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FACLE ABDUD TAk FTRUGIUEE CF THE QQTICLES
Ili THE FUESIAN PAPER-COAL AKD THEIR BEARING O THE

CIBTEMATIC PGBITION OF SOME POEBIL IMCOPODTALES.

by Jeaals A, R. Wilscm. H.Bc.

Oigtorieal Introduatics.
The foezll cuticles of the paner-gosl

fron Lhe Hosppow Basln lr Cenlrsl Husnip wars

descrlbed by hueroach and 'l"|":':LJ1‘.E-2':’.nJ.Li-I"'..'. LB

then thess cutleles heve been the =ubject of muen dlo-

pussion, sepacially WLth resard to the lpterpretaltlon ol

thelr numerons resularly diaposed narforstione. According

to the vardcusn viewa of previcus ilrnveatigators, sevaersl

generle and specifle Asmes kove Dech meEalghned to Lheas
pitlele=s, AuverbackE end Trautechold, regardlng the perfars
etlons aa tha réeault of the fell cof the lesf-cuahlocs as
mgll a8 the leaves, coneldered the outlzles toc bolang

to Shiep peamus Lepldodepdron; end nomed the plant Leoido-

dendron tenerrizus. Frevloualy Sichapld™, in "Lethese

Aoneiag had deagribed imprepplon meterlal, slso from

1. - fueprbach & Treotechkold (1860}, p.40, PL.I1I, flga.l-5,

2,- Flenwald(1854), p.108, P1.V, figa.10-13.




[
the Eopcow Basln, undepr the name Lepidodendron Dlivierl,
gniak Zalepsky  bellgved o be apecifloslly 1dentical

&

with the cutlclea dapordbed by Ausrbsch and Troulachold,

jopoerlt (Tide Zalesaky) 2lma regairded the cutlels

83 parta of & Lenidodandbng, but referred therm to Lepldo-
gndrok abavetun Sternberg. He coneldered the perforatlons

e peErklis the oxit of the veeouler tisesue to the leavod.

Untll the lnvestlaatlens of Zelllspr, the mazbranes fowund

1

ln the papsr-cosl wWere Pegiorded 8 Toe eDldarmlie Of Lha stem,

denonatreted ¢lsarly that thoy mual Be regarded as
cutlels 5'1:1r|:_-.;-:. Interpratlng the ganps in the cuticleas
to tne fll of the lesves, Z=iller Pefers these foaslls
senie Eobhrodesdran, &nd From a compearlson wlth

dley anl Hutton'as specimene to the specics HBoforpdeniean
punectetum L. and H.; Zelller fleursa the cuilcles upelds
awlre the openlnpe conetricted towsrds Lhe ubpap
attirloutea the shaps of each opening Lo the fualon
13 in the cublels, Gtho lower phd leErger representing
car, and the smallepr upper @oné Toe opennoE Lo
ar plt.

The gipaglflcetion of these remulns Wlth JOLOCD-

fendron was miso adhabed toat Tirat by EﬂLun|EL:, bat

Zaleaaky(1815%;, p.43.
Zalegaky, 1bld., p.208.
Zelllerila82), p.321, Z1l.X;, flga.l3-14.
Zelllar, ioid., p.22&

Hethorat [ 1084 ], ped5.




b latcrj ghrhnged his ripd, preferring the senerlc nope
Forpdendron previcusly oroposed by khic for some Spite-
bergen foesllis which he conoldersed were ppecllically
identical wilth the Rupsisn suticlaen, L:lnﬂtl;E at firet
sdoptod this nooenclaturs and referred some Zosslle from
the Lower Carbopiferouz &f Ccnhne Mugpdgcherl KLE. ‘L0
Porodendrern teperrimus. In 1915, hawever, Zaledaly,

sf &5n lnvestigstion of Auerbieh and ITrautsghdld®s

readonled the name Leslgpdepdron for Lhe cutlceless.

regard to the peculiar strap of cutlcle wnlch extends
pwer tihc parferatione, Zelller and Zale botn coneldersd
that it repressntsd a atpls of cutlele froz the surfage
gf the leal - ssgording to Zeillsr froo Lhe sbaxlal surfbce;
mhich vilew wae necesalipled by tne manner Ln wilen £e
grisntated nle spegimena, but sccording to EZslessdy [ron
the ndpxiel surlfacse.
Frasn light wemg thrown on the cature of the
cutielea byr Teldor Wi i’ m lnterpretatlion of Lhe elrap
of eutiole 2e tne cuticular linlng of the llgulap pit.”
Viewgd 1n tnle 1ignt, the perforsticns smuat nesda be
regarded &g Guo L0 Lne loaa of toe leaven &8 NoT 80 3acn

iparahee of the leaf-guphlona, and on
Lntsrpratetion the culleclen are relarnco

Jode recontly put forward

Athorat|{ 1514), p.68.
Zaleselyi180H), p.&, Fl.1, figs.l-i,
Idam. (1815}, p.+3.

¥elton(1328], p.121.




paother loterpretsilon for tkese straps of cutlels,
He regards then =8 dus to the rolling up of 5 outiels

which he suppoess Torue ower toe sbeclaalen surface
after the lesr fell off.” Thla lmplles thet ths
perforatliana gorredpodd Lo thea leaf-acaps, BENC a3

pould find no indicatlo [ Ehée predence of

he claeess theee plant-regsine amongal

Lycopods, snd with Nethorst's gemue Porodendron®

genod ip charscterdasd by the sbasnca oi-a 1lg
copgepelon of small, epapect ledves, pot eBliuated

by the presenge of only one seell print
gpon the lesf-scar, Anorgg the culbleles Jode distingulanss

two typow, to which he gliyen feparaie BpecSiis DARAH,

yia., Borodesdron lepldodendroldea snd Porodendron plomito-

charscter: ' which &e Daded upoR Lhe

arpatgenent of leaf~BCETE .
Thus Irom the forepoling it 18 spparent Lhat Lhe
eyetematic popltion of the planta woleh produced these

J
suticles may be closely correlmted with ithe lnterpretatlcon
of pullole, wniéh éxtends loto the openingd

rom tnelr upoer edes, and on Professor Walton s puggedtlon
a reinvesbigatlon af the cuticlea wae underiaken, 1n Vview

of the faota recently elaled By Dode,

Bodlel 18238}, Pal3l.
Icams; pPaddds

A s [
[EEma 3 Palile




L O
Dezorlivtlon of Sose Rew Speclieais.
regent fnvesbligstion was carrisd gut
er=-goal frog Toverkovo ik dentral
FuaAlu. This coal i gompoBed of meeses of cutleoulsr
enbpranes baund together Ly dlslnlegrated plent-remaize.
Pragments of cutilale for ex=minatlon were prepaped by
Johultee' & Haceral o 10 nleg comsiste in treatidg
[:i-::':q.-eE of tos papeEr-0o& a1 o L= noGeyda wikh ooncen-
tratad Mitria Acic o wholen ned been addsd & few aryatals
af Potesglum Shloprate The releaasd ou than
weehked in 8 wmesk solution of Amnmonis, wuntll no apre bhrows
colouratlion 18 exiracted; belne Tlnplly waghed ln watep.
Inn pddition, nlerotome 28cbisnn oere culb of aeaplel
cubicle wlth perforetlons which showed a weoll-defined
itrap. Thnls materlal wad dehydreted, onbedied Lln
i?ui.J. and oectlione cut ail lfp tnlcknesn.
iecblonl aEDe dhle wgned afl Lh i1}
Xylol, oollpdlon disaolved in
mplayed T [ix Whe paralllo ribbang Lo
albunen,
eul, Lraneversely Lthrougn Lhe strap
phow in poel gasea that 1t canaleta of tWe msmaraneg
clodely presded Logether (FP1.T,T1g:1). I eame aactlons
theae membranes hoave Legose nsre widely ssparated, end

then avidant th&al I,.'rlr_u: aru ugunlly pantilnudus wmitl

=1
the twooende |[P1.I, flg.2, end PL.ITI, figgl.

at tne gtyap lg really & tube which nas




L&)
JEdome IlalTtenad. ing naln putlels in trandverse SedTlob
mppanrd amooth on ane alde and irregular on tho oiner,

Lhe Ir‘['r_-:':]:l_.;l_:"'t.'_l!!l I:!:"rl_::' dus Lo the nouldine ol ths

conlour of the epldermel zells™. Although
cabiele 1g mruch tnlmnmer, & aipilsr ENpEArAOCE ie
iri the gectlon aof the strap, where the aRaosto

of the neabrans face pnok athsr, and the sasll

proleallons pre sssn 2t repular intsrveles on thelr outer

tdn [FL.I, :1|_,L:I, This would aeen (o IndlcAte LOAST oo

wa3 surrouniei on all
Cther Ifroomente of o s apamioed entirs.
This le#ads te the same consluslon, A ne cBLkian of
eutlcle g tuoe, opsEn &t boetkh erde, the lower openling
plaicly shown
Lg Ene Unnel Openlng
fienre the port ol cuticle
Intervenea between thls opening and the serfaraticn
atll11 persiats 5 flap, #tpetchlng across the upser
gnd of the bWbe apd cantingous with the rest of toe outlels
A atrikling featurs ol tzs cuticle st iRl
radlatlon af linsar gariss of =pliarasl
gelle: from thia opeping, a Ty : gell putlines;
thig 18 i] I'l o K. i | - NI o .l.l.'.'_"_l'.._
cublioles (P " The autlines on the TLuoe anog
the longltudlngl

directlon (P1.IIL, fig.l3).

Ir 2ome pericrstions wherse the autline is rather

le,= Z5iller|(1ARZ3 ), p22E.




Irrogular, ths

marzin aongl

conparec wlth Lo edl of Lhe
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LeeR freguently another type of

mith in th Tl Blngl

central n ok the #all (PI,

1 thla

zUPe 4
"ol
Couns

periorallon.

=

th

ted By the opell butllnses Omn

Indleca

pemi-cireular gusnd-cells wlth

tilckenlng popdering the pors

oe deduoed

BTLE

Fliar as
[SRERER L+

oy 10

ki

ot i Lhe

re w1% long axia Dl

ngular,

longltudina.  ¥.

gonsluglona.
A congslderatlon

to favrour the intearpreftabicrn of

which aoverad ihe

the perforsticna r-codl

meEmhrann
deg Taln regiok

E cutlciler

I,
thiln area of e
lpa, Yo&l1%;: F1.IX,
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the
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[PL.IITI,Tipa.9&10r) .
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large
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nrojectlasne;
gectlon ol E y RPILEBEILW GO
Lhe aeabrene are e 04 & projections

=1 Loe

cegldodendron (8er beloWw, Trera

Eelaginolden], while ihe wppet

mouthE o the olt.

epldermpl cells radiete TFom L mouth of

simllerly to whet bss =lready been noted on

g Elrected to thia festure oY
:8e 0T Botorodendron Zinutifollum.
gutiole whish mAnge down In Front od

gontlmoous wlahn the

baclipelaon goar. 'Thie flap
epremmatieally in PL.17, fle.? et (bj.
Biroa the perforatione corrcepspond |
frpeeular thin arens presenl round thelr oarglns
from the leal<beas or cushlon, and anowlng
tre lesf-zutiecle, whigh wes prooably Ln
g Inetahce thipner than thet of the gtem-gutlals.

remsrcsnle atructursa found In these reglong bear Lo oulj

follar gorracberis




neas pRpillate oeil:

aimllar

mrln ares ol wileh naving rolled up
bl coclirrencs of lesf-charactors

BOS HelNAps ToEe oufd

S
e edee OF
CEte, Fl.AEL, fles18], nnd

powld & in loLesrpretatlon, REY

nature gur second type of peplllole

The interpretatlon of Sade "_;-:'.D-.EJ:‘:“_F.Q the

carmnl be meElotelined Zn wlew ol She aonove

rolling un,

wo were indeed

uok

peatlone Tlothtened Lndeed

wlth no Fgamlnatlon o

aepforeilang el el o BETWEED

MUmarDliE

gneps of the opg i B CLEAe n would bs

1 [ i|l|_l'"1l.:_- ;i-ll:'-!ﬁl'll:...t'.i":;'. ] -_'-JT.':-, E1|;'-
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BEEN ARD

Tl

faota.

Lhe

«Lha




1

syoected I Bade'a hypotheaaies were correct;

gep repregenta the abaclaninn sorlecm,. bul
L aven longor then the opening,

onl Lis emaunt of leaf=psgs lelt pttathed a

= the leaved. The sahepe of

AR JLd

gutliola, the

tap=dlametrln

complete cutlouiarisathion ol an
Anowk: Lo oCCour 1ln any plant. Tae pregence of
cuticie ogaurring It Cront af The tongue (Fl.lli,

Pl1.I, fig.4) la alea iopongigtent with Zode view, for
tonEus reprefdsnted Lhe sbeclps 2 iele; LEHen bLime
uprer end of tas tongae woul Golnalfe And D2 coOELINUCUS
rroedpe af the Leafl- perlfnration, but this
comzletely preservesd salples:
ive evldence favocurs the Enterprobtation
ITvming af the ligular-pit

puETlole.

PL.IT, fig.d, I,1l.and IIl, sre diacramaat i

repragattetions of variouws ggotione of lepf-cushlons o

Lepidcdendron pelszlnoldos Trom epecimsang in the Eldaten
8lides Sallection. Fros theds o dlperam gf tne lesf-ocuahlon
baen propartlonal @7 gonstructed

Btthradendrol end Leploodeniron ATH

releted penara, tae former only differinz in Lhe
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Aee USRD
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-
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F.odonenana{185) ;. p.BE.
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e perforatlionAa of ths ocutlel
torreaponding to fhe leaf-scara snd

thinpmar- cutialie found Lnely lowar

cughlons.

Llele podurs only
parforetlone (FL,.IIL,
epregents that wrich coversd
BECTUEY arenlig oorredanonda o the

Y.
plentsd wWanleh peodused thne dullgla:
verT apsll Lrlancular
The leal-Beoege. Earsr

re Involyed

s Y [
STVALIONO G

impcaeibla te BEF,
ligaler gzrap 18 prefent; waeslbher
or-Eligolate plenta, If tos oulls
n fartils steme, thenm no trsos
gxneoted, 2B the
belween the extremliy of the leaf snd

lasf would t-ua neceseltastes ths

the 1lgilar pi% apnd 1iguls. Profesaohn

l.- Waltooll231),




i ]

odnted out and lndlested thet, at preasnt,
ne aatlaraptary eyvidence of the exlztence of
allmilatie hoterosp:

paparoue Lycopodislea,

cetanliahsd such from his coLE,
bur, ®msa related oo Lanta bearing tie

Iogail-gutlcles
Tound 1In the

anme loegll Ly Lo bDe=n jaroved
51 These guLnlol prodused br plents, poegezalpn

Lmile, then Lth g, based
Bigpagtlon

l.- bodel2333], B.135
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CAPLANRTION OF PLATES.

rlste L.

LranseyereEs Eegtlon ol & atrep of sutioles; wWOlen

gxtende into @ loul-mour pErforallon. THe Emall

projectlione ocourripgs at reguler interysls on the
outer elde of the membrarnse » the eortione of
cutlela sbove the lsteral w:

surrcunded the ligular pit.

Traneverde deallon alf cutligle

cesring a cutlouler atrep guch 8@

_-:-:[':.:'“'l-_-.'l_.’-.. The outlinen of §

gurround the Ligo 11t ‘mre evide

Bld= of tne aectilen of the etrap,

& &nd Hy= ated cotdsle ot s

o

g, -cutlpular aTrap.
gpaciran shown in PL.ITIL, fig.ld. TForulon
ahowlng upper part of & lesf-gcar parlor-
Thea gp ot cutlicle attncherd.
llmular plt
Mep of thinner cutlele representinos Lhe
enldprnle which extends belwosn hhe meuth

toe llagular plf snd Lhe UPDer 05

- -

gai=2CEL, I'na upper part ol

gtrap 18 torn at ths rignt-hand dld

of metliole gt the nergln of e perferatlon,




the margin
= papillets eelle of the lipet type
very thin eutlicle pod mimprous small
cuticuler papillse.
Porllon of tke thinner cutlele =i the lower edgs of

tne peErlforatlon ohown In F1.ITI  fig. 3. = S0

8-, Basds = BEtomAELa,

BEroken lines represset fime wriznkles
gurlface of the pusicular cembPane.

Dlecrammatlie lopglitudinal redinl ne

of lopt of plant whics prodiced

coal cuticled.

i pu1aE

- e i

Teaf-aour,

that part of leaf-surfoce w

= =

from the moutn of the 1isgul:
Upper «ize of Lhe léesl-goer

Liagran of ilornsltudlinsl segllen of legal-cuanion

of Lepidpdencron mselssrinoicer, (Drwn frog 51lde

No. 223 . of Lthe Rideton 8Xlde Cpliecotign, Dapt.

al Eoteny, Univereizy af Glaagow. |

Tilngram of tpogenblal sectlon of & lealf-cushlon

of Lepldndenadron seleslocldes. (Lrawn from B8lids
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Lhe

7 T ¥ =i
RS LLGT]

[Brawa from - Alide Ho.l3s
on. )
L. =Lipgraamatic reprapsninilon of leof
ldndendron geleslnoideg, sonstrucsted fron
LD BnoT T reletlion Detwsahn L"_.;'l.i'.EJ'
last
EOAdTs Ol J.'|! ldy
8 & lgulsp plt.
d = poft btlesus B3 Sese of plt.
Lgal=poarn.
= leaf=puahlnfi.

vagoculer atrand.

1ienla,

Zlote TII.
gures from untouched
Pnonopgraph of & portlon of
complets leaf-sgar perfaoretlon, at the
toliner sutlelaghls
perforation of
lgte oc=ll#
pf the firad Lype

the thinneor cuticleo,

Fhotogrepn of one of tha octongta (o in #ig.10,
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U PreTOLA AP RS .

oy Jeselo A. H. Wllson. E.Sc.

Higpterical Inlkpaducbklan.
The Lype aDeolmsn Gpon WAloh LA

Profocalenited 18 founded was digcovared by

in meterial from Ghke GalelfTeroud Sandatans

leland. In a Report to the Svitlgh A:

e gRYEe 4 phort agoount a’ thls stem, remarking ucon tna

pppuprenpe pl gentripetal xyled in the Vesculsr bundles ad

i unigue feature iz the ahatony of Calsmits stema. He

proviaionalily mamed 4t Colemites petbysurerale ™ from the
locallty wheare it occured.
The I ETiLD doatergoalanlites, sl=c ol Lower carborn-
fzrous s2e, nad long bsen recognised as 8 primlilve

of dalamite. It showe polnie of elmilerity wlth the
gphennpnyllales, in the superposltlion of the leaves
EucoeEElve ®norlo. In Qalamliss the lgavaeE ol CoOn@OCU-

tive nodes alternate. It thue ocouplen an lnteproedlate

poeition between the Sphonopnyllalea mnd the Calensrisse.

=

On this ssepunt Potonié™ nsde a specisl fanily, Protocsla-

rEriacens, to ¥ sia wle genun, Aptercdslsmeted.

l.= JeohtilaGl), p«=i

2,- Potonial{l533), p.183.




(2]

After the diecovery of thla new Sslemits stem by

- I - |
Dr. Seott, Lotey sugeEented the generle name Protocealemileu;

FLE e]Fr.'.[‘_l,"r.:'_ lta 1link te the Sphenpphyliales aneigeioallvy,
Fettwvour atem tne nrimary xylso heo ceveloped im
both an lnward and an outward dlrection and it 48 thia

nopzirch conditlon of the Vapoular busdle, whlah farma Lhe

0 ganus, DrotocplamlteE Lolay.

datarial.
e materlal upen wiich th1e nregent lnveatig=
atisn hee b#an cApr@led out 1l Trom the fampus Arran nLoma,

dipeovered on the shore at Jorrle, Ty Mr. Ecwars Wungen Lr

1BGS. ihess sheme are of Lenldpoderdrold trees, whioh
became overwhelmed by woleania geh ln the ssrly part of the
Carbonlferous nerlod, The enly remsining omrie of the orleg-
irel eteme sre the pheles arnd the hapk, the maore delioata
timgues heving besn destiroyed, thelr clace belng taken hy
asl, oentalning 4 verlpue ssdortnent of vegetable debrla.
deohget thls debrle gaour the EFrotocalemite stema. The
nregeryatlion of theee stems is poor, Lhe wood and othep Lhlgk-
wvalled tipougd belng ugually the only peria nreaerved, amnd
evon ln thess resistent carts, such finer detslle as the
pltting on the trackeid wslle 1 mertimlly desiroyed.

The oethod of investigellow of theee atema haa bean

gectioning, according to Frofesser Walton's Jellulose

I- Lotay{IB0O2), p.585.

fa Wi1lismsac{IE72), D.483.
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Feel Method., Tnls sgonaists le, first of 511, meimting the
the eurleas to be sectioned with shellag, o that all crecks
are filled up and ecannot be eaten 1lnto by the apld. The
shallpaed surfece i1a ground deown with verlous inerssplingly
fire zpadea of Jarborundun Powder. This emooth surfsce 18
ebohnd with a T:30 Hydreonlarlo hald eolution for 20.. 30
seggnds, Rfter winich Lt lg wesahed and drile&. The gtoned
erea L= then covered with a cellulpae solutlicon, efter belog
previoualy molatened with toe aolvent waed Ip dlesolving Lhe

which obvistes the mppearanze of alp-bunoblas 1n

The perticular Eclutlon éeaployed here waa made

disgolying Qingop File in amyl acetste untll the necessary

ponglatenoy wad reaohed. The solulion drles Lo & thin fils
inm two teo three hours and cen then be repoved Irom the bDlocl.
The Seplred peootlon L8 cut st from the meel, but before
mounting in Cepads Ealeam, L1t Lo immerseed fop a sxort Time
in the eams etrength of Hydrochlorie Acld egluticn ag wea
ueed for stohlng , 8o =8 to remove any lodse @Dateplal, whlaon
rey bé adkaring to the sid: of tha peel next o Lthe stone.
After meghing and drying, it la gleared ln Xy¥ylol for m short
tlme and mounted in the way.

Approximately serisl secilonm have been abtalned
by this method, gince successlve meela can be removed from
the asam block with ooly & pertalin appuni of grindlog between
Eaal utching in ordaer Lo rggain tne Anooth aurlface of 1ba

otone; The dlgteance belWeen pach S&atlon heE Deen #atlmALER

at anproxlmetely 60 - B0 u. This distence could of courae ba




ruch less, but 1L i: a pxpedient to grind eway parl of

tho surface sach tince 8 pthppdlee L5 nunbesr of peotlona

Irvalwed 1n Lho be g geriesd would be very coneidsrebla.

atrdoture nf tke Stem.
dtene lo whilehn the prioery strnicture i as
re of vorsy rere gocurrsncs. Only one nad bee:
igh it could sarely be 8ald thal there hag bBean
na pocondary sctivicy. Thie atem, l1ike prectlcalis all
the 8tems 1in these Tlocks, 1&g decorticated, mpd 1n thinm
aenditlon neagurse 1.7 m.m. By .25 mor., the pxis naving
been flaltened durlpa fosgillastion. Thirtesn yopspuler
bundles are nresent, thelr poeltlon Deing elesriy shewn bj
canala (F1.1;, fig.1l}. ILhepe cansla ere very
ad ln the Celeniter merk the Doelilon of tha
firat [ormed olemen af the zylem. Eome ocontain a Tew
lopae ploge of thlokenine sdnerlng to the aldes of the ocanal,
Thg primary Xvlem ls versy sasll in snount, indieeted by thne

thleker-wellsd cells oo the lomer and cuter z2ldss af tus

cangle. Thls luper,dentripetal ayiem la the dilstingulshlng

pharscterlatio betweéen the Calemite and Protcoalenite stens.
i plth is preeent irn thle eten;, of rather large, hezaganal
gells shaae wWalle heve no doubt besn Lthlcxkened in Y1ife,
thue toelr ossuprsno =rig, Tne plian lg loterpdated in the
oEnLre; ut whetner thla break 15 due to deosy oF NOT GANNOL
=0 determinsd. It L& probable thet toes pitl L Lhe Fologer
atema wad aslld, lmter becoming hollew, B8 will be noticed

in the older atema,




Two ohoer Btems DAY 0o mEntlonsd hapé, Theae
might be ogalled prinery, but 1 not, the developeent of
degondory wood has certalnly not proceedsid

TErY BAEl]l, ABRBUTIGE J.m. In dlanster. Heven capinsl

cenals sre presedt with thelr & amipanylne xylead elermente.

The nith 1s well npeserved, unless 1 She wery centrs, Whels
1t 1a shgent, whlch la nerhoape @ Lo the fazt tas5t tke
Lbere were Lbhin-welled snd so docayed before peirpl-
oLnoer stem ls @more Intsreatines ae predontlng
tafkt Lo that illustreted In Fig.l., Thisa is
the wery large vasacular bundles, which sre Blmogth
pontleutud, the prinery medullary-rafd belng very narrow
[ F1.),fip.B)., The centripetsl prlmery iylen 13 of congida-
erablie axtent, aven nope ao than the centrlfugal portlaon,
At perts the xylem 18 sut obliguely, =nd when thia Eo, the
EaalerlTerm thickenins on Lhe ®ERll8 oBn Dhe aesf. Tre pltiing
oogoure on tangential s= well s radiel wealle. The carinal
sakele are amall and in noet caded AVSE goppletely Filled
with fraemente ol thin Sarég of thlakenlng. Seeondary B2oblvlic)

kas perhhape Junl commenced o Lhis satem, ad Lthe ey oltar

rowg ol 131%: elamente orepsnt o ey Eﬂﬁulﬁr ADpEarance,
A

orlmary ster in lengltudinal section 1ls oot
Eriomn on this materlial, but chormacteriatics of tae Hrlmapy
xylem aa meern in thie view will ba deslt ®miik in the desorlp=-
tlon of the older sleame.

In 811 the other eteas exaulpned Sedoundary 2atlvity

hag sonnenosd and 88 &4 result & canslderspols zone of ul’:ﬂl.'nr![-rg




wood hee bDeen: formed. Suph id mhown In 2.1, Pie.B. Tris
deégarhloated specimen nse an aversge diameter of 2.7 m.o.
The pecondary wood forme & apoplete ring wilth the ossarch
trimgry bundlee marking 1ta loner 1imit and projectlpne
icto the pltm. The pltk la hollow, which hps most likely
beenn ita conditlon in 1lilTe, Bnd 18 pnot ':|-e-:-1';-' n falog BODEAr-
te lmperfsot pregervetion, =8 the piin ia ahepply
glde. The oells i higaue ape
~dipmetrie In form. The #8econdnry weod preasnta
very rogdlar achearanoe Gus to the arranceaent of Lie
@lemonte in radisl serlss (Fl,1,flg.4), with rows of
wellad gells cosuriing adonget posEsg of Lthicker-walled elamante.
erapr are the secopndsry medullsry-raye, the lstter thse
trachalian, Ha mapfed primary nedullary-rays cocour 1s toe
interfegoloular reglion. T guph Aterg ma the Tor -,.:'__-.-j_'_li' i
12 difticult to differentlate beatween Lae Bed0ndary mnc
primayy xylen, eppEclally the centrlfugal] parl of the 1i

a3 the pFpadlial rowa of trecheldes deen Lo rFon rlent fron

fd:_'e. of the cerinal genals. Th 1ekkitudlinal asoblong Lhag:

tippuee are resdlly distlnmitehed, beosuse of the Alfferent
type of wall- thilckening. Fip.% (P1.1) 1z & redisl Iongi-
hudinal ssotlion of 85 portlon of a stem througn ths esrinal
canal. The letter contalra the rloge of toe dlsorganilesed
protwoxylen;, sSnd oa elthey alde o7 the sanal 12 the primary
xv¥len, which ahows pealarlform plitinz on 1te mdlel walle.

Prom polligie transverds gagblona 1t 1la aeen that the teneeni-

1l walilig ape alan pitted, OO0 the looer gide ef the centrl-




=pEL&El Nylen A few plth <ceilo ars pregentk; Lheso are '_I_.;_':';:E'
reciangular and elonsated wvertlcelly. A reticulstis type

af pltting mles aoscurs le the prioary zyler and 1n ane

item a very curious and utlgue Torm of wall

notlosed, Thig ls 11lustrated ] action
nag wagaed radlally throush s cerinal genel; whichk 1ls oocoupled

oF tho dlscrganloed orotoxylem. Th proloxylem apoeara to

have been reticulate and se sugh would not permlt of the

gare dlretetlng ad ln the snnular Lyoe, Lrenevearss rupturs

would necessardly coour furing elongatlian. Thia weuld

pxplalin the discoldsl appesrance of thie sarlier xylen tiseus.

IR the melaxylex we find thie exlraprdlnery pltilog, in

Whlon nearrew baprse ol thleRenlng #aterial altepnate With

brogder bird. IL 18 poseibls Lthat the Taln bard o

thoee of the sdiolning tracheld, eppedrling froa beh

this seems unlikely =z the thlokenlng sppears to be 511 1n
The tpeactelder of the eegondary wood are long

end nerrow apd exnlplt & type of pitilng oulte distines

from that of the primary xylen, in that Lhe plia are elpe-

ulgr, dizppaed in slngls rowg &nd occour only on the radlsl

v =y ~

wallE _],'_-,_.:.-ﬁ:l. Oeeaainmelly Lhners may e gore than
ona row of plte on the zame radis] wall. Whether theas

Fits arve borderad or othemilas e difficullt Lo sscertaln.
Mg.? (P1.1) represente B few tracheldes of the secondary

wood In tensantisl view. The plts are gesn in section, bub

no aatlafactory evidenoe ol & Dpordser can ba estapliaghed.




iﬂ]
Thg traeheld wall snowe & "Yertebrate" eppearance, dus to
the opposed pits being incliiped at dlfferent anples. Ihe

e
"

lem &ls@Eents heve heen snolen af A8 tracnslides, Ltoslr
obligue and welle belng clearly gesn, but ococeslomelly
tranagverae wAlle al: ootk I Fezeydine & elmilar poenomenor

in tne trachelides of - Lan 38 5 FEAAINEE THAT
"the elemonte of the wWood

Lrue Lpagheldess, but thers e
pcarnob

vegaals in D ] i ® ‘We #ylem persnchyms can bo

detesoted amponset the traeneldea anert from the medullisry-

Theln # run Lhpaugiiout tne

celle in radlal wview. In tsogentlial

gectlon thev eapser o rangs [Fom Oone o ERG: oella in

denth, but ssyver more than one cell hrow gomeé ol tasse rays

=1L el

sre of e¥oeptinnal length, beoeuse the individus]l cells ars
iven elonegated longitudinelly. Thefe long eslls ara
Toeilrp o7 the segondary medullary-raya Ln Calamiza
of theas raye, deun i ! 1. %, &tlalno
He phloen 1B presgrved 10 2107 theve sleinn;
ueuslly there 1o g onarp bhresk . an { 1ide of the

sagondsry mood. ry OnE 9 i g oerusned, Iindeters

inate megdd lomedlptely

1iipstrated in P1.1,

oottt 1380 Dy 20




LY Hesn, with TaelTr eXternal
Soanrulag
::C_'..'
SpE AppeAlA
lagunay pature. The lsz 8 are acparated Dy
coapoead of pmell oolle. Thie tigpue L6 Pealnlaocent

the niddle cortex of tEo Adsliromyelon Lype of roat. It
g gimilsar to the latter ic sbructire,but ot &6 poaltleoen,
id here 1t ggema o cocupy the culsr vortex, wnloss there
bad oeen furtiher extsrnsl tlasae, whlehn la not pressepved.

girdaoiure Lthiowg sny LLght Do Gas

1% apar |t
10 E L |

tehnut susseaalve internodes,

HEaor, wn

aamoneed

-n:.‘"r"'r_.l,i;.u'. gelle A spture of which would nol porm

thelr preaervation thia type 2l petrilfaact

14 an lnereene Ln the appunt

of xylem, end stracds hakylen snastomoas Dpetwasn thoe
bundles, ke trechelided of the nodsl xylem are ohorl snd

proad with scalsmd form and often retloulste plitlng.




oo oam i
Lo

In &4 trEngvergs dectlnn borougn 4 node, & whorl
of cutgolng burdles are asen paaslng throuph the aecondiry
Wood. These ars the leafl-traced and are directly sontin-
Loue wilth tae orotoxvlem of the eten (PL.8,flg.1l). In @
gaatlon eut tangentislly throush the wood, theas folisr

pundles are interdactsd tranaverssly, Eo that they must Sapart

alunet gt pPlght anglées to the alen. IH paselng outwards ths

hriecheldes of the decondary wood qurve round them.

EE']“E'E. [Ir t'-'_' ':':-L::'. i]qr: H“ll]]ﬁi‘-

arder Lo invedatligete the egurse of Lhae
vasoular bundled, serinl sectlinpnd msere Lpken through nodes
both tranaversely iend 1 r|||,._e:'. tudlnelly. Tre alem wnlech ia
(= B LJ:"EEU"."EI"E-G].;: ghowa & consldersble mmount of ascondary
WODd. HA plis ia nregant ARd The podition of the prRloery
bundlen la indleosted Ty prolections on the inner slde of
tiie wond, The leaf-treipes 2pre glyen afl In = whorl from
tne protoxrvlem of thie giem) Lhelr couree tArouEn ThNe Beddnids=
Sy ®mood ahows tnst L@e gaotlaons &8 taken from the nods
upwardie; as 1n sucoesslve psctions the Lraces move oculwards.
Ho forklng or fuelng ol the protaxylem Eroupeg Lakea place
gither eforse ar AlfLler the léaf-traces are glven pif. Thia
thet the bundlea of the aten pasa
throdsh froon one lnternode to the nept wlthout &ny
alternabtlisn, In A gten wherpre slternsation o7 Lo Tesgsuler
purdlss doed opowrp, ad in the Calanltes;, the bundles Tork
after the deperture of toe lsaf-lLraces, the reasultant branches

then joinlng %o Jorm bhose of Lhe sf—t=e lnferopde above.




(11)
the Protocoglanite atem 1In queBtlon Thepe 1 nee Torkl g
ol Lthe protoxyles sfter the axit of the leaf-trace, whlaoh

1ndigetes Aofd=8lternatlon AT tie nodes. Thie gconeluslon

id wlso borne cut by 8 earlsa ol lopgltudins] ssatlsn

takton through s nods. Thlz atem poessessz = large davsl-
ommont of secondary wood &and whare carinal canal ns:s been
puaned through redially the contripetel xylem is well sesn,

el

o matabllshlns tne Protooplamite oo tupe of Chie sten

pxia, Tola eXplalrns the sagtlon
1tiudtpatled Tn Pl.2, 128, AL Lthe Pight=hHand pide ol
the pith the woocd has besn cul radisliy and a lesf-lLroce
16 uhug pegely "aaglne ot horl zontally, wWhlle pn ©ne GibEr
pide of Ltho plith the diregbtlon 1o slmeEt tangentlal, Lhrae
logfatpacss belne peotlioned tranayerasly. I ons leafla
trace, the mrotoxylem carel guns dlvectly into the foliar
bundlie snd rasEnpaATE o0 LLE OLOED 5 ck1p *ndloatea
that The glef-Dundles n@gintalie 8 A& i LEh DUTrE P |
tke nods, & otherwlsa it would be Imposziale el cpnals

ta be ovldent on &t the ide B the TIe: tze game time.

Another exsople, oroving t%he mon-alternablna ccurse ol the
vascular bundlea ®ill be deslt with leter ino the desqpiptlor
ol & E-—:I:"_EE-J walas, peaosuese ol EQEB notable Tealumon nerite

& 2apErate Epoount.

Gregeoiog of the Jten.

'Jn_l'_' gne expnple of & bDepanck 1o comnectlon
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hae bBaen found, but a8 toe capaplptlan of tRLE
nofde Ls belpnz daferred until later, mothing sghal} be amid

dif,

Fregardling 1t at oredent.

abruature of the Sooth.
ibuted throusnou & 1 From Lthe
APFFEn B L APe gEctione ol OrgeRng,; WIlDE &
dafinitely that of & pants Thesas
sbrio, waoecially
milke cteas. Accordlirngly Lhey weps Thodagnt to be ithe Poota
nf Frotceelemiter. Thie auprocaitlon hes now been proved
rraaot, BE evidence 48 oFgeEnlo conneculon CcatWeEnR TnEga
structurea snd the stem hes been setmblliphed. Fig, 13{Fl.%7)

menrepents two roole pesaling througl tos ascondary Wood of

prrenl axlo. The nresence of leaf-irdses lndloptes L358T
we aro deellng with 2 stes and mol A lépze Poot, Ciom RELAH

1t wauld othoprwles Be 1ndlatlingulenabla, A8 1T 1B LEDOBE=

1ble %o tell the oriantstion of thiles atem, nothing deflnlie

gan e aald regErdleag the relatlon of e roota te the nbde,
11l aeamp RG { thev arope prostically en-a leyel witis Lne
node; Elnoe the le ACEH & wery glose tn the outgolng
roote. The contral spue of there ropts 18 praotlaaily

disintegrated. In thie condltlon they mlgnt esalily be

miateken for lateral branches, but 8 more axteornsl toncsntlial

geatlon eatabllphes thelir poact-nature(Fl.2; fig.l4). 1t
tnle were & atem Dranch there would hsve been evlidence of
the primary bundlea, even although the carinsl cennls were

not yet Fopmed; hut Tne oéntre 1E ipisd DY o8 DTiImATY
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tracheldese pnd pecondery thleofgening hEe Deen in progredn
rer mome time. A8 the pornpetlon of roct and etem has now
bBasn praved, ths deasriptlon of thees lspleted roche will
ke glven.
Ho root 1o the prlmary state has Deen Ioumnd.

A% [(P1.X) 11lueptrates Lhe neEArELT ApDprocacn TO guch.
Thie small root is trisrchn, md lodlosted by the thrae Sroho-
xylam groups and messures .4 m.f. in diameter. Thse orinary
xrles la gaptplpetally plecsd fron theese thres polnts and
ip thle root secondery metlvity kas just commenced. The
eajority of roots exanined heve four primary groups, the
prinary xylax belnz eonflusnti the nuaber ol Eroupse 18
Yidlpsted by the number of proloxylesn anglea, Thase ara
sftan very distinzt, ss in Flg. 17 (PL.8},  COne dlarch
root has basn notleed, a fas Lrelaroch, but thes =moet fragquent
copdlition 18 tetrarch and none al nlphsr order tomn this
hava been agem. I1n all the other roote examlbed thers 1a &
eonaldereble develooment of secondary xylem, Fadletlig

utwarda from the central primary portlon in vers regular rows

[P1.2, fig.16). Thie z¥len L& éseposed of tracheldesn and

saconiary medullary-raye, the latter belng distlogulaked

by tholir thimmer Walls, wnloh have freguently broksn down,
l=aylng instesd an smphy apace bélween tne tracnesl rows,

In thade gmell rects the centre la copupled Dy primsary xylem,
bul Lln dcne casea 18 hollow, dug Yo the ogeurrense .of
em&1l pith, which hes decayed a2 1n the etems {Pl.3, Iig.17).

In longitudinel pectian ike secondery bLracheldes ahow




{14]
doelariforn plitlang, oceceelanally o retieculates trype 1s
Found, but vary saldom dees the pound fore of plt ooour.

Tole Istter Lype of plttine sesma to Belang Elmopt exclue-

Blvely to the iecondary xylem cf <he Etem, thus atemé wnd

footE may be dlatlnpuliabhed in longltudinel view. Imbeddad
gmonEat the x¥len tracheldes Bre occsElonally very narraw
ganmilar alagents, whleh belong fo the protoxylen - o
carinel eAnasls sre segoclated with zhesse in cthe pool.

#E 11 tne atem, the pootes aMmé upuglily dacortiecated.
oEly one axanple of o cortloatod specizen haa been seen and
this popuras iln & neel fron one of the Magnebesier blocka.

The prooh lo guestion 13 larger than the mwajorlity mnd 8 smsll
ofie La gloo He8en cloda hto it (F1.3; flg. 1), Toe lapcsd
roal s Hellpw ic thne centre, bslng due nerfand To lhe
sdvarnded age or Lo decay. EHxternal to the secocodapy xylsn

12 5 nerro¥ bard af cruated, Lndeflnable tlssue and be

thia la kbe oreserved cortax. Thie outer reglon apmes s

to be compoeed of 8 looes perenshyms, the atate of preaser-
vetlon mot allowing of asy further detailed deperiptlon.

Al leaat the oortex Lo mot lacuner ad Ln the corresponding
rootleta of Cplamites, I% sesns surprlslng when one reflecte
on the rnature of the cortsx of Tne giam, Lhet the root ahguld
COEEAHA &0 oUuter tligaus gomnletely devolid of lerpe Bir-
BrACEd . in the Jalamite wota The palla of the trabeeuloe
aften protrude into the lacunee|ses Flg. 17, Seott's Studles,

PFL.I),; -and Profeassor TELﬂS% in apeakine of thlisg shenomencon,

le= Welae{lB828), m.302.




aCecsd
ohlltereted by such eglle.”
of Thoe 80lld appearanos

1230l Del.

il ) g al X ] 4

setrorrelon roote

heenn Tound L OTi 3 1% APFrRn oesl =, o pith

reaRryVed, 4. gon yeapy lapge axount of
garina! csnAalg Arse

src of centrlpetal xyle

I'.___-

denoee ol eantolpet:

net hold in Protoc

atlan the apall alze ol

urg the yvisw that we hAave Lare A

Willlameon end Soott™ record the grestent dimensions of

ag 25 n.m, by 1l a.m.; tnla Fratooalasites

ifnen messdres & m.m. By & m.ms, Ed that It 18 oot Loo

diek mnd Ceethiidnl;, p.4D4.
Willlemaon end SacLtilE8E ]y p. 880,

loe.oit:, p.SRA8,




roch ol Lol
large roct
lalaral
lgternl 1o cul med
protoxylen groun nof the matn ax!
axit of four smsllar rootd;
Lteral pool, the piner lwo
meln axla dirspgtly.
protoxylen of the parent root,
1 '.'.:|:1|-:I-..-.'|I.II:I_ _7.- z i = e E e - -+ thaaeE
gasller roota 58 1t leaved the maln &xla. This rootlet,in
i lilér pechion ahows . J pe of branshlng. ATtar
lenvas the matr ) b cmE ark CPL.3, flg.200
The prlmary xylen slmoly divide A regult twn Zesarale
roptlate are [ornmed, aisiler Lo mll sopeerances. 1ln slza.

Thers 1 mo svidenss of ane balng the branoh' af the othep.

Tale ty¥ne of branching 14 corrobmtsd by snother zectlon

B e : Here Lhe ¥irg rootle g cut gaffiniently
i i - O T D migtake 88 1ganzity.

IL macoears to bend, 8o % 4B 8Y8p E o | _onFltufinal
view, AT Tnla pRrt 1 ol B NLo TWD, sEall
dlvigion belng & amall rotlet, to dletinet froa
the glher. Precedlog ard sub ; cchione to this ans
havye bhesi gxanlned gnd ey loaterpretatlcon eséne Ceaeible

Lhen that we =re here desling wlth s bifureatlng root.

Dagcrlotion of g Hode, popaesslns [eaveg.

A paate snd impresslons of Protcoslsmites




[17)
A'e a8 ¥ebk A4k infaracstiion aa %o ths sextsrnsl
BRpearenss ol = leayea ta not swslisbls. The lse of
Gelaritea ~ed long boono knoen A lmoredaszions Before
internsl mnsicay weis depcribed. it ITroa this
mraatlmalion oL Informat]l on Ree Ceen golledted B2 snsE0led
ong to zet indirectly some ides of Lthe fcllar mppendages
of cur Arren anacies, Beetlona of leslf-llhke BLDUCLUrSS
are falrly conoon amonget the loternal depbrld ol toese
Lapidodendrold sbend — Bome Wwlll belons to thesee Lreesa
themaelvea, bul perldps othere have Cean overlooRked DecEuZE
of thelir detached condltlaon end prooably IIOTOGS1B3lTEE
to mot 5 faw, Hul only lin one dzgs hayve
of Protogeplamitep oesn fpund 1n orgBnic
connEctlon with & atem. The nodes ol tols aLen preasnta guch
pntabls feptures Aa warrsnte it the lollowWlng nepapate
acegurnt. Oofortunately the preseryatlion of this
the mell-wallem Delng renlacssd OF A& very

ton i aften g0 hrofen un

ag Lo antir=ly phllterate the form of the cella.

Tha firet pectlion tekern showed s small shem,
with o bend ol tlesdue attsched gt oma glde in which amall
yaapular strands could be detected, and ¢lnse Lo Thie a
amell pound Etructurs, alsp posmesslneg a vespulesr Bundla,
Thene moeonpraylng etrzotures would have Leen ALTTIloult
to expleln, 1 furtber destlaone hed mot been obitalnebila.
Abaut PACtY @saotlang fave bean talen from Lkle Ppeglon on

the block and in thsly prepapation almoet 3 m.m. of stona




grmau nd awey, ED Lhet tho Gan Lance belween ocach
gectlon does noh axceed GO p. an Few aegtlona of
Alapramnatlicelly in. P1.4£, fig. 22

wnlen s Ehe aase &8 Lhat ol

i esul obllguelw,

Ohligulit Epprox. 48 Il pospagsed =

parpcunded by & Tinz of ten bundles;, ln whHlch fo
ere anparent, bub Lhe dliscresnl sed
dist!ngulgned npen he lnner acglas
ThHe ACAaRNAE ; B Irehaxylen lasun
Lo the apsroasking Inaertion of the ateam uwpon
attachsd B wing of pRrenony-
thres vaserular atranda;
nart of the leaf-ghenlh
giagllepf gTen
naskt o Laolalked
pentral wvaaculer pundla,
s mHEnuerk
Jeina op to the shesth and on llsa
epather 2imil e
of the sten mnathsr
heacs =l un To4s 1e gkown im

tem hsp n yeome oonpeated by & narrow sloand
wizloh gerinal canele are olearly
oeln gtem. A ane followms
igalated leaves,&s Lhel apzeng

the sxtresitles of tihs lasf-shesth,




Lh 11th
=] Ee Intervening part Lelwesn
stranda of peranchymatous tlaoue
raln stem poaBaBs

cansle. n ROproximatel )

radielly throuch one of Lhese cengls 1s 11lugtreled
and hes already Yeen dliscusied gentri=

nregant oo %l 1de ne ne nigk, whileh

Protodalinnite nature nls L0 bo Bextre-

extarnal o thae xyles,
1orialdereble smount of larss-celled
ical cenals are Ut wery oabllg
tkat the stem muet be lylng et B conmgllerable angle 1n Lhe
alonk, Tehe gatusl cbliguity was celoulsabed oy measdrlns,
ot warlous Iniervols, ihe distance ol the stem froc anobher

objaot, whish wee koown %o run wertleslly throughk the block.

Thia nethnd skowed that Lhe aterm wae 1ying at an argle of

-

to the horizontal. TInle explaine the almost longliudinal
view of the xylem oblained in tke later sectlonz of
AerLles. Ple.22{4) the bransh hae eantersd
ihem mol =2 far ag the Btats of oreservallon permite of
defirite atatement regarding the erieln ol oranen, 1t
Loderted apove tke node; directly ln line with B primery
strand of the parent stem. In the dlagrasn the cruahec

remalna of the latsral branch are altusted between en ine

camloe leaf-trace and the carinpl cansl af the zaln EX1E.




({20
fid the aeotlonz pasa through the node, the leal-lLracen
pass lowarde and nln dipeotly with Lhe spplox¥lem &f Lhe
etem; thus the leaf-ghesth 1t that surroundling The lAPEal
gtem. From this get of serisl eestlone 8 hypothetlcal
ressnatruetlon of the node of 8 Protoocelenite sbem haa bBemn
medg [(P1l.5, Tilg,85}. The épotted 1Ynesd renrosenlt the level
of the varlpus sacbiond lo Flg. 28 AL tha node there ls
a Whorl of snsll, eylindrlenl lesvas, fuagad
form a ghesth, %o the axll of whlah atanda the latsral
orangky, The lesyss sre sach Lraversed DY 5 Bingle veln,
But apg Lhelp ultipetes poptione eEre unkoown no Ynfarmal iorn

e svallable o8 regards the Brenching, 1f eny. Flz.28(FL.5)

1a patlhie dlagrammatieo view of 8 node cul lTongs!iwdingdl
The xylem of the yericus parte 1 indlecated lo black,
From this 1t is @sen that t7e plth of the branch graduslly
becomes Emallt an it neara Yto Junetien with the stem.
Therefope a pith gest of 8 Protopelamite oraneh would De
gimiler in anpesranee Lo thet of R Jelamits, whioa is=
phargateprlasd By the Laperlng and.

The= leaveg of Protooslozdiles, o8 pesn from thea
trangveres sechtlionp are gompoasd of unlfolm parenonymstous

tigaue, wilh & gentrsl vasaular bundle (Fl.5,01g.23)

only the xylem of whilch ls preaerved. Ko rocogrilsable

ia present 1o these lesves, but tnle may
be correlated wlth the bzeal =palilon of thedae sectliona,
Ferbaoa the maln photaaynthetle motlvliy 18 esrrled out

1z thelr aors dietsl peris. A few leslated aectlons of
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Ya oonflred to tas med - meta-xyleom, and 1n TaE

PR}

e 0T -

nooul wt ueudlly dlanoesd lo unloe

BTy wWood rouni plld

IELE Mowl. Ho stema in the surctlaland gpeclmens oxhlblt

AN OQT 8 L

in the mpscondury ®ond, was old-wWiy
roupa, 88 if these hed forged efter

rdioete sltercetion of fha

lepartare. Tkis mould assn
Vaaaulseyr otrands One tangential lonsltudinal
bt from 1%, 1t wopuld be

tha courge of the sbrand

o =

A8 DFARDQOC ng 01

sze3 they meem Lo rejolsn,

poEtindas of the other 8lde oI

Any atatenent neds
ol glender evidence would be unrellable, Dut in

onlungtlen Witk the traneverass @ectlon 1t seems to Bolnd

comditian of aliernation ol the YVaeaculsr abrinds

niode
Ong gaptlon ol B roo
& gtar, tut lte sbtructurs 1s
from Ltha Aprer per Ealid primers axlen,
gnowlng two protoxylem ancunt of second-
mrre Wand,

Thug the Burntlsland soeclmend ABIDES

ir: thelr aten enstemy with theses from Arren, dl

| L




the aecondsyy tracheidon and,

alao In the dourde o

Fram the Toregolne saaount of Srotdoslamiteg 1Ta
gelieral eatuPes, Ad af They ATEe KNOWO, DAY D& FuOmed

Uy ad Tollows Cuylindriasl steéma, _:'.-nEiE-&E-E-‘_IL-'_. gt tle nNodsEe

whorles of parrow leswves, fused ot the Lase to form a sheath,

fron the =xll or whioh froceeds the latersl bra
contelne & rlng of primary oundlies, WilH exbernal

Fppndary wood., The yylem of tke prlnery bundlées la develaped
1n both centrlpeta)l sed sentrifugsl dlrectlions. It la gop-
poded of scelariform tracheldeg and the paaltlion of the
protaxflen 18 lndlealss by carins) oganslae. The tracheldes
of Lhe secondary wood shew rednd pite on the radial wslls
in unl- or multlaeriets srrangenent; dcalariform pitilng
may eleg oégur. The secondary oedallewy Paye are one aell
broad and very desp. Vascular bundlss of suco=gslve intar-
nodes may or mey ot alternate.  HAaol dlruchiure dimilar
Lo thet of Qdslemlites - branchlns of the roote le endogsnoua,
but occeaionally bifuresting rootas ooour.

The gepsple dlatloetlon of Irotosslispites lies

ol gcenirlpetal pepimsey xvlem, WAlon

m Lhg anLn:jcfﬂ sanus, Askernsslamitog.

The atem anabony I latter plent 18 aimller 1o chat
of Cslsmitez, im thot the primary xylem lg eolely centrl-

fugal. Centripetslly developed xylen 1n dtens 15 o primitive




L2a)

feature and D, :‘.:I{:I:.:.'l teres Lt the Told

mood a8 contreated

wlthk the centrifupally formed primary xylen - thne "new’

woed. The old wWoeoed graduslly disappears ln the edurse of
evolution, glving plece to the maw, and ig only now &xlat
ant 1n Bual orgapns condidered as retentntlye of Ancsafpral
characters, such B the reproductive parls. E:!l.:'.ﬁ'“&l':3 deperlbcd
the pregenee of anesareh pundled 1o the gone-axlia and Apor-
ophayll-traces of warious llving speeles of the gonue
Eoulsstum, but in the lnternodel regions of the dbem, as
ales 1n Cplegltes and Asterpoalsmliee, 211 veantliega of
centrlipetal xrlem hes vanlghed. In the group Sphenophylla
ales we Bge the other extreme - where the atem sxle poaszssaead
i 4anlid protoptele whick is wholly gentripetal. Thus Proto-
a 88 hee already been pointsd out by varlous

"

L
fauthors”, puppliea a link betweon the "pld"™ wood of the

Ephenophrllelss and tae "mew” wood of the Jalamariess,

A ¥
Fotonle , ln comparing the secondery tissuen of theoee two

groups, Buggeatd that 1T you taxze awey tas primary xylem
gf txhe Tormer yeu !_:.HL Lhe dapnditlipn Been 1o Tone Calpmitnse
phtea. Profesmsor dower  in the "Origin of s Lend Flora"

puts forderd Gwinpe-Vaughean's modlfleatlen of thla, Shat

the protoatele of the Calarite aprceetoprs haa gradually
14
BoottllO06), ».157; Lo

Fotonlel 1218}, p.134.

iower( 18081, p.S80,




dlsappearad by Lhe progressive develepment of parenchy-

matoue plth - the conditlorn in Prozocslanifed belng &n

Internedinte |'.I..!.|.,.;r. s LELId Lrangltlon. Fwynne-yvse l.'.,:_l'..‘lr'll

nenlklong 8 comparable series within the Leplisdendredd.
4p regarda the oore detsiled atructure of the
xylen the atem of Protocslemlice apreas penerslly with
thet of bothn Celecpites pnd AStorocaladites. The long
'.'I':.'-.l.J-l__-._l:j"_:'—]'F':.l" are ohprpoteristle of all three SEnsra.
The plitlng compared wlth that of Aaterocalasmites whera
the primary xylen phows sealaplfors pliting and LHhe tracheldeg
of the sesondary wood, round plts either in one or many roms.
Ihe branvhiok of the slen le &nathep llnx wllh
seteropelsmlites. In thle gerus the lstersl branches, =8
BhAwnh I|;l caitid nnd Imprecsslong are uanslly insepted an the

pgtem in line wlth the Vasculesr Bundles. Examlnation of

-
[ —

Renlar's” photogreph of sn izpresalon showa Lranch scars
Bltusted ofi Lhie EINOVED, bt 1 A faW cREeE Datwesel: Lhem;

g0 that the branching 1n this genus 18 not donatant.

In gelamites and In living spscigs o EquUioelun the bDPsnchas
srige betwoen the Veegculnr bundlen, &8 Thael are geen pasalng
thpaugh the atem batween the outeoling follar tracee. o
Eouleatum, =here it i3 pesslkle te follow the development

of the lateral shoote, thsy are found te arlas from ¢ella
pliualed above tne leaf-akeatne, but in 8 poaltlon betWaeens

the teeth, thersforse the letersl brenchea ape not =xillary.

1.~ OGwynne-Vaughan{ladl), p.?76d.

.- Renler{l20l}, Flete 38.




(28]
Az they develap they burat throupn the lesf-ahesth. Ino
lery in relaltion to the leavaeg,
ot do not break throupgh the shesth, the leitsr belns nok
gn deep e in Emulsefum.

Yet snotker polnt of sgreement with ASterooelgalies
amd phig Whleh i of gonglderable Inportence, 16 Lhe non-
altercating sourse of the Vascular bupdles In gonssgutive
internodes. In Calanlteg the gansrel rale is alternaticon
but iheére are departures from this, eaPeslsally le thoBe

gteme: found ln the Lower Carboniflersua BLTEtEs; whiah hewva

Bear L.'_r:uu;:-ﬁr'l t.I:F__I::L-ri.i;r' Ly f'lr'lnl,:rl gd the Lepocslerlt=g.

Thene are desoribed by Eldaston and JSEEEEHBE in their
"Yonograph of the Oslamites of Weptern Barepe" under Bectlon
IT. They ococupy an lntermedlsate poalition between Qalagilies
and fateranslamites in thei the couras of the Yeaculsr
burdilea ig varlable, and they ape conflned to ths Upper
gtrats af the Lewer Jaerbonlflsreua. In the SphencophEyllsles
wo [lpd tne coupge of the Vagoular bundles sd ic ASterocalo-
glitieg - ths leswves of Buccesdlve Wnorle belng superpoesd.
Thie 18 the cendltion whiloh has been found ls the Arrén
apeelmens of Protocslamites, but wansther the contrary
arrangsment exlate in these gtena from Lhe Burptleland
beda hee not yet bean concluaively proved.

The pnote of Protposlsmltos ngree lo atrusture

wlth those of felealtes, wapeclally the Myrliophyllolided

l.- Hirmer{1B27}, p.382.

2.- Eideton and Jonpaensil81%,, p.18B.




Lype. The only exsmpls of the Aetromyelon Type la guest-
lonabls. lbhe Drancnling 18 ecdopensds and the gogurrahas

of dishotony in the emaller roote beepeaka a primltlve Teature.

tuch brafnghling 18 flgured by 3'.,|'.;r'1 In & PFhlzome of Archeepn-

Balpalted radistud. Beh. heferring to thls Lllustration the
putbor remarks that "des Fhizomw zelgt sn drel Ercten einfsche
pder unregelrisalz dichatome Wurzele," “irmer® alag med-
tlons thie typs of branshinz in the rosts of Asferocelaniies
gerolioulatud. FRensul:” ic his sceount of "Lea Oslemarifea”
figurea o dlehotomising rocot of Sorpla, which L8 & aynonym
ol Agtepposlamifes. So It 1 nof aurprlalng to find thia
t¥pe of branching in the roote of Protocslamites.

T leaves o the Arran sleqng BE9s as yet l:l:;:rff-:t.lz;
Imown, ot informetion ag Tap ahows That they nEIeEn ,'._gcrl-r.-.r"d:,]_.l.'
mlto thoopae of the Qulamarlefne. TEo typea of JelAEmlite 1loaves
&7 Known froa impresulona, ee Ammulsrls and dgteropavllites.
The leayea gopar 1n whorla st the nodes, but in ihe former
the Fegments are Blightly unlted inte s sheath, while in
the letter the leaves, wnille nerrower then thoes of Apoulsrls
are free Lo Lhe bade, In the follage of Asterocelamitca
the leavea ere long, narraw atructupes, dlohotomoualy
branched end 2ltupnted Frop In whewrla At the nadedg. The

oreadth of the Asterocelasmites leavsd, =8 flaurvd by

Ple. 4,

L] _

Stur{ls?5), Plate 1
Hirmeril1 327, pi377.
Renaultl18395), Fert I, Plate

Btup(lB875), Plate III.




a0
aogpsres fayourably wlth that of the Proiccelanites lesf-
Boestn segmente. In SpoegcpEyllum IeDerrlmung Rerrow,

dlehotomeusly brenched leaved soour 1n whorla at ine podes.

Sucn 13 sleo the errangement of tho llnear lesvea of thoge

[ =

Usvonlan geners, grouped topether by Hirmert =2 toe Froto-

BErticulatineas. Thelir lesves stsnd slternste or superposed

AL auococeealve nodea.

aopoalaalan.
While 2cott™ &nd Lotay” pecognlasd tie inter-

|

medlate poaltion of Prptogelamites with refersnos to dpnen-
epayllaled and EFgulsstdales 1t was founded caly upon the
podurrence of pentripetal xylem in tane Ap the reault
of thie prepent lnvestigatlon; thls pozitips is now more
gonridently eatanllaked, ,|5|.r:':' '['I:_PE!['{:“.'_'.E:II nde Ta the gourae
ol the Vaegular bundles in FProtogaslanilsn wmip To the elfepi
thet alternatlion cococurred mat the nodea, DUt whlle thls hea
nol been dlsproved, the contrsry condition nas
ptreted 1n the Arran apeolmena,

Erolocelagites shows Bfflnlits to Subonophslliun
and Astercoaigmiteg in the goaurrenoce of

wnorls and thels guparpoaltion - Lo the former mlone Ln

preEsnct DI Centrl F"I-_':.E'._ DPiEAETF xylem and to tne latter

l.- Birmer|1827], pB.
Bopitl1908] .. p. 15"

Lotay|ledg), p. S84,

Boonelle20), p. 32: Hirmer{l527




A1)
ir the brenching of the steme and roote &nd in the more
detailed strueture of the xylesm of ths stem.

Thie genus thue linika these t®o groupd togelher,

but that 1 rot to say that they sarse in direct phyletlc

EeRlLenion .,
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