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- age Callistophyton provides the basis for an examination

ABSTRACT ‘ "

The discovery of numerdus Upper Pennsylvanian,agé

specimens of Caliistophyton poroxzyloides and abundant

material oﬁfﬁ previougsly unrecognized Middle'Eeﬂnsylvanian

of the vegetative'featurés of thebcallisfophytaceae.:,Thé

2

‘'structure ahd*anatomy of the stems;ﬁbuds, branches and

leaves are elaborated, and roots are-deséribed for théf
first time. Emphasis is placed on the spedific‘identity of

material from different stratigraphic andAgeographic'////,.
o : *

G

locations, and deVelopmenfal features of the plant of@ans'

are interbreted. Material‘previously described as —

Porozylon boyssetii, Poroxylon edwardsii and Calamopitys

‘kansanum is reexamined and found to be specificaily equiv-

alent to the Middie Peﬁnsylvanian CaZZistophygon.. Amended

diagnoses are provided for'tbe-genus CaZZistpphyé?n, for‘

C. poroéyloides, and for the new combination, C.‘bgyssétii.
. . o S

The relationships:of'the‘Caliistophytaceae are inEerpreted;

in relatioh to both vegetative and fertile strdcturesvofnt

the family;‘and‘implication; to the current%y}fecogni?ed

9

phylogeny of_gYmnosperms are discﬁsged; A recbnstruction

.+ of Callistophyton is also included.

.

v
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INTRODUCTION

v

;f A{ %Callzstophyton poroxylozdes Delevoryas and Morgan
(1954) is one of ‘the most recently dlscovered of Pennsyl—
vanian age pterldosperms. Nevertheless, it is represented

‘by both vegetatlve and fertlle parts and’ is rapidly emerg- )
» ing as one of the best known Pale0201c plants.Q.81nce the
original description of t?e stems, onds andzleaves
_(Délevoryas and Morgan, l954)‘our knowledge of the plant
has been augmented by'the’discovery-of a wellfpreserred
stem apex Qlth'immature leaves (Delevoryas, 1956), and by
the description of pollen organs attached to the fronds
(Stidd and Hall, 1970a). On the basis of‘aSsociation‘and
anatomical . imilarity, ovules nane also?been assigned to
c. poroxyloides_(Stidd and'Hall, 1970b) . These combined
- plant parts are now recognized as»thé‘Callistophytaceae
(Stidd and Hall 1970b), a di ot fahxlywof pterido-
sperms from the Upper Pennsylvanlan of IllanlS “Plant
organs a551gnable to C. poroxylozdes 1nclude stems,_buds>
and fern—llke,leaves.v Roots have not~been reported. Tne'
pollen organsaare.described as CaZZandriumhcbiZistophytoid~
es étidd‘and Hall ’(197qp), whlle thelovules'are referred
to aS'CaZZospermarionvpﬁsillun Eggert and Delevoryas.
(1960)stiad and Hall (1970b). | '

More recently, a Mlddle Pennsylvanlan pollen organ

from Illinois hac also been assigned to- the Calllstophyta—

l; o . |



; i . L2
\ ceae (Rothwell, l972bi, and indicates‘;;L‘preseneeﬂot the;, ?@
family in these somewhat older strata. In addition} CaZZis;.
tophyton type stems have been reported from the Mlddle
Pennsylvanlan of Kansas (Baxte> and Hornbaker, 965) and
IllanlS (Mlllay and Eggert 1970- othwell, 1972a), and
CaZZospermarzon type ovules have been repo;ted from the

r
: )2 ot
- : .

Middle Pennsylvan%an of I1linois (Rothwell, r
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The~ Present Study ,
7 — R T 4 .

The Furrent investigation was undertaken to - increase

.~ our knowledge of the Upper Pennsylvanlan age CaZZastophyton
poroquozdes,_and to descrlbe new Mlddle Pennsylvanlan
‘-spe01mens., THe study deals w1th morphologlcal and anatom— -

1cal features of the vegetatlve CaZZzstophyton plant parts .
- € z

that are present id North Amerlcan coal balls. An addition-

dl.aspeét of the investigation is the detailed comparison
. . : . . 8]

of Callistophyton material to 1) presumably cordaitean

material described as Poroxylonm Boyssetii-Renault 11879b) °
and P.| edwardsii Renault (1880), an‘d_z)/to a Middle Penn-
sylva ian pteridospermous - stem fragmént from Kansas E A;

«_ - described as Calamopitys kansanum Baxter and Roth (1953).

f\\

/ The critera used for taxonomic interpretation include plant
~habit, structure of g%e vegetative organs and anatbmlcalvw

N ' 4 Y. - . ! ‘ ) . . .
features. Primary vasculature is also used as a criterion
: . - ‘ o

" for determining’the relationships o% these plants. SpeCial

emphas1s ‘is placed on- the specific identity of the spe01~'

o

- &
' mens found at dlfferlng geographic locatlons and stratl*

)

graphlc levels, and deyelopmental features are dlscussed

o whanever Eufflclent well—preserved material is available

' forgrnterpretatlon.

Based on the structure and development of the stems;

. leaves, buds, branches, and roots, two distinct species of

CaZZisﬁophyton can be identified in North:American coal-
ball»mater}al of'?ennsYlvanian/age. ’CaZZistnphggon

N



po.ro otdes occurs in Upper Pennsylvanlan sed_ ents from
. ’ w7

Illln01s.’ A second specles not prev1ously ass1gned to

:CaZZzstophytOEkoccurs in Mlddle Pennsylvanlan materlal from

b

Tllinois, Kentucky and ‘Kansas. In addltlon,wthe ﬁaterlal *
) » ' .

: a
described as Poroxylon'boyssetzr P. edwardszz, ahd

iy
3

“»Calamopitys kansanum iS'interpreted as'being specﬁfica}ly
.\equlvalent to the Middle Pennsylvanlgn CaZZzstophyton'

spec1es. Features that dlstlngulsh the Upper Pennsylvanlan

. ..\

CaZZzstophyton paroxylozdes from the Mlddle Pennsylvanlanwgﬁ

- 3

species lnclude the development of the prlmarv wood, the‘ ‘§%
[ structure of cortical appendages, and numerous other

anatomlcal features.( : : o

R
.
> A - . ‘ o
5 ) - . . - .
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Collectiné Localities and>étratigraphy
The mater{al investigated ‘in this study was collected
at eight coalfbali (carbonate petrifaction) localities in’
North America, and one éilicified petrifaction locality in
France.. Of'these,‘the.séhara and Berryville lécalities in -
Illinoid have provided the largest numhe of specimens.
Loéalﬁ%ies‘
'fAufﬁn - ' Unspecified lécation near  Autun (46.57N, .
| | 4.188), France.
Berryville . - SW%, NEY%, NWk, Sec. 7, T. 2 N., R. 13 W,
i | Sumner Quadranglé, Lawrence Counﬁy;
Illinois. 6 miles south and 2 miles
west of Sumner, fl%}hois, U.S.A..
Calhogﬁ . Sec. 32, T. 3 N., R. 14 W.,‘Suﬁner
v (//“A: ' ’:Quaarahgle;‘RichIand County. 2:3 miles
) - east of Calhoun, Illinbis, U.S:A..
pix | B uaSéc. 20,AT; 15Ss., R. 3 E., Mount Vginon
Duadrahgle, JefféfSon bounty} 3 miles
* sou£heastiof Dix, I’ .» is, U S.A..
- New Calhouh ’-Seé;'32, T. 3 N., R. .1 W., Sumnef
| © Quadrangle, Richland Counf?;.2.6 milés'
éaétzéf'Calhoun, Illinois; G.S,A;}J-
"Pit #11 - : Sec. 5, T; 31 N.. R. 9 E., Herscher

iQuadrangle,»Kahkakee-Cougty. 2 miles

NW of Essex, Tllinois, U.S.A..

I
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Ta,

Providence

%o

Sahara -

West Mineral

©

NEY%, Providence Qgpdrangle by Kentﬁcky
topographic map.co—ordinaéé;system '
ble 412,260' y 407,700'. 1% miles NW of
the centef\of the town of Provideﬂce,
Kentucky, U.S.A.

Sec. 30, T. 9 S., R. 4 E., Harrisburq

&madrangle, Williamson Countgr 4 miles

northwest of Carrler MlllS, Illinois,

U.5.A.

.

W. %, Sec. 5, %. 33 S., R. 22 E.

Columbus Quadrangle\ 3herokee County,
- N

Kansas, U.S.A.. %4

Stratigraphic Position and Age

Autun -

Berryville

Calhoun

Dix d

~—

<.

New Calhqun

~

6%specified coal from the Autun Basin.

See explanation below.

- b .
CalhounYCoal,iMattoon Formation,
McLeansboro Croup.

Sopdar Pennsylvanian (Illinois)
' [
Calhgun Coal, Mattoon Formation,

[N
-

McLeansboro Groupf

Upper Pennsylvanian (Illinois)
Y o
Calhoun Coal?, Mattoon Formation, N

A

B
McLeansboro Group. é«g

Upper Penn3ylvanianv(Illindis)
Calhoun Coal, Mattoon Formation,
McLeansboro Group.

Upper'Pennsylvahian (Illinois)\fﬂ

oo



Pit #11 Colchester &No. 2) Coal, Carbondale N
‘ ' ' Group, Kewanee Formation. ‘
Middle Pennsylvanian (Illinois)

Providence .Coal No. 12, Carbondale Fo-mation,
Kewanee Group. - |
Middie Pennsylvanian (Kentueky)

Sahara Herrin No. 6 Ceal, Carbondale Formation,i
Kewanee Gronp. | ' : K
Middle‘Pennsylyanian (Illinois)

West Mineral Fleming Coal, C niss Sugérouﬁy‘

Cherokee Group, DesmQinesian Series.

Middle Pennsylvanian (Kansas)

oo
i »
» Vg

_Notes Concernlng Stratlgraphlc Placement

The four localities that pn0v1de ‘specimens of CaZZzstp—

phyton poroxylozdes are located within a relatlvely short

" .m.--é

distance of one. another in southeastern IlllhOls. S ec1mens
from these localltles are all collected from the same coal -
seam. On- the ba51s of present 1nformat10n, one must

consider this spe01es to be qult/\zfstrlcted in both geos .

¢

graph{c and stratigraphic ranges. The Middle Pennsylvanian
CaZiistqphyton speéies appears to have a much wider geograph—u
ic distribution. This latter species has been collected

from the eastern Interior— (Illinois, Kentucky) andlMid
Continentf (Kansas) Basins of North America? and the Autun
Basin of France;, Stratigraphically, specimensbof'the Middle
Pensylvanian species occur at refatively equivalent levels

in North America (Table 1). The specimens from *

¥
o
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-~ '

TABLE 1. Strat%graphic and geographic distribution of

CaZZis{t_ophyton. —

(Modified after Taylor,. 1965) ..
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France, however, may be from more recent strata. .

As originally interpreted, the Autun spec1mens -of
lCaZZzstophyton (= Poroxylon boyssetii and P. edward31z of
fRenault, l879b; 1880) were from Permian dep051ts Unfort-~
unately, the~Upper Carboniferous-Permian boundary is often
_dlfflcult to 1dent1fy in this ‘region, and early strati-
graphic interpretations are not always reliable. In the
present 1nstance, the problem is further compllcated by
the absence of"- spec1flc data concernln;'elther the geo \)
igraphlc locatlon or coal seam where_ the speclmensywere
collected. The original descriptions merely indfcate that
the material‘was-preservedJin silicified nodules collected
from a coal.sean near Autun (Renault, 1879b Bertrand and
Renault, 1886b). The stratlgraphy of the region surround-
ing Autun has been more recently_lnterpreted by Louis
(1954) , who indicates that the town is situated at the
' southern edge, near the Western.margin'ofythe Autun Basin,

Sediments. in the basin re interpreted as ranging from

Stephanian (Upper C boniferous) to Triassic in age. There
are several cQa eams W1th1n the Stephanlan ~Permian strata.
10f the three presumably Stephanlan coal bearlng zones, the
central. zone ("Etage moyen du Mont Pele" of Louis, 1954)

is known to occur in the area of Autun. ;This coal is the
most probable source of the Autun materlal. The lowermost
of -the Permlan strata ("L etage d'Igornay—Lally" oﬁ Louis,
1954) closely resembles’ the Stephanlan dep051ts Lower

v

Permlan coals occur at the western margin of the ba51n and .



;o ' 11
theréfbre could possibly also be the source of the Autun |
specimgps. The situation is further complicated by the
possibility that‘all but the lowermost coal beds of the
Autun Basin may represent .Pérmian ér.younger{deposits‘
(Louis, 1954).. This interpretation 'is basedion the
presence of a presumably Permian specieé of compression
fern—like‘foliage, Pecopteris pluckeneti, in the uppei two
"Stephﬁhian" zoﬁes ("ﬁtage moyen_du Mont Pele", and the
MFaisceau houiller;Superior dé C. Moilay", Louis, '1954).

In the absence of precise data regarding the ages of
‘the‘vérious strata of the Autun Basin ahd the éource of the
specimens, the age of the ﬁaterial from Autun can be inter~

“

preted'aS»being as old as mid-Stephanian, or as young as

\

~ lowermost Permian. If one considers the specimens to be ™

)

of the former age, then they are somewhat younger than th? ,
equivalenﬁ material from North America, and older than L\‘

specimens of Callistophyton porozyloides. If, on the other

[}

hand, they are interpreted as béing of Permian age, then -

they are YOungerIthan the North American material of either

species.
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Directory of Specimens

Tne material investigated in this'study consists of a
large number of coal balls, peel preparations and'microscope 
slides that are housed in several different collections.
| These are #45-54, 2,986-3,321, #11,963-11,976 in the Paleo-
botanlcal Collectlons, Department oﬁxBotany, Oth Unlver81ty,
Athens, Ohlo; #5,932-6,477, #11,865—11,916 in the .Palecbotan-
ical Collection, Department of Biological Sciencee) University
of Illinois at Chicago Circle,_Chicago, Tllinois; #2,227~
2,265 in the Paleobotanical Collection, bepartment of Botany,
Univereity of Alberta, Edmonton, Canada; #132—1 - 132-10 .in
the_Paleobotanical Collection, ﬁepartment ofxBotany,'Univer;
'sity of Texas, Austin, Texas; £272-283, #1, 388-1,420, $2,224

g
in the Paleobotanlcal Collectlons, Botany Department (Morr111:

Hall), University of Illln01s, Urbana, I111n01s; #1,454—1,132,
#1,630( $#2,964-2,965, #3,279—3,293, #3,332-3, 346, #3,386{
#3,39043,391 in the Department of Palaeontology, British
Museum (Natural History); #1,454 in the Paleobetanical
Collection of R.W. Baxter, Botany Department, University of
kansas,‘Lawrence, Kansas. Those specimens that are figured‘
'in the- 1llustrat10ns and line dlagrams, or discussed in the
text are’ ldentlfled below by a three part letter and number
de31gnat10n. The first part of the de51gnat10n refers to the
%peeies, The letters CPZare used for specimens of*CaZZiéto¥"
éhyton poroxyZoideé, and CB is used for specimens of the

N

second species described in this study. = The second part of
. ‘ | . .

esignation refers‘tt_the collecting 1ecality ot the
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spécimen. -
Designafipns for the localities are as follows: A = Autun,
B - Berryvil@e, D =Dix, P = Pit #11, 8 = Sahara,:and W =

West Mineral. The: number designations for specimens of each

species are arbitréry. The coal-ball number or collection
. B ‘Q)

A o

number, and repository are ‘indicated for each specimen below.

Specimen }
CP—B:l éoal ball 1,221. University of Illinois,
Urbana ¢ ‘
" Coal ball 5,821. Ohio University
CP-B-2 | ’ ~ Coal ball 1,221. University of Illinois,
Urbana ‘ |
’ Coél bail 5,821. Ohio University
CPjB¥3 - “Coél ball 5,%21. Ohio University
| éP;B—4 Coal bail 5,821. Ohio University
CP-D-5 - Coal ball 132, Univérsity of Texés
qCP;B—6_ Coal bail 1,160. University of Illinois, .
Urbana ‘
CP—B—? : Collection #2)224;‘ University of Illinois,
| Urbana
CP-B-8 Coal ball 3,791. Univérsity‘of Illinois,
_ Chicago Circle |
CP-B-9 Coal ball 5,821. Ohiélﬁniversity
ep-B-10 Coal ball 5,8213 Ohio University

CP—B;11' - Coal ball 4;1271- UniyerSity of Illinois,

u !

HRCREE>, 2N
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CB-S-1

CB-S-16

Chicago Circle

Coal ball 3,259.
Chicago Circle.

Coal ball 5,754.

Ohio University

University of Illinois,

Coal ball 289. University of Alberta.

Collection #1,454.
Collection #1,430
1,431
1,636.
Collection #1,428.

Collection #2,964.

University of Kansas.

British
British
British
British

British

Coal.ball 4,007. UniverSity

bchiéago Circle.

Coal ball 3,521. University of Illinoiﬁﬁr

Chicégo_circle.

Coal ball 3,521. University of Il

>

Chicago Circlé.

Coal ball 5,754. Ohio Universitfis

L3 AN ENE

Collection #1,421.
Coal ball 3,987.

Chicago Circle.

Coal ball 4,040. University of Illinois,

Chicago Circle.

Coal ball 3,554. University offlllinois,

Chicago Circle.
Coal ball 4,123.

Chicago Circle.

Britis

Nk

o SR
University# it
- ﬁ#,

Museum
Museum

Museum

Museum

Museum

of Illinois, ’

{

0y
8

Illinois,

University of Illinois,

\‘S:;)

14



CB-A-17
CB-A-18
CB-A-19
CB-S-20

CB-5-21

CB-S-22

‘CB-S-23

~, CB=5-24

CB-5-25

CB-5-26
CB—S—27
CB-5-28
CB—S:30

CB-S-31

Collection #2,965. ‘British Museum

Collection #1,432. British Museum

- Collection #1,423. British Museum

Coal ball 908. Ohio University

Coal ba%} 3,963; Uniyérsity of Illinois,
Chicago Circle. F
Coal ball 908. OhiovUnivefsity
Coal ball 908. Ohio University -
Coal ball 4,127. UniVersity of Illinois,
Chicago Circle. | |
Coal ball 5,754. Ohio’Unive;sity

Coal ball 51754. Ohio University

Coal ball 327. thb University \
Coal ball 2,380. Ohio University .
&bal ball 289. University of Alberta
Coal ball. 5,754. Ohio University

Coal ball 908. Ohio:University
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Text Fig.

/\

l. Reconstructlon of Callistophyton. The plant is
" illustrated as a small, somewhat scrambling
shrub, that is growing on the coal swamp floor
‘near the stump of a dead tree. The reconstruc-"
tior is based on the specimens that are T,
specifically de51gnated under "plant habit" in~
the ‘text. X % -
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DESCRIPTION OF MATERIAL

>

General Features

~

-

Call scophyton specimens occur as fragments of stems,
leaves,7buds, branches and roots. Fragments are most often
isolated, but the c ~asional attachment of the'various

parts to one anothe: demonstrates their identity as organs

of the same‘type of plant. AIsQlated fragmenté can be

identified by their strﬁctural similarity to attached
speCimens and by severat‘distinctive anatomical features.
CaZZastophyton stems are rﬁdially symmetrical and . slend al

measuring 0.2 --3. O cm in diameter (Fig. 19- 23, %8433).

R ' ) b .
: Leaves are borne at slightly swollen nodes, and at intervals

v

that range from less than one mm, to ovexr 20 cm. The

— ) (o]

leaves are typically pinnately compound and fern—like, but

there is considerable variation in both leaf size and

.complexity. The largest leaves probably measure as much as

.

30 cm longland are tri- or qnadripinnately compoundiﬂ Those o
leaves: that are borne on the smalier stems are dften less
than 5 cm Iong and only bipinnateiy compound. The smallest
leaves are simple structLres with entire margins. Leavesg
of the latter type occur around'the buds and are similar
to the“cataphylls of iiving piants.

The rooes of‘CaZZistbphpton are protostelic and

diarch (Fig. 2, 6), with éxarch maturatiqn'of the primary

e
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xylem. Some roots are much branched (Fig. 35, 105), but
others‘extend for some distance with no evidence of branch-
ing. Rooting structures range from minute rootlets to

- :

mature specimens up to 1.2 cm in diameter. When attached,

the roots always occur at the nodes of the stem and are

subtended by a branch ‘or bud (Fig. 35, 105). No primary
'rooting system has been observed.
Branching in Callistophyton is axillary, with either a

branch or bud present at every node- (Fig. 10, 17, 34).

" e
4

Since theﬂzoots are borne in the axils of'buds and branches
((Flg. 105), serlal sectlons passing dlstally through a
nodal region (Flg; 106- 109) encounter the departlng leaf
trace (Flg 106) followed by the ax1llary bud or branch
(Fig. 107) . This is then followed by the departlng root
traces kFig. 108, 109). Several specimens are preserved
with no.leaves attached, and‘only axillary branches or buds
remaln to mark the position of the nodes (Z.e. CB-S-31).
Buds of thlS type have been 1nterpreted as adventltlous
(Delevoryas and Morgan, l954), but the former position of
theuleaf is 1nd1cated by a'subtending leaf trace that
departs from the stele, traverses the secondary vascular
tlssue, and termlnates in the perlderm Some specimens
v(i.e, CB—S—ll) bear buds in the leaf»axils»and therefore
"appear 1o be unbranched. Others bear branches at nearly
_every node and p_obably represent much®. branched plants
e

‘,f( .. CB-S-9) ; eapeclally when the 1nternodal dlstances

«;@re:short. Many larger stems with abundant secondary i P
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tissues bear branches and buds that are oriented at
approximately right angles to the parent axis. Specimens of
this type often’exhibit profusely'branchidg root masses at
the nodes, but leaves are usually absent (7.e. CB—é~3l);
Other stems:bear branches and buds that di&erge from the
stem at a ﬁuch smaller angle. Some of these specimens:have
relatiyely short internodes and usually show no.evidence o;
roots at the nodes (Z.e. CB-S-9). Many of the smallest
stems with only a small amount of secondary tlssue have

long internodal distances with a small leaf present at

eac . ode. In these stecimens huds rather than hranches are
usuvxly present at each node and roots are frequently also
,present (i.e. CB-S-11). Other small stems have rather

short internodes and axillary branches extend from some of

the nodes.

Plant Habit

The overall structure and habit of Callistophyton is
illustrated in Text--Fig. 1. In this reconstrUction4CaZZis—
tophyton is depicted‘as a small,‘uhderstory\plant'with'a |
scrambling and shrubby habié.v‘A'relatively small size is
implied by.the small diameter of all known stem.and leaf

_ imens. The largest stem spécimenA(i.e. CB—S—l3) is
only 3.0, om in diameter while the largest leaf probably
' did not exceedOZS _l3d cm in length. The long interhodeg

and highly dlssected leaves are like those of many extant

plants that grow in - shaded understory habitats. The
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large horlzontally dlsposed ax1s in the foreground produces
buds and branches at right angles. The much- branched
portlon of the plant in the background represents those
.spec1mens with numerous ;#1llary branches and relatlvely
short 1nbernodal distances. The one branch of this
specimen‘that extends_into the foreground has small leaves
and is unbranched. Other features that suggest a somewhat
scrambllng hablt are adventitious roots borne at many
nodes, and the small splnes present at the outer margin of
the prlmary cortex of the Middle Pennsylvanian specimens.'
K23Leaf size anddstructure are based on known specimens, but
E@ewexact pinnule shape’andbdegree of pinnule dissection are
somewhat speculative. As in.extant plants, leaves are not

present on the older parts of "the stems and brancnes.

-

o -

- Stem

The stem'is composed of a parenchymatous pith
surrounded by axial bundles and leaf traces (Fig. 44;747).
The primary cortex consists of an inner zone of thln—walled
parenchyma and an outer zone of longltudlnally orlented
flbrous bundles with 1nterposed parenchyma (Flg 11, 17,
18). In older stems, secondary xylem, vascular camblum
and secondary phloem surround the pith' and prlmary xerm
(Fig. l, 5, 33-35). Perlderm is 1nlt1ated w1th1n the 1nner

primary cortex (Fig. 40), and in the most mature speclmens'

this tissue forms the-outermost-zone (Fig. 23, 33, 42, 43). .

_ o
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Pith - Pith occupies the center of‘CdZZistophyton stems,.
and is_characteristically angular in transverse section (Fig.
44) . 1In typical internodal sections the pith is roughlv |
triangular (Fig. 11), witn leaf trace:bundles occupying_the.
corners of the triangle. 1In sections cl ser to the node
the pithlbecomes elongated op§0site the_ parting leaf
trace (Fig 23), and at the node the elongatlon is often
qulte pronounced (Flg 10, 17); The pith is composed of
Athln—walled parenchyma with occa51onal interspersed.
cavities (Fig. 44, 47). Pith cells are polygonal and
isodiametric in transverse seCtions, and measure 30-100 yu
in diameter. 1In longitudinal sections{the.cells are
axially elongated and aligned, andtexhibit;tranSVerse or
' obliquely oriented end walls. Some plth cells~in the.c
Mlddle Pennsylvanlan spec1mens contaln ~amber contents (Flg.‘
18). ThlS feature may 1nd1cate a storage or secretory ’
functlon, or the dark cellular contents may merely reflect
preservational factors. Plth,cells in Specrmens of C.
poroxyloides are typically devoid of contents (Fig. 44) .

- Oval or spherical sacs surrounded by an epithelial lining
are present in the pith (Fig. 26). THese.structures are
referred to as sechtory cavities by previous workers P
(Delevoryas and Morgan, 1954; Stidd and Hall, Y970b).
Individual'sacs'ﬁeasure about 200 U in diameter. Cells.of
the epithelial lining are elongated‘parallel to the margin
of the cavities, and measure.up_to 100 py in greatest ‘

dimension. .Amber colored deposits are often present
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witﬁin the sacs (Delevoryas and Morgan, 1954; Delevoryas,
1956) .

IS

Primary- xylem - The primary xylem is represented by
axial bundles and leaf traces located at the margin of the
pith (Fig. 44, 47, 106). Inh Middle Pennsylvanian specimens

-~

the bundles usually appear as separate and‘disérete units
'in,KZansverse sections (Fig. 47).‘ The number of bundles
present in transvgrse sections ranges from 9 at the base of
,an-intérnode, tO'll‘ﬁear the léWelvof the next node above
(Text Fig; 21. At the leﬁéilééileaf t£ace departure from
" the stele, 13 bundles are present in transverse section
Individual bundles varv;coﬁéiderably in

éize, and in the number of primary xglem cells oé which
they are,composed (éig. 44, 47). The largest are ;ither
axial bundles_in the process ofidichotémizing, or leaf
trace bunales. The smaller bundles are often difficult to
recognize in poorly preserved specimens. "Bundles of
CaZZistophyton‘poroxyloides are typically mesarch (Fig.v26,
27), while those in the.Middlé Pennsylvanian specimens are
_exarch (Figu)37,38). This latter feature consistently

distinguishes specimens from the Uppef and Middle Pennsyl-

vanian localities. As one might g£xpect, however, some

_specimens from each locality show variation with respect
" to the development of the primary xylem. In a few speci-

mens of C. poroxyloides one observes a bundle with little -

or no development of the centripetal or centrifugall_



metaxylem. Consequently, the bundle %ppears

exarch or endarch. leew1sew in somekMiddle.Pennsylvanian
0 9 -
spec1mens a few centrifugal metaxylem t%aphelds are occas-
‘D V, ‘50‘1 -."'

a”

ionally present in a bundle, Whlch th 5@ pears to be

mesarch. This nhenomenon is usually oh;;
short distance along a gi&en bundle, and d0e§$ﬁot;agpear to
be correlated with the nqdal or internodal level_oijection,
orvwith the divisjon of a'bundle. It is not a characteristj.
ic of the leaf trace bundles, and is probably nothing ﬁore;'
than a‘reflection of random develppmentalvvaiiation within.
the'primary xylem‘of each type. iﬁ slender strand of
parenchyma accompanies each nrimary bundle.(Fig.,26, 39).
- In transverse sections the parenchyma appears‘asfa patch
~with protoxylem*at the inner side (Fig. 27, 38). ‘In C.
poroxyloides the metaxylem elementsfform the outer'mergin

of the bundle,.anduseparate,the.perenchymatous strand from
‘the seconaary xylem (Fig. 27). In the Middle Pennsylvanian
specimens, hoWever,,the parenchyma strand is directly
adjaceﬁt to the,earliest'formed secondery xYlem‘elements.
Metaxylem is present on only the.lateral‘and centripetal
51des of the prlnary bundle (Fig. 38).

Protbxylem tracheids are pol;gonal and 1sod1ametr1c

‘in transverse sections. They measure 12 = 25,u in diameter.
:in longitudinal sections protoxylem elements heve wall
thlckenlng patterns of the spiral and\scalarlform type

(Flg. 52 '59). 'Metaxylem tracheids are typi lly larger

in’transverse sections, measuring 25 - 80 y in diameter.



" are présent on the radial gell walls (Fig. 50, 57). Thﬂg”g

25
In longitudinal sections secondary wall thickening patterns

are present.on all faces, and

AN

‘are of the reticulate and
bordered pitted types (Fig; 59). 1In the'iatter type the
pits are alternate énd oval with crossed, slit-like
aperturés (Fig. 64).‘ Primary kylem parenchyma cells are
axially elbngated (Fig. 52), and isodiamgtric in transverse

view. Individual cells are typiqally 4 -.8 times as long

@s broad and exhibit slightly oblique end walls.:

Secondary Xylem - Callistophyton stems produce abund-

,aqﬁ secondary xylem that consists of alternating radial

files of tracheids and xylem rays (Fig. 51, 58). The files

- of tracheids range up to 70 cells in radial exteﬁt (Fig.

105.- The files are 1 - 5 cells wide with 1 - 3 cell widths
occurring most frequently (Fig. 23, 33). Individual files

become wider as they extend toward the periphery of the

stem. After-a width of 3 - 5 cells is obtained a ray is

initiated to divide the file into two. Those tracheids

that' occur at the base of the internode and above where

~ the traces éepart are typicaily shorter and contorted.

- They are also separated”by wide rays (Fig. 61§.’ This region

an

is similar to the reaction wood that occurs at a similar

position in living conifers. Tracheids are angular in

transverse sections with 3 - 6 sides (Figl. 51;*38). They

7
7

are approximately 1 cm long and have tapering end walls - -
(Fig. 56). Several rows of alternate, oval,'bbrdered'pi£s 

14
-
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number of rows ¥ranges from 2 - 7 in Callistophyton poroxyl-
oides, aﬁd from 2 - 6 in the Middle Pennsylvanian'specimens:
Three to five rows is most commonly observed in both
species. Well-preserved pits exhibit crossed slit-like
‘apertures similer to those of-the metaXylem’(Fig. 64).V¥The
apertures appear to be oval in less well-preserved trach—
eids (Fig. 54). When the preservation k$AQuite poor the
radial tracheid walls exhibit a meshwork of hexagonal
openings that represent’the positions of individual pits
(Flg. 50). No pitting’has been observed<on the Eéngential
tracheid_walls. |
The‘xylem rays range from 1 - 4 cells Qide, but

"biseriate rays are most commoﬁ. The rays are extremely _
‘high (Fig. 50, 60), Sften exceé@ing the length of the
tracheids in longitudinal extent Individual rays are
homogeneous ‘and composed of thin-walled parenchyma cells
(Fig. 53, 57). In tangential- sectlons the ray cells are
isodiametric (Fig. 56,'60);. In radial view they are
angular aﬁd rangelﬁrom square to rectangolar,’with slight
racial eloﬁgation (Fig. 53, 57). The ray‘parenchmva cells
of Callistophyton poroxylozdes have no internal contents,
- but some cells in the Middle Pennsylvanian specimens .
contain amber material. (Fig. Sl): ‘Rayvparenchyma cell
. walls thet are adjacent tdltracheids often exhibit lerge;
oblique ' simple pits (Fig. 62) . Secondarytxylem’is absent

'fromtstem and bﬁdbapices.

I
LA
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Vascular Cambium\: A narrow zone of thln—walled cells

is present at: the outer margin of the wood ThlS zone is

2 - 4 cells thick and re;resents the fusiform and ray
1n1t1als and thelr most recent derlvatlves (Fig. 55, 63).
In transverse sections the fusiform initials are tangent-
ially elongated, whlle the ray initialsﬂare either iso-
diametric or slightly‘radially elongated. Comperison of
co-veral specimens'with varying ‘amounts or secondary vascular

e

~tissues reveals several qspects of vascular cambial -
. : N .

activity. At first, the newly formed vasoularrcambial cells
~apparently cut Off'derivetives tow%yé the interior only,
with sec%gdary phloem production.begénning\SOmewhat,later.
.In specimens with approximately 5 - 10 rows of secondary\
E tracheids, theifirst formed secondary bhloem cells éie

.present In the largest spec1mens with. well—preserved K
secondary phloem, the number of radial files of phloem
~cells is only slightly smaller than the numberyof xylem
cells..“This suggests that after the'initiation of second-
aryAphloem production’ the cambial cells’prodﬁce‘xylem and
phloem cells in nearly‘equal'numbers. This laﬁter feeture
is_not always apparent, however, sinoe the.lerg%r slze of
.the;tracheids creates a‘thicker secondary xYlem{zone (Fig.
23, 33). S o | R (VJ
S | .? | .‘ | i

..Phloem - In CaZZisfbphyton, as in many other fossil~

plants, the position of the primary phloem is difficult to

esikablish with certainty. There are, hoWever, some ' ‘ -zf//ﬂ

-
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indications of primary phloem in several wellepreserved

specimens. In-transverse-sections of some immature stems

there are large cells accompanied by. very small %ells (Flg

lOZi at arrow) These occur just exterior to the primary -
xylem" bundles In more mature spec1mens the‘radlal files

of phIoem cells extend inward from the smallest cells/// \\**
these areas (Flg. 63) These ‘small cells may, therefore,
represent prlmary 51eve cells ":i: . |

The secondary phloem con51sts of radial files of

-

(
sieve cells and phloem parenchyma that are 1nterspersed

with phloem rays (Flg. 55 63).. In transverse sections the
/sieve cells are Iaréevand inghtly tangentially extende%.

”ln longitudinal view the sieve:cells-are extremely elongated
with tapering‘end walls. Well—preserved 51eve cells exhibit
regularly spaced amb@r masses along thelr longltudlnal walls.
These masses have beg% 1nterpreted as probable callose
lplugs 'in the sieve- areas (Delevoryas and Mo ,,1954a).

The' phloem parenchyma cells .are much smallersqand in trans—

1 verse Vlew are seen as| tangentlally orlented chalns of 2 - &fai
5 .ceélls that alternate with the’ sieve cells (Fig. 55, 63).

In longitudinal sections'the phloem parenchyma cells_are,
“axially elongated similar to the primary xylem parenchymai
cells. Examlnatlon of the most recently formed secondary
phloem cells reveals that thgytangentlally orlented rows’ “of
phloem parenchyma orlglnate by subd1v1sron of the fu51form "

derlvatlves that alternate w1th potentlal 51eva cells (Flg

'55,. near cambium) . The phloem rays occur oppos1te xylem
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rays, and extend radially; becoming progressively wider '
toward the outer margin of the zone (Fig. 63). Some of this“l
1ncrease/}n width is- due o tangentlal extens1on of the ray.
parenchyma cells._‘Thls probably occuréfln response to an
increasing'diameter in the grow1ng stems. Phloem ray cells.

are similar to the xylem raywcells; but are somewhat larger"

(Fig. 42). At the outer margln of the zone phloem ray

parenchyma cells intergrade with the cells oF the 1nner )

cortex (Fig. 63). 1In some of the larger Mlddle Pennsylvan— ~\\p
i Y

ian speclmens the phloem cells toward theqexterlor of~the ' - {%

N~

zone exhibit thickened walls and dark ?nternal,contents
(Fig. 43). These cells are similar to/ the sclereids that

form in the phloem of many living plants. Enlarged cells

are- present in the- secondary” phloem of well preserved

ol
specimens when V}*wed in transverse sections (Flg 55, 63

Many of these re-‘ace a tangentlal row. of phloem parenchyma

'cells, but others are found in the p051tlons of sleve cells.'

Cells of this type are filled with dark contents~and appear
to be resin canals when viewed in -longitudinal sections

(Fig; 53).' On close examlnatlon, ‘however, cross walls of

‘the cells Can usually, be 1dent1f1ed Other enlarged cells

w1th dark contents are spherlcal or ov01d in both longltud—' ' 7\\
1nal and'transverse sectlonsh Cells of thlS type appear
similar to the secretory cav1t1es of the p1th but are not

‘-

surroundedqby-an»eplthellal cell layer.'

Cortex - Youngvspecimens.of.CaZZistophyton'have a
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primary cortex composed of a thick‘pérenchymatous inner

zone, and a thinner sclerenchymatous outer zone (Fig. 19,
28). . Cells of the inﬁer cortex'are thin-walled and iso-

diametric. ’'In transverse sections of Middle Pennsylvanian

‘ : : :
specimens the cells of the inner:cortex measure 30 - 90 u at
te innerimaréin of-theuzone, epd grade‘to a somewhat
smallei size toward the'outer'ﬁargin (Fig. 18). 1In specimehs
of C poroxyZOzdes no gradation of cell 51ze 1s present but
‘noticeably larger cells are present. These occur with a
greater frequency to&ard the outer margin of tbe zone (Fig.
96). In longitudinal sections tﬂé cells of:the inner
cortex: are isodiamEtricAand either rahdomly‘arranged, or
somewhet vergically aligned. Dark contents are present
witﬁin'some cells'of the Middle Pennsylvanian specimens,
but are absent from the cortical cells of C. poroxyloides
(Fig;'40, 102). The outer sclerenchymatous cortical zor-
is composed»of longitudinally oriented fiberoos bundles and
_1nterposed parenchyma‘ The thick—wailed cells are elongated
parallel to ghe axis, whlle the thin-walled qég;s are like

.

.those of the inner cortex.» The extent'of fioetous bundle
formation is qoite variable among the spée ;mems from each
-locality. In some. spe01mens the flbrousngtnéles are poorly
developed and 1nconsplcuous (Flg 28), mhlle in others they’
appear as well formed and discrete bgnéles (Fig. 96). Iﬁ.

still .other stems they are laterall%/fhsed formlng ‘a nedrly

PRTREN

continuous cyllnder of thick-wall

P

a single specimen the.extent of #i rous bundle formatlon may .

n T Y

’ells (Fig. 34). . Wlthln
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vary at different levels. 1In longitudinal sections the’

>

fibrous bundles are disposed in a relatively parallel manner
with infrequent anastomoses. Specimens with a small amount

‘of éecondaryfgylem exhibit a discontinuity between the

———

inner and cuter cortical Zzones (Fig.‘4l).' In specimens with
. - [ : ,
a larger amount of secondary wood the .inner- cortex is either

crpshed or absent (Fig. 21, 29). This sﬁggeéfs that the
initial increase in stele diameﬁgr due to secondary develop-
ﬁent is accommodateqbby a redudéién’inlfhe thickness of the
~inner primary coftex, and,éccoﬁnts fq?ithé presenaeuof
unbroken outer primary cértex"onféteﬁé\with several_pows of
secondary t;acheids (Fig. 20, 34). In\ghg largest’speéimens
‘{the fibfous primary cortex is disrupted‘or entirely absent

(Fig. 23, 33).

Enlarged cavities like those -of the pitﬁ occur within
. Y :
-the cortex of most specimens'(Fig.;34). Some of the
.-énlarged_cells in the inner,cortéx of immature Callisto-
Iphytén.poroééloides stems may_rep;esent ;ncompletély fogmed
cavities/of thisjfype (Fig. 102). 1In the ouéer cortex of
ﬁhe Middle Pennsylvanian specimens some of the-cavi@ies are
~greatly enlarged with up to three cell layers of epithelial
lining. (Fig. 34). . | .
Inzwell—preserved specimens a uniseriate epidérmis.bf

{

isodiametric, thin—wélied cells is present at the outer

margin of the cortex (Eig. 102). Cortical appendages are
present at the outer miggin of some well-preserved stems. /

However, the frequency of thesé appendages is quite

e
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variable. Some specimens .exhibit numerous appendages in
' cross sections, while others appear to have only a few.
Still other stems appear to be:devoid of‘these'struetures.
This may be due in part to destruction. of the apnendages
on some‘speci*~ns'prior to fossilization. The appendages
of C. pororyloides have been described as st. .ked giands
(Delevoryae and Morgan, 1954).. This is due to a rather
restricred basal zone, and an enlarged apical .region
composed of iarge, thin-walled cells (Fig. 24,'25f. These
glands are quite similar to those‘present on snecimens of
Lygznopterzs and its associated organ genera (Oliver and
Scott, 1904) Ind1v1dual appendages measure up to 200 u
long. Cortical abpendages present on many of the Middle
Pennsylvanian speeimens~are larger than those of (. poroxzyl-
oides. Ehey are also distinctively‘shaped with an enlarged
basal zone of.large cells, and an acutely pointed,apek
composed of smaller, thicker—walled_cells (Fig; 36).
Appenaages of,énis type measure‘nn'to 700 p long, and are
more like small spines than capitate;glands.
ﬁiﬁfderm - A thin zone of periéerm is present at the’
outer margin of the inner cortex in specimens with a small
amount. of secondary xylem. This zone-is typieally sebarated
from the outer margin of the secondary phloem by 5 - 10 ‘cell
layers and becomes detached. from the outer zone
’of the primary cortex (fig, 41); Periderm initiatie;
probably occurs in‘the midregion of the inner}brimary

cortex (Fig. 40), with the'concurrent or_subseéuent
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déstruction of more’periphéral inner cortical cells by the

lateral expansion of the stele. The periderm in specimens
“of this type typically consists of 3 - 6 cell layers of
radially,allgned.'thin—walled cells (Fig; 41, 42) . Periderm
1n1t1atlon may occur earller at one s1de of the stem than

at the other (Flg.,lB) (Delevoryas and Morgan, 1954), but. in
specimens w1th abundant secondary xylem perlderm is present
at all p01nts around the margin of the stem - (Flg 23, 33).
- In many stems w1th abundant secondary growth the perlderm is
.only a few cell layers thick (Flg 1, 5). Some of the
largest_spe01mens, however, exhlbltfa‘thick zone of periderm,
(Fig. 23). 1In transverse seotions‘of these latter stems‘

the periderm is or uneven thicknessvwith,afvery-rough outer
margin (Fig 33) vxThe individual peridermal'ce"s are. also
randomly dlsposed~ Wthh suggests a perlderm deVelopment
SLmllar to that of MeduZZosa (Delevoryas, '1955) . In the
latter genus a deflnlte phellogen is. present at early stages,
but later lelSlonS occur w1th1n the 1nd1v1dual cells.v'
Periderm cells are, 1sod1ametrlc 1n both transverse and long-
1tud1nal‘sectlons, and exhlblt lltt e or no vertlcal align-
ment (Flg '53, 65; at’ rlght)- The cells of thls zone are
usually deV01d of contents, but in the largest Middle Penn—.
sylvanlan speclmens dark cell contentsuare present:(Fig.'GS);
Black areas'are Seen in the periderm when viewedbin trans—
verse sections.' In longltudlnal view these areas appear
51mllar to the resin canals of other Carbonlferous pterldo—-,

sperms, ", * on closex examlnatlon;are seen,to>con51st of
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somewhat enlarged angular cells that are vertically aligned

and filled with dark contents (Fig. 53, at right).

. Foliage

éalliétopﬁyton foliggé frééUently occurs in association

with stem specimens. ‘Entire fronds are occasibnally
connected to the stems, but more often only petiole bases
are found attached.A The attached fronds are always small,

~ measuring about 4 - 8 cm long. Maﬁy of the attached petiole
béses, however, are up to 4 - 57times as large as the bases

- of the enﬁife leaves (Comp. Fig; 73, 74). These larger
leaves were, therefore, prébably as mﬁch as 25 - 30 cm long.
Individual fronds are typically bi-, tri-, or quadripinn-
ately compound with laminar’pinnules. Dichétomouslyk
branched;rachises are nogxtypiéal of Callistophyton frondé
‘(Delevoryas, 1956; Stidd and Hall, 1970b),fbut the occurr-
benCe'of ohe Middle Pennsylvanian specimen with‘a dichato—
mizing rachis (Fig. 76) éstabliéhes the présence of this
feature in the genus. The :emaindef of.the frond dissection
is pinnate;Awith thehéucceésive orders of'pinnae E?fn in
two'réhks, and at nearly right éngles_to the barent order of
bfghchingj(Téxt Fig. l).: Immature fronds aielfound attached
to bud and branch apices (Fig. 90-101), and can also be |
i&entified when isoléted (Fig. 84). Froqdé.of this type

,ﬁexhibit'circinate vernation, with all ordégs of pinnae
 coiled toward the adaxialvsurfaceQ .

Ca
A



The qlandular cav1t1es that are characteristic/ of the
ground tissue of CaZZzstophyton organs are typ cally quite

,@%' prominent in these’ crosiers (Fig. 84, 94, lOOY

R

In transverse sections of mature spec1mens the rachis
“typically consists of a somewhat adaxially arched, band-
shaped trace surrounded by inner and outer cortex like
that of the stem (Fig.. 3’ ,16) . The trace of a few !
specimens lS, however, abaXially arched (Fig. 73). This‘may-
be due in part to crushing of the spec1men In basal

| sectlons, add at- the leVels of primary pinnae trace diverg—
vence, some speCimens exhibit a trace that con51sts of two
adjacent bundles (Flg. 16, 82)° (Delevoryas and Morgan,
l954)t Ind1v1dual traces of the Middle Pennsylvanian
specimens have protoxylem elements positioned at the
\adaxial surface of the trace, but discréte strands are

, difficult to distinguish in all but the most basal sections
.(Fig. 83). Protoxylem:elements of CaZZistophyton porozyl-
oides occur in the center of the trace, thus. reflecting the
mesarch primary xylem developmeht inithis speCies Second-?
ary xylem is present in the rachis as a tlnuous band of

tracheids positioned at the

axial pargin of the ‘trace
(Fig. 3, 4, 74). In one spec;men, however, the-secondary
xylem is'diVidedfinto two adjagcent strands. This‘is |
probahlyﬁdue to incompiete preservation. In some specimens
the secondary wood is present at the petioiebbase oniy,abut
in others it is found in sections . distal to where the firsti'

primary pinnae traces are produced. (Flg. 83). 1In still
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other specimens no secondary tracheids are preseht at even
the most proximal levels (Fig. 16). THis latter condition
may be due to the immaturity of these specimens, but is more
‘likely merely a reflection of the ephemeral nature of some
leaves. The presence of phloem is difficult to determine in
most foliar specimens. 1In leaf'traces located in the
corte;'of éhe stem, however, phloem can be located at the
'abax1al margin of the trace (Fig. 82). The leaf. tracds of
C. poroxzyloides have been questionably interpreted as con-
centric bundles (Delevoryas -and Moroan, 1954) . In the
present study, however, evidence of phloem at- the adaxial
) margin of the trace has not been found in any Middle Penn~
sylvanlan spec1mens or any fronds" of c. poroxylozdes‘
Callistophyton traces are therefore.considered to be
collateral bundles. |

Primary pinnae traces are produced atrtherlateral
marglns of the petlole trace (Fig. 83). Individual. prlmary '
pinnae traces‘are band-shaped in transverse sections (Fig.
83). No secondary xylem has been observed accompanying the
traces of the'primary pinnae'or.higher ordersvofhpinhae.

Mature pinnules are characteristically‘much beht and
contorted in the coal—hall material. Exact pinnule shape is
therefore difficult to establish Nevertheless, several
structural features of the plnnules can be determined by
examlnatlon of peel Preparations. In.transverse sectlons,
individual plnnules typlcally exhlblt'ahpromlnent mldveln

with lamina attached to the lateral margins (Fig. 75, 78).
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In paradermal view the pinnules are alwaysfincdmplete,ibuf d
sections do reveal that they are deeply lqbed‘(Fig. 85).
The lobes are either rounded or bluntly ppinted kFig. 85) .
At the base, each pinnule is constrictedvtb a rather narrow
pointLCf‘attachment. A single midvein enters the base_cf
‘each pinnule, and diminishes_in prominence toward the tip.
Each lobe is vascularized by a single vein that departs'
from the midvein at a sharp angle, and dichotomizes 2 - 4
times toward the margin (Fig. 86). The veins have elong--
ated tracheids'with spiral ahd'SCalariform wall
thickening patterns; Veins are typlcally elther 1mbedded
within the thin-walled mesophyll (Fig. 75, 79),'or supported
by ad- and abaxial sclerenchyma.(Figzy8l). In‘one'specimen;
however, a layer of cells with dark internal contents
"surrounds the veins (Fig. 80); This_layer may represent a
weaklf differentlated bundle sheath, or may be merely_the
result of unusaal preservation. Between the veins, the
lamlna of some specimens consist of relatlvely tlghtly
packed and thln—walled mesophyll cells (Flg 75, 80). 1In
paradermal view the mesophyll cells of these specimens
usually appear isodiametticqand-fandomlyvoriented (Fig. 57).
In some'areas,‘however,_a*weakly developed, uniseriate
pallsade layer is preseht adjacentvto[the adaxial‘epidermis’
(Fig. 77). 1In other specimens thick—walled sclerenchyma
cells are present above and below the midvein, and "in some or’

all of the lateral wveins (Flg. 81) In spec1mens of this

latter type the cells near the adaxial margin are tightly
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.packed, but those toward the abaxial surface form weakly

developed plates of cells that extend at ridht angles to
the veins and are separated by large lacunae (Fig. 88, at
bottom)., A uniseriate epidermis of isodiametric cells is
present on well-preserved pinnules (Fig. 79, 80). On most
specimens, however, this layer lsﬁpoorly preserved and
inconspicuous (Fig. 81);§ In paradermal view, epidermal
cellsdareulsodiametric and randomly oriented between the

!

veins and_slightly elongated in areas adjacent to the veins
(Fig.(%é). Stomata have not been observed.‘ The epidermis
of iméature specimens is clothed in a denselmass of;‘
uniseriate, ﬁulticellular hai@s (Fig. 97- 104) " On more
mature 5pe01mens the halrs are typlcally absent but a few
hair baé@@ghave been observed on the abax1al surface of
some plnnules' Glandular cav1t1es like those of the stem
are bresent 1n the ground tissue and mesophyll of all frond
'segments>(F1g.;84 88).

Amfng presently known com-ressica form genera of
Pennsy vanian fern-like foliage, ‘the above pinnule features

v

suggest SLmllarltaes to Sphenopterzs (Brongnlart) Sternberg
|
(1825), or Marzopterts Zelller (1879) Common features of

'CaZZzstophyton follage and some spec1es of each of(these

1nclude a lobed outer margln, a constrlcted _base, and a

| 51ngle, promlnent midrib ~that enters the. plnnule -base and
dlmlnlshes toward the dlstal margln. In’ general frond

structure, CaZZtstophyton follage is typlcally plnnately

divided llke Sphenopterzs type fronds. quzopterzs leavesﬁ

i

S
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exhibit dichotomous branching of the rachis and primary

i

pinnae, and some®imes the higher order of pinnae as well.
If found in the compressed éta#é, Callistophyton foliage
would therefore most likely represent a species'of Spheno-

pteris.

‘Buds and Branches

Appendages present at the nodes of Callistophyton
grade from small .buds, to large branches that,excéed the
diameter of the stems on which they are borne ﬁFig. 34) .
In‘One specimen the.stem apex 1s represented by a small
appafenﬁly dormant bud, while the axillary branch has grown
into a large étructure with abundant sécondary tissue. A
bud or branch,is present at all the nodes in éll kﬁown
specimens. The'smailest buds consist bfia parenchymatous

mound of tissue with two oppositely-placed, scale-like

" leaves of cataphylls (fig..103—104). Internally, there is

no evidence of tissue differentiation. The leaves are borne

atbright ahgles to the plane of bud divérgence from the
] .

steﬁ, and thefeforq appear to be positioned_at the sides of

‘the bud (Fig. 103). Distally the ;eaves-exténd beyond -the

bud apex (Fig. 104). Both the bud apex and the.scale’

leaves are.clothéd in a maés of multicellular hairs

“identical to those described on immature leaves. Somewhat

1arger buds bear a larger number of leaves 'in a spiral
arrangement. Examination of leaf position and the

divergence angies of successive leaf traces suggests that
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the first two leaves are in a 1/2 arrangement (Fig. 90).

Subsequent leaves are apparently arranged in a 1/3, and

then a 2/5’phyllotactic‘spiral{ The bud axes exhibit very

-

.short internodes at the base; the first six leaves often
occurring within a distance 6f 5 mm or less.

 The apical region of the buds and branches is
‘ P
constructed of a homogeneous mass of thin-walled cells

-

(Fig. 105), which presumably represent-a region of pro-

meristem. Although the absence of well—preserved,tﬁid—

longitudinal sections of this area leaves the exact histol-
ogy of the meristem somewhat questionable, available sections
suggest that the first 1 -3 cell»layers at the apex are
oriented parallel to the surface The-adjacent cells

appear, to be isodiametric and randomly disggagd as in the
promeristems of many liv1ng seed plants (Esau;*lQGOT”””"

/2 In.somewhat mdre»prox1mal transverse sections procambium
can be;identified”(Fig. 91; 99). This grades proximally
Ainto a region where bith, brimary xylem~and\cortex are
evident (Fig. 90, 96, 102).” At still more proximal levels
secondary tissues“are‘present (Fig 40)‘ ~The largest ;
speCimens are regarded as axillary branches and are like the’
previously described stems at all but the most proximal

ievels. The basal scale-like leaves are typically absent

L

fromﬁthe axillary branches,. but closely spaced leaf traces

can be identified in section view. Specimens - w1th five or.

more 1eaves usually eXhlblt ~secondary xylem and phloem at the

T The—
prox1mal levels. ThlS indicates that no subsequent
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internodal elongation takes place in this region. Primary

xylem is difficult to identify in the base of all but the

most well-preserved specimens (Fig. 107). oMore distally;

=3

- the secondary tissues decrease in - thlckness, and. the primary

xylem strands become larger and more readily 1dent1f1able\
The flrst 4 -6 leaves produced at the base of the buds and
branches are small and entlre, but subsequently produced
fronds exhibit pinnate dlssectlon like the previously

descrlbed follar material (Fig. 104, 90-95) .

The CaZZustophytonGpdroxyZoides stem apex described by

- Delevoryas (1956) was also studled in thlS 1nvest1gatlon

The specimen can be dlstlngulshed from an 1solated ax1llary
bud by several features. All the preserved leaves of the\
bud are plnnately compound structures, and are in an
apparently 2/5 arrangement (Fig. 100 101). There is also

some. dlstance of internode preserved below the bottom of the

most prox1mally attached leaf (Fig. 96) The prlmary body

‘is immature throughout the speCLmen, and at only the most

. -proxrmal levels are even protoxylem elements developed (Flg._

96 102) These features suggest that a 51gn1flcant amount

of 1nternodal elongation 1s possible at the base of the

apical nud. The long internodal dlstances present in

p
several more mature. stems indicate that a large amount of

internodal elongation dld in fact take place in mﬁny

.spec1mens. When viewed in transverse sectlons the pro-

i
cambium of CaZZzstophyton poroxyZozdes appears as a

‘/cyllnde;, rather than a rlng of 1solated bundles (Flg 96) .
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This is probably due to the ract that the mature primary
v bundles.of_this species are laterally adjacent. In compar-
able sections of the Middle Pennsylvanian, CaZZzstophyton,
where the bundles are not laterally confluent, one would

W,
expect to see a ring of procambial strands.

Roots

o X

‘The roots of Callistophyton have not previously been
reported. The specimens described here are . | P
often attached in the axils of buds or branches (Fig. 105),
but can also be 1dentified when 1solated Roots may be as
vlarge as the stem that bears them (Flg. 35), but are
- usually much smaller (Fig. 108, l09). The largest knownf
= .
root specimen (Fig. 2) 'is assignable to C. poroxyloides
vstems, and measures 1.2%cm in dlameter. This, and other
large roots (Fig. 6) exhibit abundant secondary tissue.
The remainder of root specimens grade in size to minute
rootlets with no evidence of secondary development (Fig.
‘109) Some spec1mens branch profusely (Fig 105) espe01ally
near the base.> Others are apparently sparsely branbhed
beyond the most basal levels. Branching is initiated
opposite one of the two protoxylem points (Flg 110), but
no other consistent frequency or sequence of branching is
evident. ‘ , _‘4' Lo LY | |

In transverse sections 1nd1v1dual roots are exarch

and diar:h (Fig. 2) The primary_xylem»is surrounded by a’
zone of thin:walled‘cells"that represent primary cortex

B
{

] . , :



o

43
(Fig. 1ll). No primary phloem or endodermls could be

identified. This may be due in part to the lmperfect

preservation of the small CaZZzstophyton roots (Flg lll)l

Cells of the cortlcal reglon are isodiametric in trans-
’,verse sections, ‘and some contain'dark contents (Fig. l05:

111). In longitudinal sections these cells é&e rectangular,
* and axially elongated 3 - 4 times their diameters. Cells'
b.w:i_th,<d:::11.*]< contents are often vertically aligned and super-

ficially appear as resin ‘canals. The'outermost 1 -2 "
cell 1ayers can be dlstlngulshed by an absence of 1nternal
contents, and may represent a poorly dlfferentlated
epldermls - (Fig. lll, at arrow).

Laf%er roots typlcally eXhlblt abundant secondary

tissues (Fl '

35' 105) Secondary xylem 1s like that of

1Aace of radially allgned segments of_
tracheids lFl@ﬂ th ln transverse sections these rays
dissect the secondary wood inﬁc two distinct;regions (Fid.
6) . Vascular cambium‘and(secondary phloem;like'that of»the_d
Stem’surrounds the secondary xylem. This is in turn
surrounded by a fem_layers : )rtical cells, and periderm:
(Fig. 2, 6). In the Middle Pennsyl anlan”spec1mens many of
the cortical cells are COnSplCUOUoly large (Flg. 2) and
distinct in transverse sectlons. ThlS feature has not been -

observed in the roots of C. poroxylozdes The.periderm is’

composed of several 1ayers of radially allgned thln—walled
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cells (Fig. 2). 1In some specimens the periderm forms a

continuous cylinder at the exteriorpof the root.p In others,
however, the peridermqappears to be broken into segments
“‘when viewed in transverseAsections. The segﬁents are most
vwidely separated at their outermost points, and are,
therefore, probably broken apart by ‘an increasing stem
diameter.‘ The periderm apparently originates in the mid-
region of the primary cortex. This is evidenced by speci—';
.mens with a small amount of“secondary xylem. In these, the
prlmary cortex is delimited into inner and outer zones,
Wthh are separated by a celLular dlscontlnulty. The outer-

%

most 1 - 2 cell layers of the inner cortex of these specr—
»mens probably represent the first formedﬁperlderm cells.
Perlcerm development is probably from a definite internal
phellogen‘as eVidenced‘by the radial alignment of peridermal
cells. In this respeot the development of'the root periderm
differs from the periderm in'older stems.

3

Primary Vasculature

The primary vasculature of ¢ Zistophytr poroxyloides':'
is descrlbed as con81st1ng of leaf ‘aces that enter the
stem and pass bas1petally (Delevor: s and Morgan,’1954).

The nnmber of bundles seen in stem ‘cross sections is
described as about 9. Individual traces are double stranaed
near the,base of therleaf, and single'stranded at more

proximal levels.

The primary vascular system of C. poroxyloides and the
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Middle Pennsylvanian specimens have been examined in thls
study, and are found to be essentially the same (comp Fig.
44 and_47). The vascular system is interpreted as con51st—
ing of independent axial bundles or sympodiaf and leaf
traces. The sympodla extend ax1ally through the stem,

and each produces 1eaf traces. This-is similar to the
-structure of many seed plants including Lyginopteris,
Archaeopteris and those extant conifers with spiral phyllo-
taxy (Scott, 1923; Namboodiri and Beck, 1968a% Beck, 197C' .
The terminology and leaf numbering system used 1s con51stent
w1th ~that of Namboodirl and Beck (1968a). In the preparation
‘of vascular system reconstructions the most dlstal leaf 1s.
,a551gned the lowest number, and moxe prox1mal leaves are .
as31gned progre551vely higher numbers. ‘Consequently, the - /0
earliest formed leaves,-which one would'expect to have the
lowest numbers, are‘those'with the highest numbers. This .
seeming inconsistency is the result'of a convenient number-
ing system for the study of stem apices, and can be somewhat
confusing when trying to rnterpret mature stem specimens.

It 1s, however, used in the present study so that one can

readily make comparisons with prev1ously described material. Sl
. . % a0

Callistophyton stems are examined in transverse Section,

" with serial sections (Text Fig. 2) used to'construct a s
composite diagram of the vascular system. Unfortunatelyg“

because of imperfect preservation of some stems and the long

'=fdistance between nodes of others reconstruction of the

prlmar vascular system cannot be made from any singile

5
R

I M
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2, Prlmary vascular structure of CaZZzstophyton

Short segment of stem illustrating the
pattern of bundle division between two nodes.
Longitudinal diagram of bundles at center;

. numbers above bundles indicate successive leaf

traces. Lines above leaf' traces indicate

“vascular tissue to ax1llary buds or branches,
ahd to adventltlous roots.. Serial transverse

sections of stem, at left, to illustrate the
primary bundle pattern at the indicated
levels (CB-S-11). Transverse sections of
stem, at right, to illustrate the’ primary

: bundle pattern in the Autun material (redrawn

from Bertrand and Renault, 1886b). See text.
for more complete explanation. :
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specimen. wTo&grepare such a diagram the pattern of the

I{ T — /

vascular. bundles in short segments must first be determlned.
——

If a consistent'patte%@ is found, it may be superimposed
upon itself to reveal the structure of the vascular system.
ln Text Fig. 2 (at.left) a specimen with two departing leaf
traces is- depicted as if the vascular cylinder were split
.open“next to the departing 1eaf trace at the lower node, and
layed out flat with the outer surface.facing the observer.
In this Vlew,nine bgadles and a double leaf trace are
present at the lower node. If the bundles are numbered 1 -
9 from left to right, the following pattern is observed.
Bundles l —-3, 7 and 9 extend undivided to, the node above.
Bundle 6 divides near the base of the 1nternode, and bundle

8 d1v1des somewhere in the mld—reglon of the internode.

Bundles 4 and 5 form the double trace of the leaf that is

. glven off at the}tpper node. This pattern is con51stent for
all Middle and Upper Pennsylvanlan spec1mens examined. Thus,
if one assumes that the pattern between_any two nodes is
consistent within a single specimen, as it isvin seyeral
othgr previously described seed plants (e.g. Lyginopteris,
hScott 1923; Stenomyeloﬁ, CaZamopitys, Callixylon, Beck,
1970' seperal extant conlfers, Namboodiri and Beck, 1968a,
1968%), then the prlmary vascular structure ‘can be
reconstructed Text Fig. 3 represents the reconstructlon of
a section of vascular system composed of several-nodes and

internodes, and shows evidence of 14 leaf traces. The

vasculature is seen to consist of 5 axial bundles (Roman
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Text Fig. 3. Axial vascular system of Cal@zstophyton The
‘ diagram is constppc;ed by spllttlng the stem
open next to a sympodium and laying it out flat
with the outer surface facing the viewer. The
system consists of five sympodia (Roman
numerals at bottom), and leaf traces that are
numbered consecutively from top to bottom.

ReF

e
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numerals in Text\Fig..3) 1hat‘produce leaf tra@es{in a 2/5

In trans-

verse sections of stem speCﬁmens the lelSlon of a %%1al
bundle to produce a leaf trace is flrst recognlzed H? an
enlargement of the bundle and by the division of the proto-
xylem strand (Text Fig. 2). This iégfollowed by a dichotomy:l
of the bundle to form the leafrtrace; The axial bundle
vcontlnues distally for 5 nodes before agaln“d1v1d1ng to
produce another leaf trace (Text Flg 3)v; The leaf trace.
extends through approximately two and one half internodes
and then divides to produce a double trace (Text Fig. 3).
This double trace,continues through another one and one-half
internodes before entering the base ofvthe leaf. Each leaf
trace is, therefore, recognlzable at a level that is four
nodes below the base of the leaf it supplies (Text Fig. 3).
The direction of leaf trace'diuergence and the direction of
ontoéenetic spiral are the samelkText Fig, 3).' This is
consistent wlth the pattern in'Lyginopferis/(scott; 1923;
Beck, 1970), and those extant conifers that have 5 sympodla
(Namboodiri-and Beck, 1968c). The direction of splral in.
Cailistophyton is‘typically dextrorse (to the right in Text
Arlg 3), but a few spec1menﬁ”exhlb1t a siristrorse (to the
left) splral ~ One stem w1th a dextrorse splral produces a
bud w1th a sinistrorse spiral 1ndlcatlng that the difference

is not of taxonomic value.

A reconstruction of Callistophyton nodal vasculature is
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presented in fext Fig. 4. At the‘level’;} leaf“tréce
divergence those bundles that flank the departiﬁg leaf_.
trace (Fig. 48, ‘at large arrow points) undergo an unequal

~division (Text Fig. 2, 4). The éﬁaller segment is prdduced
toward thevﬁéparting leaf trace. . 'These two bundles extend
distally in the axil of the leaf traée; and fuse to form the 
vascular tissué in the base of ﬁhe root mass (Fig. 108, Text
Fig. 4). Before the bundles fuse, however, each gives off

a few tracheids'that extend inﬁo the base of the axillary
bud or branch (Fig. 48,»é£ gméll arrow points; TextJFig. 2,
4). For the sake of clarit;)theSé are depicted as discrete
bundles in the £ext figures. In the actual specimens
discfete\buﬁdle; ére difficult to identify below the fourth
or fifthjnodéw:% the bud or branch (Fig. 49). ‘At nodes of -~
the stem where no réoté are present the two strands diminish

in size and tefminate in the cortex above where the tracheids

are given off to the base of the bud or branch.

Ly
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Teéxt Fig. 4. Stereo diagram of nodal - asculature with a
leaf trace diverging at right.  Sympodia are
indicated by Roman numerals at becttom, and
agree with those in Text Fig. 3. ' Leaf traces
are indicated byunumbers at the top, and also
agree with those in Text Fig. 3. Note the
origin of traces to the axillary bud Pnarrow
black lines) and adventitious roots from

. ' .sympodia I afd V.
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OTHER CALLISTQPHYTON-LIKE PLANTS
- ¢ . .

Several plan?s'from Penhsylvanian sediments of North
America and Permp Carboniferous strata of France have a
vegetatlve str cture that compares closely Wlth that of

//4llmstophyto . . None of these, however, has»ever been*’
examined with regard to possible taxonomic relationships to
the'Callistophytaceae. Plants of this type include species
of the genus Poroxylon Renault (1879b), Calamopitys kansanum
Baxter and Roth (1953), and Lygtnopterzs sSp. (Reed 1926) .

Ry ¥
1

*The Poroxylaceae

The family Poroxylaceae Renault (l879a) is represented
by the 51ng;e genus Poroxylon Renault (1879b) Specimens
con51st%$§ sgems w1th attached petloles7 buds and branches,

.and assoq1ated roots. Slmple, strap shaped leaves are
present an.@he same materlaL, and have been a551gned to the 4
other Pd?oxylon remalns by assoc1atlon and presumed

’{_anatomlcal s1m11ar1ty.v Oon” the ba51s of leaf morphology, the

Poroxylaceae is currently recognlzed as a family of the

Cordaltales. Nevertheless, the 51“1lar1ty of the other
M

organs to the monostelic seed fernsuhas been recognlzed by
several authors (Scott, 1900, 1923; Seward 1917). and a-
.close comparlson to CaZZzstophgton is reflected in the
spec1f1c eplthet ‘of C. poroxylozdes (Delevoryas ‘and Morgan,l

1954) "It also. has been suggested that if the presently
- 5 . .
Sty
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recognized Poroxzylon leaves are found to belong to another

plant then Poroxylon and CdZZistophyton may have to be A
combined (Delevoryas, 1962). '

There'are currently three,recognized species of
Po?oxylon. The tvpe species P. boyssetit Renauit (1879b)
and P. edwarésii'Renault (1880) are 5est:known. A third
species, P. ;tephanénse Bertrand and Renault (1886a), is
described.inmonlyﬁone publication; and. has not been figured.
Two additional . spec1es P d;;;;;E;ET‘Renault (1879b) (=Het-
erangzum) and P. sutclszz¢ Scott (1909) have been found to

represent other kinds of plants and are not retained <4in the
genus (Seward, 1917; sdatt and Maslen, 1910). According tob
Renault (1879b, 18805 Poroxylbnrboyssetii and P. édwardsii
occur at the same locality nearrAutun, France. The’ Poro -
zylon material investigated in this‘Studivis from Autun.
Specimens are either labeiled Popomyldﬁjedwardsii,bor merely
PoroxylonJ All these spec1mens are spec1flcallv equ1valent
Addltlonal information.on the structure and anatomv of
P. boyssetit and P.‘eduardszp is found 1n several pub11C7~
'*ations where numerous"photographsband 1ine.drawings are _
presented (Renault, 1879b 1880 1393; Bertrand and~Renault,
1886b; Seward 1917; Scott 1923) As originaliy‘described
these two spe01es are extremely 51m11ar._ They* differ
prlmarlly in only one feature, the structure of the'second—
ary phloem (Renault 1880) |

The Porpxylon materlal from Autun ConSlStS of stems,

'buds:and branches, petloles and roots. In all aspects the

el

N ~
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featur§s of these Poroxylon organs agree'with‘those‘of .
Callistophyton. Poroxzylon specimens also exhibit agillary
branching like that of CdZZistophyton Comp. Fig. 10, 14, 17Y.
Stems of Poroxylon are typically slender (up to 2.3 ém in
diameter);”often with éistantly spaced and'slightly swollen
nodes. vIn,section view the stemrcbnsists of a pafenchyma—
‘tous pith surrouﬁded/by a ring of primary bundles énd second-
ary xylem (Fig. 45)._'The leaf traces consist of two adjac-
~ ent primary bundles, and the primary xylem exhibits an exarch
ﬁatﬁration as do the Middle Pennsylvanian specimens of
Callistophyton (Fig. 39). The number and position of axial
bundles as seen~in transverse seéﬁ{sns of both nodél and
internodal levels are ‘identical Qith those of éaZZiétophyton ‘
(Comp. Fig. 44, 45, 47; Text Fig. 2). The phyllotaxy of
Poroxylon hés been examined and is interpreted as that which
produces a-5/13 leaf arrangément (Begtrand'and Renault,
1886b}.  The diégrams of‘tHese authors, however, reveal that
wedges of secondary woédrraﬁher‘than primary'bundles were
used in the phyllotactic interpretation (Fig. 198-200 of
Bértrand\and Renault, lé8§b?. The number and dispos%tion of
primary bundles at both nodéi énd iﬁternodal levels 1is
_idenﬁical'with that of CaZZistopﬁyton (Text‘Fig.‘2); Con-
seguently, the branch speciméﬁs‘are reinterpreted aé having

a 2/5 phyllotactic arrangement.

Anatomically, the Autun Poroxylon specimens are similar
to Callistophyton poroxyloides, and identical with the Middle
Pennsylvanian specimens. The anatomicaleéatures of. Poro-

xylon are figures‘(Fig, 66-72) for comparison with' those of
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the Middle Pennsylvanian CaZZistophyton (Fig. 57 6 % .and |

C. porozyloides (Fig. 50-56). As in the North Amerféanxﬂ{

specimens, the primary bundles of Poroxylon have a strand

of parenchyma with protoxylem elements positioned at 1ts,."”

centripetal side (Fig. 39). Protoxylem elements exhibit'
wall thlckenlng patterns of the spiral and scalarlflorm
type (Fl;: 68) . - Metaxylem elements are pos;tloned’at the
centripetal and lateral margins.of the trace, indicating™an
exarch maturation pattern llke that of the Middle Penn-
sylvanian CaZZtstophyton-spe01mens (Fig. 39).' Metaxylem
elements have either oval bordered pits, or réficulate wall
thickenings (Fig. 68). TheJSecondary xylem of Poroxylon
consists'of alternating files of radially aliéned tracheids
and xylem rays (Fig.;675. The tracheids are large and
angular, with up to 6 rows of alternately placedvbordered
nits on the radial walls (Fig. 66, 70). The rays are very
high (Fig. 66), and most often biseriate (Fig. 69). 1In-

radial sections the ray cells'are rectangular like those

P

-described. for CaZZzstophuton (Comp. Fig. 50, 57, 66). The

o

secondary phloem of P edwardszt is identical with that of

,parenchyma that alternate with phloem rays {(Fig. 71).. Inla

radial plane the sieve cells and,phloem ray parenchyma cells

alternate. The secondary phloem of P. boyssetii is less
P ,

prominent,than that of P. édwardsii,‘andvradia; alignment

of %he cells is not ev1dent (Fig. 13). There is also only,a

small amount of secondary wood in P. boyssetzz (Fig. 13).
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rtoyssetii and

. ]
P. edwardsii are therefore equivalent to the developmental

The pée;umed specific differences between|}

differences among the Callistophyton stems described
earlier. In #his regard, these two Poroxylon‘species may be
Hregarded as younger (P. boyssetii) and olaer (P. edwardsﬂi)
parts of the same sgecies. |

In section vieﬁ the petiolee and roots of Poroxzylon are
identioalvwith those of Callistophyton (Comp. Fig. 3, 4, 15,

16; and 2, 6, 9). In section view the petiole of Poroxylon

consists ofwa slightly adaxially arohed, hand—shaped trace
with,anlebaxially placed band of'secondery wood (Fig. 15).
The trace.is Surrounded.by a broad zone of thin—&alled
é&rtical cells, and a narrower‘outer zone"of cortex with
L&onoitudihally disposed sclerenchyma strands. Like those of
Callistophyton, the ropts of Poroxyloﬁ are diarch with a
wide’zonelof secondary xylem, and a prominent ray opgosite
each protoxylem strand (Fig. 9). Secondary phloem ahd.
periderm are present“at the outer margin of more mature
roots (fig; 9). Tetraroh roots. have been reported for
Poroxylon, but have not been found in attachment to the
stems and have not been figured. Roots of thls‘type have
not been observed in this study, and may belong to some
~other type of plgnt._

The other Poroxylon spec1es, P. étepkaﬁense, Bertrand
and Renault (1886a) is from deposits near Grand Croix, and

is descrlbed as. ﬁlfferlng from other Poroxylon spec1mens in

only mlnor,respects. These include larger leaf traCe
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o

bundles, and more secondary wodd in the 'petiole than was

found in the previouslf#described material.’ In Callisto-
phyton, both these features are quite variable. 'This
material may therefore be equivalent to the'Autun species.
The isolated leaves that are attributed to:Poroxyio#‘
are.found in association with P. stephanense (Bertrand and
Renault, 1886a) . These leaves are described and figured by
Renault (1893, Plate 75, Fig..4—10). In_section view, they
arelcharacterized by a band-shaped region of vascular |
tissue surrounded by a thick zone of parenchyuatcus cortex
(Renault, 1893, Plate 75, fig; 4-6, 8;?10)f The ground .,;
tissue also eXhlbltS longitudinally oriented hypodermal
fibers below a uniseriate epidermis In.these reSpects

8

this foliage agrees with the structure of Poroxylon petloles;

14 .
ir

Agreement with Cordaztes leaves lS, however, more pronouncf
E :
‘ed., As in Cowdaztes, the foliar vascular tissue con51sts

N .

of several parallel bundles that are separated by cortical
il N ‘

parenchyma (Renault 1893 Plate 75 Fig.ar 8) . The trace

é‘
of Poroxylon petioles con51sts of either a 51ngle bundle,

or laterally ad]acent strands (Fig 15) A continuous ba. .
of secondary wood accompanies the'traCe of Paroxylon, while
in the associated fcliage and Cordaites leaves-a separate

'

patch of secondaty &ood,accomﬁanies each isolated bundle
(Renault, 1893; Harms and Leisman, 1961). It may be noted .
that the epidermis of the associated foliage exhibits long-

itudinally oriented rows of stomata between the hypodermal

fibers. ThlS is a feature of Cordaztes leaves (Good and

i

=2y
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Taylor,'1970). Stomata have not been observed in the
petioles of eithexr Porozylon or Callistophyton. The
secondary tracheids of the foliage are guite narrow, with
only 2 - 3 rows of pits on the radial walls. vThis type df

secondary tracherdgla,tﬁplcal of the secondary wood in
P

ey
Y

stems and, leav%s§o§dcé%daztes. The secondary tracheids in
‘ the stems and petleles of Poroxylon are larger and eXhlblt
4 - 6 rows of pltS on the radlalﬂwalls.‘ In addltlon,_the_
glandular cavities present in the ground tissue of L@&“
Poroxylon are absent from the foliage. The above featnres7
clearly indicate that the assocrated foliage does not
»pelong to the Poroxylon remains. On the other hand, the‘
Kisolated foliage does agree:clOSely with features of
"tynical Cordaites leaves,~.This similarity is mostlpro~

-

nounced when a comparlsod
& B .
Renault (1879b) In transverse section specimens of (.

fis made'with Cordaites'crassus

erassus eXhlblt hypodermql ‘fibers accompanying the veins
(Harms and Leisman, 1961). Sclerenchyma strands of this
type are also present in the'previously‘presumed Poroxzylon
foliage (Renault,'l893l. No bundle sheath is described for
this foliage, but tissue déscribed by Eertrand and Renault

|
as a later cambial zone (Bertrand and Renault, 1886b;

B

Renault, 1893) surrounds each bundle, and agrees w1th the.
structure of the ‘bundle sheath in (. c¢rassus (Harms and
. Leisman, 1961). Since secondary tracheids are not?present

in the laminar parts of Cordaites leaves and the greund ’

tissue of the French foliage is quite thick, the foliage

»
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previously'attributed to Poroxylon apparently represents
the basal part of a Cordattes leaf; probably ¢. crgssus.
In thlS regard it is interesting to ndte that specimens. of
C. crassus were first described from material that yields |

the Autun Poroxylon remains (Renault, 1879b)-.

: faZamopttys kansanum Baxter and Roth (1953) is.

AN

Calamopitys kansanum

descrlbed from the Fleming" Coal of southeastern Kansas. It
occurs in the same material as some of the Middle Penn-
sylvanian CaZZzstophyton ~specimens (Baxter and Roth, 1953).
This species is represented by a single spec1men that
consists of a short section of stem (Baxter and Roth, 1953). -,
The preserved stem section represents an area located
.Just below a node; where a leaf trace (lreparatory strand"
.oleaxter andvRoth,‘l953) is separating from therstele i
(Fig. 7). The specimen is identical in all respectdeith‘
smaller Middle Pennsylvanlan CaZZ@stophyton stems from
IllanlS, Kentucky and Kansas. ‘It consists of a parenchy-

matous pith surrounded by 9 prlmary bundles.and the leaf

o
trace (Fig. 46) No secondary wood accompanles the trace
in this spec1men. Several rows of radlally allgned

trachelds and xXylem rays surround the plth area. The

i

camblum, phloem and inner prlmary cortex are crushed and
poorly preserved. A narrow’ zone of sclerenchvmatous prlmarv ’
cortex forms the outer margln of the stem’ A single outj

ward proyectlon from the cortex (Flg. 7, at arrow) is & ., >



63 ..
preserved in this specimen, and conforms to the structure of
the cortical appendages of the_other Middle PennsYlvanian";i-*'

Callistophyton specimens.

BTN R
K

Lyginopteris sp}

A small apparently. decorticated stem fragment from
Upper Pennsylvanian dep051ts of. IllanlS has been tentatlve-lb
ly identified as Lygznopterms'sp. (Reed l926) . The

specimen measures 4 mm in diameter; and: con51sts of a

parenchymatod?i ch surrounded by prlmary xylem bundles and

Ry ¢ .
secondary wood. ) Maturatlon of the prlmary xylem is mesarch

by

and the primary bundles are d;rectly»adjacent to‘one_l
another as in_CaZZistophytonJéoroxyzaides. The stem“
j‘fragment exhibits a continuous zone'df secondary woed
around the pith area as in an 1nternodal section of C
poroxyloides. Slnce the spec1men is from dep051ts that@are
stratigraphically and geographlcally equlvalent to those
that bear (. poroxylozdes it may be regarded as a poorly

preserved spec1men of the latter.

hd



-TAXONOMIC CONCLUSIONS

From the preceeding comparisons it is clear that the
‘Zpiants previously described as Poroxylon boyssetii P.
:admardsii,"Cadeopitys kansanam and Lyginopteris sp. (Reed,
1926)»arefgenerically equivalent to specimens of CaZZisto—
phyfonfjlbrdinarily Poroxylon Renault (1879b) would have
prlorlty and CaZZzstophyton Delevoryas. and Morgan (1954)
would be regarded as a synonym. In this instance, however,
the generlcchame Poroxylon was first used for a fossil
conlferous wood fragment from the Tertlary of Germany
(Andrae;fl850) - Poroxylon Renault must therefore be regard-
ed as a later homonym of Poroxylon Andrae, and Callzstophgton
'Delevoryas and Morgan (belng the ranklng synonym) becomes

" the valld‘generrczname.< CaZZzstophyton poroxyloides
DeleVoryas'andaMorgan (1954) may be regarded as the type
spec1es, with Lyglnopterzs sSp. (Reed 1926) belng a speci-
men. of the spec1es The Mlddle Pennsylvanian Callistophyton
materral together w1th spec1mens prev1ously descrlbed as
Pbroxylon boyssetzz,tP. edwardszz and CaZamopztys kansanumh
~represent a. second spec1es[of CaZZzstophyton Among the.f
‘names used for thls spe01es Poroxylon boyssetlt "Renault
'g(1879b) has prlorlty : The spe01es is therefore de51gnatedg
'\as the new comblnatlon, CaZZzsﬁophyton«boyssetzz-l
Material'described»as'PoroxyZonistaphanense Bertrand
fandeenaqlt,(1886a5'from:Stephanienfage'deposits of“France

64 . &

LN
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. ’ o j’ ‘ .
may represent additional material of Callistophyton boyssetii.
. :

At present,‘ﬁowever, it is so poorly known that_PoroxyZon

stephanense must be regarded as a dubious species until

such a time as the original material becomes available for

re-examination.



CLASS: PTERIDOSPERMOPSIDA Oliver and Scott, 1904.

FAMILY: CALLISTOPHYTACEAE stidd and'Hall, 1970b.

, .
emend.--Plants with slender stems, producing pinnately

CALLISTOPHngg/ﬁgI;§oryas and Mgrgah} 1954. Diaghosis
compound frénds anaﬁaxillary buds or branches at each node.
Adventitious roots present at somé nodes. Stemsv
up‘to 3 cm in diameter, constructed of central pith
surrounded by primary xylem_bundles. Bundlesvnumber 9 - 13
in séction view, consist of 5 axial'bundles and'léaf traces.
Leaf traces double straﬁded qt leaf base. Co?féx composed
of thick parenchymatous inner éone, and outér zone‘with
hypodermal fibers.. Secondary tissueé well developed in
oldefvséemé; absent from stem, branch and.bud apiceé.
Secoﬁaary xylem of large tracheids, rays 1 - 5 cells wide.

Distinct vascufar cambium with fusiform ané'ray initials.
Secgndary phloeénof rays alternating with %adial files of
éievé cells and phloem parenchyma. Peridefm typically 2 -
S,layéijof radially éligned_cells; ;Q;ék zone of.randomly
arranged cells in.largest épeéiggns.  OydidQSpheriqal

secretory cavities with epithelial 1ihing and occasional

Sy

amber-colored. contents present in primary ground tissue of
all plant organs. Leaves typically bi- to quadripinnape;y

66
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compound with occasional dichotomous branching of petic e.
Leaves a£ base of buds ahd branches simple, scale-like.
Racﬁis and pinnae-traces band—shqped in tfansverse sect ns.
Continuous band of secondary Qood accompénies petiole t :e
in some specimens. Pinnﬁleé with lobed margin; constricted
at base. UBtimate veins branch dichotomously. Roots
diarch. ‘Secondgfy vascular tissue like that 6f stem; a
promiﬂent ray opposite each protdkylem strand. Periderm

of radially aligned cells.‘ Pollen organs abaxially borne
oéglaminar fronds; synangiate with monoéaccate, sulcaté
é@hlen. Ovules bilateral with free nucéllus; vas<dularized

il . , :
@% two integumentary strands and basal nucellar disc.
43 ' ’ :

w .
v

OWikle attachment unknown. ' |
! x N -

4 \mj‘)‘ (\l . J

- Type species: Callistophyton poroxyloides Delevoryas and

Morgan, 1954. o .
- SYNONYMY
1879 Poroxzylon Reﬁéult. Structuré>Co£parée de
Quelques Tiggé de la Flore Carbonifére; Nohvelles
Archieves du Muséum d'Histoire Naturelle. Tome”
Vdeﬁxieme.‘ Libraire de 1l'Académie dé médécine, Paris.

p. 272. (non Poroxylon Andrae, 1850). ' o ,

CALEISTO?HYTON POROXYLOIDES Delevoryas and Morgan,
1954 . Qiagnosis emend.--Characteristics of species those

of genus. Primary xylem development mesarch. Cortical

-

T

appendages having constricted base and inflated tip;
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apparently grandular. Secondary tracheids with up to 7 rows

of bordered pits on radial jwalls. !

Collecting localities: Berryville, Calhoun, New Calhoun,
Dix, Illinois.

- Age: Upper Pennsylvanian.

SYNONYMY

1926. Lyginoptertis sp. Reed. Flora of an Illinois

coal ball. Bot. Gaz. 81: 466-467. Fig. 14.

~

)
'CaZZistophyton boyssétii* (Renault) éot£ﬁél; comb. nov.
Diagnosis—-Chafacteristicé of species those of genus.
Primary xylem developméntlexafch. Cortical appendages
spiné;like, having broad basé of large cells-.and tape:ing '
to pqinted apéx of small, thick-walled cells.v %econdary
tracheids haviﬁg up to 6 rows oflbéfderea pits on fadial

walls.‘

.

Collecting localities: Sahara, Pit #11, Il}inois; Weét
- Minerél, Kansas; ProVidence,
Kentucky; Autun, France.
~Age: Middleafennsylvanian, North America. Upper Carboni-

ferous (Lower Permian?), France.

Basionym: Poroxylon boyséeti Renault (1879b).
¢ : . : :

* To be’'validated later by publication.’



SYNONYMY —
1879 Poroxylon boyssetii.‘Renault: Structure
ComBareé de Quelques Tiges de la Flore Carbonifare.
Nouéélles Archives du Museum d'Histhié Naturelle.
jomé deuxieme;_ Libraire de l'Aéaaémie de'médécine;

M

Paris. 273-276, Pl. 13 Fig. 5-13.

1880. Poroxylon edwardsi<. ﬁenault. Sur une nouvelle
éspece de Poroxyloﬂ;.,Compte Rendu des Séances de
L'académie des‘ScienCes. 91: 860-861. : |

% . ) 4
1953. CaZ;mgpitys kansanum. Baxter and Rbth.>,The‘coal—
age flora 6f)Kansas. IV. Calamopitys kansanum, a new
species ff/Q the Pennsylvanlan of Kansas. Trans.

k\
Kansas Acad. Sci. 56: 220—226.
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DISCUSSION

Relationship of Vegetative Organs

The vegetative features of PaZLa)tOUthon may be
favorably compared to those of several other Pale0201c

plants. The_most strlklngisgmllarities are with .other

monostelic seed ferns, eatures can also be

d;A#ﬁ?Ai osperms and cordaita'l—'°
eans. - The apparently scrd and shrubby habitlof
FaZZistcphwtow (Text Fig 1) is comparable to that proposed
for the monostelic seed fern, JuglﬂOpEerlf Potonié (1897)
(Scott, 1923). 'Stems with a small diameter and little or

no reduction in size toward the distal end suggest that4

several other mémbers of the monostelic Lyglnopterldaceae

and Calamopltyaceae may have had a sgimilar hablt Plants of

this tvpe 1nclude deteparaaum Corda (1845), Pheuznanazxm'j

Gordon ' (1912), Scho tastrum Andrews (1945}, CaZamoDitus
Unger (18565, and Stenomy- Zon\Kldston and Gwynne Vaughan
(1912). Many other Paleozoic seed plants have a much

larger stem diameter and apparently more.upright or
arborescentbhabit. These include the monostelic seed fern'k
Pitus Witham (1833), the "poiystelic“ seed ferns Medullosa
Cotta'(l832) and Sute’Iffia Scott (l906),‘and the cordaital

lean genera Ccrdaates Unger. (1850) and Mesoxylon Scott and

"Maslen’ (1910). Fern-like leaves and adventltlous root
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1

-production are characteristic of (Cqllistophyto: and several

other seed ferns (7.e. Lyginopteris, Heterangium, Medullosa),

but“are'notitypical'of the Cordaita&es. On the other
hand, axillary branohlng is a feature of Cordaites and
Mesoxglon as well as CaZZzstophyton and Lygznoptcrzs

In sectibn view the stems of Callistophyton are
constructed of a parenchymatousdpith surrounded by a ring of
prlmarykbundleg. The;stele-is enclosed by a broad zone of
primary cortex;'_The seoondary wood consists of large
tracheids with prominent, typically biseriate‘rays. A

B - .

definite'vascular”gambium with distinct fusiform and ray

initials and abundant_secondary'phloem are found in well-

\

'preserved, older stems. 'All‘these featdres.compare favor-

wer@s and are quité similar ta
Eat e o
¢ ’

those of Calamopitys. mSome spe01es of'CaZ?ﬁzpztys, however,

have,more compact'secondaryrwood with small ~tracheids

dand rays, and-more massive prlmaiy Xxylem strands w1th a less

<

“Qell developed plth In Pztus the trachelds ‘and- many of,

the:ﬁgys are. much smaller than those of CaZZzstophyton

¥.-

Other rays are up to ‘8 cells w1de, but<only a few - cells ln

It 2

XJ"

'gzum, Rhettnangzum, Schopflastrum) have secondary wood anﬁ

/other anatomlcal features llke those of CaZZzstoﬁ%yton, but

are characterlstlcally protostellc. Stems of MeduZZoSa and
Sutcl ffza are also anatomlcally 51m11ar to CaZZtstophyton,

but are protostellc and appear’ 1n transverse sectlons to
LN

have either two or more steles,'or one main stele
: i , -

?

.;, J - &

.helght : Several other monostellc seed ferns (7.e. Heferan— ﬁ;

~
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surrounded by sub51d1ary steles. The vascular cambium of
%
Medullosa is indistinct with no clear dlfferentlatlon of

fusiform and ray‘initials, while that of Suteliffia 1is
unknown. Other anatomical features such, as resln canals or
resin cavities are found in the lyginopterid and medullosan

pteridosperms as well as Callistophyton, but a?&‘character—

istically'abSent from the cordaitaleans. Cortical append-
ages in the form of capitate glands are found in both

. ‘ . . . L A i . L o ter{ \
Callistophyton poroxyloides and Lyginopterzgs The s s
structure of Cordaites and Mesomyloh is similar to Callééto—

— r

~~—— .

1.3pﬁytanv,but the secandary wood is much less compact in the

latter.quhe pith of the cordaiteans is also distinct, with

‘the' tlssue restrlcted to septa rather than unlformly
parenchymatous.as in CaZZistophyton. The orlmary cortex of

most Pale0201c seed plants is constructed of an inner:

- T
k

\

parenchymatous zone and an outer zone w1th longltudlnally Vo

oriented: hypodermal flbers. This structure is found 1n the///

_ monos:,l_c seed ierns, the "polystellc" seed ferns,’ and the

: ’ \

f cordalteans as well \as CaZ7tstophyt0n ‘In Lygtnopterzs and
_ /,‘r
.D@mus the flbers anastomose —r/quently, formlng what ' .

: fappears as a meshwork<xn tangentlal sectlons.l im the ot o
' g - Ao rxﬁ%x > u
forms ‘this feature ‘is @ot apparent . ' _ R
e e P h : e e
Of those Pale0201c seed plants w1th a well developed
pith'surrounded by primary bundles,'the primary vascular
structure of Callistophyton is most‘similar'to that of
Lygtnopterts .. In both’genera there are fiVe independent

1ax1al bundles that produce leaf ‘traces 1in a 2/5 phyllotactlc

JUNHELAVENI \
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spiral. The leaf traces of both divide and are double

‘stranded at the level of the leaf base. Several species of

Stenomyelon and Caaamop tys also exhibit a 2/5 Pphyllotaxy,

but are, elther pro}ostellc or have 1nterconnected ax1al

bundles (Beck

where the 1nterconnectlons are 1ncomplete (Beck, 1970).

1970) . One exception is Ca7am000tus foersted,

- Transverse sections of the primary Xylem‘of Piitus, Cordaites

and Mesoxylon

appear similar to those of CaZListophutor/ In

the former genera, however, “there are a much larger nqmber

/

of primary‘bundles, and presumably a mcre complex phyllo—

tactic spiral.

The courses of the awlal bundles have not

been determlned in Pitus or the cordaltean genera, but the

leaf traces’ are known to d1v1de more than once while

in the stem. .
leaf base of

able levels o

Consequently, there are_3 - 6 traces in the
: !

Pitus’(Long, 1963) and 4 -8 traces.at compar-

f Coraattes and Me oruac/.

%

,The leaves of ‘Callistophyton, are most like those of

Qa

- plhnately dis

e

the lygiﬁoptepid pteridosperms: Ind1v1dual leaves are L

sected . fern? llke fronds, and would be referr-‘

able to S heno;ﬁerzs or delOutéP s lf found in the ‘f |-

rarely in Cal

-
W

‘!’ - wo —"L‘.':‘\ L.

compresse& sbate., ﬁlchotomous brancnlng ‘of /the rachis i§ ®

characterlstlc of’lYganpterld seed ferns, - but occurs only

listophyton. Internallv, Caliis bph ton

fronds and those of Lygzmopterzs,, hetznangium, and Schop-

¢
ftastrum have

Callistophyto

concentric.

1
massive petiolé traces, but‘the trace of

n 1s collateral, while the others ‘are probably,

In Heterargium and in the Calamopltyaceae
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(e.g; Kalymn&) several smaller traces are typically present
in the petiole. The leaves of the meduilosan pteridosperms
are .also pinnately dissested fern-like fronds with a
dichotomously branching rachis, but are typically quite
large - and of”the Neuropteris or Alethopteris compression
types.( Internally, the rachis is oharacterized by a large
nnmber o%rsmali traces. The fronds of Pitus (e.g. Lygrnor-

achis papilio, Long, 1963) have an overall structure like

those of the Lxg;ﬁopteridaceae, but the pinnule configur-

o

_ation is unk ..v‘.;Ahove the most proximal levels there is

e » N
one massiwéi.

The leaves of Covd%}fes and Mesoxylon: are unlike those of

t the bundle is probably concentric.

elther Callistophyton or any other known Paleozoic pterido-

sperm. Individual cordaitean “leaves are Simple strao—
shaped st?dctures With a smooth entlre margln.‘ Tnternally
R E .

there are a large number of«small oollateral bundles:

..)'.

present in transverse’ sectlons oy

s ki

% ' ' ’
The roots of Calltstophyton are diarch- w1th no prlmary
4. ) a3y

J;\tylé@r‘n parenchyma. Those of Luganopterzs have 4 — 8 proto—f

]

Xylem:s rands and a large.amount Qf parenchyma at the

)

center of the stele. The,roots of He*erangtur are more

llke those of CaZZzstophyton, with 2 - 3 protoxylem strands?
and broad rays in the secondary wood: opp081te the proto—

xylems. The structure of the roots of Rhettnangzum and

Schopfiastrum are unknown. The roots of Medullosa have a

jV':'varlable number of pronoxylem strands, with 3 ﬁﬁﬂ‘aﬁglica,

Scott, 1899) or 4 (Hosklns, 1931) belng ‘the most common .

<
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. The roots of cordaitean plants (e.g. Amyelon) are also

characterized by a variable number of protoxylem strands.
Some have primary xylem composed entirely of tracheids, but
others have a promincit zone of thin-walled cells.at the

center of the stele. The secondary wood of these latter

-

roots is comparable to that ofvthe stems, and is, therefore,
much more compact than the wood of Callistophyton roots.

Among presently recognized forms of Paleozoic gymno-
sperms the vegetative features of Callistophyton compare
most closely to those of other monostel;y seed ferns,

and particularly those of Lyginoptéris. The oyerall habit

¥

as well as the structure and ana‘tor%:of the stems and
leaves are remarkably similar in Caq Zpstophyton and Lygtno—

pteris. Even the primary vascular system and branchlng

£ AN

pattern are the same. One can ea81ly understand why Callis-
tophyton was'orlglnally-as51gnedfto the,Lyginopteridapeae.

Indeed, if the fertile parts of.Lyginoptépis and Callisto-

phyton were unknown, one would be 1nc11ned to regard them

)
-

o
as two wvery closelyfrelated genera. Examlnatlon-of the

3, y . a 3

e

‘fertlle structures of’ Pall@stophyton,‘however, reveals that

w (S

. they are totally unllke those of the LyglnopterldaCeae, and

also unllke those of any other prev1ously descrlbed

L

structﬁrally preserved pterldosperm

J

Relationship of Reproductive Structures

Prior to the‘recognition of the fertile structures of

B

i

«
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Text Fiqg.

Fig.
Fig:

Fig,.
Fig}
: Fig.

Fig.

.7 Fig.

© Fig.

Fig,
" Fig
Fig.

Fig.

5.

5a.

5,

\

5cl

5d.

5e.

5f.
5g.

. 1948) .

51.

. 59.

it is separated from the

Reproductlve structures: d§ Paleozorc
gymnosperms. The figures’ from top to bot®em
are mid- longitudlnal and mid-transverse
section views of ovules, mid-longitudinal

and mid-transverse section views of pollen
producing structures, and pollen grains with
the proximal surface oriented upward..

Figures are not to scale. Vascular tissue is
represented by dashed lines .in the longltud—

”'enal\sectlons, and by large black dots in

the trdnsverse sections. In the ovules the
stippléd areasg represent integument, and the
inner lines represent nugellus and pollen
chamber. . The nucellus 1s included only where
ent. In the
e stlppled

pollen producing«structus:
areas repgdsent ground £ ™. Stippled -
areas of the pollen graing epresent bladders.
The arrows above the gralﬁﬁ indicate proximal
(upward) or dlstal (downward) germlnatron of
the grains. : ‘ ;

he structures from left to right are those of
cordaites and copifers (under C - C); those of.
the Calllstophyteveae (under C),’those of . ,
monostelic seed fi&rns-in the Lyglnopterldaceae,
Calamopityaceae and Pitus . (under M); and those
of the polystellc seed ferns (under P).

/._

Fardzocarpus '

CaZZosp>rmarton pusal?um

Cowostomau ) . ‘ o
Pachytesta (redfawn from Taqurﬁfl965).

Cordatanthus fertile scale (redrawn from.

Florin, 1951).

Idanothekion gZandchsum

Ie?aﬁéidﬁtéﬁott& drawn” affef»deecriptidn'Ofg“
Bensoﬂ,fl904) ' ‘ : g ‘

o

heteroUheca grtevzt {redrawn from'échopf,

_FZor@nzte; (redrawn from Schopfu Wllson and

Bentall, 1944)

Vesicaspora (redrawn from Millay and Eggert,

©1970) .

S5k.

51.

‘Spherical or ovoid, and trilete prepollen

grain.

Oblong, monolete prepollen grain.
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CaZZzstophyton the reproductlve organs of structurally

preserved Pale0201c gymnosperms codld be placed: ié?three
< . ey =

general categorles.v These include the structures as5001ated

w1th the monostellc seed ferns, those assoc1ated with the

polystellc" seed .ferns, and those belonglng to cordaltes

~.. and conlfers.. The structire of these organs tOgether with

p
those of CaZZ@stophyton are presented in Text Fig. 5.

Ovules, pollen bearlng structures, and pollen grains

are 1ncluded:so_that comparisons can be made hetween the

4
Y

groups. A fourth feature, position of the ovules and pollen
bearing structures, cannot be conveniently figured, but is.
1ncluded in the following dlSCUSSlOD.

Based on structure, 1solated Pa%L0201c ovules have
been placed in three form orders, the Trlgonocarpales, the
Lagenostomales,-and the Cardiocarpales (Seward, 1917) .
Among structurally prese: red Paleozoicﬂreﬁainsﬂthe Trigcno-
carpales are generally a551gned to the medullosan pterldo—
sperms, while the Lagenostomales are a551gnable)to the mono—?

stelic seed ferns (1 e. Lyglnoptelldaceae, Calamopltyaceae,

< Pitus). Structurally preserved speC1mens a551gnable to the

4

Cardiocarpales,are tradltronally assignable to Pale0201g
cordaites and conifers. ‘The.discoverywof similar compress-
ion forms in attachment .to (Granc'Eury, 1905; Seward,

1917; White, 1904; Cridland and Morris, 1960)

‘or close assodiation with (z.e. T levoryas and Taylor

1969) pterldospermous type follage, however, suggests their -

production by seed ferns as well . Spec1mens of the ' .
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h;‘Trigonocarpales are radially symmetrical and typically
ﬁthree—angled inﬁtransverae sections. The nucellus is
attached to the integumeht;at the base and free at more
distal levels. The pollen'chamber'is'of a'relatively simple
type with'an uhdifferentiated wall agd usually no organized
floor.. Vascular tissue is preseht 1n3%he sarcotesta (outer
soft layer) of the integument, ahd 1n“the nucellus from the

base to the level of the base of the pollen chamber.

Petrified ovules have not been found in attachment to

vegetative structures, but compression specimerns #re known

to have been borne on foliar fronds,(Halle, 19:

.

stomalean .ovules are typically rad;ally symmetrlc

Lageno-

1, but
some platyspermic forms are al§o known. The nucellus is

" typically attached to the lntegument at the base and at the
sides up to the level”ofvthe pollen chamber. The pollen
~chamber is a relat vely complex struacture, w1th ‘an
organlzed floor region and a pollen chamber wall .with a‘-
typically.gpeclalized apex (Rothwell, 1971). The vascular
tissae is,located-in the engotesta (innerlsoft layer) of

“'thelintegument 5n1§. {No.tracheids'are.preaent:in'the‘

r'ﬁucellus._ Lagehostomaleah orules'are kﬁbwn'to}have been
,looeel;‘enclosed,in afstrﬁcture referrea»to ae(a'cupﬁle. -As;
orlglnally deflﬁed thlS group of ovules was thought to
have been borne on: the foliar fronds of lyglnopterld pterldo
spermsf More recently, thever,.ovules of this type

(Sporne, 1965) 'have also been found in association-with the

Calamopit?ageae and Pitus (Longi‘l963), and compression

-
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. {
specimens indieate_an attachment to thé probable fronds of

-

‘Pitus (Long, 1963). Until recently;;petrified specimens"of.
the Cardiocarpales were regarded ashdjpleéiof the Cor@aét—
ales or Cbniferales. Specimens of thisitfpe are'biiaterally
3ymmetrical and flattenedf -The nucellus is attachea”to the

1ntegument at the base and free above as in the Trlgono—

carpales. The pollen chamber is also like that of the

latter group, with an undlfferentlated wall aﬁd no-organized

floor region. Vascular tissue is present injthe sarcotesta
of the integument where it usually consists of two vascular
~strands. Tracheids are also present in the nucellus, but

. 5 :

unlike specimens of the Trlgonocarpales, are restricted to

the base. Unllke the previously descrlbed ovule types,

specimens assignable to “the cordaites and conifgrs are born :

in compound conés or’strobili (Florin, 1951). re recent-

ly, some small ovules of this type have 'been suggested as

having pteridospermeus_affinities'(e.g. Taxospermu wundula-

¢

tum,Neely; 1951; Callospermarion pusillum Eggert. and Delevo-

ryas, 1960), and CaZZospermarioﬁ has been proposed'a vthe‘
‘xovule of CaZZtutophyton poroxylotdes (Stldd and Hall
i’l970b)i- Aithﬁugh CaZZospermarzon agrees w1th all the.
structural features of .the other members of - the Cardlo—‘
‘?carpales; 1t 1s‘not known to have been berne in a cone. The
only evrdence of the'attachment of this ovule is that of.
Stidd and Hall (l970a), where a single spec1men is describ-
ed in attachment to a stalk like structure Unfortunately,

the stalk—like structure,is not attached, and it is also

o
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not recoonizable as any previously described structure that
is assignable to Callistophyton poroxyloides. Nevertheless,
the association of the ovules with the vegetative remains
together with anatomical similarities (7Z.e. presence of
secretory cavities in the intequment of CaZZospermarion) and the
presence of Callistophyton-type pollen (7i.e. Vesieaspora) -
in the pollen chamher, strongly suggests that the-inter—
pretation is correct. 'In this regard, one.can consider
CaZZistophyton to .ave produced ovules that are unlike
those known for any prevlously described,'structurally
preserved,'Paleozoic pteridosperm. While at the same time,
these ovules are essentially the same as those produced by
Paleozoic cordaites and conifers. |

The pollen producing structures of the "polystelic"
seed ferns, the monostelic seed ferns,‘and CaZZfstpphyton
are all referred to“as pollen organs, and were all
presumably born on foeliar .fronds. The structure of the
pollen organs and the mode of attachment to the frond are,
however,'distinct in each group. The pollen produc1ng

“structures of Pale0201c cordaltes and conlfers were
£
stoblll or cones.' In the conlfers the cones Were ‘;;J.mple,‘~
whlle in the cordaltes ‘the cones were compound (Florln,

& 1951). | " -
ESEON

ny D T

N e Petrified pollen organs of the polystelic seed ferns
(9 g,,DoZerotheca Halle, 1933p Rhetznotheca Leisman and
Peters, 1970 HaZZetheca Taylor, 1971) consist of large,

~tubular sporangla that are fused 1nto a synanglum The :



laminar -pinnules. The pollen cones of the cordaites le.a.
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’

sporangia are often imbedded in parenchymatous, or parenqhyl

matous and sclerenohymatous ground tissue. Sporangial
dehiscente is either terminal (7Z.e. DoZeroﬁheca Schopf,
1948), or there/is no‘evidenoe of a specialized dehiscence
mechanism (7. 71 Rhetinotheca Leisman and Peters,vl970
Halletheca Tay\%r, 1971) . These pollen organs are relative—
ly large, typlﬁally measuring over one centlmeter long. bf

the above forms only Doilzrotheca has had its position on the
g

“plant determined (Ramanujam'and Stewart, in press). This

pollen organ is attached to" a medullosan frOnd with Myelo-
"Jlon—type pinnae anatomy, and Auevhnbrepzs—type plnnuleﬁ.
The pollen orqans are found in the pOSlthD that would
normally be occupied by a penultlmate pinna and its

attached pinnales. The pollen orgggg”of the monostelic seed
ferns (e.g. Crossorheca Zeiller, 1883; Telangium Benson,
1904; elangiopsis Eggert and Taylor, 1971) are. typically
smaller than thoee of the medullosans; often meaeurinq only
about l -5 ﬁm long. Iadi/idual.pollen organs are -
constructed of several' sporangia that are tused at the base
or fused to a basal stalk. lhe sporangia are either
arranged iIn a ring, or in two parallel,rows, aad some may
have been bilocular (Scott, l923;'Eggert ahdﬁTaylor,.l97l).
The sporangia are elongate structures that either show
ev1dence of longltudlnal dehlscence‘(e.j. Tebaﬂglu i s) or

MO'dehlscence mechanism. Pollen organs are borne;on the

terminal segments of fronds, or parts of fronds, WithOut
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'Cordaianthus Grand-Eury, 1877Y are constructed of a central

axis that bears secondary axes.in the axils of‘braots )

(Florin, 1951). The secondary axes bear spirally a;ranged

appendages referred to as scales (Florin, ]1951). Some of.

the more termlnal scales are fertile and bear at their tips

2 - 6 sporangia. The soorangla are elongate and arranged

in a ring, and are fused at:the base. Ind1v1dual sporangla

dehisce by'a longitudinal slit located in tne 1nwardl¥,f_//////

directed sporanglal wa%l A single vascnlaribundleﬁfrom the

tlp of the scale divides produc1ng a vascular strand that

!ruenters the base of each sporanglum The pollen organs of
éaZZzstophyton (e.g. Idanothekion Millay and Eggert 1970;
Callandrium Stidd and Hall, l970a) are constructed of a

ring of elongate ‘sporangia that are laterally fused to near

oY

‘their distal ends. Proximally,‘the sporangia surround a
column of tissue known as the central column, and dlstally
+hevy surround a hollow Dehlscenée is by a longltudlnal
slitvlocated'on the inwardly directed wall as in Cordabqn-
thus sporangia. The pol:- :n organs,are'borne on the abaxial
surface of apparently unmoélfied CaZlistophyton pinnules
(stidd and Hall, 1970a; Rothwell, 1972b)._ A single
vascular'bundle of the pinnule bends abaxially and enrers
the central column of each pollen organ. In}Idanotheéion>
a single vasoular{strand exrends from the‘central column
region( into'eaoh\sporangiun.

At flrst glance, the pollen organs of Callis tophyton
appear more llke those of other pterldosperms than the.

I L
i
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pollen producing structures of the cordaites The
relatively unfused bllocular sporangla of Crossotheca, and

 the large, tubular sporangia of medullosan pollen organs -
that are imbedded in ground tissue are,vhowever, guite

dlStlDCt from Callistophyton pollen organs.  If one compares
. L \
~ the structure of the sporangia at the. tip of "a fertile

Cordaianthus scale to a CaZZistdﬁhyton pollen organ; o

several similarities can be seen. In both cases the -
L W .

:sporangia are elongate structures that are arrange

ring. The sporangia of. both dehisce b5y a longitudinal slit

[}

,~ledf¢n the inwardly directed wall In Cordaianthis the

'Zare fused at only the base, while the CaZZ1sto—

len organs are laterally fused to near the tips,

mally surround a central column. In;both Corda--

{and Idanothekzow there is a vascular btrand that
,—rs each sporangium. In the former, however, the strand

ﬁls present at only the base, whlle in the latter the

/
_Strandsﬁéxtend to near the sporanglal tips. Vascular ‘

!

‘tissue is absent from the sporangia of Cailandrium There
L
is also no vascular tissue at the baseg of : tne Cordaza%thus

sporangia that is comparable to the vascularized central

column of the CaZZLstophyton pollen organs An adddtlonal

distinction between the pollen organs of CaZZzstophyton and

+

the sporangla of Cordaianthus is the p051tlon of attachment
_In CaZZtstophyton the pollen organs are borne on the
. abax1al surface of a lamlnar plnnule,~wh11e the sporangia'

of Cordaianthus are terminally placed.
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;‘The'ﬁolfeyiof CaZZistophyton and Paleozoic conifers

"and ?ordaltes ‘is const ~ucted of a centrgi\body“sufrounQed
. N ng\y R
by an ovoid or bliobed alr bladder or sactus. The saccus

<

is typically ornamentedvby an. internal reticulum Germin— ”
W 27 .
atlon of these pollen gralns “is con51dered to be distal a“'

in llVlng conlfers, Some cordalte or conlfer gralns exhl,

S a '
a trllete suture on the prox1mal surface.» ThlS featurenls

v
‘

absent from others; and also CaZZistophyton grains. ' One

I R

" other distinction of CaZZistbphytohggrains>is the presence
(-’ ‘ B . ) Z i
of a distal sulcus or germinafﬁfprrow,&_This feature is

e, L , ¢
present in more recent fossil and extant bisaccate conifer

grains but is»absent‘fromfFZorinitec'gratns. %Ehe grainﬁ
of'the'polistelic— and monostelio seeo ferns'can be easily
\dlstlngulshed from those ‘discudsed above. ~ Grains. of this
type .are considered to have prox1mai germlnatlon, and are

_ tnerefore referred to as»prepollen (Schopf, 1938). Grains -

<

of the monostelic seed ferns arg typically épherﬁcal or

;g.'

ovoid with a trilete suture. Prepollen of medullosan
ptéridosperms ié‘oharacteristically'oblong in shape with a

monolete suture (Text Fig. 5).

"?hylogenetic SignifioanCe of the Caiiist@phytaceae

- Much of our preéent understanding‘of the evolutiOn of

-

gymnosp rms is de 1ved from studles of the late nlneteenth

/

':and early twéhtlety centurles (Arnold 1948; Chamberlaln,v

1935). Workers of the tlme were 1mpressed by the’



e . " / «
- B A ) . 86

N . o : > ' ® v

distinctivegpharacteristics ofathe’%?O most prominent groups
v T ’ : :

of extant gymnosperms; conifers and cycads. Known foseil

A ~d \

ev1dence of the time suggested that each group could be
'traced as far back as ev1dence could be found These ideas

were_probably most concisely stgted by Chamberlain (1935)

BN
~.

'in the recognition of two separate Iines of gymnospermous
plants; the ooniferophytes éng the cycadophytes.V‘Taxa that
are included among the.coniferophytes include th:geordait;

ales, Coniferales, Ginkgoales, and:Gnetales_(Cha ;erlain,

o

©1935). The coniferophytee are‘bharaoterized‘as large,
profusely branched plants with simple leaves. In section .-
view the stems have a small pith, abundant wood and . scanty .

cortex. The reproductive structures are borne.ln strobili

. ] 3 e
Or cones. The pollen cones are either simple or compound,

but the ovulate cones age characterlstlcally compound .
Agcordlng to Chamberlaln (1935) the cycadophytes gr \\

‘represented by the Cycadoflllcales (—Pterldospermales),;

«

Bennettitales (—Cycade01dales), and Cycadales., ThlS group
G’characteryged by usually small, unbranched plants w1th

L
.~ate 1éa es. In sectlon view the ste%s have a large

4

ri.a, scanty'wood and thlck.cortex._ The reproductlve &‘

structures are borne on leaves\or leaf llke organs.' In the

3

Cycadeoidales and Cycadales the- ovulate reproductlve

structures are interpreted as being adgregated into simple’

cones (Chamberlain,'1935). Among extant gymnosperms,-the

cycads and conifers can be further divided by the structure \\\S

of the male gametophytes and the behavior of the male
. ' ) h ,

\ : ’ . e T

B .}, . 9
1) .
H



Q=

‘have pinnately compound,leaves. In .young stems the plth

f' . I
._relatively large‘and the cortex is quite thick.' Other .  /

-

gametes. In con}fers the pollen produces a pollen tube
that carries the nonmotile sperm to the egg. In the

cycads the pollen tube is apparently only an haustorial

‘ structure. The p&flen produces motlle, giliated gametes ¥

that are released in the pollen chamber gnd swiri to the- egg.

As a member of the Pterldo permales, the Calllsto—~
. . » K)
phytaceae may be regarded~as

R
[N

family of cycadophytes. In

h

respect to the aboveafeatures, the vegetatlve organs of
aZZtstophyton compare fa orably with the structure of a

typical cycadophyte. The plants are relatlvely small and

features, however, do not conform to. the expected pterldo—‘
sperm characterlstlcs. These lnclude the much- branched
nature of the stems (i.e; an axillary bud or. branch preseﬁt

at each node) and the large amount of secondary wood present
/

'in older stems. lee typlcal cycadophytes, the pollen

produc1ng organs of CaZZzstophyton are borne on leaves

As yet it is not known how the female organs were borne B

uﬁ

The reproductlve organs themselves are unllke

those of other presumed Pa1e0201c cycadophytes on the

contrary, they are very much like those of Pale0201c
N . ‘ .
conlferophytes. These 51m11armt1es are most strlklng in

'the'structure of the ovules (compare Cardzocarpus and-

'CaZZospermar1on-1n ‘Text Flg 5) and the true pollen

-

..

(compare Zormnztes and Veszcaspora in Text Fig.. 5).

*\

Although less obvious, the structure and arrangement of o

-



UQZZT,:o,thcﬁ pollen organs and a group of cordaitean3 )

. T S
sporangia are guite similar (compare the fertlle scale of %&
Cordaianthis w1th Tdanuthekw,u in Text Fig. 5) ., Thev dlfffr

} -

v'prlmarlly in only the degree of sporanglal quLOn and the

\

extent of vascularlzatlon One addltlonal slmllarltv\of
v - ; )
Sallie s cr%g*on and some conlferophytes is: the Structure of.

the male gametophyte.; The pollen of ﬂza g)LOp%Vf(ﬁ 1s

-

known to have produced a branched pollen tube that is

comparable to,the sperm carrylng pollen tuk es.of some;

‘ehtant conlfers (Rothwell l9V2a).

toe

As Wlth most 1deas concerning the phyloge y of major

Aplant groups, an ever lncrca51ng body of ev1dence relatlng //

to qvmnospermous plants nece581tates a constant reevaluatloﬁ’

of the qroup Some 1n1tLally inherent problems ‘with the

"con 1ferophyte cycadophyte” lnterpretatlon of gymnosperm
l ) '
phvlogeny are f»und,among the extant forms. The. Gnetales

are placed in the conlferophvtes because their fertlle
parts are borne in compound stroblll 51mllar to those of

-

the Cordaltales and r‘onlferales -~ Of the gnetalean 'generaY

‘however, Ephedra and'WeEwitscf“l are Small plants, and

Helwuitsehiaq is virtually'unbranched.‘ In'addition, ovules
produced by members of the Gnetales exhibit a double

integument a feature known elsewhere in only ‘the anglo— N

_ sperms. “The ledves of Z edra are small and scale llke as

'ln.some conifers, but those of Cnetum and WebwltSCﬂTQ are

quite dlstlnctlve. ‘The leaves of J—etnm have definite oet—

iole and'hlade regions, and netted venatlon llke ‘those of

<

[



B A

~
o<

meristem. . .

o

\

typical dicotyledOnous angiosperms;‘ In ¥Woloiiczidia only
two leaves ard produced by a plant _and these are %arqe,

per51stcnt structurts w1th a contlnuously active basal
‘- N _ , oo v : )

(oo~ ) . ) . . V] .
e, *

Equallv dlsturblng deviations from the conlferophyte

concept are found in “ligo.  The anatomical features of the

O

stem and‘long-shoots are like thoseeof othey coniferopﬁytes;
but the short shoots naVe a large -pith, :canty wood, and

thick cortexwlrke that of typical cycadophytes. In addition,

the ovuleSGofiﬁﬁnkg; are not borne in a’well defined

. . . .
strobilus. On the contrary, evidence from abnormal ovulate. .

e

B . . X - —‘J . -
structures suggests that the seeds are borne on*widified,.

leaves (Fujii;‘l896). The mlcroaametophytes of gD
produce ciliated sperm 1it those of extaﬁtfcvcads, rather M
than havdng pollen-tubé& lled sperm as in conlfers

©
Problems with the conlferophyte C\caoophvte separatlon

’ /\. g

of . gvmnosperms are also apparent among t0551l plants- e

‘**;3, a Lower Carbonlferous arborescent form with conifer—«l\
ophyte-type wood, was once thought to represent the oldest
known coniferophyte (Arnold l948). More'recentlv, however,

this plant has been fogﬁd‘to represent a pterldosperm w1th '
~ ‘l\ : .
hlghly dlssected leaves and reproductlve organs like those

Ky y
of the Calamopltyaceae and Lyglnopterldaceae (Long, 1963) .

\\

Consequently, by using evidence arising from ‘both llving -

and fossil forms it has become increasingly difficult to
y >

.clearly distinguishfbetWeen'COniferopn§te and oycadothte

s s . . . AR P '
“plants. In light of' this uncertainty, the significance of

e
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" the Calliétophytaceae can be mo

From ,a punely speculative

v
‘

re easily interpreted.

Ly

point of wiew it would se
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R . > R
@p/ﬂn;’/tcm may be - ~,'°=5

l:éerpreted.as'rcpresentlng one comblnatlon of gymno—

S SRR
. » § -
. o sy

3uhc other hanﬁ ‘seed ferns are interpreted'as o

14

'ﬁgnq;osperms), then characters such as fern- llke
{ e ‘

P e M

W&eaf borne rerroductive organs mayv be conside red

‘then thevCallistophytaceae can also be
:2d to the Cordaitales and Coniferales.
sé"ovules, pollen -gans and pollen is,

o5y
o

relationship. The .primjtive “allistopnyton:

o
[orsy

"be 1nterpreted as reflecting the s

uyggpfuyordalte aﬁd conifer ancestors. Indeed, - the
‘,.. Loy
“o:\the sﬁems of some speble% of

I PR
Tordaitie

¥}

and

‘k*@w\do;approach that found in pteridosperms such_és .

Jchc;fiQSiﬁih and Cailﬁg:opﬁv;on (Delevoryas and Morgan,

,1954; #othwell and Taylor,- 1972 ScottJ_l923). Even thé;'

-

. S . { » . .
large,~ent1re—marglnedﬁgnd strap-shaped leaves of\fo claitas

N

 $:€ not too far rémovédjffom the foliage of CaiZis:ophdton.

§ This is evidenced-b¥ the och:rénce of a gradation from’
Highiy di;sected-leaveé_(as in.CaL?zgi phyton) to entire- S
marginedﬁaﬂd étrab—shapedyleaves (as in Cérdaétas),within :
vthe exténf}ﬁern famiiy’Polyéddiaceae._/The simple, entire-
margined léaves fouhd at the base Ofbpuds'énd branches in  ,
Callistophyton méy even fofeéhadéw-q‘tendencv'tqward‘éuch a

—

structure of the léavés.,. ' L o

d . . . " R ' -
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The signlflcance of the structures a551gnable to the
'Calllstophytaceae are 1ndeed puzzllng The numerous
possible interpretations are unfortunately weakened by the
‘absence of more prec1se and complete evidence of the earlleet
‘rseed ﬁ&aﬁts. The 1mp11catlons of ‘the evidencgﬁ%rovided by
CalZisfophgton'as it relates to curren:ly aecepted inter;
' pretations of gymnosperm phyldgeny is much too obvious to
tte'overlooked. From tﬁis evidence‘it is.clear‘that one can
nQ:ionger assume; a priori, the separation ef'gymnosperms
.'into tWOldistinct groups - coniferophytes‘and cycadophytes
fThe charaéterlstlcs of the Calllstophytaceae serve only to
empha51ze the fact that no clear cut distinction can be

,...

 “madeubetween Cycadophytes and'Conlferophytes at relatively

K

early stages in.gymnosperm evolution. .

g
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ig.

ig.

Transverse sections of stems, petioles and

1 -9,

‘ roots ,to illustrate their general features for
comparison of specimens from different local-
ities. (1t . a2f trace, p=pith, pd=periderm,
gx-secondar: xylem). . ’

1 - 3. CaZZiétophyton p:gpxyloides.
Fig. 1. Stem cross section at-internodal level.
: C.B. . 5,821 top A #15 X 6(CP-B-2).
Fig. 2. Large root specimen.: Arrows indicate'proto— _
7 .xylem. C.B. 3,791 G(l) top. #4 X 6 (CP-B-8).
Fig. 3. Petiole near base. Note secondary xylem
4 C.B. 5,823 top A #10 X 12(Cp-B- 9)
4 - 9. Callistophyton boyssetzt N
Fig. 4. "Petiole near base. Compére’with Fig. 3. ﬁg'
) ~C.B. 3,259'anot. #105 X 12(CB-S-1).
Fig. 5. Stem at similar level to>Fig. l. C.B. 5,754
' H bot b. #26 X 6(CB -5-2). ‘
Fig. 6. Mature root for comparison with Fig. 2.
N Arrows indicate protoxylem. C.B. 289 A bot.
~ #77 X 10(CB-S-3).
Fig;"7. Stem at level similar to that of Fig. 1 and 3.
Arrow indicates cortical appendage.
(previously de51gnated as Calamopitys kansanum)
) #1454 X 14 (CB-W-4).
Fig. 8. Stem at level similar to Fig. 1, 3,fand‘7.
‘ ‘ (previously designated as Poroxylon edwardsii) .

_ #1,430 X 6(CB-A-5) . , T

Fig. 9. .Mature root for comparlson w1th Fig. 2 and 6.

Arrows indicate the position of the prgﬁo—
xylem strands. (originally designa ed as
Poroxylon ;oo@ﬂ. #1,428 X 27(CB—A &) . -
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‘Figs;

fig.,
‘Fig.

10

Fig.

. Fig.

13 -

Fig.

4

Fig

Fig.

Fig.

Fig.

Fig.

- 18. Transverse sections of-yo;;E'stemSvaature '

‘branching stems, and petiolks. < (br=branch,
bu=bud, 1l=leaf, lt=leaf trace, p=pith, pc=
procambium, sc=secretory cavity, sx=second-
ary xylem) .

12. Callistophyton poroxyloides;

10. Large stem at noddl level. Note the position

of the departing leaf, subsequent ?égf trace
and axillary bud C.B. l 221 I bot #23 X 6
{CP-B~1) . o '

Y e Bl

11. Immature stem, section from né r aplcal bud.
< #687 X 14 (CP-B=6)a f? i

12." Immature petlole. Compare w1th“ﬁh
.15 and 16. #2 224 X 14 (Cp- B 7) )

18. CaZZzstophyton boyssetzm 0

13.  Young :stem. Compare with Flg\’ll and -18.
' (originally designated as ‘Poroxylon boyssetzi);
Photograph taken from Renault, 1879b (Plate
13, Fig. 5). ~ A : R

L%14,}‘Large stem at nodal level. “Compare with Fig.

10. (originally designated as Poroxylon)
#2,964 X 6 (CP-A-7).. : .

15. Petiole with secondary xylem. Compare with
Fig. 3, 4, 12, and 16. (originally designate.
as Poroxylou boyssetii). . Photograph taken
from Renzult, 1879b (Plate 13, Fig. 11).

16. Large petiole with no secondary xylem.
- Compare with Fig,, 3,,4, 12, and 15). 0.U. C.B.
4,007 D bot #1 X 12-(CB-S-8). .

17. Large stem at nodal level. Compare w1th Fig.
' 10 and 14. C.B. #3,521 G top #88 X 6 (CB-S-9) .

18. . Young stem. Compare with Figi.1ll-and:13.
3, 521 A bot a #21 X 8(CB ~5- 10)
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~ Figs.

Fig.

\‘f’ Q\/ . ‘.-/\'. - e

pr= protoxylem, sc= secretory cav1ty, vbe‘
vascular bungle) R ) e
19 = 23. Transverse sectlons of stems w1th 1ncrea51ng
unts of secondary development._ Note the

"increase . in '‘secondary xylem thlgkness, the

o o decrease in cortex. thicknéss, and the’

1ncrea51ng periderm thlcknESszérom #19 to‘¥ K

#23 .n

Fig. 19. c.B. 1, 160D{1) bot #41 X 6(CP -B- 6) .

Fig. 20. C.B. 5,821 top 2 #15 X 6 (CP-B- 4)
Fig. 21." C.B. 5,821 top A #10 X sicp-B-3)
Fig.-22. C.B. 5; 821 top A #15, X 6(CP-B- 2)
Fig. 23. C.B. 5, 821 top A #2 x 6 (CP-B- 1) ' T o

_Fig. 24. .Transverse section of sclerenchymatous,\

cortex with cortical appendages ‘of C.

poroxyloades (capitate glandsr, C.B;’l,22les

bot_#2 X 54 (CP-B: ~2) .

llFig. 25. (Smaller cortical appendage’ of the type shown

in Fig. 24.j C.B. §i321 ‘top A #3 X 158
(CP-B~ ~-2).

_Fig. 26. TransverSe séctLon of stém showing ‘secretory

cavity in- plth ‘and primary vascular bundles’

at the margin of the secondary xylem. C.B.
132 A top 2:X 48(CP-D-5) . -

ot f

Frg@ 27. Transverse stem sectlon*allustratlng mesarch
R primary bundle. ¥Note the disposition of ¢the -

protoxylem and centrally located parenchymé-
tous strandy C,B. 5,821 bot A #1 X 135 ‘
(CP~B-2),.

o

7
[}

’.%v %

Le

27. CaZZzstophyton ponomylozdes v (pa= p“reﬁchyma;'



]
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43

;

EFigs..28 - 35. Callistophyton boyssetii,ﬁ(br=branch,”bu=bud,
: - e

J

Fig. 28 -

Fig.

Fig.
Fig.
Fig.
Fig.

Fig..

e Fig.

' Fig.

33.

35.

l=leaf, r=root, s=stem.

Transverse sections of stems representing a
develepmental sequence. Specimens previously

described as Calamopitys kansanum (Fig. 30)

and Poroxylon (Fig.. 31,32) are included to . - o
illustrate that differences aré due to '

" unequal amounts of secondary development.

C.B. 3,521C top a #2 X 6(CB-S-10)
Z.B. 5,754R top a #5 X 6(CB-5-11)
#1,454 (CB-w-4) S ¢ o

#1,431 X6 (CB-A-5) B ‘
- #1,421 X 6(CB-A-12) : ;

C.B. 3,987C bot #4 X 6(CB-5-13)

~
Transverse section of specimen with large
axillary branch and short internode&. Note
that the stem and branch haveYnot yet '
separated, and that the braﬁ%h has produced
a leaf.and axillary bud. C.B. 3,521C top B
#52 X 6(CB-5-9). e

Transverse section at nodal region showing

- petiole, raxillar, bud, and large branching

root mass. C.B. 4,040K(1) bot #15 X 6
(CB-s-14) .
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Figs. 36 - 48. Callistophyton boyssetii. (pa=parenchyma,
' . pc=primary cortex, pd=periderm, pr=proto-
xylem, px=primary xylem, sc=secretory cavity,
"\\\ h o zl=sclerenchymatous cortex, sph=secondary
-p loem, sx= secondary xylem, vc=vascular
] : cambium) .

Fig. 36. Transverse sectlon of . sclerenchymatous cortex
with secretory cavity and spine-like cortical
appendage. C.B. 5, 754N bot a- #4 X 54 (CB-S-11).

Fig. 37.* Transverse se/rlon of dividing primary bundle.
: S C.B. 5,754F top b #23 X 135(CB-s5-2). i

Fig. 38.° Trénsverse section of primary ‘bundle showing

' ekarch structure. Note position of parench-
yma strand and protoxylem. C.B. 5,754F top
b #23 X 135 (CB~S-~2).

Fig. 39. Transverse section’of double leaf trace.
Note. the two protoxylem strands in each part
of trace. 1, 636 (CB-A-5) .
Fig.'40~— 43. Transverse sections of stems showing features

v _ at varying developmental stages. Fig. 40
-~ shows first formed secondary *tracheids and:

the position of phellogen differentiation

(at arrows).. Fig. 41 illustrates specimen

with secondary phloem, periderm and separated

sclerenchymatous cortex. In Fig. 42 scleren————

chymatous cortex is absent, and in Fig. 43 ' ’
- thick-walled, sclereids-are present in

the secondary phloem parenchymatous cortex

and periderm. :

—

Fig. 40. C.B. 3,259G bot #10 X 77(CB-S-1) | // :
Fig. 41. C.B. 5,754I top b #13 X 86(CB-§-11) ¢/
Fig. 42. C.B. 5,754E top b #24 X 67(CB-S-2)

éb?ig.,43. C.B. 3,987D top’#ioovx 54 (CB-S-13) .
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Figs.

Fig.

44 - 49, Transverse sectygns of stems showing

Fig.
45 -
Fig.

Fig.

‘Fig;

Fig.

Fig. .

44,

49.
45,

46 .,

47 .-

48.

disposition of primary xylem‘bundles Figs.
44 ~ 47 at comparable levels to indicate
similarity of specimens from.different
localities., Arrows indicate primary xylem
bundles. Arrows with touching bases 51gn1fy
double stranded leaf traces.

Callistophyton poroxyloides. C.B. 1,221H top
#13 X 20(CP-B-2). - : :

Callistophyton boyssetit.

(previously designated as Poroxylon) #1, 636
X 20(CB-A-5). : '

(prev1ously designated as CaZamopztys
kansanum) #1,454 X 20 (CB-W-4).

C.B. 5,754F bot b #14 X 20 (CB- S—2);

Section sllghtly distal to Rig. 47. ' Small |
points indicate ‘tracheids t&iﬁhé - '
axillary bud and adventitious roots. Large
arrows indicate bundles that .divide to
produce xylem to the axillary appendages.
C.B. 5,754H bot b #25 X 20(CB-S-2). :

Section slightly distal to Fig. 48 at level
of axillary bud divergence. Note the
inconspicuous nature of the primary xylem
bundles (arrows) at this level. C.B. 5,754I
top b #21 X 20(CB-5-2). "
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Figs.

50 - 56.
Fig. 50.
Fig. 51.
Fig. 52.
Fig. 53
"Fig. 54.
Fig. 55
Fig.

56.

Callistophyton poroxyloides. Anatomlccl
features of the stem. (ca=cambium, pa=
phloem parenchyma, pe=periderm, ph~phloem,
sc=sieve cell, x=xylem) .

Radial section of secondary wood: 1,221A (2
edge #3 X 54 (CP-B-2). o

Transverse section of secondary xylem.

C.B. 132 B bot #16 X 54 (CP-B~- l)

Longitudinal section of primary xylem -
showing wall thickening patterns. C.B.
1, 221a(2) edge #3 X 210(CP-B-2).

Radial section of secondary phloem (at left)
and periderm (at right). Note the resin
canal-like structures in both zones. C.B.
1, 22ld(l) edge #5 X 54(CP B- l)

- .Radial section of" secondary xylem show1ng

pitting of tracheid (at right) and large,
oblique, simple pits on ray parenchyma cells
(at right). C.B. 1, 221A(5y edge #3 X 210-
(CP-B-1). C . _ ‘

Transverse section show1ngdfeatures of . the _
secondary phloem, vascular camblum, and
secondary xylem C.B. 132 B hot™#16 ‘X 54,

. (CP-D-5) .

Tangential ‘section of secondary xylem. .
C.B. 1,221D(1) edge #14 X 54 (CP<B-2).

e
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Figs. 57 - 65. Callistophyton boyssetii. Anatomical features
' ‘ of stems from North American deposits.- (ca= -
.cambium, pa= phlqem parenchyma, pe=periderm,
ph=phloem, sc=sieve cell, X=xylem) . :

Fig. 57\\\Rad1al section of secondary xylem with pith
Te=—""at far left. C.B. 3,987C side #11 X 54
(CB-s5-13).

Fig. 58._:TransVefse section of‘secondary xylem.
‘ B.3,987C bot #47 X54(CB-S-13).

. Fig. 59. ' Radial section of primary bundle; protoxylem
at center and metaxylem at right. C.B.
3,554A side #43 X 420(CB-S-15).

Fig. 60. Tanqentlal sectlon of secondary xylem.
. C.B. 3,987C side #1 X 54(CB-S-13).

fig; 61. Tangential section of secondary xylem. in
: region immediately above an axillary bud.
C.B. 4,123D top #78 X 54 (CB-S- -16).

Fig. 62. - Radial section showing large, obllque, simple
- plts on ray parenchyma cell walls. C.B.
. ,987C side #11 X 540(CB S-13).

Fig. 63. Transverse section showing inner cortex (at
: top) , secondary phloem vascular cambium,

and secondary xylem. C.B. 5,754E top b #gﬂ

X 67(CB-5-2). . S Cog

Fig. 64. TRadial section of secondary tracheids %Sw—
' ing pitting, pattern. Note crossed, slit-
like apertures. C.B. 3,987C side #16 54p

. (CB-S-13) - L . SEAF
Fig.“65{ Radial section of secondary phl TQ left)
o and periderm (at right). C.B.7] side .
~ - #5 X 54(CB-s-13). e ’-5:’
o N
N
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Figs.

Fig. 66.
Flg. 67.
Fig. 68.
Fig. 69.-
‘Fig. 70.
Fig. 71.
Fig. 72.

66 — 72.

Callistophyton boyssetii. -Anatomical features
of stems from France (prev1ously de51gnated

as Poroxylon) for comparlson

North American specimens. (pa=phloem

parenchyma, pe= perlderm, ph—phloem, sc= 51eve
cells). ‘

Radial section of secondary xylem. Compare
with-Fig. 50,‘57 " #2,965 X 54 (CB-A- 17)

Transverse section of secondary Xylem.
Compare with Fig.. 513 #1,636 X:54(€B-A+5).

Longitudinal section of primary bundle.

Y.Compare to Fig. 52, 59. #1,432 X 400(CB-A~

18).

Tangentlal sectlon of secondary xylem. -

Compare with- Flg. 56,;760. #l 423 X lOOTGB-A—

19).

Radial section of secondary wood. Note that
poorly preservéd pits appear as hexagonal
meshwork. Compare with Flgd 54, #2;965
(CB-A -17). ' '

Cross section of secondary phloem. Compare
disposition ‘of cells with Fig. 55, 63.
#2, 964(CB—A 7).

?

- Radial section of secondary phloem (at left)

and periderm (at right). Compare w1th qu. 65,

$2,965 X 54(CB-A=17).
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Figs. 73 -. 83

Fig.

‘\ Fig..

.Fig.

AFig,
Fig.
Fig.

Fig.

‘Fig.

Fig.

76.

80.

.. 83.

~top #46 X 54 (CB-S-20).

.\CaZZistaphyton foliage. Fig. 75' 77 and 81 . -

= C. poroxyloides. Fig. 93,74, 76, 79, 80,

82 and- 83 = (. boyssetii. (hb halr base, ph= "
phloem,. s=sclerenchyma, sc=secretory cavity,.
t=trace, vb=vascular bundle).

Transverse section near base of small petlole.

- .C.B. 90BE top #26 X 12(CB-5-20).

ES

L\ _
TrarfS§vyerse section. mnear base of large petiole.
Compare to Fig. 73 C.B. 3,963B top #31 X

12 (CB-S-21).

Section view of plnnule W1th lamina attached
to one side of midvein, and homogeneous,

tightly-packed mesophyll. C B 5,821 t%p b
12 X 27(Cp-B- 10) -

Pétlole near the point of dlchotomy. Note
two equal sized traces and dividing ccrtex.

‘C.B. 908B bot #105 X 12(CB-S-22). \\

Section view of pinnule lamina in the‘“area

~of a vein. Note the secretory cav1ty\and

palisade mesophyll (at arrow). C.B. 5h821B
top #15 X 42(CP-B-10).

Transverse section of pinnule showing iamina

attached to both sides of midvein. C.B.
908C top f #22 X 12(CB-S-23). o

Pinnule lamina with spaces between mesephyll

- cells and well preserved epidermis. C.B.
2,746D(1) side #17 X 100 (CB-W-24) .

.Pinnule lamina with tightly-packed, homo-

<~

geneous mesophyll., Note dark cells around

veins. C.B. 5,754A bot £ #10.X 103(CB-S-25).
’JWBroken'pieces~of pinnule with sclerenchyma

ad- and abaxial to the veins, and spaces

. between mesophyll cells. C.B., 4,127F bot

#113 X 42(CP-B- ll)

7 Leaf tracF bundles in cortex of stem. Note
"phloem on’ abaxial surface only. C.B. 5,754M

bot p #141 X 54 (CB-s- 26)

Transverse Sectlon of petlole with prlmary :
pinnae trace dlverglng at left. C.B. 908E
S ’

£
&

LD
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" rMys. 84 - 89. CaZZzstophyton boyssetu% follage..(e=epider-

mis, pp=primary pinnae, r= =rachis, sc=secret-
ory cav1ty, sp=secondary- pinnae) .

ng; 84. Isolated crosier showing several orders of
. pinnae. Note glandular cavities. C.B. 327E
top #11 X 12(CB-S-27).

Fig. 85. Paradermal section of pinnule fragment.
Note lobed margin, at right. C.B. 2,746D(i)
side #18 X 13(CB-W-24). RN

Fig. 86. Paradermal section of pinnule fragment show-
ing venation features. Lateral dlverges
from midvein (at arrow) and dichotomizes 4
_ times toward margin. C.B. 2,746D () side
o Z  #31 X 18(CB-W-24). ~

Fig. 87. Paradermal section of pinnule with tightly
: ' packed, homogéneous mesophyll parenchyma. E;

<

-

C.B. 5,754A ' bot f #12 X 103(CB-5-25).

Fig. 88. Paradernal section of pinnule fragment with
tightly packed mesophyll near the adaxial
surface, and weakly. developed plates of |
mesophyll (at arrow) separated by lacunae
toward abaxial surface. C.B. 2,746D(q) side
#26 X 54(CB-W-24).

Fig. 89. Surface view of pinnule epidermis. .Note the
: arrangement of cells opposite veins, and the
random orientation of cells between the veins.
C.B. 2,746D(1) side #31 ¥ 17b(cB- w-24). ~ *

, e
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Figs. 90 - 95. Callistophyton boyssetii. Serial transverse
: . sections from near the base (Fig. 90) to
above the apical meristem (Fig. 95) of an .
‘axillary bud. The leaves are numbered in \\\\\
the order of their.divergence (from bottom
to top). Note that leaves 1 - 5 are entire ~,
. margined and envelope the bud, while leaf 6
shows evidence of primary pinnae (Fig. 93
at arrows). ' o '

Figures 90 - 95. C.B. 3,259G bot, #138, #123,
#99, %96, #82, and #74 respectively.

All Figs.-X 16 (CB-S-1).
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Figs.

g

96

Fig.

Fig.

- 104.

Fig. 102.

103.

10

4.

Callistophyton poroxyloides. Stem apex
with immature leaves. - (b=bud, l=leaf, mh=
multicellular hairs, pp=primary pinnae,
px=protoxylem, r= rachls, sp= secondary ,
pinnae) .

Serial sections from below apical bud (Flg.

. 96) to level above apical meristem (Fig.

101) . Note the dlvergence of five petiole

- bases, and dense" cover@ng of multicellular

hairs. Compare immature leaf in Fig. 100-
101 with isolated crosier in Fig. 84. ’

. r ,
Fig. 96 - 101 = #1,689, #1,699, #1,700,
#1,694, #1,691, #1,690 respectively.
All Figs. X 12(CP-B-6).

Transverse sectlon at level of Fig. 96.
Note protoxylem tracheids among procambial
cells. #1,687 X 48(CP-B-6).

Bud present in axil of leaf at left of Fig.
98. First scale-like leaf has dlverged at
left. #1,699 X 33(CP-B-6).

Scale-like leaves distal to aplcal meristem

" of bud in Fig+—3103. _#1, 698(CP -B- 6)

@ —_—
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Figs. 105 - 111.

-Fig.

105.

>~

Fig. 106 - 109.

7

Figl

Fig.

"110.

-~

111.

‘respectlve

CaZZistophyton boyssetii. (b=bud, lt=leaf
trace, r=root, rt=root trace, s=stem).

Longitudinal section of nodal region show-

- ing the relative positions of the leaf
-trace, bud, and roots. Note that the leaf

trace terminates in the stem cortex indic-
ating earlier loss of the leaf. C.B.
2,380A bot #4 X lO(CB—S—28).

Transverse sections through nodal region
showing (106) divergence of leaf trace
from stele, (107) leaf trace and axillary
bud trace, (108) divergence of root trace
xylem, and (109) dlverglng root trace and
diverging roots. - :

Fig. 106 - 109 = C.B. 5,754S top #6; fR(l)
bot #58, { top #59, R(l) top #44

Y- ERAN .

All Figs. X,&O(CB—,S-lO).

Transverse section of roots. Arrow

indicates lateral roct origin at protoxylem
strand. C.B. 289 A bot #75 X 11(CB- 5-29).

Transverse section of small and relatlvely
immature roots. Arrow indicates position

"of epidermis.  C.B. 5,743G(1) top.b #2 X

30(CB-S-30).
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