ond 123 ). Froe vein endings
are prosent in some of the veln isglets and they are
parvicularly freguent round bthe margln. n a fev abnormal
cases veins have been differentiated at two diffevent levelg.
Fig. 134 illustrates one such example where voin g is at a
lower level than vein b,

() General cnatomy of thée lamina in btrangverse sectlon

L= Tty

A cross gection shows that the outer walls of the spidermis
are cutiniged and that sunken stomats are presgent on both the
BUPLNCOS. The mesophyll cells are not diffeventinted
(£ig.122 )  They are irvegular in oubline, some of them
boing oval, otheras c¢lroular, angular and olongabed. These
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cells convoln several dige-ghaped chlovoplasts, which are :
charvacterised by having denitate narging. Large aly chambors
are ofvon fouwnd in the megophyll bebuveen the traces. The
traces hove protoxylem facing the adaxial side and phl@mm
the abexial foce. The xylom and phloem eloments regemble

those of common ghall,.

{e) Dpidoymis and stonabs

The epildormal cells on both surfaces of the blade have
wavy anticlinal valls. Sbomata ove present in equal auwmbors
on the two surfaces and they occur both over the veins and
over the intervening mescophyll. - The oval stomota, whlch ore
uaually: sisuabted o little below the genoral levol of the
epideviig, have no subsidiayy cells. (filg. 126). The vadls
of the guard cells are wevenly thickened and theve are Lodges
of cutinised wall maborial, appearing as horns in o scotion
(fige 125,8), projecting over the eoxternal opening of tho
SHONaal POrd. ‘

The differventiation of -the gionate was folloved in
gactiong of sterile blades of vorying age. The sptoma mother
cells arve readily distinguishoble since they have denser
prosoplasts and lerger nucled than the neighbouring cells
(fige 125 ,a)}e  The mother cell theon divides by an anbiclinal
wall o give the two guard cells (figge 125 b and ¢).

The walls of these now bhocome differentlially thickened and
cutiniged, the outer walle being the most strongly thickened
(Tige 125 ,8)e  TFollowing the dissolubion of the inbercellular
moterial botween them, the two guavd colls goparste Ho form
the gtomatal pore {(fig. 125 ,8). During the developmontal
gvages the guard coells arve at the same level as the general
gpidornige Ag mabturity is reached odjusiments in bthe
surrounding tissucs lead to the stomn being sunlk below the
gpeneral opidernal levol. There does not appear o be any
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definite soqueance in the development of stomaba on o young

laaf and frequently wvarious developmental sbtages can he
obaerved near Lo nature stomata.

ROOT

ARECATIRT

(2) Develomment ,

The growvth of the root is due Lo the acviviity of a
pyvanidal apical ecell having four cutitlng Taces. Iin
longitudinal seebion, the apical cell, wvhich lies at a
digtonce of about 0.5 mm from the roob tip, chows that the
segments derived from the side facing the root bLip form tvhe
voot cap by further divisions (fig. 127). The differeniiation
-of the meristomatic tissue inito protodorm, ground merisﬁ@m,
and procombium within 0.01 mn from the apical cell was found
in fouy roots. A median longisudinal sccbion Tthrough bthe
'apical cell shows thot it cubts off gogments more or less
regularly like that of a leptosporongliate fern. The First
division, &8 is seen in o btransverse section (fig. 109) is
alyays periglinal., The socond division is anticlinal, vhile
vhe third division is usually aniticlincal but in some cages
it wvas found to be periclinal. The next divisions are in any
pPland. In the protedorm the ¢oll divisions ave aluays
antiolinal, In the grauﬁ& merisbtom the cells divide in all
divections. In the procombial strend, cell elongation is
rather more congplowous than ccll division.

(b) Trensverse gaction of tho root

The outer wall of thoopidernis is suborised. The outer

ot

covtex which is about 0.25 mm in thickness and 35=7 colls 2cross
congiats of angula? celle without intercellular spoces.
These colls contain endotropic ﬂycorrhiz&. in many cells

- much branched non-geptate coenocybic hyphﬁe are found, while
in others irregular clumps of various sizes of the digeatad

hyphoo are seon. Tew cells in tho outer eoriex ars uninfected.
L _ _ (
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the innoy covtex vhich ig aboud 0% wm in thicknoss is
gompoaed of oval cells viith fntercelluloy spocos.

The cells Qﬁ the iuner and thﬁf@uﬁax Goriexn avae pockod

with gieyeh graing. The g:&inu of -vhe lnner corieox are much
largey thon thoso din bh& ouber one The inaner linmits of the
gortex 1o o clearly deilaed ondodernig of primory typo. Tha

suberiged bands of the endodermal cells, vhich gre nol clearly

visibl, by ordinavy sbtaing, ave PP?ﬁ?3i demonsgiraved by

"}

%&lming with Ammoniacsl Brsic Fachain.

The solid xylem atyond, .roughly erescontic in goctlon,
is monarch (fig, 120 ), or diorch and ococupien an average ares
of aboub 0,175 x 0,087 wms . Phloen elomongs, arvangod rodiglly,

.-Jﬂ

ond over ibts concave sldo.  The protoxylem is composed of
srocheids with anamlar-helical thickening. Tho neitaxylen
congiats of troachelds wisth wigeriate oy muliigeriato btomglosgs
bhordored pits. Theso wracheids vory from 0,18 o 0.22 mm in
Lengih ﬁnﬁ 0a0L « 0,04 wm in bfepdth, . Thelr walls with
Bertiovy thtakanimg neasura about 5 w vhily the secondary
hickoning plone mnensures abond 2.5 e The sieve cells,

uhich aro Vory ainilay bo those of the gton vory fron G.15 nm
B 0,228 mwm An luﬁgbh and 0,034 « 0.2% mn In broedth.

TR %3 LHE

CEINE R R

(a) Develonnent _
' The spike dovelops by the ackivity of an spical eell
hnv%n’ Howy cunving foves. . This apiecal coll heg itz origin
from o superficial cell of o young leal sbout ong voor- olde

Fhaon a young 1oaf'éﬁtninn‘a héighﬁ &f obout 0.5 mn, o e@ll_
Ge@u@an > o nedien Q§&§ wlon &n"‘hG“aLahLal surle GQ bOehN@d
Qiff@?ﬂnti&ﬁ@ﬁ (11g.vll4)n ‘ZThlw céjl, as it attgxﬁs.;‘ )
dionover of about 0055  and @0oumuianeq ﬁ‘dﬂﬂﬂ@‘??@%ﬁﬂldéﬁsi}
-ﬁa ian o divide %o fowmn ol unic X body ol meripbomatle tlspue.

*

“Thig ‘coniecal baﬁy'wiﬁh @;pﬂ inbod Hip tuvnw mpwards ond Srous
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“ in thé aam376§Vﬁéﬁﬁan ﬁ& hhé ysﬁn@‘leaz (-Hf 113), bub it
doos: not overtop the lotter wauil the. blade has. wafoldod.
Thers in practic zlly na*dlxxovonnantion of" the colls in'a
-youﬂg gouleg huutwhén*ﬁt»hqa o t&inﬁ& e hos hu OF ﬁhan§‘0°0$ P!
and. bwwnéth ‘of 0.3 ming SORe @f the, epidernol @ells‘bgeame |
CQone Dlov@ms (fig GIZQ@)eUJ The & eyléo”m@l colle r-arranged'*r
vaﬂhwcally.a10n< ‘the tuo lmtmral na?gwns of nha-”hztt@noﬂ

8 pit @y  hecone 1srﬁefg ofben - suhaineﬂ ;iaimeQOT of aboubt 60 w
l( 159119‘39 | These lwcwar Qe?ls wi th their @1£§ovenh34bad

'} o%nplaSUJ mny ‘ha ch}pd ‘w@0§ﬂn iaganmc eelhm -f"hoy 1aﬁeﬂ

_ ide and. wcdaviﬁeg u! %Mﬁhaly ﬁalnﬁ 8pOrosEneus groups ond

" $he @allntrxsﬂmteuto fﬂxh=nglh.tﬁﬂ1mo Those groups Toxa

:n Tam& ﬁ@un camh SAQG of the young #pike hut do not form ( ,
cpnginmﬁud_mt;ipg and are in faot soparated by madiEd 3nLiaﬁed'
blocks of epidermpl cells. - Bover (1896) has d@uc'gbam

snﬁran rlogenic bond consisting of o continuous wibbon of
enlarged aallag @h@ r?bban'bevng buo, o three colls broad.,
'bvvh o complote band d0GH now OGQUf in the planss of the
“localitios exemined by bhe writex. Thus hh@-gﬁuupa of tho:
}aydranwiﬂmeni& Qelig Bre lﬂh%f“upbﬁd by undlLfo?enﬁiat@@ blocks
of epidermal cellg, from the very beginning.  In the nexh
stoge of. d@VOWngenu hoth the sp@rwngie ronile éallﬁAand the
undifferentiabed cellﬁ undergo -y 1epeat@d‘u?viﬁﬁﬁna. The
dounghbter cells of the agaranrmaﬁenic cells ocoupying the
p@ripharal pDait@ﬂn antribune %0 the outer«wall of the
’apéraﬁgiumg vhile those ocoupying the eenu°a develop into
e@ofagenous calls (fig. 115). Thb-epidarmal»ceila and the
':g sound  tlsswe hebveen vhe groﬁpﬁ 0; syofangiégeniq.Gellsaaivide
 9 nd AG&JV?Q@ BO mbp&LWuG vavothllv angfﬁparangium from the
other fign 117) “Ab o 8ba86 when the sporangle afeﬂfirﬁu
fcxmed, thae Oh&uﬁﬁl eoils Qh th‘S@lk@ und@rga‘@ﬁfferén iaflam
~obo form ﬁf@@&mblal tignue,. | - R ‘
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(1) CGaaneral syeuchburs

The vasoular sysbten of o mabture agpike is showvn in the
cleared apoeimen depicived in Lipuro 129 . Ag describoed ahova,
throc vegenlar strands enter bhe basge of the podunelc. These

divide at highor levels and six gvrands are prosontd
inmadintoly below the sporangisl reglon. Thege strends
anastonose ot intervals in the ceantral axlg of the sporanglel
reglon and there is o reduction in the aumber of strands from

SFour ot the bose 0 & single one in the distal region. Smadd

&3,
vagenlar strends oxtond hord a@nially from the axiel gystom
into the gierile tiagne batween bhpl*porqngian Their tips
ra. shorply recurved tovards bthe sporangimm below, and
xraqu@ntly branch into two or throo, Cloared maborial
digaeciod wnder o bilanoenlor micrescops shows bhot in cach cose
one of thope nliinate branches supplies the gporengial wvall
vhiloe the othor syvrand ov givands epd blindly in the abaxial

$1 88006,

(o) w'mwuri‘* of the sinlk

?hm aaﬁeﬁmﬁgqi Teatures of the stonlk are shovn in fig. 151,

There ig a small-gelled epidermis with alightly sunken stomata.
The vascular strands ave embedded dn the entively parenchy-

mosons ground tissmaa

(d) The gporsneio ond the sporay

Tho lorge oval gporsngia ave laterally fused sud cooch is
supplied with o vascular H1a00e The individval sporongla
measuye about 0.5 « 1 mw in dionmetor, end hove a jacket 3-6
cells in thiglkness. The ouber layer of bthe Jjachket is composed
of radially olongosed large cells, Tovards the side of the
sperengiumn, those rodlally elongated cellas become swmaller and
are the samo glze os the opiderasl eglls of the sterile rogion
(f1g0130 )

The very nuacrous sporas are pore or less yollowish %o
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light brown in colour when scen in nNagses. The gpores are
gonerally civeulas- in outline, The muri on the exine are of
uniforn height (about 1 u), and have a nobched outline. Thoy
form a continuous reticulum of more or less uniform meshes.
Immina of the reticulum sre about 2 v in diametsoer, The moeshesg
are polygonal, The rays of the trilete mark reach ahout 2/3
of the gpore radiug, They aro mors oy less vavy, and nob

opering. The contact-area is slightly prominent, The
ature spores vory Ifrom 38 = 45 u in dianebor. '

The sapetun is Bwo cells in thickness and is developed
from the ountermost layers of the sporogenous blssue,
Borlingeme (1207) has mentioned sinilar resulis in his studies
on this apeclod, The topobum b?@akm dovn after the final
division of the spovogonous tissuo (figo 116).

(¢) Dhehiscence

1% has been noied that the outer layer of the jocket of
vhe sporangium is composed of radislly clonganted coell ALl
ells of this layer sre, hovever, not vadially @longa ig
certein cells remsining small even ab nmaturity (fig. 118).
When the gpores in a sporangilun are mabture these small cells
saparate alloving the spores Lo disperse.
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Discussion and Sumnary

(a). Ophioglossum vebtioulatum, a digtinet specieg from

0, vulantum

Since the time of Beddome (1892) abtention hasm ofien
baen drawn jo tho morphological sinmilarvitlies beitween

Ophioglossun reticulatum and Ophioglogsun vulgabun.

d'Almedia (1922) considerved that these two spéciesiara nerely
formg of the some species, being connected by & numbor of
transitional sﬁmgeg.‘ Both {the gpecles hove retieculate veins,

and ofben the cordabe, membranous frond of Q. rebiculobum
approaches very closely the fleshy ovabe frond of Q.. vulgsatum,
The two specles can, however, be soparated on the basis of
theiyr spore characters. The apores of Q. reticulatum are

reticulately ornamented, but although certain vorkers (Knox,
1951, and Nishida, 1959) have described the exospores of

O.: vulegabun as reticulately ornamented, a real reticulum is
abaent in this species. Here the ornameontation congisis of
verrucae of very varisble size and shape. Thege verrucae are
ofton laterally fused to form crested ridges. In poler view,
on the surface, they produce & very irregular false rebticulum,
because of the coalescence of verrucaoe,

(b). Anatomy of the rhizome of 0. reticulatuum

Campbell (1911) in his account of vhe Dugporangiatos,

canﬁlﬁﬁ@d that the young rhizome of both the Ophioglossaceae
and the Marattiacecae has no cauline vascular tissue and thatv
the stom is made uwp entirely of the bases of leaves. A
similar interprotation hes been given by Hahesmeri and singh
(19%4) for Qe fibrogum. = Chrysler (1941) reporied the proesence
of a solenosgitele in Q.. engelnanni, bub stated that it is

- possible o ianterprev the vasculer systen of the rhizome of
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Lﬁlmatmm as a emn;@rlos of leaf-traces, In Q. :reticulatun,

hawevarg both - Lanélblans are present. The basel port shous
a dofinibe cauline stele (Haplo- %o Diet yombele), while in
uhb upper pary it is mpoq&ibi@ o disbi ish the cauline
from the follar strands.

A{c) Lezf«trace

A doublo loaf-trace haa beon. reporn@d 1n cortain species
of Ophloglaosum by Vasisht (1927), Mehedoweri and &in&h‘(1934),
but, as in Q. nudicaula, Q. kevamuras (Nishida, 1957), e singloe

leaﬁmsr@c@ is alvays found in both the young and the adult

plonts oi‘g;gretlculatu&. gingle leaf~trace formation is o
characteristic of the primitive forma,

(d) Rook

Comphell, (1911) repor%ad that almost all the  species of
the gection 1quphJovlossun have monarch'raota. Vasisht
(1927), however, fﬁunu di- to tetrarch roots in Oﬁ Fibrosun
L_Mah@qmmanL&nd 1ngh (1934) found diareh roots.in O.‘vu;ﬁ&tum,
~and moaarbh to. trz wrehs roovs in Qo Fibrosum. In

O,hgaticulatum,ithaugh the monarch-gauﬁiﬁiom‘is-predominantp
a diarch eoné;tign‘is not -uncommon, but noene ﬁfftha roots
inveqtigaﬁed~ﬁhow3d av%riér@h condition, . 'Thé.V&riatiou'in
the nunber of the protaxylem group; nay be correlated with
the size of the root. |

(e)‘ Fertile mplk@

. The mgrpholupieal na turo Qi +tho . LGPﬁLlQ splke has baanf'
the ”ubaect of, much émmcussman and V@rlaum. ntérbrét&tioné
of thig ohafaeberlq ic gtructure have bean. pun feguor&. \

- Roaper (1826) was pvobab3v bhe first to suggest that the -

frond in Batrychium ropv@ evbﬁ~o paiv of igavew - one fertile -

“‘aud one aturile, with their petioles i used'ﬁégether.s‘ Brau
'.(l%bb) 3uggagteéithat the sp;kg»repre&entsgthe only developed -

“loaf of a bud meated in the @xil of » sterile frond.  Presl
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(1845) ond Hetteniug (1856) hovever suggested that the feritile
ond sterile parts of the frond are segnents of the same leaf.
In 1859, Roepor relinguished his former view ond: stotod thab
tho fertile spike in Boirychium repres sntﬁ two lateral basal

pinnaé ox a“frmné, the remainder of which is gterila. Holle
(1875) exbonded hhi viev b0 Ophioglossum and drev o comparison
with the coaditlon‘iﬁund in Anenia. Goebal (1884) suggesied
that the fortile gpike xa the lQUOSb pinna of the storile

~frond end that it orises nod labormlly bet in o median posibtion.

Bower (1896) nade & completoly differont proposition
and ﬁuﬁgestéd that the spike should be regarded os the |
homologus of the gporanglum of & lycopod. Campbell (1890)
also gave a very different view, and derived the fertile

spilke of Ophioglogsum directly from the sporangium of
Anthocoros.
Chrysler: (1911) studicd the anat@mical~&etﬂils of the
frond of ﬁ@uryvh1um and found that the crescent shaped leof=

brace g it asconds the common-stalk divides into tuce. Prom

- the. lateral marglus of these two gtragds, bwo otvher smaller
- svrande ave cub off,. These snailer"trands pass. up the

pedmmele and cach one suppliocs the lobes and sporangie of itg
side. Above bthe roglon of abiachment of the fertile spiko,

Cvwo laveral sirands are formed.in a similar way, and each of

tham‘supplieg o single pinna.  Chrysler concluded that these

an&t@m&v&i deteils lend duppart 0 Roeper's view that Lhe
“jfor ile spike reprcson 8 tvo fused pinnac,

Bavor (19 1) also Pone1uued that in acear&anca vmth Lh@
anabonical fucﬁsg the ptka qhauld be held to be ultima bely

of pinna natur@, in most Gases h@inu she resulid of-p1nnagfusion,

but thig unit is hnbaectfbo ropetition in Q. palmatum. This

Tiew wan maimtéin@& in Vol. II of The Terns (1926).

Iucrcdwlng knaw]edg@ of oarTy vescular planis, such asg |

‘%hé’?silophyiales, led %o o re-exomination of the problen
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preaented by the fronds of the Ophioglossaceac. Zimmermann
(19%0) interpreted thom on the bosis of his tclome theory as .
being derived from the shoobts of primitive land planve such
ag the Pgillophytales or the Coenopteridales. Bower (19%5),
afver sbaving that the interpretation of the gpilkes as boing
of pinna origin had never beon fully convincing, adopted the
view thatv they ‘*arve best ranked snmong parts of indeterminste
origin, such as many of tho carlioer vascular fossils present'.
He thought that tho gpike and storile blode could be regarded
ag resuliing from an anvero-posterior dichotomy.

Lator vork hags supporied the view that the fronds
ropragsent o condensod dlchobomous branch sysban. Chrysler
(1945), vho studisd the dichotomous branchings of the leaf-
trace of Bobrychium, stoted that it is possible to inberpret
the frond in the light of the telome theory. Nozu (1950)
and Nishiga (1957) concluded that the common stalk is o stome
like orgon and Sermed 1t 2 phyllonophorg.

The factg described above relatving bo the anaiomy end
deovelopment of the frond of Q, rebiculabuw suppori, in coritein

points, bthe view that it moy have been derived from & nuch
modificd and condenged dichotomous branch sysiem. Soliont
features are: ‘

1. The leaf-trace and venabtion clearly show & sories of
dichotomous branchings. By. the firat dichotomy the leaf-
trace separated oub from the cauline sitrand. The nexbd
dichotony is mdimentary, vhile by the third dichotomy, the
leaf-%race produces throe ﬂﬁr&nﬁse'which by sinllar divisions
form about swelve bundles., These bundles are arranged in
guch o vay bthat the common-stalk suggests o sbem ghructure.
This soon undergoes an anbero-pogterior division, The
bundlos of the fertile half undergo vepeated divisions and
fuaiong as they ascend.
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» nge1aﬂme L ab vdse s sugg@su that the apike and Htho
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4o ‘The 'petiocle’ or common stolk shows o sbom-lile
anabony. o

On the other hand, uhu frond certainly appreaehem the
igﬁrucﬁur@ of o modorn Torn frond in othor respocts. The
‘fronds, at least in the basal part of the rhizome, are
‘ syirally'arraﬁgea and are agsociabed with;gaps ia the vascular
cylinder.  The acnatomy of the sterile blado ig entirely
loafelike, A furthor leaf-like fuauufo is the"dﬁvqlopmeﬁt
of axillary buds and braneheu.

llence, considering 211 those f&cta, L% soong reagonable
to conclude that the frond of Ophiogloggui -is an organ
intermediate botweon a brue. loeaf and a b*anch.
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