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1. Abstract

arge colleetion of Pseudosporochnus from the Middle Devonian at Goé, Bei.
gium. New information on rools and trunk indicate that the plant p Ii'ub‘abiy gfe?; as a mift;ch—b;aﬂ@fzé!
<mall tree. Detailed descriptions are given for the ul timiate appendages {frondg), ot m,czr e an iﬁﬁ:ﬁﬁ’
which are bilaterally symmetrical, Anatomical structure is shown to be cladoxylalean. Pseudosporochnug
can no longer be regarded as a psilophyte. P. nodosus sp. nov. is proposed for the Belgian fossils,

This paper reports a |

11. Introduction

The preseni investigation is designed to give a fuller account than has hiihﬂrm been possible o
the external morphology, anatomy and fructifications of Pseudosporochnus, Further we propose 1
review and discuss the suggestions that have been made concerning the phylogenetic position of this

interesting Middle Devonian plant in monographs and in standard textbooks of Plant Morphology and

Paleobotany.
The study is made possible by a large collection of more than 534 specimens collected from a single

outerop in Belgium.
Special interest in this collection is provided by the discovery, for the first time, of petrifactions

that disclose anatomical features indicative of affinity with the Cladoxylales,

We are indebled fo the “Fonds National de la Recherche Scientifique de Belgique” for financial
support for the two field trips (1949 and 1952) conducted by Lkciercg during which the collections
were made, ,

We want o thank the “Conseil d’Administration de I'Université de Liége” for valuable assistance,
especially with regard to the photographic and microscopic equipment: the Linhof “Cardan” camers
(18 < 24 cm) particularly useful for large specimens, and the Leitz “Ortholux” for microscopic obser-
vations and photography under strong reflected light.

The collaboration of Banks was made possible by his appointment as a Fulbright Research Scholar
(United States Public Law 584) to the University of Llége for tha schael year 19571958,

We wmh to express our gratit:ude ito Mr MAURI ' R or in the Laboratory of

- o b AL B BRLIeC | voled assistance during the course of this
st e e L i v s s o ey T3




— 3

111. Previ
vious Recm’ds and lﬂt(il‘pl'(‘t ati s
’ P. tation
1) jescribed briefly some fossil plants from ‘
LS centr

! a (1881) wrote a splendid d = al B .

ottt : . o escription of . ohemia as s ;

ab sporochnuts, as 5. Krejeii Stur. Srun stated ttf:t St;me plants, placing tl;t r:iga,tbﬂhrmdﬁtgg
1 that the ultimate ; N the genus of

V8" Jarly arranged on the branches g e
? ;jff axes and small elevations or de;:-f;;::: (:henlrxl (p. 14). He nntec{ ?;:223%1 (side branches
o farger , n al o linal costulations
pe 8 e, the plant reached a i ; : axes, He considere stulations on
i b; i?;;“if;pecimens of S. Kfejci: T',%iesg'th(p‘ fl 6). Poronté and BEnxj\nirf;]QE}?;at because of its abun-
awgcx . - : 'y therefore transferred the foss 1904, p. 34) found evidence
E},{,{vt?d a nf,xsf {gci::;ufli iifu.d?pm 0F7lﬂ1LS, f0 receive them The name th‘;éﬂs@ls io t‘ng vascular plants :§§
on the basss Ci A Zider cgle; SPZC1men’ between 1.5 and 2 meters in len t(i%me P. Krejcii (Stum) P. & B.
s bases they con ed Pseudosporochnus to have been a small tree (ip ;";d;gu em wide at its bulb-
k) * '3
: ). All branching in
the

. <ecmed 10 them to be basically dichotomous and they regarded Pseudos ch
porochnis as a possible

B o of Psilotaceae. Th i '

| cestral form O . They did, however, realize that the ultimal

8 = ) : e ultim :

ont 10 ifsaves and the swollen ter l?nnal tips equivalent to sporanpia (t? tzebm,;};mem might be equi-
s were {rue Pseudosporochnus might be related to the ferns (in lludir; : )1: e ool o
’ e o, 36). ¢ ¢ pteridosperms) rather than

Lax (1927) gave a very clear description of a branch frc

; . : rom the Str in S ;

iis specimen bore no ultimate ramifications, it did show the digitate b?:;::isnbef; - SCOi“Jand* Although
of psendosporochnus described by Potontt: and BeaNarp and by S’ruh e

Hiver (1927, p- 176) postulated that a restricti t hi ;
type of scorm” found in H orneophyton and that stiglgxl;flfeir::; Eryzc(zfo? ioﬁﬁimmedd sl a1
jound on many axes of Pseudosporochnus. He recognized that the ultimate paffa;ﬁ;gessim' b?g&
arranged on the branclf.es but speculated that this was merely the result of more profuse branf}%ia .
Pseudosporochnus than in the two simpler genera. For him, Pseudosporochnus was an arborescent f{%r;i
sanding at the termination of the psilopsid series. He also suggested that the profuse branching of
Pseudosporochnals might point the way to the arborescent lycopods. |
ZimERMANN (1930, pp. 110--113) regarded Pseudosporochnus as much more differentiated than the
Rhyniaceae although his reconstruction (1930, fig. 45) shows only dichotomous branching in the plant.
This interpretation is not supported by the published evidence which makes the spiral arrangement of
the ultimate branchlets quite clear. ZMMERMANN considered Pseudosporochnus to be inter ediate between
the primitive psilopsids and the Protoarticulatae and between the psilopsids and the Primofilices, espe-
cially Cladoxylon scoparium. Finally, he wrote that because the tips of the ultimate branchlets of
Pseudosporochnus were flattened, they represented the beginning of phylloid formation.
Later ZmuMerManN (1959) subdivided the Psilophyta into two orders: I Rhyniales (p 154) and 11
Pseudosporochnales (p. 163). He recognized two families In the latter, 1) Pseudasporaghnacea& and
2} Svalbardiaceae. He regarded Pseudospcrochnales as a “connecting link! belween psilophyta and

pterophyta, omitling his earlier reference 1o Protoarticulatae, He maintaimd’ that weakly dﬁferam;%tgd
telomes, still present - ’Qsporachnales, constitute the basis for includmg them an:wng gw"?sﬂﬁf
: ‘ d,the beginnings of a stem and fronds were, for him, the evidence ol some

.+ns like Protol teridales. |
. hke Pr‘ c?i?fus, ZIMMERMANN mentioned agchmale Blittehen oder vielleicht

" © the “leaves’. We believe he is right despile the [act that

thors he seems to have under-

vl

stie of the axes

duch Sporang 1ate segmen /
= o ste, Like some other au
o I8 Y ents of the leaves.

ad no o tips of the ultimate segm ; ,
~ 4 Svalbardia can pe placed in the same order, The fructi-
mman as will be pointed out in greater detail pelow. We
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‘pans regarded by ZIMMERMANN as roots of Pseudosporochnus arcf P"‘belbly Portion
also believe that the orga ;ucmion of the term crown to the cluster of branches originating from ,,
apphic > :

articularly appropriate.

of xylem strands His
45) adopted the concepl that Pseudosporochnus is a large plant prob.

‘ stem is one that we consider p
Spwanp (1931, p. 134 and fig.

’ v o1 in height, | l

L Ove:)'illu(fe(‘]‘?])nﬂ:;:;: reported a strange specimen from western Norway. He considered it to be ;

W }z 'p'l )s' orochnus apparently bearing a crown of branches that had broken off .(ﬁg‘ 2, P. 14),

St _s"“‘j‘ 'P n was long (65 em) and wider (14 em) than any axes des.cnbed previously, it leny

Because the specimen was and by Poronté and Bernarp that plants of this genus were small treey

{ i » suggestions by Stun NARD : -
“‘”ght'w “Zu bL'l{z:\‘MNN placed Pseudosporochnus in a position intermediate between the simpler psilo.
Hore, like ZIMMERMANN,  injermediste B B LRI -

protoarticulates. His basis for this decision w

| fhdre v two genera Calamophyton and Pseudosporochnus. Both plants have a stoyt

of-‘ﬁl‘ﬂgljh":? 02?::(;’;: ;:t:)h:everal main branches (pp. 14, 15).
uMh;,‘ 'l-::::x,}and WryLann (1933) re-investigated the entire flora of the Middle Devonian of Bohemia ang
ream:::;d ﬂme opinion of Poronif: and BrrNarp (1904, p. 28) that»Pseudosporochnus is the most common
element of the flora. They noticed the small elevations or depressions o1 the axis that Stur (18.81, pp. 16,
17) interpreted as scars of fallen hairs, but the German authors considered them to be cortical struc-
tures (p. 12). Like Stun (1881, Taf. II, fig. 4) and Poroni and Bervarp (1904, text fig. 69) had done
earlier, they mentioned some large lacerated specimens from which rigid isolated bands, closely packed
and arranged more or less parallel fashion, emerged from the end of the axes. These specimens gave
the impression of resistant bundles whose surrounding soft tissues had been macerated away (p. 17).
Krivser and WeveAnp believed that neither Poronii and BErRnArD's longest branch nor Hoec's (1931)
large axis belonged to Pseudosporochnus. They therefore adopted the view that Pseudosporochnus is
not an arborescent plant (pp. 15, 17). They described (p. 15) tiny spores 4—7 x in diameter isolated from
the matrix containing entangled sporangia of Pseudosporochnus. If the spores really belong to this
genus, they are the first to be described. KrivseL and Weyranp (p. 17) wondered about the meaning of
the ultimate filiform and thickened branchlets: were they leaves or were they ultimate lateral branch-
lets? In their opinion the kind of branching supported the latter interpretation. The terminal position
of the sporangia made an additional reason for them to classify Pseudosporochnus as a psilophyte.

Eames (1936, p. 319) stressed the importance of regarding Pseudosporochnus as a plant body, much
branched and more differentiated than other psilophytes. He considered the ultimate branchlets to be
equivalent to leaves but to be branched in more than one plane and thus to be very different from the
“enation” type of outgrowth that is found in simpler psilophytes. The fact that the sporangia had been
described as slight enlargements of the axes bearing them was, for Eames, a strong argument in favor
of classifying Pseudosporochnus with the psilophytes,

Swimi (1955, p. 164) accepted the concept that Pseudosporochnus might be tree-like in habit and
perhaps 3 meters tall,
in I i(nljg:’:r:; ('II:Jvti) i?:dri-‘si(i:’c;i]smszgg‘lO)l;‘ePtm;es the presence of Pseudosporochnus Krejcii (Stur) P, & B.
not dl:j;cut:st'\dlin thep resent pa (:‘ c'(I)‘hecte y b2 T S Souptal Y
114 mm -in length anril dirvidé)d l:i .th : W(l) o erre fragmentary. The first (4 MS. 86) reached
widih; the ssemnd: (i BMEE 1S goe r:x??n rlr::)n?gr n:ito three secondary branches of almost equal
small, tangentially e]ongat.ed scars or elevations oise:vl:ad bifull.'cated eyl ol S owed ihe
The author also deseribed i (0 " earlier by Stur and by Kriuser and WEYLAND.
had A T 17' 1scgated ltlelaves that were filiform and repeatedly bifurcated. Some “leaves’
1 thickened terminal tips, One swollen tip yielded, upon maceration, small dark di d 5"
whose diameter was 6— ) A ) red bodies (? “spores”)
e, 9 p (p. 51). LucLercQ was inclined to consider Pseudosporochnus to be a small




LrcLEICe s m‘;xf;";?ei the ?‘?“eﬂtiﬁns from Mousset in the ligh

m Y ¢ S}}e found that ont specimen may show clearly the ¢l ‘g“& of e
iiﬁvai‘innﬁ or if these were nol preserved, depressions in their place ;): Gl o
£ ¥

sabsmdarit new material
tangentially eloneated

in some places a perfee

25 a perfectle s
‘ . - ’ | Wy smonth
42, pp and 1937, p. 548) treated Pseudosporochnus
I as a large, much-branched piant

.g;ce.
it i (19 ) i & :
_, flattened an webbed leaves but possessing sporangic
jacking T ; e ngia that were merely inflated 4 ;
e ! ifications compat;lblg to those of .the simpler psilophytes. mesideriny ‘;\Eamd tips of ullimate.
", dvanced psﬁophyte, e derived from it Svalbardia, a primitive fern who gulg‘e udosporochnus o he
.d in one plane (p. 1770). se ultimate branchlets were
-\ DERGER (1944, pp- 117, 133) followed Zivmrruany in regardin ‘
A \ : . : d g Pseudosporochnu i
ool psilophytf«‘ Yq?mse ultimate fine ramifications were flattened like kzaﬂ:efs {;;Zn;)m;:“ S A0 ey
ﬁamned exiremities marke : elieved that the

nterpretation is very simi
| : : v similar to Ziu NN
formation 1n Pseidosporochnus. .

d WreyLanp (1954, p. 75) treated
| by a crown

d a tendency toward the differentiation o
iati o
L e e on of leaves by a basipetal invasion of

Pseudosporochnus as a leafless i ith a vi
’ . : ss psilophyte with a vigorous
of branches which exhibit a tendency toward the production of f large

(1956, pp: 94, 408) considered

) o be intermediate between the psilo-
d ferns and to pOSSEsS, like Aneurophyton and Protopteridium, megaphylls or at least rami-
fications in three dimensions that ¢

an be regarded as in
OBRHEL (1959, p. 386) pointed o

Pseudosporochnus t

cipient fronds.
ut that Kngjcr's species name UET
pame Krejcil He therefore erected the new combination Pseudosporo

1959 for the plant. This name will be followe

ticillatus has priority over Stun's

chnus verticillatus (Knejcr) OBRHEL
d in the present paper. In the same paper (p 3983) OsrBEL
erected a NEW species, P. chlupaci for three specimens in the National Museum at Prague that were
previously referred to P. Krejcii

Even this brief review indicates the desirability of learning more about the anatomy, the habit,
the phyllotaxy and mode of pranching of ultimate branchlets, the possible flattening of the tips of the
hranchlets, and the structure of the sporangia of Pseudosporochnus. The resulis m
the afﬁniﬁes of the genus and may show whether it is an adyance

ay cast new light on
d psilophyte, & plant evolved beyond

the psilophytes put still sncestral to one ¢

of the higher groups such as ferns.

or more higher groups, or whether it should be placed in one

V. Stratigraphy and Material

; .. wpcearch is based, 8 brief resume ol

Before considering in detail the plant material on ;”hmh this reseds |
the stratigraphy of the region it comes from ?3, pertfnen t'h . a the younger -
;um, the Midc yoniar i subdivided info ¥ oni <o in North America

In Be}glﬂm, the Mlddle Dey ’ . cries of the Devoman sequgnce i

These horizons correspond 10 {he middle of the Erian 8 -
N . i, inyestigation of B8
(Cooren et al. 1942, Chart No. o he Middle Devonian 0f Belgium. A systematic gvgs‘ ,‘f’a e
Fossil plants are abundant 1 b evealed more than one hunt ga?, cited several
. . o dela sdre” T {low Middle Devonian seas that deposted *=0 -,
unit called “Sync . ha - 1iGceon 1993
L o 1956). Thi ; is primat} y dve \auen 1954, ADERGA 1032, Lagtgo 10
(Lugoros 1953255 /" | 1 s 1056, STOCKMANS 1940) twa
-  the Givetian (ADEECA 1932,
cudosporochaus material

litioral formations dur
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, = s trinoof g% weeks in the summer of 10
o collected by LECLERGQ during a tnp 5 of 194 .
5 in 1952, Lo e

.o which the plants were found, known locally as 4&;&};&@;2{?;&23&5;  BTE gy
The quarries in ‘;V,. ;;ouih of the junciion of the rivers La Gileppe ar; Vesdre” 54

o 400 D8 S rs from Germany and 30 kilometers east of Liege,

i 1 " ‘HI) ki::?: exposed in the northern quarry and i&z‘cﬁ:’mpo%ﬁ {;f; a sequence of -
The fossiliferous ’f)j ;}mis; sandstone and shale. The entire deposit is If—"mﬁ)-gh‘ap&d with a thid,

snlifed bede o mka;zf x»; 1‘956 p. 120), resting conformably on th;zx reddish sandstone of the up

of about m» ”ffmwza(?;; kenﬂ p};ntwhemmg zones have been loecated,

- Ct}uw’n«m. : : Lone varies from irregular o lenticular beds 45 c{emimmﬁrs o 110 meter. |

'f’l}m i; lﬁgi’:;;; Llloéariil;v into thinner layers, along numerous, flat bedding planes. In compos .

:?; f::;'r;wd of greenish or grey-blue shaly sediment. k ‘

found throughout the whole deposit but occur most abundantly in beds num

litting of the shale gives evidence of a great variety of facies

large specimens occur with delicate organic connection.

uiet water, while in others the plant fragmens

The pland fossils wWer
during a top ol four wi

in oo hilh

sev
mo

thicki
the la

Plant remams are
vI, 1V and HL In each bed, the sp
servation. In many layers
a sub-antochthonous deposition in g

state of pre
retained, indicating
appear {o be drified. ' | - -
An abundant flora is distributed throughout and is preserved as compressions of which some have
petrified segments impregnated by iron hydroxide.
1t is obvious that as a paleontological unit the Middle Devonian deposit of Goe is unlike any pre.

viously recorded formation excepl, perhaps, in B hemia “I'Etage H-h, de Barnanoe” that has yielded 4
similar flora (Srunr 1881, Poronit and BERNARD 1904, KrivseL and WevLanNp 1933).

For that reason, one of the authors (S. LecLEnco) intends to write later a detailed account of the
plant associations, the ecology, lithology and sedimentary facies of the Middle Devonian at Goé in
relation to the peculiar features of the geology and stratigraphy of the “Synclinorium de la Vesdre”
that are particularly significant,

1t is well known that similar assemblages of plants have been found in the Middle Devonian of
Germany in the Honseler Schichten and Brandenberg Schichten, and their flora has been beautifully
described by Kniuvser and Weyranp, 1t is, however, too early to correlate the Belgian plant horizons with
the German ones. Presently German geologists are reviewing the Devonian formation of the *Syn-
clinorium de la Vesdre” that extends into Germany and they still hesitate to establish a correlation
3?;}; ;,hf: }li}evolni?n of Rhineland. Tl?erefore, at the present time, it seems justified to refrain from lonz-
H;%;; tggfdii;zn:o ﬁceiierthelesz ;3; th;a present §tate of our knowledge it may’ be sugggsted ﬁm& the
Brindeibers Sohbt epresent the plant depos;t of the ba‘sal part of the Belgian Givetian while the
Standenbe g schichten should be referred to the plant-bearing beds of the Middle Couvinian of Bel-
gium (Lay : 1956). ;

L i
ko Bt (104 . 38 emad i Pieudosporachnuswas by fa th ot s
Available for the present study v}ere 5312 Ohtemla The:samfé mtrue iy sollections made 1n Bewin
part, hence there were appmximatély 267 2?13“?%“@ mQ}‘onty ‘ Qf;; ese included part and m’%ﬂ%fj*?’
we selected 284 specimens (spprenimaatel, ig;e ion number,s\;,_ In a series of careful preliminary studies

~ The shaly sandstone contains oecaamy b :!mmberu )
gian fish seales (4 568). . tracoderm plates (3 387) and erossoplery-

It m: V SOt - .

L gﬁg;i;;zi i&ﬁme interest
stratipraphi

Bk ) arby (Eupen Station) and
Bnie Janvie of the /er :9’ identified by Professor

sh, very comm, mon in -
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5 has heen siated, preservation is mainl
Apifie 1 e o ain i
or, B2 petrified by iron hydroxide. On ti;; a5 con
! Nese pa

npressions
s (Warron 1928). Parts of
s0mE axes,

mser\ﬂi‘ﬁ- *requently onl i ¥ valuable specimens, xylem and cortex
E y the cell wall i :1' & .
o 11 is petrified, the ;umcln 2 5
s umen being em ’,,, ; .
piv. When dry, th
v, these

5 are exiremely fragile, disintegrati
i pmblﬂm e i f(ir:?ﬂg into dust particles unl
icroscopic examination 1;;;&% ?and&ﬁd e
n was solved by the .
use of an embeddy

in translucent plastic (Le
’ LECLERC N £ WeT
s sl ; icg and Discay 1950, Lecis
U, Lecierco and Mo 19 ;
. 1953). Small pue
natl pieces were

¢t and polished. T
qpr st reflected lij - These h i
unde! sirong light (see Anatomy, p. 15) ave given excellent surfaces §
' or microscopic studi
ies

. : :’ t' t 3 ‘

1 'l‘erminology: - Up to now
. - , : Pseudo
divided digitate-fashion at the apex. These sﬁgzcgn“ has consisted of axes, bulb
' een called the ste , bulbous at the base and

from the apex of this stem have sim
ply been called branches or p-:x;ngi' The narrower branches arising

rgmiﬁea’cions) borne on these smaller hiy o
lets, dichotomized ramifications of th; ;;anc}ies v vaﬁ(g ]pmm& i ra
wcoglﬁ%iéd {hat these ultimate :aq:»‘penda’fr:xrga;;@hleS7 e o ;zi ?i::f;es' i B
| - : are irregularly gom el e
We propose {o include still - sy 4 .
1o call it the main stem (text ﬁ;nf)?gh{;? }arger, axis as part of the plant ic’d . ;ﬁmgm
described above, that have previ _ 7). It is necessary, therefore, fo propos s i
P viously been thought to be the stem Theptefma ny e
. we suggest is ‘m‘aﬁchéé

of the first order (text fig
g. 7). The branches that arise digi
der will b at arise digitate-fashion fr =
The branches pmducedebca]é?c% o crh - f the socond ord st ggns 20? ghelg?ix o
i ot ine i o‘zde ‘ f}:pmous forking of branches of the second o;?dér ,wi!ﬂ be ::gigs il
will be calle ronds (text figs. 1, 2,3 and figs. 9, 24—30) nged ultimate appendages

9. Branches of the first order (iormerly called stem): — The most characteristic feature of Psendo-

sporoclmus in earlier descriptions is the basal swe ng and apical pranching of its dgtern’”. We ha
numerous examples of this axis, some intact, some with either the base of the apex rmssm ' {ﬁ:s %?w?
7, 8, 10, 13, 29) Certainly, however, the axis can be considerably 1onger; Specimen E 5{?69’?’?‘3“};;
example,fis 33 5 em from jts base to e it is broken. The break is below th;z brané}ﬁm; and
annot be sure how much when alive. -

first order rimg {0 3.6 cm in diameter at the base. It chould be empha-
character that

sal end O nch does not necessarily €
ustrates this point well. Here the margins of the branch
hich the pranch was separaied trom some lower

= the guriation in shape of pases of
- less paraﬂe} sides through those with
y widen aniformly 1o 2
ases 15 80 apparent
oowas noted pariiwiaﬂ}*
@agifzment) and a bght
cortical tiss
its cransport in water and then, wie
thly (Rg 8
19 emin width an divides into
1 scopariiin Kn & W




5 that would permit the positive idenin.

Pseud be desived,

enoof first gecond and third order, and ultimate branchlets as way
L R S 3 ks ) N ; o ol ‘ . ¥ 1
meiﬂ Niptical or horizontally clongated structures {l;ga; 2, *1, i, f" a9, ;12" ‘Mf 28; that ril‘g; ﬁi’»‘»ay;@

e mum? e ;/ ﬁ‘k"v compressions. They measure 0.4 to 1.0 mm in height by 0.4 to 2.5 mm in widy

clearly visible on 1ht pre d, On some specimens where they may have brushed off i

; 1 ncod and casily recognize

they are closely spaced and cas » ome spe g . ashed o
;”,u Sﬂ;’“‘ their position may be still outlined by fine anastomosing strands of carbt?agggz%ymﬁﬁw
‘::m. 6 ‘;"5} When uncovering fresh surfaces with finely pointed needles, they are sometimes dislodgeq
{hgsbydal 3 5 3 2

asily i i original position. Even more significant is the fact that on part
But they.can bc replacgc? ea‘,sﬂgl :1;3(;11;;?;1101; 8[1 e eerved s the repilanite of ;thai;
of pam Hpmu;]?;: ?xzf(::]xfmv witﬁ wiﬁclx they are preserved, we were led to the interpretation that
they ;:L;};r:;b o; hard, prol:;ab]y sclerenchymatous, cells in the cortex. Fortunately some specimens
; foimd in which petrifications of the cortical cells enabled us to can:firm the presence of nesis of
12). The size of the nests when petrified is I'arger than when they are
merely parts of a compression. On specimens preserved both as a comgressmn and as a peh";ﬁcaiicm,
the nests of sclereids are 0.4 X 0.4 mm on the compression part and 0.6 % 1.0 mm on the petrified part
of the specimen. Detailed studies made on petrified sclereids have demonstrated that t}?e ap}:}amnﬂy
great variation in their size and shape as seen on compressions is governed by the manner in which they
were preserved. Occasionally, for example, two adjacent nests may be preserved in contact with one
another. This resulls in what appears to be an unusually wide (tangentially elongate) nest and it is the
result of the crushing of the intervening parenchyma by the two nests.
A second feature of the lower, larger branches of Pseudosporochnus is the frequent appearance
of a slight longitudinal ribbing on the surface of compressions. Lanc (1927 noted particularly this
feature on his specimen and KniUsEL and Weyranp (1933) likewise referred to it. Our suspicion that this
ribbing could be correlated with anatomical structure was borne out by our discovery of a similar
ribbing on the periphery of the stele in the structurally preserved parts of the axis. This is illustraied
rather well on specimen 3 631 (fig. 4). This specimen is in part a compression, in part a petrifaction.
The longitudinal ribbing shown on the upper part of the compression is also shown clearly on the
petrified xylem tissue that is present approximately in the middle of the specimen and it can also be
seen nearer the base of the specimen (fig. 4). Both the ribbing of the xylem and the nests of sclereids
are shown at a higher magnification on figs. 5, 11, 12. Further reference will be made to the cause of
the ribbing in our description of anatomical structure.
1t is probable that branches of the first order bore appendages (fronds) when they were younger
although no scars of any §Oft are to be found on the axes to prove our point. Nevertheless, evidence in
:;;Zsr; :;f ;;1,;1? sizfdzng:tt is ém)’;ided by specimens 1ike I 4950/722A (fig. 9) which shows the branch-
e spéﬁ«if;‘ i ! 7)01‘ h:§ argflc;h.tfcoﬂy presex:ved appendages are sti}l attached below the fork
F othirs Slong ite sides ind dichotomously forking appendage attached near its base and evidence
f pthers aiong 1 S Il 1hal e base although none of the latter is any longer in attachment. Origt-
nally we interpreled these organs (fig. 7) as hairs & ~ 3 -

ementary characte
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ex“.eme]y interesting mode of preservation of
ere ' e ishtypicad'r‘r:p iy t}?e S i bra“cgi:;:c:aeksi:gf xt)?fc ﬁl‘(S)t order is shown by fig. 6.
{ rest of t edSPECI en 'W ere it is I'epresented by narrow Cal‘bo‘n e. Only the xylem is preserved
¢ correspon s ﬂ%};r‘gxlmatcly to the number of arms or‘ lobes t?;c'etous steascs Mg ibiint: S
xylem as Will b€ shown later in the section on anatomy Thithy:;eofizizs rfi,n t‘Structurally
! : reservation suggests

at the arms or lobes 3 ore ei
i of xylem were either free from one : h
o ONé another near the center of the mass of xylem e 95

The bulbous base of branches of the first o ; 3

e e tl?e O Y 4r;:$(:'wbotr:iesh$iil !sil::r\:vs ;(')ot—llike tissue extending from
hase that was 'c}escnbed by Poronik and Bernanp (1904, figs. 67, 69) :: ICh "S (i o s
(hese apootlets’” are not confined to the margin at the base of th’e Spe‘-"l;ne)eagng rootlets. We find that
ap OD 10 the sur@ce of the specimen itself where they extend under :r. ol b ‘crac.ed
depc-nding on which surf‘a?e of the part or the counterpart of the branch is%vf ; thﬁf Mo e
the strands occupy a position comparable to that of the xylem. Numerous lcor: “P,‘\.l-l'eWEd- h"\ suCh ot
{he xylem preserved as strands, as we stated in the preceding paragraph and prfs‘sl.(;l\n SPeClmenS.ShOW
next section, these branches of the first order are supposed by the authors t'o age“{)‘ i
pelieve therefore that when branches of the first order broke away from the stemso?}‘me ?)n items. o
strands gometimes appeared on the base of the pbranch as a fringe of root-like stn;ctuiesn()ﬁ enlxyg i
conclusion is that the so-called rootlets of Pseudosporochnus are merely fragmentary, ﬂattegr'lecg. c:\'l:-

3

ponized strips of xylem (fig. 3).

3. Stems: — The demonstration that “rootlets” that were previously believed to attach Pseudo-
sporochnus to the soil may be only frayed strands of xylem raised again the question of the habit of
{he plant. The further demonstration of nests of sclereids on aXes of Pseudosporochnus enabled us to
identify certain larger axes that were included in the collection. These larger axes (Ags. 16, 17, 20)
measure 5—8 cm in diameter, are covered by nests of sclereids {dentical to those on branches of the

er, and are up to 25 cm long. Neither end of the longest specimen is an apex and the axis does

first ord
not taper appreciably. We cannot tell how much longer this aXis may have been when alive. Along the

s of the axis one finds closely placed, unbranched appendages that represent either aerial root-
17). They are less than 0.5 mm wide and over 1.5 cm in length.
f the first order indicates that they

margin
Jets or multicellular hairs (fig.
The size of these new axes in relation to the size of pranches 0O

are stems and that unquestionably pseudosporochnus was a large plant.
4. Crown of stem: — We have & gpecimen (figs. 14 15) composed of both part and counterpart, whose
g like those which we refer to as stem. The

dimensions are such that it might have terminated an axi '
hnus iS again pased on the nests of sclereid cells that

identification of this gpecimen as Pseudosporoc . _ '

cover its surface. The greatest width of the specimen is 10.5 cm and 1t§ length 1s‘appr'ox1mately .5.0 cm.

It is terminated by five or SiX lobes that range from 2.0 to 4.0 cm in width at their apices. 'éh; dl;\lgetelrt

of the apex of each lobe apparently yaries Wi ] at which an gppendage proke off the lobe.

is impor that th diameters 0 with the diameters of the bases of branches

of thptmftar:t todnmih ta weehalve deserib oteworthy that the lobes show a certain
s first order tha

in the matriX. Thus, although
smount of deptd They. ar= not all 0L indicati mth te' life this specimen was
th St b flattened in one plan® the indications are that in 1i P W
- ap.pear nidie s.lght ok e first order departing from it in geyeral planes. It is our inter-
three-dimensional with bran em to which the bases of a group of pranches
pretation that this specimen €0

uld represen or convenience it may be called a crown.
of the first order remain &

ion that the terete stem ©

T i ent crown leads i haf; .e he di sjons. This

he discovery of an apparet® ¢ pran ches of the first order borne in three dimensions: s

sporochnus was terminated PY 2 »crElW‘?l;, peculid” axis that Was 65 cm long, up '© 14 cm wide and
interpretation can @ | e 2

f pseudo-
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ort of broken appendages: Until now there has bm’?’ no Coneres,
al one end by some sort ol U Pproudosp orochnus, Our group of organs, fing..
opc's specimen belonged t parallels closely the morphology of the Hgg,
eristic masses 0 ” to note in this connection that Kriuvser and Wy,

W 18 intercstingt : :

d mtm O};xi(;nches of the second order Were arranged{ in the form of 4 threg
L2 AL nt h - . : fobp a8 o . £
(1933, text fig. 18] suggeste "¢ pranches of the first oI der, The existence of a second Yerow at y

dimcnﬂi(mﬂl crown ai the apex ich bral’)(‘hes of ihe first order may have fallen would he e 10@3433;

 Jeve . plant from whi i coser, and Weynano. The stru
lowet 148 ) ihtt }m; i one accepts the interpretation of ?(MUSI ]h bases of the branch E e ol e
ool 'fﬂa-};ze it’c:-m also explain the variation in s12¢ of the bas 8 e tnes Qf the fipy
mz;m %"1 - dL;;E, may vary with the height at which they broke away 11 e crown (compar,
order. Theilt W 3 1)

figs 1,4, 7, 8, 13, 20).

yi“
by
axig

tm‘mmawd
dence thal H : :

Gsit { charact
{he possession 0 : 2
and suggests the identity of the

; ; . guest Pseudosporochnus was attached to the o
5 Roots: — There still rer‘namst;h:tgzgs;;iz 2; ?;;Vp]am- We}have, L e B ;,S z;i
Neither HokG's nov 9}”4;&;25?5}?;2; i’?)i)t,s of the plant. Once again the identification of these organs g
;%L)ctjlugj 122 ]gi:;éféepgi )nesis of sl:lereids like those on branch‘es 0? the ?rst order and on t}}e stemns
'I‘how rooi-like organs are up {0 16 cm in length and 2.5 o3 em In W{dﬁh Ag. 18'). Along their sides they
boar downwardly directed lateral roots that form an acute angle ‘wrch‘ the Tam root. Thfé laterals, an
of which are incomplete, are up {o 2.4 em in length and 5 to 8 cm in width. From the shape and size of
&e main roots in relation {o the size of the stems we deduce that they may have been attached as cirels
(“crown’) around the base of the stem. One main root possessed a small nodular mass of petrified cells
in a groove on the surface of the root in which we found the characteristic anatomical structure of
Psendosporochnus: arms of xylem and nests of sclereids (figs. 49, 48).

Roots of this size, studied in addition to the stems, increase greatly the possibility that Pseudo-
sporochnus was a rather large plant as PoroNit and BERNARD suggested on the basis of large branches
of the second order.

5. Branches of the second and third order: — It was remarked above that branches of the first order
divide into 2 to 4 or even b smaller branches in more or less digitate or palmate fashion. In some speci-
mens the division does appear fo be a series of closely spaced dichotomies as Potontt and BERNARD
(1904) stated. However, careful observation reveals that occasionally the branches were not all in the
same plane (figs. 2, 7, 9, 10). We think it quite possible that at least in some cases these smaller branches
were given off from the apex of branches of the first order more or less like a crown. See, for example,

{he reconsiruction by Krivser and Weytanp (1933, Abb. 13) who also suggest the possibility that the
branches were arranged as a crown. '

- Oz; :fsamg specimens of branches of‘the first 'order (figs. 2, 10) evidence of the formation of second
order branches appears early as a branching of the stele. Apparently the ramification of a branch of the

first order was sitaple, consisting of a grouy al )
s of i i 5% i ! i :
e g group branghes essenﬁally kequal in external size and internal

The b
vrhich neil

anches - ‘ . ' ‘ ‘ ~
ranches of the second order are preserved in various lengths, our longest being 5 om of

her end is complete, Many hranches - - ;
B s e from 3 10

at their tips when these are preserved. e av'e;a“ e) and taper to 1.0 mm and down even to 0.4 mm

OL Iy 1ot dichotomously to produce branches

d order when present end it

kﬁ%ié@ﬁm}’t% ‘ _are covered by nests
o wéw ‘ masses of selereids,
reserved (figs. 24, 28)
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Another in.teresting type ‘Oflpreservation of branches of the second order and, in fact, branches of

pe first order in some c}:-lases, is llllfstrated by fig. 7. Here the branches number 2 and 4 are seen as a
pression on which the xy}em tissue remains as a single broad, flat, carbonized strand. This type of
reservation is som?what similar to that described under branches of the first order on which the xylem
i retained as @ series of narrow strands, a retted appearance (figs. 3, 6, 10, 29). Perhaps in this second

case the xylem was somehow all crushed together before being separated by retting. The result of such

P flattening could be a single strand of xylem rather than numerous, narrower, individual strands.

7. Fronds-vegetative: — Algng the sides of the branches of the second order are numerous append-
ages whose arrangeme?nt,.branchmg, and morphology have been the subject of a wide variety of inter-
retations. Our material is especially valuable because it enables us to demonstrate unquestionably that
these appendages are spirally arranged (figs. 24, 25, 26, 28, 29). The examination of a large number of
gpecimens shows that the fronds are situated both on the surface and at the margins of branches of the
second order. It is also possible to chip away the rock matrix using fine needles and a small hammer

under & stereoscopic binocular microscope. With this technique one can find fronds arising all over the
surface of the branch,

angle to the branch or
branch of the secont
more or less oppe



at, ultimate segments (text fig. 1 and figs. 26, 27). The central axis continy

d gives off approximately opposite pinnae two more times. As in the é;s
als divides dichotomously three times. The rachis itself ﬁnal?2
ch division of which dichotomizes one or two more times (texyt

ending in eight fl
branching an
ching, each of the later
forking ea

tomies,
peyond the first

of the first bran
terminates in a dichotomous

fig. 1; figs. 24, 25, 26, 27).
A sterile frond is lanceolate, tapering gradually from the base to the segmented apex. A matyr
three of which are given off in a sub-opposite manner. The fourti

frond supports four levels of pinnae,
s. The distance between pinnae decreases from base

is represented by the final dichotomy of the rachi
{o apex of frond, from about 1.3 em to 0.25 cm. The fourth level of pinnae may have 2 or 4 or 8 seg

ments (lext fig. 1) depending upon the number of times it dichotomizes. The lower pinnae end in eight

terminal segments as a result of three dichotomies.
limb-like segments. The possibility exists that these segments r
of interest to note in this regard that the rachis of the frond and

ultimate segments are covered by minute nests of sclereids.
The fronds average 4 cm in length. Occasionally on the compressions the nests of sclereids are the

only tissue that is preserved (figs 9, 24, 28). Nevertheless, the n : i

Hes : . , 28). S 1ests are arranged in the typic \

§nd the frond is perfectly recognizable. On other specimens only a central vein 0.2 to 0.3 m}rrgl’i:ldg;mt:r

is preserved. Usually it is paralleled by two very fine lines of carbonaceous material that represem;ethr
e

Often a delicate vein is seen in the flat, termina]
epresent the beginnings of leaves. It i;
all divisions of the pinnae except these

rond), The veing
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. g,nddge‘; . e nuch ‘iimp ler fo ©s from this slol
£ SRR

i L - r .
eted 25 evidence favoring the frond-like n;:;;’;“fthat of the ‘“"‘mé}i Ziif traces) th
e of the s nee ¢

m ives off sub-opposite lat
o 1 sumably gives 0 pposite lateral bundic lateral append
Ap“he diChommous branchings. ndles to the lower Pi;ﬁp;&ndzg%‘ In the
' e and dichotomizes ;
4 the end of branches of the second or¢ chotomizes
are closely placed and the Wholeda(::der’ or third order if the forme
p appears {o terminate in a series of divi;?ofsi;nes B very bUSh-likeosg:ir have dichotomized
anl ; 5 1 : ats V’ o d,
bl g, text fig. 3)- at are typical of a P seu;‘;’;;z; ;?;f end of o
' hais frond

iazg&t* ;,ronds-{ertile: - The general architecture of a fertile f .
3??8@3 e, Pinnac ;re; g;‘;'etx; :f; in 3 @b-»opposite fashion at th:;): (irl S{{)lﬁ?;tical to that of a vegetative
paually iny e rond is fertile. The basal pinnae may b “?"‘?ls along the central axis,
e and ﬁgf;. 29, 30). Pumae‘at the second and third levels are whog fe a§eme or partly fertile (text
;1;33’ be sterﬂe or partly fertile, and the pinna that represents the f/ e1:txie, thosg at the fourth level
cencrally serile (figs. 29, 7). erminal forking of the rachis is
© e result of three dichotomies, each pinna has eight terminal or i
The uprigm spora’ngia are borne in pairs attached to a blunt-pointed i?:;? awmi; here, are sporangia,
obiuse angle (téxt fig. 2 bl. aﬁd figs. 22, 30) and they represent the third dichot(;n ‘I‘f ;héy m‘f@t at an
somewhat emaller than sterile ones because the sporangia are shorter than theyﬁat ; Smm P
of the sterile ifonds‘ The sporangia and the ultimate segments of the vegetative pin;x:e 13?; the s&g]m =
organs. Well developed sporangia are 2 mm to 3 mm long and 0.8 mm wide. Occasionally gffz 2%2?3
.um of a pair is better developed than the other which has aborted. On some sporangia iherf is an
qppearance of a line of dehiscence on the inner side and the beginnings of a mechanism of dehiscence
are visible (fig. 21). In spite of numerous attempts no spores were found within the macerated sporangia
though there are sporae dispersae in the sediment (LecLercq 1960).
A fertile branch of the second or third order supports successive spires of fertile fronds both pre-
; ceedéﬂ and followed by vegetative fronds among which one can find some fertile segments bearing

gia (figs. 25, 29 and text fig. 3)-

External Morphology and Reconstruction of the Plant

ochnus has been confined 1o com-
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. fronds on the branches; .
| arrangement of ;}:ﬁ o fronds and their pinnae, and the bilateral symmetry o the

G. the spira f branching ©

1 the pallern o
frond; ‘
1 the identi |

] fertile fronds;
L of sterile and fertile - = ’
ca’i, m??}?\f’iﬁiiy distinel pairs of sporangia borne terminally on the forkeq ulty
J he patEnce of B . ; . ~
mate segments . :nifc connection proves that A-B-C-G-H-I-J are parls of one plant. Eyigep,,
Direct evidence of fgsame plant is strong but still lacks the Qpasxt‘;yﬁ' pﬁmcsf of organic £onneetis,,
that D-E-I' me part of the el we can attempt a reconstruction. We piclure Psmdi:sj{;mgghn% ’
With Lhe facts al our disp from a circle (“crown”) of roots to an approximate hﬁig}ﬁ

i 2 arose G
4 small tree (textfig. 7). The “trunk” ar { first order branches. This first branching Lok

. ¢ it gave rise to a crown 0 5 = -
of one 1o }fevem;aiit;t ;V‘]}:;I;Dmnfhes tapered very gradually for a considerable distance to a poing whers
lace in three p . |

ey -own of branches of the second order. This branching ¢,
rather abruPily t?ey fggindc;::qd iﬁ' iﬁioszcﬁi,% order forked dichotomously into branches of the %1:;;
was three dlmenSlﬁ?? -o ordm"s 13{ branches were densely covered by spirally arranged fronds, ?’fﬁbab;?
order. Both the_]a?t 'v:is at one time but because they were deciduous, they were preserved chiefly on
ol brancas H0Te dré:d third order. The branches ferminated in an ultimate spiral of‘six to eight thin,
bra'nches ‘?f,f;ff’g oid‘s were of two types, all vegetative and partly vegetative, partly fertile, Fronds
delicate fxonlat,e ;iiaterauY symmetrical struetures tapering gradually from the base to the forkeq,
f‘;iigniznnj;ﬁma’te segments. A mature frond bore four or ﬁve’ lerals of pinnae. Pinn‘ae were g%vm oft
the 1-achj;; in sub-opposite fashion and forked three times ternunat{ng a) m’a vegetat}v@ ;fl‘ﬂnd in eight
flat, linear segments which may have functioned as leaves and b) in a fertile frond, in eight Sporangis

borne in upright pairs. ‘ , .
Apparently the system of ramification consisted of two kinds of branching: a close spiral or “crown”

in the branching of the trunk, the branches of the first order and the insertion of the fronds; bifures.
tions or dichotomies in the forking of the branches of the second order and pinnae. However, as regards
the internal structure of the axis, the similarity that existed between the anatomy of the axes of three
different orders disclosed an obvious primitive feature in a plant whose morphology had reached a high
level of differentiation.

The reconstruction attempted in text fig. 7 is necessarily diagrammatic and provisional. We must
await the discovery of new facts to prove positively the attachment of the crown of the stem, the trunk
and the root to the rest of the plant.

VIL Description of Anatomical Structure

1. Gross appearance of petrified specimens: — Short lengths of various parts of our specimens have
bgen petrified by‘impregnaticn of the cell walls and sometimes the lumen of the cells by iron hydre-
;mieit The ?cylen% /1 RUMErous specimens occupies more than half the width of the axis, Splitting of the
lossiliferous sediment hag usually stripped the cortex away from the xylem. The study of these speci-

xylem I,’mﬁl wi}‘;p‘mug%? featgrﬁ of the petriﬁed axes is a longitudinal ribbing of the surface of the
oo« o8 well illustrated on a branch of the first order at normal size (fig. 4) and enlarged X 5 on
. veen two ridges of xylem is a vertically elongated furrow S0l ot o sene V

. 5, whose color is slightly paler than that ot
ved on the {ransverse seclion arouﬁd tlw ips

% signe g k:‘ 8o = riﬂég}
ey a88imie g haneymmb appearan ; . m ( g
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olem ridges seem to be uniform in structure ool ki .
‘ r\,ﬂ:;ggéiam or pitted tmche‘ids may he ()bﬁﬂ"’l”\if’:c{ ;:Ti?;;?f ?:iij;ﬁlmmr} fm*m "fmh@idg* though
! 1{"*“\% peen the cause of the longitudinal costulations that hw{f ?m ‘ tation. The ribe appear tlearly
,td ¢ D nd in this paper on p. Bandfes 154 165 b;m} qugxfzmiy been m}?:m;il;m!zd in the
_ons. The surface of the xylem ribs is frequently undu;miné . T;;i :f; me,w?ri Ehzz ;mr;iacv of the mn?,
re ous ridges, they seem lo be depressed at close intervals. The sz mi Mf{ ofjﬂb fémg e e
c{iu:%ﬂ'f’i‘" oxerted by nests of sclereids (figs. 11, 12). - Sause of i appenienee
s .
i The sheathing of {he xylem comple}: by nests of sclereids is a second characteristic feature of the
setad {actions: The ?ests are round to elliptical and three-dimensional. Their diir;xenéi;;av;a‘i?i}z hi”’
P ah by 1.0 mm wu‘ie, They arre .lo‘cated in the inner cortex and are arranged in a more nf iﬁ@% a;:if
il manner, forming bqth homzcmtal‘ and oblique rows (figs. 6, 10, 11, 28 29} as seen in t;r;gén’t;ai
i They represent a strong mechgamal conslruction. The cells of the nes{s as sgen win the inc?usi;;m%
in plastic (figs. 38, 42, ‘43, 60) are thick-walled and essentially isodiametric, " o
The wid‘th of ?@trlﬁed specimens is usually greater than that of corresponding unpetrified parts
(g 8)- Specimen = 635, i,or example, is 1.6 em wide where it is petrified but ohly 1.2 cin widé abfdv;w
and below that area. Specimen 4 546 is 1.4 em wide where petrified and 1.0 cm wide on the mmpms:
Gon above an.d below the petrified part. From such observations it appears that the riiameters of the
specimen in life may have been greater than we have been led to believe when measuring compres-

sions Ollly.

9 Technique: — It has been possible to imbed pieces of these petrifications in plastic (fig. 36) by
means of the technique described by Lrzcrerco and Discry (1950) and by Lrcterco and Nokr {1953}. The
pieces embedded are 17 in number. Nine are from a branch of the first order (4 650/A/1 to 650/A/
.nd 540/A/1 to 540/A/3); 4 belong to a branch of the second order (3 546/A/1, A/3, Af2a and A/2by;
3 from a branch of the third order (3 466/1 to 466/3); one comes from a nodule on the root. The proce-
dure has been to polish a surface, to study it under strong reflected light, to draw it with the aid of a
camera lucida, and then photograph the surface and finally to grind it further, repolish and repeat the
observations. By this means we have been able to observe 36 levels of transverse sections and to record
the changes seen in the equivalent of serial sections. Longitudinal sections have yielded information on
the ornamentation of the tracheids and on the sclereid cells of the cortex.

e: — The description of the internal structure of the
tarting point in the study of the anatomy

3. Detailed description of anatomical structur
branches of the first, second and third order serves as our s
of Psendosporochnus because of the positive data they provide.

a Gross configuration: — The three orders of branches show similar complexity in struc-
ture. In transverse section, despite severe flattening, one finds that the stele consists f?f numerous {1?—~21}
arms or plates of xylem elongated in a radial direction (figs. 35, 37, 31). All of this xyiem‘xsi primary,
there being no evidence whatsoever of secondary activity (figs. 37—55). A narrow loop containing proto-

em elements is located near the distal end of the arm (figs. 33, 47, 51). Occasionally the loop was
prolonged proximally for a short distance by a narrow band of small elements (figs. 41, 63). Apparently
little parenchymatous tissue surrounde | and separated the arms which are lﬁmf?al in ﬂﬁmaéﬁi‘iiﬁ a%
three orders of branc’hing,’ A difference that does ¢ pear is in i;k}a, 1ength mi’the ;1@3 P a;i ,ﬁf’ ihe =
greatest in first order br . , nd order branches (from 11

vy 180 1 wide to 1165

by 190 1 wide: figs. 34, 35,

of zele

’\vith raéiﬁhﬁg arms
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However, a feature observed on several compressions, such as figyre
les. How : :

; 51
15 to the existence of numerous strands of xylem that are free from . ang 4
stiot

anastomoesing bund s

and parii{:uiaz~i}’ ?, poin o strands may be connected in the center. On figure ¢ the 3{?12%
af least at their six,stai ez} ;‘ 11 outer tissues over a distance of 10 em. It Show.s :the remnants of ty, m@fi
is seen to be smpped,f .s of a dichotomy. The remnants are a gr?up of rigid, c?osely packed, Para};%
that represent two hf’ ‘;‘3 rely possible that if they had not been joined to a certa’m extent in the doni
strands of xylem. It ;Z bz:* Se;’; arated more widely in specimen 5F 49722"121, S'm‘n (1881) and Bioronis a;;(i
S m?;gf)y}:zzz mentidnéd a similar state of preservation on their material.

Beryanp

Assumed transversal seetion of the
stele of a branch of third order

Assumed transversal section of the
stele of a branch of first order.

If we cannot remove all doubt about the arrangement of the arms in the xylem of Pseudosporochnus
without additional material, nevertheless a comparison of our material with parallel and almost par-
allel contlibions of fomllivallon i cloaly el materlal berviie & fo Uit et Posudosporadins
did possess individual bundles variously anastomosed (text fig. 4). This contision is dharssteristic o
(Kniuser & Wevtanp 1926, e. figs, 40— L G e ey
of the stems illustrated by th se authors would have e
T 51,32 3485, 31, 35 S S e
Cladozylon preserve ‘ nell University, has collected stems 0!
Cladozylon presery e ey, . ey
Others are preservec ned as badly as our Belgian ms o

xylem is preserved as many, variousty
tions at different levels along an elon
adoxylon stems can be com”
' were distinet from eadt
specimens possess and
e effect of severe compres

5. ;
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O ove that 1 i ;
r inability to prove he xylem in Pseudosporochnus i« composed of individual strands
. L rand:

e el e general cladoxylalean aspect as is seen in the fuller analysis bel
: o e ‘ . : analvsizs belov
) petails of xylem structure in a branch of the second d}’ elow, |
taken from a branch of the second order. It is our most interesting order: — Spef:lmgn
e cortical zone, some well-preserved xylem arms, and two et dz;g specimen because it has
lem consisted of two masses such as might be bio undles (fig. 33). It also appears

, ; . ced belo i ~ e
Lo WS 4 compact yellow nodule of iron hydroxide 21 mm long and 12 t‘;"mﬁ gigzofsgz 'Tzet };;emi?m
‘ ding the entire

Lth of the pranch (fig. 36). The external surface of the nodule was structureless and gave no indi
S and g ndi-

{her or not preserved tissue would be found. It
: Sy ; i - 1t was also too fragile to be remov ithout
preliminary treatment which involved strenthening the nodule by means of drops of trans(;:xi::n?gzz?;

. lastic penetrated the specimen it b .
jastic. As the P . P en 1t began to polymerize making it possible to ,
nodule from the rock without damage. Subsequently the nodule was embeddegd inpa bio:k zfc:;ast:;i

(g, 36).

ﬁjgiﬂed th
(hat the XY

Jre/a /2

_5m sesfafs

( Lo = 545/4/3
2lmn 1 Ay sasfafs

T3m U] =~ 646/a]2a and 526/A/28
L = *-‘646//11//1 . : /A/a

12 mm

Text fig. 5. Profil diagram of the inclusion 546 A with plane of sectioning.
S = Summit surface, SM = Summit-middle surface, BM = Base-middle surface,

A profile diagram of the nodule is given on text fig. 5 together with the plan adopted for sectioning.
Its orientation was determined by the presence on the compression of a lateral appendage, probably a
frond. Two saw cuts were made near the base and the surfaces obtained were ground and polished. The
first transverse surface (546/A/3/1) is reproduced on fig. 33. Further grinding and polishing on that
surface have provided 21 successive levels for study. Subsequently the summit of the nodule was cut,
ground and polished in order to check the changes that had occurred as a result of the branching of the
xylem. In the hope of obtaining supplementary information, the nodule was cut again in its middle
region, giving the new surfaces S. M. 546/A/3 and B. M. 546/A/3. The investigation of these surfaces has
confirmed the general pattern,revealed by the other cuts. Pieces 546/A/2 a and 546/A/2 b have provided
radial and other longitudinal sections. ‘ ’
_ Fig. 33 is a compres
Xylem is unequall
the right side

meters are 12 and 4.9 mm, including the cortical tissue. The
| margins. On the left side a few arms are well preserved; on
ed tangentially, A wide zone of cortex surrounds

: ; e ost that we have found and they reveal critical details
2?1;?:21 ﬁxyste ' d these arms 1 to 6 (fig. 33). At the tp of
- jith protoxylem elements (fig. 47, 51, 52

: nly and the order of maturation

£ a branching or an unequal
ypear to consist of 16 to a1
unbranched stem. To test the
the petrification (text fig. 5).

3
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On the resulting polished surface there is a main group of arms and a smaller masy clearly N

n e o & S 3 : : g ;

from it although the two are still ineluded in a comman cortex. “
: — In our material it has not been possible fol

Ollgy,

c. Mode of emission of a leaf trace: ma
the complete outward progress of a leaf trace because the trace appears to be quite oblique -
heavy concentration of nests of selereids in the inner cortex apparently erushed and d‘fﬂlroy.,d ::

av) / '

bundles soon after they hecame separate from the xylem. N(rvvf'l,lwlos.‘i, by grinding and Obegres
successive surfaces we secured the following data that are summarized in text fig. 6, Ving

Each arm of the xylem has a single, short and narrow peripheral loop near its distal enq o
sionally the protoxylem is well preserved in the loop (fg. 51). The loop is prolonged for a short d.i'it Cea.
toward the inner extremity of the arm by a narrow line of small elements. This is referred to a4 S;t;:un;e
°

Zeoro of the emission of a trace (text fig. 6 and fig. 51).

- ha Liagrams wlwlrating
{ @ ) lthe departure
Soooertod {8 Y ;
Al , of the pinne - bundle
i 5 x50
{ 8!
Sade J ~ JrTisaemsy N TR VN Suggeded forms
S48/3/3/4 ( b ) B Y A/ 4 7
{ e=o ‘(’_f:g/-lwdk a
\ s A,
Jlodk 2 = § o
L 546/4/ifs7
i s \’ Im/ “bundle A
J FPE/AL D)1
Slade /
S46/4fsfo @ leof - bundle A
StE/Af
Jtade O
Leof
S G/A/i/fd ? ‘f'z;';?/':':
Text fig. 6.

Stade I; the loop a ;
pparently increases sligh
Stade 2 the distal pap slightly in both length
t and width (fig. a
P thy e loop s extended laterally and becomes mc(:g oiziezmtri* 2g1‘ntlektsﬁg' ?l]
Y an ar, sumul-

taneously the tip of the
arm enlarges
the distal part of the loop (fig. 53;5& x:ggfl;l)): and files of metaxylem tracheids converge around

Stade 3: the greatl
¥y enlar, i :
and delicaigp arenchyma ‘:d '1°°P= 1! Gomtﬁetgd in the middle and filled with protoxylem elements

tissues h by 7
ave besn das mﬁm}d@m closes the loop. It happens that both
as & large constricted lacuna (fig. 55).

!-.!!!!!!!!"""EEEE
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1. 4: the exact manner of detachment of the trae
Smﬁi? 6. (herefore, the probable appearance of Stade 1 1 observed. On text
. ;‘e;ﬂain closed as the metaxylem | stricte : ~ med. ripheral loop S&e;;is
107 erete in sectional view. Fortunately two of the - The traces themselyes
BE s the petrifaction and appeared in the firs ,

m, A and B, were pre
E : Presery e ;
adeolt ; st transverse section (fg. 32 ed on the laf hand
: hort distance out from the arm into t -

). They have been fa1
Jowed 8 8 : he cortex where th e
and structure by the action of nests of sclereids during fossilizatiozy(ffgz nébecome Allered I form

. bundle has a more or | i . : 2b6—80).
,ade B the {ree ess circular form and is compos , '
bf: <mall (or two?) central protoxylem point (fig. 56: text b U molaylen surrounding

fig. 6).
: the protoxylem mass elongates tangentially an¢
1ade 6: 1 ally and there are n isti
3 points Jocated close together (figs. 57, 58, 59 and text fig. 6). 7 e g protozylem

Beyond Stade 6 the traces are crushed by the sclereid masses of the inner cortex (fig. 60). Thi
jeaves us in the unfortunate position of being unable to prove how many traces enter ongt; fl‘i); d -
whether the two protoxylems were arranged Symmetrically or were displaced toward the aba 1.1} or
adaxial surface as one compression (fig. 24) suggests. - S

There is evidence that the frond probably received only one bundle. First, we have shown that the
vegetative and fertile fronds of Pseudosporochnus are bilaterally symmetrical appendages with pinnae
arranged suboppositely. This mode of branching foreshadows a bundle of oval or rectangular clepsy-
droid form that gives off pinna traces alternately from the two ends (text fig. 6). As a matter of fact,
this is a common type of petiole bundle in many Paleozoic ferns. In this connection we do know that
nundles A and B (figs. 57 and 59) had two symmetrically arranged protoxylems long before they reached
the base of a frond. It is also observable on bundle A that a few rows of metaxylem converge toward

the two poles.

Second, we have compared the diameter of bundle A which was about 250 u with the compression
of a bundle preserved on some fronds. At the base of the frond (specimens 286 A and 354 B) the dia-
meter of the bundle is 250 u and 350 u. Probably in the latter case the bundle had reached its fullest
development in the base of the frond. It is interesting to note here that KniuseL and Wevtaxp (1926,
p. 146) described a terete bundle in Cladoxylon scoparium. It appeared in two successive slides, first
opposite one arm of xylem and then in the cortex (figs. 42 and 43). ‘

By analogy with cladoxylaleans from Europe and North America we should expect more than one
trace to supply each frond. However, P, Bertranp (1935) mentioned (p. 145) a single bundle “F” given
off by a few arms (see his text figs. 17, 20, 22 and Plate XXVIII, figs. 71, 12, 74). He believes tha{: this
may be a true foliar trace. Similarly he reported bundles associated with C. radiatum which he believed
supplied aphlebiae or petiolules (see P 150 C. radiatum and text fig. 2§}, On Plate XXXI, fig. ?a a_i F‘
he indicates a supposed foliar trace in this same specieds, Abtoi;xt th:hfeﬁolee‘s Bm:rxfn x:;fz gﬁiﬁ;
“Le sti . radi m est entouré d’'une multitude de petits rachis qui hu apparu } .
ment, Igsud:ﬁ?urzadmmm e;: de ces organes (figs. 120, 121, 123 on Plate XX){VI and‘Plaite XX’&IX}.
On yoit que fno"' 1t ils n'ont qu’ un seul faisceau en forme d’ar%neau aplati rempli par un pz‘we;%-
ap ré de parenchyme libérien. Mais ce faisceau est -constazmnggi en vaxg‘de

trouver deux faisceaux a lintérieur de la méme section

m.» __“8i certaines de ces ramifications (les petiolules)

_demander si quelques-unes au moins ne prennent pas

que pétiolule a un plan de symétrie prineipal et
y'ayons pas trouvé trace de limbe.”

twm remind us of the frond and pinnae of Pseudo-

oubtedly aphlebiae but is his case proved: The

rous and have a single bundle given off by




T A
| N Y IS AN I (NN SN ——

w
r

IR Bam——

20—

bilaterally symmetrical and it divides frequently, apparently by dichotor,,
bundle is bilateraily Sy !’

, porochnus. _ . -
I Pseudosporgpi iy » traces continuously from their origin in
¢ have been unable to follow our lrace g to a from

. pundles are the traces to the fronds Their 8ize an, >
\we believe that there is yiit%lel?og’zpt;zz‘;;‘;O:i:;ymms correspond precisely with the arrangg;iﬁ%f
possession ol two svrrmetrmz‘\"‘};mns of fronds. We, therefore, believe that in F’Jsmu?ospamchnug 1o d%:
{he pinnae observed on comp o8 {hat an arm gives rise to a single bundle at its tip. Text figure ot
{he t{races are not mulliple and ! a of the origin and development of the frond-bundle. ; T
vides an hypotheﬁc:ﬂ interp -etam;m ',«,odo'm/‘a‘ will be diseussed below, However, from the Precend,

The affinities of Pse‘ztdo"fpargcz?iznﬁ Psc;m‘io;’pomdmus and the Cladoxylaceae, particularly cla:; »
description a close relahonn‘ g?] : e G‘ur it /is siore stinple in ifs general stetictire Snd e 1t &miasgm

cylon radiatim, amer]gesl C ;’}‘]; %.‘en chapelet” arrangement of protoxylems that is found in Cladg@gzi
?nfnt:z‘l';ffe“ gvﬁz:;‘iff.ag :'Z(Zc ver find more than two proloxylems, one permanent in the arm and gp,

h: 25 into the irace.
lhat:o};ﬁemih of xylem structure in a bran‘ch of‘ the third order: --'Our inclusigy
4 466 comes from a smaller axis, probably a branch of the third order produced by a dichotomy of ,
branch of the second order (figs. 34, 35, 37). On t’he transverse s:ectlon one finds approximately 19 app,
It is not possiblé lo count all 19 on any one section because a single nest of cortical sclereids may erish
three or four arms of xylem (fig. 37). Only after several surfa:;es have been prepared and the arey of
the sclereid passed do the arms reappear (figs. 34, 35). An analysis of several surfaces, however, provide,
the necessary data for counting the complete number of arms,

Most noticeable in a branch of the third order is that the free ends of the xylem arms are shorter
than in branches of the second order (figs. 33, 34, 35) and lateral connections between some of the arm
are perfectly clear (figs. 38, 40, 43). The center of the mass of xylem in 4 466/2 is badly crushed (fig. 37,
Through the mass are narrow strands of mineralized debris showing no cellular remains. These strands
may represent the remnants of crushed parenchymatous tissue that, in life, separated the plates of
xylem. Similar strands can be seen in the xylem of second (fig. 33) and first (fig. 31) order branches
where they may represent the same parenchymatous tissue. It is not possible to determine the extent
of this supposed parenchymatous tissue so we are proposing only that some, possibly many, of the xylem
arms or plates were separated by strips of parenchyma. We are not suggesting that a large pith-like
lissue necessarily occupied the center of the stem. ‘

It is also suggested that at its apex the anatomy of a branch of the third order is simpler than ai
lower levels because of the repeated emission of fronds. On compression specimens this ultimate part
of th? branch terminated in a pseudo-verticil of six or eight fronds (fig. 25). Thus a transverse section
of this apex might show a ring of free bundles embedded in a parenchymatous ground tissue or even,

possibly, a more or less stellate siphonostele that will break up into bundles similar to the frond traces
A and B observed in the inclusion 546/A/3 to 546/A/3/51. . ~

¢ Details of xylem of a branch of the first order:
from a branch of the f ‘ "

one arm. The
in the pinnag 0
Although w

— Specimen # 650 was taken

i lirst order measuring 19.5 em in length, 2.5 cm wide at its bas em wide
al its apex. Several bits of xylem were e 1 ' b Vet baseand 10 o

faction di : : dy. ] uld be pointed out that the petri-
faction did not cover fhe it sidth of e bbbl L sion. I:; /0 lateral margins of the
xylem tissue are Missing, As a result the : CC on. Lhe two lateral margi:

s o - : was greater when alive
g}ziz 31:1;15:. ’fhj‘s : W h o ch thhge first order. Simi-
This also is in conform clusion H 546/A/3 (fig. 33)

| pﬁsed 18 to 20 arms
are similar fo those
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car“cak] stm‘wtur&i — In addition to xylem,
S. s total radial diameter is approximately 2.3 mm
s mm is an o;«ange-yello.w, zone in which cells are preserved only oc
s o continuous zone that is composed entirely of parench e
" r. The ipner 0.8 mm .of the cortex is composed of nests of
mﬁ;m- The nests of sclereids are separated tangentially by parenchyma cells so that they f i
L ious ring around the stele (fig. 33), There is no evidence of sclereids between theyx;f:h25;:

. (he extent of the crushing of the xylem str i i 3
1w fact, the exten Y and implies that the tiss on
1:: ] : i tissue between the arms was

o . . .
some cortical tissue {s Preserved in all throe

mis can be defined. The

sionally, Next inside i
5 3
ymatous cells, It is about 200 , in di*;i

sclereids whose tangential dimension is

g Long i Eu dinal sections: — For evidence that the thick=walled cells of the
{sodiametric, it is necessary to refer to longitudinal sections, All thre
he cortex but figure 42 is the most convincing. The same figure also illustrates beautifully the manner
in which the nests of sclereids sometimes pinch the xylem bundles, It is the frequent occurrence of this

crushing effect that hashled us to the belief that leaf traces on all our s ecimens h p! ee
destroyed by the sclereid masses during preservation. . s

In longitudinal section one can
the cortex.

Xylem cells in longitudinal section are chiefly scalariform as is shown by figures 42 and 44. In some
places e 2 find spiral elements (fig. 44). In other spots there appear to be annular elements (figs. 44
and 42). We have also observed, but not succeeded in photographing, elements that are apparently reti-

culate. The infrequence and the difficulty of demonstrating all these other types of elements empha-
size that scalariform is the most common.

coriex are
e stems illustrate the selereids of

also see the vertically elongate, thin-walled parenchyma cells of

h. The stem: — On this organ we were unfortunately unable to find any petrified structure.
Ounly the nests of sclereids on the compressions remain to confirm our assignment of the specimens to
Pseudosporochnus, It is possible, however, to see longitudinal striations (figs. 17 and 16) where the
cortical tissue has disappeared. These longitudinal strands are similar in size and rigidity to some of
the bundles seen on speeimen = 4872/121 (fig. 6) and they may represent arms or plates of xylem.

i The root: — The main root, figure 18, bears petrified cells that oceur in the form of a nodular
mass that filled a small geode on the compression. These were removed and embedded in plastic.
Although poorly preserved this mass has revealed in transverse section the extremities of six plates of
xylem disposed in parallel fashion and elongated radially (figs. 45, 46). The plates are composed chiefly
of metaxylem. Neither peripheral loops nor secondary xylem can be seen. In the nodule, the petriﬁed
xylem showed parallel longitudinal ribs and closely spaced nests of sclereids. Though fragmentary,
this information appears to justify our assignment of the organ in figure 18 to Pseudosporochnus nodosus.
On the basis of the evidence presented in this section on anatomy, there can be little doubt that
Pseudosporochnus shows a real affinity for the Cladoxylaleae. Pseudosporochnus is clearly a represen-
tative of a primitive stock a demonstrated by the similarity of the anatomical structure in each of its

orders of branching except frond, by its simple mode of emission af frond traces and by the simple |
structure of the frond trace. = ; ‘

at the base of a trunk
to a crown of second

Which p ally arranged fronds

order bran
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4 ¢m in ! T s ub-oppositc pinnﬂC‘ o 4 time ! Pl ,
y i len th. Fronds g‘VE (o) S5 2 :
ﬂ')pl‘())“"'lﬂl(.‘]l C g 1 l : |

i i f sessile sporangia 2 1, 3

in flattened segments or in pairs o ‘ ‘
three umcs', tc;r?!::‘l;nli;znd the sub-opposite pinnae tcrmlnntcts In a series of one o three g
wide. Rnchxs[ c:h 'Pmnt are characterized by the presence of elliptical structures app"”“m.atply 2 ey
R ide that represent nests of sclereids in the cortex. The ]~ 44
1.0 mm high by 0.4 to 2.5 mm wi che 3 :

i height of 2 or 3 melers. |
mln"""Im ; fnal structure: xylem consists of an equal number of radiating arms (18 1 L
: :iy :v]:m in branches of first, second and third order; probably some arms extend acToss e
prim 3

8

) ot

Periphera] Ioop dia.

; free or join to make U- or V-shaped strands,

meierhof lhfr:;l;ym;? szg?r:r‘:;ennd probJahly remains closed as simple, terete frond traces are pin o
n!‘;atrh; gpezf the arm, The order of maturation is mesarch. Traz.:es soon develop two Pmtoxylem. w":;-d
l?e in the tangential plane as a prelude to the f'ormaﬂon of elliptical, clepsydroic.i traces, one of Whi.:
is believed to enter each frond. Tracheids are chiefly scalariform,» but annul.ar, spiral anqg Teticy]y 2
also present. Tissue between xylem arms is L.)are.nchym‘atous; outer corte?t 1s parenchymatgyy, anq wég
developed; inner cortex consists of nearly isodiametric nests of sclereids arranged in 4 ring: i
separated laterally by parenchyma.

Holotype: No. 4996/354 B.

Paratypes: Compressions, No. 5062/TP — 4968/694 — 4962/TP — 5059/631 — 4972/121 — 4987/91
5060/178 — 4950/722 A — 4993/619 — 4997/540 — 5061/583 — 4956/462 — 4955/114 A — 4955/1143\
4954/173 — 5051/57 — 4961/168 A — 4960/599 — 4969/6564 — 5054/286 — 5055/456 — 4981/55 o :
5055/455 — 4981/55 B — 4951/161.

466/1/19 — 466/2 — 466/3 — 168/1,

Inclusions, No 650 A/6 — 650 A/5 — 546 A/3 — 6546/2b —
Species name: Refers to the characteristic nests of sclereids in the cortex,

Horizon: Middle Devonian; Lower Givetian,
Material: 534 specimens, majority represent part and counterpart. Deposited in the Paleohotanical

Collections, Laboratoire de Paléontologie Végétale, University of Liége,
Locality: Goé, 30 km east of Liége, close to the confluence of the rivers La Gileppe and La Vesdre

at guarries known as Carriéres Brandt,
Borrowed, for comparison, Pseudosporochnus verticillatus, Compression No. 36, from the Collection

of Professor H, WEyLAND, Geologisches Institut, Universitit Kéln, Germany.

IX. Discussion

1. General Comments;
Pseudosporochnus has received a great deal of attention on the part of phylogenetic morphologists

becaus.e 1t seemed at first to e 5 rather oversized psilophyte from which, by various rocesses such as
reduction, Tusion, flattening or webbing, one might hypothesize ; - 5

Some o'f'the numerous suggestiong appear at varioys Places in thij
prol?abxhty is that Pseudosporochnus Wwill be legs useful in theo:

Stug (1881),
parts of the plan
3) at these scars seemed more likely to be

corlical structure d .
factions, un that cortica] sclereids whose true ; i
s a:ur: extremely valuaple iy, demonstrating the uni'ty of unat:tuachl;:ture s peutlh
T authors jg thereby shown to be useful anq is coi-rob ted Specimens, The work of bo
orated,

R e W s
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1 and Beananp (1804) believed the plant to be a smal] tree. Kniuy
. cﬂnvinced because they considered the longest specimens of Pmo
Joss inable and, therefore, not valid for establishing the habit of th

aater : ; . e plant. Hag
m:i;;ble stem (trunk) to the material available. On this stem, at one extremity theygas(;j 3015) lfxflaiiz .
0% ! nches

{;m still altached in th? form .of‘a cerown but the lack of other convincing characters left the identit
f the speeimen uncetiain, O,u r discovery of probable roots, crown, and trunks of Pseudosporoch y
g ds to confirm both Potonit and Bernarp and Hore, P s
Throughout the literature on Pseudosporochnus there has been uncertainty over

of the ultimate ran}iﬂcations, Thfa major question was whether they simply cbarntinuezihih?jg;;zgg
Jichotomous branching of the entire plant body into successively smaller units or whether they were
(s appendages (frqnds, leaves or other) of the branches. Poront and Bennarp (1904) foreshadowed the
«b-opposite branching of the rachis of the frond that we have described by their emphasis on the
closeness of the dichotomies in the frond. We believe they saw a rachis just as we have seen it but
perhaps not quite so well preserved and perhaps with a slight bias in favor of dichotomy. Kniuses and
Wevianp (1933) also came very close to the truth when they indicated that the “frond” retains a central
axis despite ihe fact that it looks as though it forked merely into a mass of fine branches. This is
exactly what our material shows to be a certainty, Now that we are able to show that the vascular
supply to this frond was a trace that is completely different from the xylem strand of the branch, it
pecomes perfectly clear that the appendages are not mere continuations of an axis but are true lateral
organs or leaves. The bilateral symmetry of these organs is simply another confirming piece of evidence.
The result of course is a major change so far as morphological concepts are concerned. It means that
Pseudosporochnus no longer has anything whatsoever to do with psilophytes,

g

poToN SEL and Wevianp (1933) were

NIE and BerNanp to be truly

{en

Another vexing problem for the earlier workers was the apparently club-shaped terminal ending
of some segments of the fronds, Kriuser and Wryvianp (1933) were the only investigators to produce
concrele evidence that the bodies were sporangia. These authors macerated spores 4 to 7 u in diameter
from organs presumed to be sporangia of Pseudosporochnus. Our material confirms the existence of
well defined terminal organs that must be called sporangia despite our inability to obtain spores from
them. The question of greatest significance still remains unsolved. Both Kniuvser, and Wevranp and we
ourselves have scemed to demonstrate the presence of sporangia. Does the considerable discrepaney in
size and morphology of these bodies on the two species amount only fo a species difference or does it
foreshadow the ultimate discovery of heterospory in Pseudosporochnus?

The mode of branching of Pseudosporochnus has raised doubts too. It was the apparent consistency
of dichotomy in the plant that caused morphologists to consider the genus psilophytic. The possibility
of other interpretations have appeared from time to time. Poromk and Bernarp’s (1804) recognition of
dichotomies very close together on the leaves, ZnerMaNN's application of the term crown to the bran-
ches of second order arising from the apex of the branches of the first order and Kriuses and WevLAND's
splendid reconstruction (1933, text fig. 13) showing clearly a three-dimensional “crown” are examples.
1t is not all surpﬂsin thei t with bette aterial we are able ;t° suggest the exlstence of a
“crown” of roots. a " m” ‘ ; , and a “crown” of btanches of the stecond
order. If these m:own" mpres , the fronds illustrate the density of

' . the fronds are certainly closely and
: ~ 150 on that portion of first
frgd}:agybfaidﬁ?ign” , The spiral arrangement of the
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o Ave We 4 them on lesser orders ey
; these hairs nor have we seen o,
i al selereids could have destroyed seqrg of ;1; :

 hove nol obseived sears
f traces, crushed arms of xylem, and aye, o,

‘ 15 Wi } Ave p inle il 1, 3‘; 2 h Te th
Guowo Ve o3 !("‘d: ’0 § E‘ scwhe. ’ 200
ithh ni i’l'f)"dﬁ ju.’q {us ]c‘l])ldl v a5 1]“3? dGSil ()V( 12([ 1@3

; ke larger nests. ; | . k
- n;z famegmorpho]agists, for example, ZiMMERMANN (1959) ang EMsEM

pressed against one another . .
i 8 ' S 51 o ztl % i : 5E

It will come afzt"::;;’f,u:,}; Pseudosporochnus is, as we have shown, mud; m;ﬂ’; :gmp{ex than that o
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b without secondary xylem. Apgain our new information con.

width

Al

ph
Lire

visunlized. ' .
Kaivser and Wiakanp (1933), admiitin

Psendosporochnus might have been an her

firms their thinking in respeef {o the xylem although our new organs indicate that the plant haq the
firms their L . )

hab", ut‘“a q!;;]c:]: iflb our proof that Pseudosporochnus possessed spirally arranged, bﬁaterany oo
11101:"(1‘123; LZ)Zaplexibl*éndiixlg fronds supplied by a distinctive leaf tracg- t};at TEIII‘QVE§ this genns o
any connection with psilophytes. It is the complicated arrangement of the xylem in plates or ap,
radially disposed and the possession of a bilaterally symmetrical frond that relate the genus to gy,
fern-like plants, specifically Cladoxylales. It is th1§ comb{natlon 01.3 characters that removes Pseud,.
sporochnus {rom lurther consideration as an evolutionary intermediate between any major groups of
plants. It is, therefore, unnecessary to review the numerous debates over the role_ of Pseudosporochny,
in the evolution of one or another group because the plant as we now know it is not at all the same

organism aboul which the speculation was raised.

2. Comparison of Pseudosporochnus nodosus with other species on the basis of external morphology:

~ Our new species is closely related to P. verticillatus (Krejor) OprueL 1959. The general morpho-

logical structure of branches of the first, second and third order and of the fronds is essentially the
same, Differences are discussed below.

The trunk and the roots assigned to P. nodosus are as yet unknown for P. verticillatus. Therefore,
the habit of the two plants may be different,

Cortical sclereids, arranged in nests, are a prominent feature of all organs of P. nodosus and com-
plete details of their morphology and anatomy have been given. Stur (1881, p. 16, 17) described scars
of hairs on the branches of P, verticillatus and Kravser and Weyranp (1933, p. 12) considered that the
Yseaps” : Y groups of cells in the cortex. If P, verticillatus possessed sclereids in the
cortex, 1hey Wwere not prominent and we have no details of their structure. For the present, therefore,
the §a1~ge, kx:m?spmuaus masses of cortical sclereids in P, nodosus constitute a striking difference between
the two species, ~ , ‘

The anatomical stryeture
11 cture ;s’stxll unknoxivn. wever : that I Cillatus may have the structure of a
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f4nd Poronii and Bennanp 1904, text fig. 69) ok ate
strands or long armg ag in P. no ' i - red m ﬂ"ﬁ form of separate
stedl range of variation am ol ‘ L1 S - verticillatus and the
ian material as a disting ompell us to regard the

The . ‘

Both species bear
ring 1.2 mm long by
00 # wide. Sporangia
nt of the frond. Spor-




te
&

of P perticillutus are borne singly on a sort of pedicel whose length is
L oceur side l\.\" .‘i‘ldl‘ and join at their base. We are indebted to l,“ilh':“'":" &-’“‘ to L1 mm. Two
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3 Y visible (fig. 23)
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It is interesting to speculate on the possibility of heterospory in Pseudosporochnus. One would have
0 dvmunsh'nlv first that the t‘wo species represent only one plant and also that the two sizes of spora:\d:ilu
secur O {his one plant. If this were done, the contrast between the smaller and the larger spomng_ia
would be gharper than between the presumably heterosporous sporangia of Archaeopteris latifolia
AnNoOLD (1939) where the smaller are 0.3 X 2,0 mm and the larger are 0.5 > 2.0 mm. The possibility of
heterospory is just one of several that must be left for future investigations. i

p. nodosus is also clearly distinet from Osmuut's new species, P. chlupaci. The outline of a single
frond of P chlupaci is triangular and the base of the triangle forms the apex of the frond. The outline
of the frond of P. nodosus is lanceolate (p. 12). A mature frond of P. chlupaci appears to have 3 pinnae
{hat arise close {ogether on the rachis. The rachis of P. nodosus produces pinnae in sub-opposite fashion
9 (o 3 times and a fourth time as a result of a final dichotomy, Pinnae of P. chlupaci appear to dicho-
jomize 4 times whereas those of P. nodosus fork 3 times. Illustrations of the ultimate tips of P. chlupaci
show little evidence sporangia but if the thickened tips do represent fertile organs, they are more like
those of P. perticillatus than those of P. nodosus. A striking and unique feature of P. chlupaci is the
thickening of the pinna at each dichotomy. Above and below the dichotomy the pinna is distinctly
parrowed. P. nodosus shows no sign of this feature. Finally, in P. chlupaci the segments of each dicho-
fomy depart from one another at a rather wide angle giving an appearance of stiffness to the frond as
a whole. In contrast the angle of the dichotomy in P. nodosus is narrower and the frond is more lax in
appearance.

3. Comparison of Pseudosporochnus with other genera on the basis of anatomy:

The closest affinity of Pseudosporochnus seems to be with the Cladoxyleae. Specifically it shows
significant points of resemblance to the genus Cladoxylon so far as anatomy in concerned. In both
C. mirabile (BERTRAND 1935, Plate 29, fig. 75, Plate 31, fig. 83) and C. radiatum (BERTRAND 1935, Plate 36,
figs. 118, 122) the xylem consists of radially elongate, narrow arms of xylem some of which anastomose
in various patterns toward the center of the stem. In both species there is a well defined peripheral
loop near the extremity of each arm. Both they and Pseudosporochnus show 12 to 21 arms of xylem.
In the two species of Cladoxylon there are traces that BERTRAND interprets as foliar traces (or aphlebiae
or petiolules). These traces appear to fork, often dichotomously, and call to mind the foliar traces we

find in Pseudosporochnus.

Pseudosporochnus differs from C. mirabile in its smaller, narrower peripheral loop and lacks the
organization “en chapelet” that characterizes the loops of C. mirabile. Also Pseudosporochnus lacks
secondary xylem and lacks any sclereids in the center of the stem and between the arms of xylem. It
has nests of sclereids in the cortex whereas C. mirabile has an almost continuous zone of sclereids in

cies also has peculiar large cells in the position of pericycle surrounding each

the ey .
cortex. The 1atﬁr-3Pm‘T§ . 75). These are lacking in Pseudosporochnus as now known.

in common with Cladoxylon radiatum. Both plants have a small,
, xylem and give rise to simple foliar traces by pinching ofl the
o and Syncardia branches although C. radiatum does give
ple, more or less terete bundles. Such branches have not
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2 nded Annorp 1952) com ~
on strata i i : L es fr i .
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adoxylon teeniatum than t
. o Pseudosporochnus. i
chows large peripheral loops, Xenocladia has none and Pietzschia miy also }favi';:fz e

Stelowylon Sorms-Lavsacut (1910) was ¢ound near Semipalatinsk in Western Siberia in deposils of

doubtful geologic age that are probably Permian or older (Scorr 1923, Vol. II). In transverse section the

large stem (5 inches in diameter) consists of a large number of xylem strands of two types, circular and

radially elongated. None possess 8 loop, all have very little primaty xylem and well developed second-

ary xylem. The bundles anastornose and form a complex network of tracheary tissue. Many small

petioles are arranged spirally around the stem. They receive two or more {races from the external
bundles of the stem and, as in the cladoxylons, they retain a stelar structure. The vascular system of
the leaf bases is chiefly secondary. Pitting on the tracheids is multiseriate pordered and the rays widen
toward the center of the stele as in the Medulloseae. The only points of resemblance to Pseudo-
sporochnus are the radially elongated xylem arms and the dense covering of small leat bases that recall
the numerous fronds of the branches of pseudosporochnus. ’

P. Berrranp (1935, P 111) saw 2 similarity between Steloxylon and Cladoxylon dubium. 1 thvs
were confirmed, the age of the former genus would be carried back to Lower Carbomiem%(‘ig?fwi%ﬁ
in the same paper. suggested that Stelozylon might be a subterranean organ of some cla i;:ﬂla z:jn
found at Saalfeld. The & undant emission of petiole bases on the Siberian species makes this inter-
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or slides made from it. The plarft has :E‘a @ntrai mass of xyler, .
4 slepder, radialing arms that unite in the center of thcﬁ?kaxm /fnrr?gnga tgt?r?@md ma% . i};;;
4 slender, radial s of arms. Peripheral loops are present near the extremity of each gry,
anile ilo Lwo mam 1141( ,l’ A thick cortical zone consists of polygonal sclerenchymatous colls {B%:M%g
atbol the xvlem ,i"? Pxim& ‘ 91‘ e present in the cortex, each lying opposite an arm of the xylem from ’ﬂi ;‘Iz
101 p 9% I”,‘vaf tf ?m}; in ihe same manner as in Pseidosporaochnus, Apparently “Biﬁgle traces SUppliog
il s probably pmth(f,t] ‘o .till in the corlex, each trace became atl first bipolar and then quadripola, a%,;
the appendages. While st seudosporochnus differs from Asteropteris by its nests of sclereiq, ;;

‘her ont [rom an arm. P ; ’ :
,mz tl;‘3 i‘}?:‘tmﬂm massive character of its xylem arms, by the possession of a considerably Breate,
X, by 1ne arms and by the fact that its xylem probably included a number of Cgmplgm?

Fven more significant is the probability that the trace to its frond is clepsy.
steropteris is believed to be.

cither Dawson's type spraimen

1ol

move
the ¢
number of xylem
separale arms of cylem. ;
droid and not quadripolar as that of A

1. Allinities of Pseudosporochnus: ’ ’ |
1o evidence suggests, Pseudosporochnus is a member of Cladoxylacege, it becomes the seventy

.. The Belgian species is the second to illustrate characters of external morphology
" distinct genus, is the other species whose

Hoasl
genus in the family il
Cladoaylon seoparium, which should perhaps be placed in a ¢

external morphology is known. ; . '
The complexity reached in the development of varying patterns of xylem arrangement In the Cladp.
xvlaceae has been interpreted in many different ways and various authors have discussed the alfinitie

of the family with the pteriodosperms (Scorr 1923, Vol. 2), with the Equisetineae (EmsEncer 1944, p, 219y
witli the Ferns, and with the Psilophytales. | ,

Brnreann (1935, p. 116) regarded the Cladoxylaceae as a group of primitive ferns with affinities 1o
the Zvgopleridaceae. Plants that he referred to the genus Cladoxylon showed little distinction between
stems and petioles and had petioles of a clepsydroid shape. Bertranp may be correct in his assumptions
but it is most unfortunate that so far the organic connection of Hierogramma or Syncardia (Bearnaxp
1935, p. 110) or Clepsydropsis to the stems of Cladoxylon (ibid: p. 113) has not been established.

Warron (1953, p. 94) included the Cladoxyloideae in the Coenopteridineae, He discussed only tws
genera Asteropteris and Cladoxylon. We emphasize a distinction made by Warron that two types of
lateral branches were produced, those that retained radial symmetry in their vascular system and those
with bilateral symmetry. Both types have been found in Pseudosporochnus, the stele of branches of first,
second and third order shows unquestioned radial symmetry whereas the frond is supplied by a trace
that developed two protoxylems soon after its origin — a bilateral symmetry. “This type of leaf trace”,
says Wartoy, . 96, “is characteristic of the petiole bases of many undoubted ferns of Paleozoic age”
. H?m;js (1929) considered Cladoxylales to be a group of vigorous plants that arose from psilophyta-
2an stock.

o 15:?;2;?; ; 33;£§;gzﬁg;;§ioxylgles hais‘an oﬂshoot’ of Psilophytales whifah evolved in an indegen&-
e § and which were related to the Stauropteridales, though more differ-
}mf‘*:;;ﬁ; §19§2 P- 305) in his paper on Xenacladia medullosing, suggested a possible trend in evo-
. & ‘rom a monostelic, lobed xylem strand like that of Asteroxylon. A pronounced invagh-
'on might have produced free lobes as in Schizo ium. An increasing dissection of the xylem mass
could lead to the situation in Cladorylon sconmei L G e e
et it ) on o L C. i (R 935) in which anastomoses
{ ylem arms were. elor ' xylem strands culminated

mofilices, one of which 8
les and Ferns, Pseudo
albardiaceae. The tW0

Ne, of course, remove




anatomieal struetype Fueih
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_dosporochnus 1o the C]ﬂadc&xy!a’l@g’bemmw of its leaves and i1,
p;;,,:ngr of bearing sporangia terminally in pairs on highly Grgant
h ply distinct from 1%3{3 lgcmign of sporangia in clusters on ihi;
;pﬁﬂ dage of Svalbardia. The differences impress us as sufficie

orders. . ,
: pi-Seavotnl (1958, p. 84) omits Cladoxyl ‘ Cvor her Do
P;;;L i i:nierprets) T e {;/S (:z;oi:?t ;Q:; :L?i&@r ﬁeygnl;xn fz’;:*m-}iké plants from his
1 : B T 5 of the Pmmdagpemnapﬁida", Strme anit
\ce Cladozylon and its relatives in a class by themselves, the Cladoxylopsida (e : B e
, Thi ‘ . . Lo ! P E 8 Bee Prone-Senua g
1050, pp. 481, 453). This procedure emphasizes their unique combination of characters vl Berreis
sferent authors to place them near one or another group depending upon the auiho%’ﬁan ;’»‘m‘m;i«%
From the above brief survey Cladoxylaceae emerge as either a more or less isolated faririg Wﬁ%
ferns that shows affinities to Psilophytales and to Zygopteridaceae or as an even more is&iézég ?mﬁig
.hat may be in the line of evolution toward seedplants ‘ : .

Originally Pseudosporochnus was classed in Psilophytales. Now it must be placed in Cladoxylales
Whereas its sporangial position may be considered {0 be a retention of a primitive feature, the cvm;ﬁ;a;
morphology of its frond is clearly an advanced character as is its stelar anatomy. Similarly its habit e
indicative of a relatively advanced condition if all the parts we believe we have assembled into one
plant are interpreted correctly. Its leaf trace is produced in the manner well known in simple types of
Zvgopterideae. It is vexing to be uncertain whether or not Pseudosporochnus has reached heteré:spgry,
Were P. verticillatus and P. nodosus two different homosporous species or were they parts of one hetero-
sporous plant? Only the discovery of new material can solve this problem.

If plants of the structural complexity of Pseudosporochnus and Cladoxylon scoparium flourished
as early as Middle Devonian time, it becomes increasingly likely that a number of ancestors had pre-
ceeded them in time. It may be that in their remote past the Cladoxylaleae passed through a stage
comparable to the true Psilophytales but it is scarcely safe at present to argue that Cladoxvlaleae
arose from psilophytes that lived contemporaneously with them. ‘

It is unfortunate that no decision on the taxonomic affinities of the family Cladoxylaceae can be
made. The uncertainty is caused in part by the fact that most genera in the family are known only
from their anatomical structure. External form is known only for Pseudosporochnus and for Clado-
zylon scoparium. Some characters in the family point toward psilophytes, for example the terminal
sporangia. Other characters such as the frond trace are more fern-like. Finally the complex steles of
some species have suggested a relationship to the pteridosperms. The family may have been an off-
shoot of the psilophyte complex or of the early fern complex that flourished as a distinet, but dead-end.
evolutionary line, During its span it seems to have developed a considerable range of anatomical und

morphological features.

i
3
i

pressions and pe
18 presented

es name, The genus is now




X1. Literature Cited

i atribution a la connalssance de la Bore dévontenne de Belgique - Ann 860 o Lsin
Aneas vl .
1odd A6 1ha2 G

' I plants from the Devonlan of castern North America [V Plaps .

Assoun, £ Mo northern Pennsylvania and southern New York, — Contrib i Pale

ps uf some Middle Devonian plants from Western New Yark Amer 1B 5
fie 2o &

ihong on {m il piama imm the Dpvumdn nf mf;tmn Nfzrth Ameriea VI Xenecladia medullosing 4,

;oAL et al Cor ﬁ‘idﬁ(}n 01’ im Dovonmn wd:mcntat‘y formatzﬂm; of N’f)rth Americ&mt}gﬁl 86c. Amer o

320100 194”

Irawson, Jo W On new Erian (Devonian) planis. (Abstract) - Canadian Naturalist, n.s. 9 475 478 igan
s on new Erian c,Devmxmn) plam:»,. — Quart. J. Geol. Soc, Lomion 37: 2009308, 1881

Strukturzeigende Pflanzen aus dem Oberdevon von Wildenfels. - Abh Sichs Cenl Lande
1827,
and Weyranp, H.: Lehrbuch der Paldobotanik. Berlin 1954,
- BL: Schizopodium Davidi gen. et sp. nov. A new type of stem from the Devonian rocks of Australs
Piui Trans. Roy. Soc, London B, 217: 395--410. 1929.
: Handbuch der Paldobotanik 1. Minchen und Berlin 1927,
: Notes on the Devonian flora of Western Norway. — Det. Kgl. Norske Videnskab&rs Selskabs 5
1831
Jevonian Floras and their bearing upon the origin of vaseular plants — Bot. Rev. 3: 563—592 1937
uwntonian and Devonlan flora of Spitzbergen. — Norges Svalb. og Ish. Unders, Skrifter 83: 1282 150
: Fozzsil flora of the Onteora “red beds” (Upper Devonian) in New York State, a Qreimar} Suriey
. & Corpell Univ. Tthaca, New York, 51 pp, 1959,
mabutwns to the fossil flora of the Onteora “red beds” (Upper Devonian) in New Ym‘k State 7
i Univ. Ithaca, New York, 183 pp. 1960.
B, amci Weveano, Ho: Beitrdge zur Kenntnis der Devonflora, II — Abh, Senckenberz. Naturiorsch i
115—155. 1926,
age zur Kenninis der Devonflora. II1. — Abh. Senckenberg, Naturforsch. Ges. 41: 317359, 1999
a des bohmischen Mitteldevons, — Palaeontographica 78 B: 144 1933
o1 cin nedes Vorkommen von Landpﬁanzen und Fucaiden in der bohmischen Silurformation
X Bohm Ges Wiss, Prag 1881,
L Contributions to the study of the Old Zﬂed Sandstone flora of Seaﬂami Vil {}n a specimer
rochnns fi“i;m th& Stmmn%ﬁ Bﬁd




-5

o wm;lcRG :glwggsgg ;;:zi ;eol\gﬁizgaf;gg de I'Est du Synclinorium de Dinant et du Massif de la Vesdre. — Ann.
AGGDEFRAT: K.: Paldobiologie der Pllanzen: dritte Auflage. Jena 1956.
S et J.1 Neue Pflanzenfunde in den Stbsko-Schichten (Mitteldevon). — Vestnik UUG 34: 364383, 1950
% o eni-Semvoist, R E. G.: The higher taxa of the pteridophyta and their classification, — Uppsal: Universitets Ar
' Ckrift 6: 7090, 1958, . ppsala Universitels Ars-
. preridophyta in "Vistas in Botany”. London 1059, '
0 Pémm:, H., and Berxanp, Cu.: Flore Dévonienne de I'étage H-h; de Barrande. Leipzig 1004
* gran, G Bii An oceurrence of the genus Cladoxylon Uscen, in North America. — J. Wash. Acad. Sel. 25 (11): 493497,

1435,
41 Hean ¢ B, and Caveseny, G Preliminary account of the New Albany shale flota, — Amer. Mid]l. Nat. 21: 435453,

1939,
. pevien, A Sols de végé’iaﬁon du Dévonien moyen du massif de la Vesdre — Ann. Soc, Geol de Belgique 40: 19121913
" geors, D. H.: Studies in Fossil Botany. Vol. 2, ed. 3. London 1923, ‘ ' -
_ sewarn, A, C. Plant Life through the Ages. Cambridge 1931,
5 Swin, G ML Cryptogamic Bctany. Vol. 2, ed. 2. New York 1955.
Sorus=Lavmacy, H. Graf zu: Uber die seinerzeit von Uncen beschriebenen strukturbietenden Pflanzenreste des Unter-
culm von Saalfeld in Thivingen. — Abh. d, kel preuB. geol Landesanst, n f fasc 23: 1-.100. Berlin 1898,
_..— Uber die in den Kalksieinen des Culm von Glitzisch-Falkenberg in Schlesien erhalienen strukturbietenden
Pllanzenreste. 1IV. — Z, Bol, Jg. 2: 529554, 1010,
i8 stocxaians, B Vegétaux éodévoniens de la Belgique. — Mem. Mus. roy. Hist. nat. Belgique 93; 1488, 1940,
4. Stun, D.: Die Silurflora der Etage H-h, in Béhmen, — Sitz.-Ber, K. Akad, Wiss. Wien, Math.-Nat. K1, 84: 162, 1881,
watsox, J.: On the factors which influence the external form of fossil plants; with descriptions of the foliage of some
species of the Palaeozoic Equisetalean genus Annularia Steanserc. — Phil. Trans, Roy. Soc, London B, 226:
219-—237. 1936,
. —,— An inlroduction to the study of fossil plants. London 1953,
 Zpnwenmasy,. W Die Phylogenie der Pflanzen, Jena 1930,
. .- Die Phylogenie der Pflanzen. 29 ed. Stuttgart 1859

XII. Explanation of Plates

Plate 1
Branch of first order; fragment showing at the base remains of xylem strand formerly interpreted as being

rootlels. xvlem strands = x st, sc = nests of sclereids.

< 1 (specimen No 5062/TP). ‘ ’
Branch of first order divided into four branches of second order. The third branch lies at a lower level than the
three pthers. sc = nests of sclereids, X st =

¢ 3/, (specimen No 4968/694). ’ ; | '
Fragment of ; isfanch of first order. The xylem has been stripped of the cortical tissues and appeats as a tizht
bundle of xylem strands = X s;f - :~
Branch of iaifﬁiﬁlﬁ?geriia ‘ x)n, compression = co and petrifaction = p. Note the swollen base, with nests
of sclereids = sc and a fringe of xylem strands = X st. . ;

71 (specimennﬂ 2 ~
Petrified part of Fig. 4 ).

5 (specimen NO 5

xylem strands.




Fig 8

Fig

i ML

Fig 11

Pigs 12

Figo 13,

Fig 18
Fig. 18,
Fig. 20,
Fig 2L
Fig. 22,

Fig. 23,
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Phe hosal prrt (s not bulbous, Bt has been foldeg Fi
o] ey

willy aix petritied areas = 1
o NeS0B0/1TB). ‘ -

en No 60 and below the fork are fronds in organie connaeting, L
oA ﬁ*z@

sienl branching, Abaove
covering the axis and the fronds,

- apneedd nqu of st e
) 5 St o NO OO0 S . . . - '
‘:ﬁ; ;?:u;;vmgd inm four branches of second order. Branchus number 2 and 3 wity Xylem oy,

orae . .

- 1 (specimen N2 4994/6!9)
Piece of petrified xyvlem covered s,v)i)lh n
3 (gpecimen No A997/540 '
Ted : lm{;! of b branch of first order, On the right the ribbing is regular. On the left the ribs s
& )\m stace, due lo the pressure exer {ed by the nests of selereids, s¢ well petrified nests of -

undulating
l 5 (speeimen N2 5061/683 A),
Branch of first order with ihe usgual swollen base, The whole surfuce of the axis = covered wiw, nests o

osts of sclerelds s,

sclereids, ;
% 1 (specimen No 4066/462),

Plate 3 ~
Crown of stem with six lobes or bases of broken branches of first order. The fourth lobe is inserted 5 o Towes

lévol than the other lobes, se¢ = nests of sclereids.

1 (specimen NO 4955/114 A).
Counter-part of Fig, 14. The fourth lobe is prolonged by a fragment of axis, The lobes are covered with neats o

sclereids = sc.
1 (specimen No 4955/114 B). ;
Frazment of stem covered with nests of sclereids = sc, All over the surface is a slight longitudinal ribbins

% 1 (specimen No 4954/173),
TFragment of stem: sc = nests of sclereids, ap = lateral appendages, x st — xylem strandsi

% 1 (specimen No 5031/57).
Plate 4
Root-like organ: sc = nests of sclereids, r = downwardly directed lateral root-like appendages, p = petrified aran

* 1 (specimen No 4961/168 A).
Branch of third order terminating in a pseudo-verticil of delicate thin vegetative f.ronds*

* 1 (specimen N© 49680/599),
ngment of stem covered with closely spaced nests of sclereids = sc.
% 1 (specimen No 4969/654).
Pair of sporangia, with a dehiscence line = d.
-~ 6 (specimen No 5054/286),
Fertile pinnae with well-developed pairs of sporangia. bl = blunt pomted surface of attachment,

~ 4 (specimen No 5055/456).
Pseudosporochnus verticillatus Knrjcr. Pairs of sporangia. d — proximal end oi the sporangium.
% 10 (specimen No 36 from the Collection of Professor Dr. Wsn.m, Depariment of Geologs, Uni-

versity of Cologne, Germany)

Branch of third order with vegetative fronds spirally :
# 1 (specimen No 4981/55 B). \
Branch of third order ending’ ina ps do-verticil of de i
frond, Nole the nests of s he
“ 1 {s;m\cimen;

F = fertile fronds, V F =

t, sc = nests of

- spimal areane

=15 5¢~ nests ereid




' ond. sc = nests of sclereids, x st = xviem strands, V F = vepetative

— 33

 third order with vegetative and ¢
A branch of nd fertile fronds spirally arran
. ged. Branch of first order wi
with

+ 1 (specimen NO 4998/354 B), frond, Fr P ~ fertile trong,

petail of a fertile fropd of Fig. 29, showing the pinnae given off in gub-o)
{omies of a fertile pinna and the upright pairs of Sporangia, Frp - f‘z‘}:gftiiifji?ipmﬂ :z;cﬁfim dicho~
’ = vepelulive pinng,

bl = blunt pointed surface of attachment,
~ 4 (specimen NO© 4906/354 1),

a bulbonus

Plate 7
Transverse section of a branch of Arst order that shows the weners ;
% 17 (inclusion No 850/A/6/3). general stellale struchure of the stele.

ransverse section of a branch of first order,
# 17 (inclusion No 680/A/5/1).

. Transverse section of a branch of second order. On the left side six xylem arms well preserved: Al (o A6 On

the right side there is a beginning of branching = By, sc = nest of sclereids.
¥ 117 (inclusion No 548/A/3/1),
Transverse section of a branch of third order: nineleen xylem arms: A 1 toAl19. A :
{ : : . Arms 6 and 7 crushed by nests
of scleveids while arm 8 which is shown crushed on Pig. 35, is well seen here. Arms 1
X r . 39, i - 5 .
% 17 (inclusion No 466/2/22). .
Transverse section‘ of a branch of third order: nineteen xylem arms, variously crushed; Al to A 19 = arms,
se = nest of sclereids, Arms 8 and 7 well seen, while arm 8 is crushed, Arms 15 {6 10 well preserved.
¥ 17 (inclusion No 466/2/16).

. Petrified axis of a branch of second order embedded in plastic. The nodular form of the iron-hydroxide petrifi-

Fig. 38

Fig. 39,

Fig. 40,

Fig. 41,
Fig. 42,

Fig. 43,

cation Is seen through the plastic, ¢o = compression, p = petrification, ps = polished surface of the petrified axis
reproduced in figure 33, ¢ = cortex, . ' ‘
* 3 (inclusion No 546/A/3).

Plale 8

Transverse section of a branch of third order with nineteen xylem arms: A1 to A 19. Compare the sharp apex
of the arms with the round apex of the arms of figsures 41 and 43 which are still protected by the cortical

tissues. sc — nest of sclereids,

¥ 34 (inclusion No 466/2/24), - ‘
Delail of fAgure 35. Arm 6 has the protoxylem elements filling the loop. In arm 7, protoxylem elements of the
Ioop are destroyed. sc = nest of sclereids. ,

X B5 (inclusion No 466/2/15).
Detail of figure 35. Arms 17, 18, 19,

% 65 (inclusion No 466/2/20).

Detail of figure 37. Arms 8 and 9 have the protoxylem elements preserved in the loop (= Lo). A8 to Al6:

position of the arms, - .
> 65 (inclusion No 466/2/24), . . . ~

Transverse section of a branch of third order with co cells that have protected the round apex oL e
X 17 (inclusion No - ' ‘

X 85 (inc
Detail of figure 41

Longitudinal
tracheld

Rool:
Allp 2 -
Ly elongated:

Hoot:




34

thothe arms 2,3, of flgure 33 BA = Laag b0 By
. ,m{%d

A0 A sories ol transyers
Lol both badly crushed. sc = neal
. - B9 tnclpsion NP AB/ABI). ’
The bwo leal 'Saimmma B.A., B B, and arm 4 are erushed by a nest of selereids <se, A2 - prp o .
¥4 ; fee RRR S ¥ vy e 1 2y / ; s & 2 '
Joop filled with protoxylem cloments, A3 = Arm 3 with a large empty 100D, se = nest of sclersid,

65 (inclusion No 546/AL3/10).
_and B.B. are betler preserved. A3 = Arm 3 Ad = Armod. AS = Ay 5.

(a0

Lenf bundles B A
selereids, '

- 5 (inclusion N2 546/A/3/19),
Teaf hundles B A and B 1. are well seen.

by figures 47 1o 50,

Compare the state of preservation of Arm 4 in the series Tipre
Fultaed

Plate 10
of the pmission of a trace, M = Metaxylem, Lo = Narrow loop filled wilh protoxylem

Stade ze
130 (inclusion No 546/A/3/43, arm 5).
Stade 1. The loop increases slighily in lengih and width. Lo = Loop, 1= line of small cells.

130 (inclusion No 546/A/3/9, arm 2),
Stade 2 The loop becomes {riangular and the files of metaxylem converge around the loop (g,

= 130 tinclusion No S 546/A/3/57).
Stade 3. The loop has increased and is constricted in the middle. Protoxylem elements fill the loop o).
% 130 (inclusion No 546/A/3/4, arm 3).
Stade 3. The profoxylem cells are destroyed; the loop appears as a lacuna cbn'stﬁr;’ted in the middle of

lenzth, Lo = Loop.
» 130 {inclusion No 546/A/3/10, arm 3).

Stade 5. Free bundle B. A, with a circular form and one protoxylem point: px.

£ 130 (inclusion No 546/A/3/24).
Stade 6. Free bundle B. A, slightly elongated tangentially, There are two distinet protoxylem points symmer.

cally disposed,
* 130 (inclusion No 546/A/3/33).
Stude 8. Free bundle B. A. hisher up. The two protoxylem points are distinct.

+ 130 (inclusion NO© 546/A/3/41).
Free bundles B. A. and B. B, The leaf-bundle B. B. that has been given off earlier than B A, is tangentialy

elongated and bhas two protoxylem points more distantly located than on the bundle B. A of the fizures 57 and 4.
% 130 (inclusion No 548/A/3/22). ;

Iree bundle B, A, compressed by the nests of sclereids, and altered in its form,
~ 130 (inclusion No 546/A/3/51), ‘




